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%GUYI� Ɓ� 7SGMIXʚ� HIPPI� *SRXM� 7�T�%���
����������� 1EREKIV� SJ� XLI� 8IGLRMGEP�
3ƾGI�� 0IEHIV� SJ� XLI� 4VSHYGXMSR� ERH�
)RKMRIIVMRK� FVERGL� ERH� (MVIGXSV� SJ�
3TIVEXMSRW� MR� %'1%6�� �����������
1EREKIV� SJ� 8IGLRMGEP� 7IVZMGIW� ERH�
+IRIVEP�(MVIGXSV�SJ�-8)6�����

7ǣǟǝǞȨ�+ȳǚȳǥǞȳǞǣ
)RKMRIIV� LSPHMRK� E� 4L�(��� LMW� VIWIEVGL�
TVSƼPI�WTERW� JVSQ�GSQTYXIV�KVETLMGW��
XS� QIXVSPSK]� ERH� &-1� ETTPMIH� XS� XLI�
I\MWXMRK� HSQEMR�� ,I� [EW� 6IWIEVGL�
9RMX� 'SSVHMREXSV� SJ� E� *-6� TVSKVEQ� SR�
EVGLEISPSK]� ERH� &-1�� :MWMXMRK� 7GLSPEV�
EX� 9'� &IVOIPI]� �97%� ERH� +YIWX�
%WWSGMEXI�4VSJIWWSV�EX�/IMS�9RMZIVWMX]�
�.ETER�

8ǝǟǟȳǙǝ�+ǣǗǙǘǣ
-RXIVREXMSREP� 4L(� HIKVII� MR� ƈ*MVI� VMWO�
QEREKIQIRX� JSV� ZEPYEFPI� GSRXIRXW� MR�
historical heritage buildings” (University 
SJ� *PSVIRGI� ERH� &VEYRWGL[IMK��
2S[� 4VSJIWWSV� SR� GSRXVEGX� SJ� ƈ*MVI�
prevention in buildings” and “Working 
4PEGIWƅ� (IWMKR� ERH� 7EJIX]Ɖ� EX�
)RKMRIIVMRK�7GLSSP�SJ�XLI�9RMZIVWMX]�SJ�
Florence.

:ǣǘǝ�+ȨǘǗǠǣ
%HNYRGX�4VSJIWWSV� MR�'SRWXVYGXMSR�ERH�
&YMPHMRK� -RJSVQEXMSR� 1EREKIQIRX�
�9RMZIVWMX]� SJ� *PSVIRGI� [MXL� I\TIVXMWI�
MR� 'SRWXVYGXMSR� :MVXYEP� 4VSXSX]TMRK��
-8� MRXIKVEXIH� (IWMKR� JSV� 'SRWXVYGXMSR�
,IEPXL� ERH� 7EJIX]�� 4L(� [MXL�
LSRSVW� MR� &-1� )\TIVX� 7]WXIQW� JSV�
GSRWXVYGXMSR� WGLIHYPMRK� �9RMZIVWMX]� SJ�
&VEYRWGL[IMK�

4ȳǝǠǝ�)ǘǘǝǚȨ�+ǣȳǞȳ
4L(� WXYHIRX� EX� %&'� HITEVXQIRX� EX�
4SPMXIGRMGS� HM� 1MPERS�� LMW� VIWIEVGL�
JSGYWIW� SR� XLI� ETTPMGEXMSR� SJ� &-1�
methodology to public procurement 
ERH�XS�QEREKIQIRX�ERH�GSRXVSP�SJ�XLI�
%)'3� TVSGIWWIW�� ,I� MW� ETTP]MRK� ERH�
EREP]WMRK�JVEQI[SVO�EPPMERGI�GSRXVEGXW�
MR�-XEPMER�PIKMWPEXMSR��

+ǣȳǞǠǗȱȳ�Ȱǣ�'ȳǙǘǚǣ�
������� 'LEVXIVIH� 1IGLERMGEP�
)RKMRIIV� ������� 1EWXIV� MR� &YWMRIWW�
%HQMRMWXVEXMSR� �&SGGSRM�� ������
'IVXMƼIH� 'SWX� )RKMRIIV� �)-)� �� -')'�
%�� ����� LEW� E� [MHI� TVSJIWWMSREP�
I\TIVMIRGI� MR�8SXEP�'SWX�1EREKIQIRX�
EW� [IPP� EW� MR� 4VSNIGX� 1EREKIQIRX�
ERH� 'SRXVSPW� JSV� )RKMRIIVMRK� 
�
'SRWXVYGXMSR� 4VSNIGXW�� EGLMIZIH� EW�
TVSNIGX� QEREKIV�� QIQFIV� SJ� XLI�
general management team and then 
HMVIGXSV� SJ� MRXIVREXMSREP� )RKMRIIVMRK� 
�
'SRWXVYGXMSR�'SQTERMIW��

9ǥǝ�(ǣ�'ȳǟǣǠǠǝ
Founding partner and head manager 
SJ� 4PERRMRK� ERH� ,7)� EVIE� MR� 8,)1%�
)RKMRIIVMRK�7SGMIX]��9T� XS����]IEVW�SJ�
I\TIVMIRGI�EW�,7)�7MXI�'SSVHMREXSV� MR�
WIZIVEP� MQTSVXERX� TVSNIGXW� EW�� &SWGS�
:IVXMGEPI� �1MPER� ERH� 1YWMG� 4EVO�
%YHMXSVMYQ��6SQI��%GLMIZIH�2)&37,�
--'�ERH�-+'�-RXIVREXMSREP�GIVXMƼGEXIW�

%ǠȨǙǙȳǞȰǚǝ�&ǚǗǘǘǣǞǣ
Building Engineer graduated with 
HMWXMRGXMSR� JVSQ�9RMZIVWMX]�SJ�*PSVIRGI�
[MXL� 17G� XLIWMW� SR� &-1�FEWIH�
WIMWQMG� IZEPYEXMSR� TVSGIWW�� 'YVVIRXP]�
VIWIEVGL� GSPPEFSVEXSV� MR� XLI� ƼIPHW� SJ�
&-1� ERH� :MVXYEP�6IEPMX]� 4VSKVEQQMRK�
JSV� 'SRWXVYGXMSR� ,IEPXL� ERH� 7EJIX]� EX�
9RMZIVWMX]�SJ�*PSVIRGI�

+ǣȳȱǝǟǝ�&ȨǚǥǝǞǒǝǞǣ
0MGIRWIH� )RKMRIIV� WTIGMEPM^IH� MR� &-1�
and sustainable design, currently 
[SVOMRK� EW� &-1� 1EREKIV� EX� 3TIR�
4VSNIGX��ER�EVGLMXIGXYVI�ERH�IRKMRIIVMRK�
ƼVQ�FEWIH�MR�&SPSKRE��-XEP]��,I�WXEVXIH�
EX� '-17� PEF� 3XXE[E�� 'EREHE� [SVOMRK�
SR� ,&-1�� 2S[EHE]W� LI� MQTPIQIRXW�
ERH� QEREKIW� WXEXI� SJ� XLI� EVX� &-1� MR�
PEVKI� ERH� WQEPP� WGEPI� TVSNIGXW�� ,I� MW�
[SVOMRK�SR�-XEPMER�&-1�7XERHEVHW��92-�
������ERH�MW�WTIEGOIV�EX�MRXIVREXMSREP�
GSRJIVIRGIW�

-ǖȳǞ�;ȳǠǘȨǚ�.ǗǞǣǝǚ�'ǣǞȱǝǘǘȳ
+VEHYEXIH� MR�%VGLMXIGXYVEP�)RKMRIIVMRK�
and he obtained a Second Level 
Master’s degree in Sustainable 
'SRWXVYGXMZI� 4VSGIWWIW� EX� -9%:�
improving his skills about parametric 
HIWMKR��IRIVK]�STXMQM^EXMSR�ERH�&-1�
,I� [SVOIH� MR� &-1� IRZMVSRQIRX� JSV�
EVGLMXIGXYVEP�ƼVQ�MR�1MPER��'YVVIRXP]�LI�
MW�XLI�&-1�'SSVHMREXSV�MR�ER�MRXIKVEXIH�
HIWMKR� XIEQ� SR� GSQTPI\� FYMPHMRKW�
HIZIPSTMRK� EX� 3TIR� 4VSNIGX� 7VP� MR�
Bologna.
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'ǠȳǗȰǣǝ�7ȱǝǥǞȳǟǣǠǠǝ�
'SRWXVYGXMSR� IRKMRIIV�� KVEHYEXI� ERH�
4L�(�� MR� 'MZMP� 7]WXIQW� )RKMRIIVMRK�
�9RMZIVWMXʚ� HIKPM� 7XYHM� HM� 2ETSPM�
*IHIVMGS� --�� 1ENSV� ƼIPHW� SJ� VIWIEVGL��
[VMXMRK� ERH� TYFPMGEXMSR�� QEMRXIRERGI�
WXVEXIKMIW�� HYVEFMPMX]� SJ� GSRGVIXI��
GSRWXVYGXMSR�TVSHYGXMSR��0'%�ERH�0''�
analysis.

7ȳǚȳ�1ȳǚȱǤȨǠǠǝ
She was born in Bologna on the 5th 
February 1991. She graduated in 
Architecture and Building Engineering 
�1��7G��EX�XLI�7GLSSP�SJ�)RKMRIIVMRK�ERH�
%VGLMXIGXYVI�SJ�9RMZIVWMX]�SJ�&SPSKRE�SR�
XLI� ��XL� (IGIQFIV� ������ 8LI�QEWXIV�
HIKVII�XLIWMW�WYFNIGX�[EW�3VKERM^EXMSR�
SJ� &YMPHMRK� 7MXI�[MXL� 4VSJ�� )RK��1EVGS�
Alvise Bragadin as supervisor. She 
SFXEMRIH� XLI� TVSJIWWMSREP� UYEPMƼGEXMSR�
SJ�IRKMRIIV

(ȳǖǣȰȨ�4ǚȳǘǣ
Building Engineering degree in 
������ 4L�(�� ERH� EHNYRGX� TVSJIWWSV�
in Architectural Engineering at the 
9RMZIVWMX]� SJ� &SPSKRE�� ,MW� QEMR�
VIWIEVGL� MRXIVIWXW� EVI� JSGYWIH� SR�
TLS surveys and on the application 
SJ� VIZIVWI� IRKMRIIVMRK� XIGLRMUYIW� XS�
XLI� WTIHMXMZI� IZEPYEXMSR� SJ� FYMPHMRK�
heritage.

+ǣǝǖȳǞǞǣ�1ǝȱǤǣ
'MZMP� )RKMRIIV� ERH� 4L(� MR� &YMPHMRK�
)RKMRIIVMRK��,I�MW�%WWSGMEXI�4VSJIWWSV�
SJ� %VGLMXIGXYVEP� )RKMRIIVMRK� EX� XLI�
9RMZIVWMX]�SJ�&SPSKRE��,I�MW�'SSVHMREXSV�
SJ� XLI�1EWXIVƅW�(IKVII� MR�%VGLMXIGXYVI�
ERH�&YMPHMRK�)RKMRIIVMRK�ERH�7GMIRXMƼG�
6IWTSRWMFPI� SJ� XLI� 0EFSVEXSV]� 0I�(S��
,I� MW� EPWS� QIQFIV� SJ� XLI� 4L�(��
'SQQMXXII�MR�%VGLMXIGXYVI�

+ȳȲǚǣȨǠȨ�2ǝǖȨǟȲǚǣ
4VSJ�� 4L(�� )RK�� VIWIEVGLIV� MR� �&YMPHMRK�
4VSHYGXMSR��� 4VSJIWWSV� EX� XLI� JEGYPX]�
SJ� 'MZMP� ERH� -RHYWXVMEP� )RKMRIIVMRK� EX�
7ETMIR^E� �� 9RMZIVWMX]� SJ� 6SQI�� *SV�
XLVII� HIGEHIW� MRZSPZIH� MR� XLI� ƼIPH� SJ�
EVXMƼGMEP� MRXIPPMKIRGI� XIGLRMUYIW� MR�
building construction, construction site 
QEREKIQIRX�ERH�TVSGIWW�STXMQM^EXMSR

*ǚȳǞȱȨǙȱǝ�0ǣǖǣǝ�6ǝǙǙǣǞǣ
4L(�� %VGL�� VIWIEVGL� EWWMWXERX� MR�
�8IGLRMGEP� %VGLMXIGXYVI��� EX� XLI� JEGYPX]�
SJ� 'MZMP� ERH� -RHYWXVMEP� )RKMRIIVMRK�
EX� 7ETMIR^E� �� 9RMZIVWMX]� SJ� 6SQI��
8LI� XSTMGW� MRZIWXMKEXIH� EVI� %VXMƼGMEP�
-RXIPPMKIRGI� XIGLRMUYIW� MR� &YMPHMRK�
4VSGIWW�� 0IER� 'SRWXVYGXMSR��
'SRWXVYGXMSR�7MXI�3TXMQM^EXMSR��,IEPXL�

�7EJIX]�QEREKIQIRX�

7ȨȲȳǙǘǣȳǞǝ�1ȳǠǘȨǙȨ
,I� MW� E� VIWIEVGLIV� MR� XLI� -RWXMXYXI�
JSV� %TTPMIH� 7YWXEMREFMPMX]� XS� XLI� &YMPX�
)RZMVSRQIRX� �7947-�-7%%'��,I�[SVOW�
SR�&-1�ERH�I\MWXMRK�FYMPHMRKW��STIVEXMSR�
ERH� QEMRXIRERGI� QEREKIQIRX�� ,I�
EGXMZIP]�GSPPEFSVEXIH� MR� XLI�GVIEXMSR�SJ�
E�&-1�KYMHIPMRI�JSV�EWWIX�QEREKIQIRX��
,I� MW� EYXLSV� SJ� QER]� WGMIRXMƼG�
publications.

2ǣȱǝǠȳ�1ǝǚȨǘǘǣ
4L(� WXYHIRX� EX� %&'� HITEVXQIRX�
EX� 4SPMXIGRMGS� HM� 1MPERS�� LMW� QEMR�
research topic concerns Digital Asset 
Management business process 
VIIRKMRIIVMRK�� ,MW� JSGYW� MW� XLI�
TVSGIWW� STXMQMWEXMSR� ERH� MRJSVQEXMSR�
QEREKIQIRX�JSV�%WWIX�1EREKIQIRX�EX�
XLI�WGEPI�SJ�XLI�FYMPHMRK�ERH�TSVXJSPMS�

:ȳǠȨǞǘǣǞȳ�:ǣǠǠȳ
6IWIEVGLIV� SJ� 'SRWXVYGXMSR�
1EREKIQIRX� EX� XLI� (ITEVXQIRX� SJ�
7XVYGXYVEP�� +ISXIGLRMGEP� ERH� &YMPHMRK�
)RKMRIIVMRK�SJ�XLI�4SP]XIGLRMG�SJ�8YVMR��
'S�HMVIGXSV� SJ� XLI� GSYVWI� �-RJSVQEXMSR�
Model Management and Building 
-RJSVQEXMSR� 1EREKIQIRX��� WLI� [SVOW�
MR� QER]� VIWIEVGL� TVSNIGXW� SR� &-1�
implementation.

*ȳȲǚǣǒǣǝ�7ȳǞǜǣȨǘǚǝ
+VEHYEXIH� MR� EVGLMXIGXYVEP� IRKMRIIVMRK�
EX�XLI�9RMZIVWMX]�SJ�&SPSKRE��WLEVTIRIH�
LMW�WOMPPW�EXXIRHMRK�XLI�1EWXIV��I&-1��EX�
the Ferrara University.
Enthusiastic about computational 
design he dedicated primarily to the 
HIZIPSTQIRX� SJ� HMKMXEP� TVSGIHYVIW� JSV�
the management and control in the 
JVEQI[SVO�SJ�&-1�
'YVVIRXP]�*EFVM^MS� MW�GSPPEFSVEXMRK�[MXL�
3TIR� 4VSNIGX� EW� &-1� GSQTYXEXMSREP�
designer.

%ǠȲȨǚǘǝ�0ȳǗǚǣȳ
'SRXVEGX� 4VSJIWWSV� SJ� �7EJIX]� EX�
GSRWXVYGXMSR�WMXIW��EX�XLI�4SP]XIGLRMG�SJ�
8YVMR��:MGI�4VIWMHIRX�SJ�XLI�'LEQFIV�SJ�
)RKMRIIVW�SJ�8YVMR��,I�HIEPW�[MXL�LIEPXL�
ERH� WEJIX]� EX� [SVO� MR� ZEVMSYW� VSPIW��
'SSVHMREXSV� JSV� 7EJIX]� EX� XLI� (IWMKR�
ERH� )\IGYXMSR� 4LEWI�� ,IEH� SJ� XLI�
4VIZIRXMSR�ERH�4VSXIGXMSR�7IVZMGI��*MVI�
4VIZIRXMSR��7EJIX]�%YHMXSV��'SRWYPXERX�

1ȳǗǚǣǒǣǝ�2ǣȱǝǠȨǠǠȳ
%WWSGMEXI� 4VSJIWWSV� SJ� &YMPHMRK�
4VSHYGXMSR� EX� 9RMZIVWMX]� SJ� 2ETPIW�
*IHIVMGS� --�� +VEHYEXI� MR� &YMPHMRK�
)RKMRIIVMRK�� 4L�(�� MR� )RKMRIIVMRK� JSV�
Building Recovery and Technological 
-RRSZEXMSR�� ,I� LEW� FIIR� E� GSQQMXXII�
QIQFIV�JSV�92-��,I�MW�E�QIQFIV�SJ�XLI�
4VSJIWWSV�'SYRGMP� JSV� XLI�4L�(�� MR�'MZMP�
Systems Engineering. 

'ǠȳǗȰǣǝ�1ǣǚȳǚȱǤǣ
Building Engineer passionate 
by research and teaching and 
HMWWIQMREXMSR��,I�MW�[SVOMRK�SR�E�4L(�
EX�4SPMXIGRMGS�HM�1MPERS�MR�GSPPEFSVEXMSR�
[MXL� %WWMQTVIHMP� %RGI�� ,MW� JSGYW�
is on knowledge management and 
collaborative environments in the 
digital transition.

6ǝǙǙȳǞȳ�4ȳǜȳǚȨǠǠȳ 
%WWSGMEXI� TVSJIWWSV� JSV� XLI� �� ]IEVW�
single cycle degree in Building 
Engineering and Architecture at the 
9RMZIVWMX]� SJ� 4EHYE�� IRVSPPIH� MR� XLI�
(ITEVXQIRX�SJ�'MZMP��)RZMVSRQIRXEP�ERH�
Architectural Engineering. She teaches 
&YMPHMRK� 4VSHYGXMSR� ERH� 0EFSVEXSV]��
&YMPHMRK�6IWXSVEXMSR�ERH�'SRWIVZEXMSR�

4ǣȨǚǥǣǝǚǥǣǝ�1ȳǞȱǣǝǠȳ
1EWXIVƅW� HIKVII� MR� 'MZMP� )RKMRIIVMRK� ��
,]HVEYPMG� �ƈ0E� 7ETMIR^EƉ� 9RMZIVWMX]� SJ�
6SQI�� *YPP� 4VSJIWWSV� �-'%6��� EX� XLI�
(ITEVXQIRX�SJ�'MZMP�ERH�)RZMVSRQIRXEP�
)RKMRIIVMRK�SJ�XLI�9RMZIVWMX]�SJ�4IVYKME��
1ENSV� ƼIPHW� SJ� VIWIEVGL�� [VMXMRK� ERH�
TYFPMGEXMSR��WYVJEGI�[EXIV�WMQYPEXMSRW��
ƽSSH� LE^EVH� ERH� VMWO� EWWIWWQIRX��
QSHIPMRK�ERH�QETTMRK��+-7�JSV�YVFER�
land planning and management.  

+ǣǗǙȨǜǜȨ�1ǝǞǘȳǞȳǚǣ
1EWXIVƅW� HIKVII� MR� 'MZMP� )RKMRIIVMRK�
�9RMZIVWMX]� SJ� &SPSKRE�� ,IEH� SJ�
3TIVEXMSREP� 4PERRMRK� ERH� 8IGLRMGEP�
(MVIGXSV� SJ� XLI� 4VSHYGXMSR� ERH�
1EREKIQIRX�%VIE�SJ�6SQEKRE�%GUYI�
�� 7SGMIXʚ� HIPPI� *SRXM� 7�T�%��� )\XIRWMZI�
I\TIVMIRGI� EW� 8IGLRMGEP� 1EREKIV� MR�
730)7� 7�T�%�� ERH� 8IGLRMGEP� 7IVZMGIW�
1EREKIV� �� ,IVMXEKI� )RZMVSRQIRXEP�
7IVZMGIW� �� MR� 4YFPMG� %HQMRMWXVEXMSR� SJ�
&IVXMRSVS��*'�-XEP]�QYRMGMTEPMX]�

%ǠȨǙǙǣǝ�4ǣǞǝ�
&EGLIPSVƅW� +VEHYEXI� MR� &YMPHMRK�
)RKMRIIVMRK� EX� 9RMZIVWMX]� SJ� 2ETPIW�
*IHIVMGS� --�� 6ITVIWIRXEXMZI� SJ� XLI�
WXYHIRXW� MR� XLI� (ITEVXQIRX� SJ� 'MZMP��
Architectural and Enviromental 
)RKMRIIVMRK� ERH� MR� XLI� 7GLSSP� SJ�
4SP]XIGLRMGW� ERH� &EWMG� 7GMIRGIW��
:SPYRXEV]� VIWIEVGLIV� MR� QEMRXIRERGI��
IGSRSQ]� SJ� FYMPHMRK� TVSGIWW�� FYMPHMRK�
estimate.

0ȳǖǣǞǣȳ�'Ǥǣȳǚȳ�8ȳǥǠǣȳȲǗȨ 
4L(��%WWMWXERX�4VSJIWWSV�EX�(ITEVXQIRX�
(-'%8%1� SJ� XLI� 9RMZIVWMX]� SJ� &VIWGME�
�-8�� (YVMRK� XLI� 4L(� EX� 4SPMXIGRMGS� HM�
Milano she worked on sustainability, 
energy saving and renewable energy 
in the built environment. At Unibs she 
JSGYWIW� SR� IRIVK]� WMQYPEXMSR� ERH�
MRXIVSTIVEFMPMX]� &-1� XS�&YMPHMRK�)RIVK]�
1SHIPMRK�� 'SKRMXMZI� FYMPHMRKW� ERH�
a user-centered behavioral design 
approach. 

7ǘȨǦȳǞǝ�4ǝǠǣǘǣ
'SRWXVYGXMSR� )RKMRIIV�� LI� MW� GYVVIRXP]�
E� 4L(� GERHMHEXI� MR� 8IGLRSPSK]� SJ�
%VGLMXIGXYVI� EX� XLI� 9RMZIVWMX]� SJ�
&SPSKRE�� ,I� JSGYWIW� LMW� VIWIEVGL�
on buildings sustainability (Rating 
7]WXIQW�� IRZMVSRQIRXEP� MQTEGXW� SJ�
constructions and on the technologies 
JSV� XLI� FYMPHMRK� TVSGIWW� HMKMXM^EXMSR�
�&-1�� ,I� TVEGXMGIH� EW� MRXIVR� EX� 3TIR�
4VSNIGX� WVP�� [SVOMRK� SR� 0))(o� ERH�
&-1� XEWOW�� ,I� TVSZMHIW� XIEGLMRK�
EWWMWXERGI�EX�XLI�7GLSSP�SJ�)RKMRIIVMRK�
ERH� %VGLMXIGXYVI� SJ� XLI� 9RMZIVWMX]� SJ�
Bologna.

8ǝǟǟȳǙǝ�7ǝǚȲǣ
Building Engineer with MSc thesis 
JSGYWIH� SR� &-1�&EWIH� GSRWXVYGXMSR�
WMQYPEXMSR��--�0IZIP�7TIGMEPM^MRK�1EWXIV�
MR� ,IEPXL� ERH� 7EJIX]� 1EREKIQIRX��
'YVVIRXP]� VIWIEVGL� JIPPS[� MR� XLI�
9RMZIVWMX]� SJ� *PSVIRGI� [SVOMRK� SR�
XLI� XSTMG� SJ� &-1�FEWIH� 'SRWXVYGXMSR�
7MXI� 7MQYPEXMSR�� 3TXMQM^EXMSR� ERH�
Monitoring. 

/ȳǠǠȨ�/̶Ǥǡ͇ǞȨǞ
4VSJIWWSV�SJ�'SRWXVYGXMSR�1EREKIQIRX�
and Economics at Tampere University 
SJ�8IGLRSPSK]� MR�*MRPERH��,MW�VIWIEVGL�
interests and activities are addressing 
VIZMWIH� TVSGIWWIW� JSV� E� RI[� PIZIP� SJ�
TIVJSVQERGI� JSV� XLI� GSRWXVYGXMSR�
STIVEXMSRW�� RI[� MRRSZEXMZI� [E]W� SJ�
cooperation between stakeholders and 
WYGGIWWJYP�MQTPIQIRXEXMSR�SJ�XLSWI���

1%6/3�/)-2ʃ2)2
4L�(�� WXYHIRX� ERH� VIWIEVGLIV� EX�
8EQTIVI� 9RMZIVWMX]� SJ� XIGLRSPSK]��
,MW� VIWIEVGL� MRXIVIWXW� JSGYW� SR� XLI�
project core team, the appearances 
SJ� QEREKIQIRX� IRXMX]� SJ� E� RI[� OMRH��
MXW� WMKRMƼGERGI� ERH� VSPIW� EW� E� TEVX� SJ�
GSRWXVYGXMSR� TVSNIGX�QEREKIQIRX�� ,I�
is currently working with construction 
project systems and innovative private-
public procurement process. 

0Ǘȱȳ�+ǗȳǚȰǣǥǠǣ
'MZMP� )RKMRIIVMRK� HIKVII� MR� ����� EX�
XLI� 9RMZIVWMX]� SJ� &SPSKRE�� 1EWXIV� MR�
(IWMKR� 7XYHMIW� EX� ,EVZEVH� 9RMZIVWMX]��
WMRGI� ����� LI� MW� %WWSGMEXI� TVSJIWWSV�
SJ� %VGLMXIGXYVEP� )RKMRIIVMRK� EX� XLI�
9RMZIVWMX]� SJ� &SPSKRE�� ,MW� VIWIEVGL�
JSGYWIW� SR� MRXIKVEXIH� HIWMKR��
WYWXEMREFPI� HIWMKR�� 4EVX� SJ� LMW�
VIWIEVGL�MW�HIHMGEXIH�XS�XLI�,MWXSV]�SJ�
'SRWXVYGXMSR�
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8LMW�[SVOWLST�SR�'SRWXVYGXMSR�1EREKIQIRX��'1;���JSPPS[W�XLI�TVIGIHMRK�IHMXMSR�
MR�������EKEMR�MR�6EZIRRE��GSRGIVRMRK�RI[�VIWIEVGL�XLIQIW�ERH�ƼIPHW�SJ�MRRSZEXMSR�
JSV�GSRWXVYGXMSR�QEREKIQIRX��8LI�[SVOWLST�SJ������JSGYWIW�SR�TSWWMFPI�ERH�JYXYVI�
MQTPIQIRXEXMSR�SJ�HMKMXEP�XIGLRSPSKMIW�MR�XLI�FYMPHMRK�WIGXSV��KIRIVEPP]�EHHVIWWIH�EW�
MRHYWXV]������8LMW� MW� XS�FI�EHHVIWWIH�[MXLSYX� JSVKIXXMRK�SXLIV� MQTSVXERX�HVMZIVW�SJ�
change in the societies, business environments and in the real estate and construction 
WIGXSV��6)'�MXWIPJ��8LI�IRZMVSRQIRXEP�GSRGIVRW�ERH�GPMQEXI�GLERKI�EVI�EPVIEH]�RS[�
WSYVGIW�JSV�PEVKI�WGEPI�VIKYPEXSV]�GLERKIW��3R�XLI�PSRK�VYR�XLI�SZIVEPP�TIVJSVQERGI�
SJ�XLI�6)'�WIGXSV�WLEPP�TPE]�E�QENSV�VSPI�MR�XEGOPMRK�XLI�IRZMVSRQIRXEP�GLEPPIRKIW��8LMW�
[MPP�FI�EPWS�GSRWXVYGXMSR�ERH�VIEP�IWXEXI�QEREKIQIRX�GLEPPIRKI��8LI�TIVJSVQERGI�SJ�
the sector can be improved only via large scale systemic changes and innovations. 
-RHYWXV]�����MW�XLI�GYVVIRX�REQI�SJ�XLI�EGXYEP�XVIRH�SJ�EYXSQEXMSR�ERH�HEXE�I\GLERKI�
JSV�TVSHYGXMSR�TVSGIWWIW�SJ�QERYJEGXYVMRK�MRHYWXV]�

-RHYWXV]�����HIWGVMFIW�XLI�SVKERMWEXMSR�SJ�TVSHYGXMSR�TVSGIWWIW�FEWIH�SR�XIGLRSPSK]�
and devices autonomously communicating each other along the value chain (EU, 
������

-X� MRGPYHIW� ']FIV�4L]WMGEP� 7]WXIQW�� -RXIVRIX�SJ�8LMRKW�� 'PSYH� 'SQTYXMRK� ERH�
'SKRMXMZI�'SQTYXMRK��&]�XLMW�QIERW�-RHYWXV]�����XIGLRSPSKMIW�EMQW�EX�MQTPIQIRXMRK�
XLI�ƈ7QEVX�*EGXSV]Ɖ��ER�MRXIPPMKIRX�JEGXSV]�[LIVI�']FIV�4L]WMGEP�7]WXIQW�QSRMXSV�ERH�
GSRXVSP� VIEP�TVSHYGXMZI�TVSGIWWIW�F]�GVIEXMRK�E�ZMVXYEP�GST]�SJ�TL]WMGEP�[SVPH��ERH�
XEOI�GIRXVEPM^IH�ERH�MRJSVQIH�HIGMWMSRW��']FIV�TL]WMGEP�W]WXIQW�GSQQYRMGEXI�ERH�
co-operate with each-others, and with humans, in real time both inside the production 
TVSGIWW�ERH�SYXWMHI�MX�[MXL�EPP�TEVXMGMTERXW�SJ�XLI�ZEPYI�GLEMR��JSVQ�S[RIVW�XS�ƼREP�
GPMIRXW��8LI� VIZSPYXMSREV]� MHIE� MW� XS� GVIEXI�E� WMQYPEXMSR�SJ� XLI�TL]WMGEP� W]WXIQ�F]�
GVIEXMRK�E�']FIV�8[MR��E�ZMVXYEP�W]WXIQW�XLEX�WMQYPEXIW�XLI�FILEZMSYV�SJ�XLI�VIEP�SRI��
XS�MQTVSZI�XLI�QSRMXSV�ERH�GSRXVSP�TVSGIWW�F]�QIERW�SJ�WIRWSVW�ERH�EGXYEXSVW��&]�
integrating the two systems, physical and virtual, an intelligent system is created. 
8LMW� MRXIKVEXMSR� SJ� XLI� X[S�[SVPHW�� XLI� TL]WMGEP� ERH� ZMVXYEP� SRI�� KMZIW� RI[� JYXYVI�
HIZIPSTQIRX�TSWWMFMPMXMIW�XLEX�KS�JEV�FI]SRH�XLI�TIVWTIGXMZI�SJ�XVEHMXMSREP�EYXSQEXMSR�
technologies.

8LI� REQI� -RHYWXV]� ���� VIJIVW� XS� XLI� JSYVXL� MRHYWXVMEP� VIZSPYXMSR�� ERH� SVMKMREXIH�
F]� E� WXVEXIKMGEP� ZMWMSR� SJ� XLI� +IVQER� KSZIVRQIRX� XLEX� EMQIH� EX� TVSQSXMRK� XLI�
GSQTYXIV�YWI�MR�MRHYWXVMEP�ETTPMGEXMSRW��TVIWIRXIH�MR�XLI�,ERRSZIV�I\LMFMXMSR�SJ������
�/EKIVQERR��0YOEW��;ELPWXIV�������

8LI� JSYVXL� MRHYWXVMEP� VIZSPYXMSR� GSRGIVRW� E� WIVMIW� SJ� HMWVYTXMZI� MRRSZEXMSRW� MR�

0DUFR�%UDJDGLQ�
Kalle Kähkönen

Construction Management Workshop 2018in_bo M. Bragadin, K. Kähkönen
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TVSHYGXMSR�ERH�PIETW�MR�MRHYWXVMEP�TVSGIWWIW�VIWYPXMRK�MR�WMKRMƼGERX�LMKLIV�TVSHYGXMZMX]��
-X�MW�ZMI[IH�EW�XLI�JSYVXL�XMQI�WYGL�E�HMWVYTXMSR�XSSO�TPEGI�JSPPS[MRK�XLI�TVIGIHMRK�
MRHYWXVMEP� VIZSPYXMSRW��8LI�ƼVWX� -RHYWXVMEP� VIZSPYXMSR�HIZIPSTIH� MR� XLI� PEXI�����W� MR�
Europe and America when steam power combined with mechanical production led to 
XLI�MRHYWXVMEPM^EXMSR�SJ�TVSHYGXMSR��8LI�WIGSRH�MRHYWXVMEP�VIZSPYXMSR�[LIR�IPIGXVMGMX]�
ERH�EWWIQFP]�PMRIW�VIWYPXIH�MR�QEWW�TVSHYGXMSR�JVSQ�XLI�QMH�����W�SR[EVHW��8LI�
XLMVH�MRHYWXVMEP�VIZSPYXMSR�[LIR�IPIGXVSRMGW�ERH�-8�GSQFMRIH�[MXL�KPSFEPMWEXMSR�KVIEXP]�
EGGIPIVEXIH�MRHYWXVMEPM^EXMSR�WMRGI�XLI�����W��)9��������

;36/7,34�8,)1)

6IGIRX�XLISVMIW�GSRGIVRMRK�XLI��XL�MRHYWXVMEP�VIZSPYXMSR�ƈIndustry 4.0”, indicate that the 
HMKMXEPM^EXMSR�SJ�FYMPHMRK�GSRWXVYGXMSR�TVSGIWWIW�GER�STIR�RI[�VIWIEVGL�TIVWTIGXMZIW�
ERH�XLIQIW�JSV�XLI�HIZIPSTQIRX�SJ�XLI�GSRWXVYGXMSR�MRHYWXV]��TEVXMGYPEVP]�MR�XLI�ƼIPH�
SJ�Construction Project Management��8LI�XLIQI�SJ�'SRWXVYGXMSR�1EREKIQIRX� MR�
XLI�FYMPHMRK�TVSNIGX�PMJI�G]GPI�TLEWIW��HIWMKR��I\IGYXMSR�ERH�STIVEXMSR�MW�SJ�GETMXEP�
MQTSVXERGI�JSV�XLI�IGSRSQMG�VIGSZIV]�ERH�HIZIPSTQIRX�SJ�XLI�GSRWXVYGXMSR�WIGXSV��
ER�MRHYWXV]�WIGXSV�XLEX�WXMPP�WXVYKKPIW�XS�VIGETXYVI�XLI�TEGI�ERH�ƼRH�E�RI[�MHIRXMX]�
ERH� JYXYVI� TIVWTIGXMZIW�� 7YVIP]�� XLI� XLIQI� SJ� XLI�Smart Factory� GEYWIW� XS� JSGYW�
SR� XLI�FYMPHMRK�TVSGIWW�ERH� MXW�HMJJIVIRX�Value Chains��EMQMRK�EX� XLI�GVIEXMSR�SJ�E�
QSVI� IƾGMIRX� GSRRIGXMSR� FIX[IIR� MXW� TPE]IVW�� GPMIRX�ƼREP� YWIV�� S[RIV�� HIWMKRIVW��
construction companies and their suppliers. 

-R� XLI� VIWIEVGL� IRZMVSRQIRX� GVIEXIH� F]� XLI� GSPPEFSVEXMSR� SJ� XLI� VIWIEVGL� KVSYT�
SJ� FYMPHMRK� TVSHYGXMSR� SJ� XLI� 9RMZIVWMX]� SJ� &SPSKRE� ERH� XLI� SRI� SJ� Construction 
Management and Economics�SJ� XLI�8EQTIVI�9RMZIVWMX]�SJ�8IGLRSPSK]�SJ�*MRPERH��
XLMW�[SVOWLST�LEW�XLI�EMQ�SJ�LMKLPMKLXMRK�XLI�VIWIEVGL�XLIQIW�XLEX�GSYPH�HIZIPST�
XLI�HVMZIVW�SJ�GLERKI�ERH�MRRSZEXMSR�MR�XLI�TVSNIGX�QEREKIQIRX�TVSGIWWIW�SJ�HIWMKR��
construction and maintenance.

8LI�VIWIEVGL�XLIQIW�XS�FI�MRZIWXMKEXIH�GSYPH�JEGMPMXEXI�XLI�MRRSZEXMSR�TVSGIWW�ERH�
XLI�HIZIPSTQIRX�SJ�XLI�ƈSmart Factory” in construction, aiming at creating a “Smart 
Building SiteƉ�JSV�GSRWXVYGXMSR�TVSNIGXW��8LI�SFNIGXMZIW�EVI�QER]��MQTPIQIRXEXMSR�
SJ�XLI�GMVGYPEV�IGSRSQ]�TVMRGMTPIW��SVMIRXEXMRK�XS[EVHW�XLI�MQTVSZIQIRX�SJ�FYMPHMRK�
PMJI� G]GPI� IRZMVSRQIRXEP� ERH� IGSRSQMG� WYWXEMREFMPMX]�� MQTVSZIQIRX� SJ� TVSGIWW�
IƾGMIRG]� SJ� XLI� ZEPYI� GLEMRW� XLVSYKL� XLI� HIZIPSTQIRX� SJ� MRRSZEXMZI� QIXLSHW�
ERH� XSSPW� XLEX� [MPP� MQTVSZI� XLI� HIWMKR� ERH� XLI� I\IGYXMSR� SJ� FYMPHMRK� TVSNIGXW��
MQTVSZIQIRX�SJ�FYMPHMRK�PMJI�G]GPI�FEWIH�HIWMKR�XS�STXMQMWI�GSWXW�ERH�MQTEGXW�SJ�
operations and maintenance.

%R][E]�� XLI� SZIVEPP� [SVOWLST� XLIQI� MW� 'SRWXVYGXMSR� 1EREKIQIRX�� 'SRWXVYGXMSR�
QEREKIQIRX� MW� ER� MRXIVREXMSREPP]� VIGSKRMWIH� EVIE� SJ� VIWIEVGL�� -XW� SVMKMRW� GER� FI�
WYVIP]�JSYRH�MR�ER�I\XIRWMSR�SJ�STIVEXMSRW�QEREKIQIRX�MR�XLI�GSRWXVYGXMSR�WIGXSV��
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FYX�RS[�MX�LEW�E�FVSEH�ERH�LIXIVSKIRISYW�FSH]�SJ�ORS[PIHKI�XLEX�MQTVSZIW�MXW�EMQW�
ERH�WGSTI��,EVX]��0IMVMRKIV��������

&IRRIXX� ������ TVSTSWIH� E� GSRGITXYEP� JVEQI[SVO� JSV� TVSNIGX� QEREKIQIRX� MR�
GSRWXVYGXMSR�� FEWIH� YTSR� X[S� HMWXMRGX� TLEWIW�� 8LI� ƼVWX� TLEWI� MW� WXVEXIKMG�� FIMRK�
GSRGIVRIH�[MXL�GPMIRX�SFNIGXMZIW��TVSNIGX�HIWGVMTXMSR�ERH�SVKERM^EXMSR��8LI�WIGSRH�
MW�GSRGIVRIH�[MXL� XLI�I\IGYXMSR�SJ�FEWMG�GSRWXVYGXMSR� XEWOW��%PWS� � MX� MW� VIGSKRM^IH�
XLEX� XLIVI� EVI� WIXW� SJ� GS�SVHMREXIH� LYQER� EGXMZMXMIW� EMQIH� EX� HIƼRIH� SFNIGXMZIW��
GEPPIH� TVSNIGXW�� XLEX� XIRHW� XS� FI� SRI�SJJ� RSR�VSYXMRI� YRHIVXEOMRKW� [MXL� HMWGVIXI�
XMQI�� ƼRERGMEP�� ERH� XIGLRMGEP� KSEPW��8LI� SFNIGXMZI� SJ� GSRWXVYGXMSR� TVSNIGXW� GER� FI�
XLI�GSQTPIXMSR�SJ�E�FYMPHMRK��ER�MRHYWXVMEP�TVSGIWWMRK�TPERX��E�FVMHKI��SV�WSQI�SXLIV�
TL]WMGEP� SFNIGX� ERH� EX� XLI� WEQI� XMQI� XLI� SVKERM^EXMSR� EVVERKIQIRXW� HIWMKRIH� XS�
IRWYVI� XLI�IƾGMIRX� GSQTPIXMSR�SJ� XLI�TVSNIGX��8LMW� MW� XVERWPEXIH� MRXS�SFNIGXMZIW�SJ�
TVSHYGMRK�UYERXMXMIW�SJ�EGGSQQSHEXMSR��XLI�UYEPMX]�SJ�XLEX�EGGSQQSHEXMSR��MXW�GSWX�
ERH�XLI�XMQI�XS�FI�HIPMZIVIH��&IRRIX�������

'SRWMHIVEFPI�EQSYRX�SJVIWIEVGL�ERH�HIZIPSTQIRX�IJJSVX�LEW�FIIR�QEHI�XS[EVHWXLMW�
HMVIGXMSR�� ERH�QER]� MRXIPPIGXYEP� VSSXW� SJ� TVSNIGX�QEREKIQIRX� VIWIEVGL�LEZI�FIIR�
HMWGSZIVIH� �7ʯHIVPYRH��������8LI�ƼVWX�ERH� XLI�QSWX� MQTSVXERX�WIIQW� XS�LEZI� MXW�
SVMKMRW� MR� XLI�ZEVMSYW� X]TIW�SJ�TPERRMRK�ERH�WGLIHYPMRK� XIGLRMUYIW�� WYGL�EW�+ERXX�
GLEVX��'41��4)68�ERH�4VIGIHIRGI�(MEKVEQQMRK� �+ERXX�� ������1SHIV��4LMPPMTW�ERH�
(EZMW��������;VIR�ERH�&IHMER��������&IWMHI�XLMW��TVSNIGX�QEREKIQIRX�LEW�MXW�SVMKMRW�
EPWS� MR� XIQTSVEV]� SVKERM^EXMSREP� JSVQW� �0YRHMR�� 7ʯHIVLSPQ�� ������ 8[S� HMJJIVIRX�
FSHMIW� SJ� ORS[PIHKI� WIIQ� XS� FI� XLI� MRXIPPIGXYEP� VSSXW� SJ� TVSNIGX� QEREKIQIRX��
8LI� ƼVWX� MW� IRKMRIIVMRK� WGMIRGI� ERH� ETTPMIH� QEXLIQEXMGW�� TVMQEVMP]� MRXIVIWXIH� MR�
TPERRMRK� ERH� WGLIHYPMRK� XIGLRMUYIW� ERH� QIXLSHW� SJ� TVSNIGX� QEREKIQIRX�� 8LMW�
PMRI�SJ� VIWIEVGL�[SYPH� MRHMGEXI�TVSNIGX�QEREKIQIRX�EW�E�WTIGMƼG�TVSFPIQ�WSPZMRK�
method based on project activities’ understanding, grouping, planning, scheduling 
and controlling. The second has its intellectual roots in the social sciences, such as 
WSGMSPSK]�� SVKERM^EXMSR� XLISV]� ERH�TW]GLSPSK]�� ERH� MX� MW� TVMQEVMP]� MRXIVIWXIH� MR� XLI�
SVKERM^EXMSREP�ERH�FILEZMSYVEP�EWTIGXW�SJ�TVSNIGX�SVKERM^EXMSRW�ERH�MR�SVKERM^EXMSREP�
theories. 

2IZIVXLIPIWW�� MR�XLI�IRH�� MX� MW�FIPMIZIH�XLEX�TVSNIGXW�EVI�RSXLMRK�IPWI�XLER�E�[E]�SJ�
PSSOMRK� EX� MRHYWXVMEP� ERH� SVKERM^EXMSREP� EGXMZMX]� �7ʯHIVPYRH�� ������ 'SRWIUYIRXP]��
VIWIEVGL� MRXS�TVSNIGX�QEREKIQIRX�GER�JSPPS[�SRI�SJ� XLIWI�X[S� PMRIW��SV�FSXL�� -X� MW�
E�QEXXIV� SJ� XV]MRK� XS� GETXYVI� XLI� ƈYRMUYI�� GSQTPI\� ERH� XMQI�PMQMXIH� TVSGIWWIW� SJ�
MRXIVEGXMSR��SVKERM^EXMSR�ERH�QEREKIQIRXƉ��7ʯHIVPYRH��������8LIWI�QEREKIQIRX�
TVSGIWWIW� GER� FI� JYVXLIV� HMZMHIH�� 8LI� GSRGITXYEPM^EXMSR� SJ� TVSNIGX� QEREKIQIRX�
XLISVMIW�F]�/SWOIPE�ERH�,S[IPP�������MR�JEGX��HMZMHIW�XLI�4VSNIGX�1EREKIQIRX�&SH]�
SJ�/RS[PIHKI��41&3/�QEMRP]�MR�X[S�TEVXW��XLI�TVSNIGX�XLISV]�ERH�XLI�QEREKIQIRX�
theory, respectively the work needed to achieve project objectives and work needed 
to organise and develop project management processes.
;MXL� XLI� TVIWIRXIH� TIVWTIGXMZI� [I� GER� I\TIGX� XS� WII� QYPXMJSVQ� ERH�
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16

in_bo 2018, vol. 09 n° 13New Frontiers of Construction Management Workshop

QYPXMHMQIRWMSREPSYXGSQIW� JVSQ� VIWIEVGL� [SVO� ERH� HIZIPSTQIRX� MR� XLI� ƼIPH�
SJ� 'SRWXVYGXMSR� 1EREKIQIRX� �,EVX]� 
� 0IMVMRKIV�� ������ FYX� XLI� MRXIRXMSR� SJ� XLI�
[SVOWLST�MW��EX� PIEWX��XS�STIR�HIFEXIWEHHVIWWMRK�XLI�RI[�JVSRXMIVW�SJ�GSRWXVYGXMSR�
management. 

;36/7,34�834-'7

-R�XLI�ƼVWX�TPERRMRK�TLEWI�SJ�XLI�[SVOWLST��XLI�JSPPS[MRK�XSTMGW�[IVI�WIPIGXIH�FEWIH�
SR�XLI�GSPPEFSVEXMSR�SJ�XLI�VIWIEVGL�KVSYT�SJ�&YMPHMRK�TVSHYGXMSR�EX�XLI�(ITEVXQIRX�
SJ� %VGLMXIGXYVI� �9RMZIVWMX]� SJ� &SPSKRE� ERH� XLI� 'SRWXVYGXMSR� 1EREKIQIRX� ERH�
)GSRSQMGWYRMX�8EQTIVI� 9RMZIVWMX]� SJ� 8IGLRSPSK]�� 8LI� XSTMGW� TVIWIRX� ZEVMSYW�
HMQIRWMSRW� SJ� MRXIVIWXW� XLEX� EVI� WIIMRK� EW� TSXIRXMEP� WSYVGIW� JSV� MRRSZEXMSRW� ERH�
amendments to construction management, or, even to reshape it. 

1. Industry 4.0��-S8�ERH�TIVWTIGXMZIW�
JSV�XLI�GVIEXMSR�SJ�7QEVX�*EGXSV]�MR�
the construction sector.
• -RXIVRIX�3J�8LMRKW�MR�XLI�

construction site
• 7QEVX�*EGXSV]�
�ZEPYI�GLEMR�MR�

the construction sector
• %VXMƼGMEP�MRXIPPMKIRGI�ERH�

process simulation

2. Project Management & Lean 
Construction��MRRSZEXMZI�
XIGLRSPSKMIW�ERH�0IER�'SRWXVYGXMSR�
[MXL�XLI�EMQ�SJ�XMQI��GSWX��UYEPMX]�
ERH�WEJIX]�MR�GSRWXVYGXMSR��
• 4VSNIGX�GSRXVSP�JSV�GSRWXVYGXMSR
• 0IER�GSRWXVYGXMSR�
�TVSGIWW�

management
• 8MQI��GSWX��UYEPMX]�
�WGSTI�

management in construction 
projects

• ,E^EVH�IZEPYEXMSR�ERH�WEJIX]�
management

3. Building Information Modelling& 
Built Heritage��&-1�JSV�RI[�
FYMPHMRK�GSRWXVYGXMSR�ERH�JSV�
renovation and conservation 
TVSNIGXW,IVMXEKI�&-1���,&-1��

• &YMPHMRK�-RJSVQEXMSR�1SHIPW
• &YMPHMRK�-RJSVQEXMSR�1SHIPPMRK�

and construction process 
HMKMXM^EXMSR

• ,IVMXEKI�&YMPHMRK�-RJSVQEXMSR�
Modelling

• &YMPHMRK�-RJSVQEXMSR�1SHIPPMRK�
and virtual reality in construction

4. Low – impact building site design 
JSV�HIIT�VIRSZEXMSR�FYMPHMRK�
projects and urban regeneration 
construction projects. 
• 'SRWXVYGXMSR�HIIT�VIRSZEXMSR�

TVSNIGXW�JSV�FYMPHMRKW
• Low-impact construction site 

design
• Urban and building-blocks 

regeneration projects

5. Facility Management & Life Cycle 
Planning
• 0MJI�']GPI�%WWIWWQIRX�0'%
• 0MJI�']GPI�'SWX�%WWIWWQIRX
• Facility management
• &YMPHMRK�1EMRXIRERGI�
�

operations

6. Quality and Safety�MR�4VSNIGX�
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4VSGYVIQIRX�ERH�4VSNIGX�'SRXVSP
• Quality management
• 7EJIX]�QEREKIQIRX
• 4VSNIGX�TVSGYVIQIRX
• 4VSNIGX�
�4VSGIWW�'SRXVSPW

7. Construction site design and Off-
site construction
• 'SRWXVYGXMSR�WMXI�HIWMKR�ERH�

logistics
• 0IER�HIWMKR�SJ�GSRWXVYGXMSR�

process
• 3JJ�WMXI�GSRWXVYGXMSR

• 'SRWXVYGXMSR�WMXI�WEJIX]�ERH�
SVKERM^EXMSR

8. Project Management: standards 
and competences in the 
construction sector.
• 4VSNIGX�1EREKIQIRX�JSV�

'SRWXVYGXMSR
• 'SRWXVYGXMSR�QEREKIQIRX�ERH�

standards
• Real estate development and 

construction economics

;36/7,34�463+6%11)

8LI�QEMR�[SVOWLST� TVSKVEQQI� MRGPYHIH� ��� TVIWIRXEXMSRW� FEWIH� SR� XLI� EGGITXIH�
papers. Those address research results or on-going research activities that are clearly 
GSRXVMFYXMRK�RI[�ƼRHMRKW�ERH�ORS[PIHKI�[MXL�VIWTIGX�SJ�XLI�[SVOWLST�QEMR�XLIQIW��
;SVO�F]�HMJJIVIRX�WGLSPEVW�GER�FI�HMVIGXP]��TEVXMEPP]�SV�MRHMVIGXP]�PMROIH�XS�XLI�[SVOWLST�
XSTMGW� PMWXIH�IEVPMIV��8LI� MRHMVIGX� PMRO�GER�QIER�GEYWEPMX]�SV� MRƽYIRGI�XLEX�LEZI�FIIR�
MHIRXMƼIH�MR�ERSXLIV�GSRXI\X��I�K��FYWMRIWW�WIGXSV�FYX�MX�GER�LEZI�I\TPEREXSV]�TS[IV�
elsewhere as well.

&IWMHIW�SJ�XLI�TETIV�TVIWIRXEXMSR�XLI�QEMR�TVSKVEQQI�SJ�XLI�[SVOWLST�MRGPYHIH�JSYV�
OI]RSXI�TVIWIRXEXMSRW�F]�4VSJ��%RKIPS�'MVMFMRM��8LI�9RMZIVWMX]�SJ�&VIWGME��-XEP]�ƈ0MQMXW�
ERH�TSXIRXMEPMX]�SJ�HMKMXEPM^EXMSR�MR�XLI�GSRWXVYGXMSR�WIGXSVƉ��4VSJ��'LVMW�,EVX]��9RMZIVWMX]�
SJ�VIEHMRK��9/�ƈ9WMRK�&-1�ERH�HMKMXEP�XIGLRSPSKMIW�JSV�GSRWXVYGXMSR�QEREKIQIRXƉ�ERH�
4VSJ��.SLR�0��,IMRX^��89�HIPJX��8LI�2IXLIVPERHW�ƈ4VSNIGX�1EREKIQIRX�GETEFMPMXMIW�JSV�E�
(MWVYTXMZI�*YXYVIƉ�%�GPSWYVI�OI]RSXI�[EW�TVIWIRXIH�F]�4VSJ��/EPPI�/ʞLOʯRIR��8EQTIVI�
9RMZIVWMX]� SJ� 8IGLRSPSK]�� *MRPERH� ƈ2IIH� JSV�QSHIVR�QYPXMHMWGMTPMREV]� VIWIEVGL� ERH�
developments to change the built environment sector”.

Furthermore, three industry presentations were given in the workshop. Those were about 
&-1�
�-'8��4ESPE�+MSVHERM�8IEQW]WXIQ�GSVTSVEXMSR��6SFIVXS�+MERKYEPERS�,EVTEGIEW�
GSVTSVEXMSR��ERH��GPYWXIVMRK�JSV�MRRSZEXMSR�EW�STTSVXYRMXMIW�JSV�XLI�GSRWXVYGXMSR�WIGXSV�
�+MYPME�0ERHVMWGMRE�'PYWXIV�&YMPH

;36/7,34�463'))(-2+7

8LI�[SVOWLST�TVSGIIHMRKW�EVI�TYFPMWLIH� MR� XLI� -2C&3� NSYVREP�� -2C&3� MW�E�WGMIRXMƼG�
NSYVREP�SJ�XLI�(ITEVXQIRX�SJ�%VGLMXIGXYVI�SJ�9RMZIVWMX]�SJ�&SPSKRE��-X�MW�ER�SR�PMRI�
�STIR�
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EGGIWW�NSYVREP��EGGVIHMXIH�F]�-XEPMER�1MRMWXV]�JSV�)HYGEXMSR��9RMZIVWMX]�ERH�6IWIEVGL���
1-96�
8LI�WTIGMEP�MWWYI�SJ�-2C&3�MRGPYHIW�EPP�EGGITXIH�TETIVW��%PP�TETIVW�LEZI�KSRI�XLVSYKL�
HSYFPI�FPMRH� VIZMI[� TVSGIWW� [LIVI� XLI� VIZMI[IVW� [IVI� XLI� QIQFIVW� SJ� WGMIRXMƼG�
committee. 

7'-)28-*-'�'311-88))

/EPPI�/ʞLOʯRIR��8EQTIVI�9RMZIVWMX]�SJ�8IGLRSPSK]��GLEMV
%RKIPS�'MVMFMRM��9RMZIVWMXʚ�HM�&VIWGME��GS�GLEMV
&IVEVHS�2EXMGGLME��9RMZIVWMXʚ�4SPMXIGRMGE�HIPPI�1EVGLI��GS�GLEMV
'LVMW�,EVX]��9RMZIVWMX]�SJ�6IEHMRK��9/
.SLR�,IMRX^��89�(IPJX��8LI�2IXLIVPERHW
6EJEIP�7EGOW��8IGLRMSR��-WVEIP
Ernesto Antonini, Università di Bologna
Andrea Boeri, Università di Bologna
6MGGEVHS�+YPPM��9RMZIVWMXʚ�HM�&SPSKRE
1EVME�%RXSRMIXXE�)WTSWMXS��9RMZIVWMXʚ�HM�*MVIR^I
4MIXVS�'ETSRI��9RMZIVWMXʚ�HM�*MVIR^I
%PIWWERHVS�'EVFSREVM��9RMZIVWMXʚ�4SPMXIGRMGE�HIPPI�1EVGLI
+MYWITTI�(M�+MYHE��4SPMXIGRMGS�HM�1MPERS
*YPZMS�6I�'IGGSRM��4SPMXIGRMGS�HM�1MPERS
Marco Bragadin, Università di Bologna
:EPIRXMRE�:MPPE��4SPMXIGRMGS�HM�8SVMRS
Lavinia Tagliabue, Università di Brescia
:MXS�+IXYPM��9RMZIVWMXʚ�HM�*MVIR^I

36+%2->-2+�'311-88))

1EVGS�&VEKEHMR��9RMZIVWMXʚ�HM�&SPSKRE��GLEMV
0YGE�'MTVMERM��9RMZIVWMXʚ�HM�&SPSKRE��7GYSPE�7YTIVMSVI�7XYHM�'MXXʚ�I�8IVVMXSVMS
%RXSRMS�4IRWS��*SRHE^MSRI�*PEQMRME
'EVPE�6SWWM��*SRHE^MSRI�*PEQMRME

'037-2+�;36(7

8LI�HVMZMRK�MHIE�SJ�XLI�[SVOWLST�[EW�XS�LEZI�ER�SZIVZMI[�SJ�WSQI�SYXKSMRK�
'SRWXVYGXMSR�1EREKIQIRX�6IWIEVGL�EGXMZMXMIW�XLEX�LEZI�VIPIZERGI�XS�XLMW�[SVO-
WLST��ERH�XS�JEGMPMXEXI�HMWGYWWMSRW�ERH�EREP]WIW�[MXL�VIWIEVGLIVW��TVEGXMXMSRIVW�ERH�
WXYHIRXW��8LI�EMQ�[EW�RSX�XS�VIEGL�E�KSEP�SV�XS�WIX�PMQMXW��FYX�XS�WIEVGL�JSV�QENSV�
YRHIVWXERHMRK�SJ�WSQI�EGXYEP�ERH�JYXYVI�MWWYIW�SJ�XLI�GSRWXVYGXMSR�WIGXSV��
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A Spatio-Temporal Perspective to 
Knowledge Management in the 
Construction Sector

&ODXGLR�0LUDUFKL�

/)=;36(7�� /ǞǝǕǠȨȰǥȨ�� /ǞǝǕǠȨȰǥȨ� 1ȳǞȳǥȨǟȨǞǘ�� ,ȨǗǚǣǙǘǣȱ� ȰȨȱǣǙǣǝǞ� ǘǤȨǝǚǓ�� 'ǗǠǘǗǚȳǠ� ǤǣǙǘǝǚǣȱȳǠ�

ȳȱǘǣǖǣǘǓ�ǘǤȨǝǚǓ��7)'-�ǟǝȰȨǠ

8LI� GSRWXVYGXMSR� WIGXSV� MW� ER� MRJSVQEXMZI� MRXIRWMZI� SRI�� -R� IZIV]� TVSNIGX�� HYVMRK�
IEGL� TLEWI� EVI� KIRIVEXIH� LERHW�SR� I\TIVMIRGIW�� TVSFPIQ� WSPZMRK� GETEFMPMXMIW��
YRHIVWXERHMRK�SJ�ZEVMSYW�QIERW�ERH�QIXLSHW��ERH�LMKLP]�GSRXI\XYEPMWIH�WSPYXMSRW��
8LMW�ORS[PIHKI�VITVIWIRXW�SRI�SJ�XLI�QSWX�MQTSVXERX�EWWIXW�JSV�%)'3�ƼVQW��-R�XLI�
GSRWXVYGXMSR�TVSGIWW��XLI�HIZIPSTQIRX�SJ�E�TVSNIGX�VIUYMVIW�XLI�EKKVIKEXMSR�SJ�WIZIVEP�
WXEOILSPHIVW��1ER]�XMQIW�XLMW�KVSYT�SJ�WXEOILSPHIVW�GSPPEFSVEXI�JSV�XLI�HIZIPSTQIRX�
SJ� XLI�TVSNIGX�ERH�SRGI� MX� MW�HIPMZIVIH� XLI]�HMWFERH�QSZMRK�SR� XS� XLI�RI\X�TVSNIGX��
,IRGI�� XLI�ORS[PIHKI�KIRIVEXIH�HYVMRK�XLI�TVSGIWW�F]�E�[LSPI�SJ�WXEOILSPHIVW� MW�
HMWVYTXIH�EX�XLI�IRH�SJ�XLI�TVSNIGX��*YVXLIVQSVI��XLI�I\TIVMIRGIW�KEMRIH�MR�XLI�TVSGIWW�
EVI�VEVIP]��MJ�EX�EPP�HSGYQIRXIH�[MXL�XLI�GSRWIUYIRGI�XLEX�ORS[PIHKI�VIQEMRW�WXSVIH�
MR�XLI�QMRHW�SJ�XLSWI�[LS�[IVI�HMVIGXP]�MRZSPZIH�
8LMW� TETIV� TVSTSWIW� E� RSZIP� MRXIVTVIXEXMSR� SJ� XLI� GPEWWMGEP� XLISVMIW� SJ� ORS[PIHKI�
QEREKIQIRX�GSRWMHIVMRK�XLI�TIGYPMEVMXMIW�SJ�XLI�GSRWXVYGXMSR�WIGXSV��7XEVXMRK�JVSQ�XLI�
WXYH]�TVSTSWIH�F]�2SREOE�ERH�8EOIYGLM�ERH�MR�TEVXMGYPEV�XLI�L]TIVXI\X�SVKERMWEXMSR�
WGLIQE� ERH� XLI� 7)'-� QSHIP�� XLI� EVXMGPI� TVSTSWIW� E� VIHIWMKR� SJ� XLI� WGLIQE� XS�
allow its introduction in the construction sector. This main topic is integrated with 
GSRWMHIVEXMSRW�HIVMZIH� JVSQ� XLI�GYPXYVEP�LMWXSVMGEP�EGXMZMX]� XLISV]�ERH� XLI�LIYVMWXMG�
HIGMWMSR�XLISV]�XLEX�VITVIWIRX�JYRHEQIRXEP�EVIEW�SJ�WXYH]�XS� MRXIKVEXI�XLI�KIRIVEP�
model with the means to analyse distributed and decentred organisations, and the 
MRXVMRWMG�TW]GLSPSKMGEP�EWTIGXW�MRZSPZIH�MR�XLI�QEREKIQIRX�SJ�ORS[PIHKI�
,IRGI��XLI�TETIV�TVSTSWIW�ER�MRXIKVEXIH�ZMWMSR�SJ�XLI�L]TIVXI\X�SVKERMWEXMSR�WGLIQE�
WXYHMIH�MR�XLI�GSRWXVYGXMSR�WIGXSV��*YVXLIVQSVI��WXEVXMRK�JVSQ�XLI�PEXXIV��XLI�VIWIEVGL�
TVSTSWIW�ER�MRXIVTVIXEXMSR�SJ�XLI�ORS[PIHKI�KIRIVEXMSR�ERH�GSRWYQTXMSR�TVSGIWW�MR�
the construction sector introducing a spatio-temporal perspective that highlights the 
HMWXVMFYXMSR�SJ�ORS[PIHKI�VIPEXIH�TVSGIWWIWMR�XIVQW�SJ�FSXL�WTEGI�ERH�XMQI�HYVMRK�
the construction process.
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A Spatio-Temporal Perspective to Knowledge 
Management in the Construction Sector

SJ� XLI� ORS[PIHKI� KIRIVEXMSR�
and consumption process in the 
construction sector dealing with the 
WTEXMEP�ERH�XIQTSVEP�HMWXVMFYXMSR�SJ�XLI�
TVSGIWW��,IRGI��MX�MW�MRXVSHYGIH�E�WTEXMS�
temporal perspective that highlights 
XLI� HMWXVMFYXMSR� SJ� ORS[PIHKI� VIPEXIH�
TVSGIWWIW� MR� XIVQW�SJ�FSXL�WTEGI�ERH�
time during the construction process.

8LI� VIWX� SJ� XLI� TETIV� MW� SVKERMWIH� EW�
JSPPS[W�� 8LI� ƼVWX� GLETXIV� MRXVSHYGIW�
XLI� L]TIVXI\X� SVKERMWEXMSR� WGLIQE�
ERH� TVSTSWIW� E� ƼVWX� I\TERWMSR� SJ�
the schema to represent the typical 
JVEKQIRXIH� IRZMVSRQIRX� SJ� XLI�
GSRWXVYGXMSR� WIGXSV�� 7XEVXMRK� JVSQ�
XLI� PMQMXEXMSRW� LMKLPMKLXIH� MR� XLI� ƼVWX�
analysis, the second chapter introduces 
XLI� GSRGITX� SJ� GYPXYVEP� LMWXSVMGEP�
EGXMZMX]� XLISV]� �',%8� ERH� TVSTSWIW�
ER� MRXIKVEXIH� ZMWMSR� SJ� XLI� L]TIVXI\X�
organisation schema. The third chapter 
proposes a spatio-temporal perspective 
on knowledge creation and use in 
GSRWXVYGXMSR� WIGXSV�� *MREPP]�� XLI� JSYVXL�
GLETXIV�GSRXEMRW�XLI�GSRGPYWMSRW�SJ�XLI�
work.

decision support systems. Moreover, 
6I^KYM��,STJI�ERH�:SVEOYPTMTEX� ������
proposed an evolutionary perspective 
SR�/1��,S[IZIV�� XLI�YRHIVWXERHMRK�SJ�
XLI� GSQTPI\� MRXIVVIPEXMSRW� KIRIVEXIH�
during knowledge and learning 
processes in the construction sector is 
WXMPP�ER�EVIE�SJ�STIR�HMWGYWWMSR�

This paper proposes a novel 
MRXIVTVIXEXMSR� SJ� XLI� GPEWWMGEP�
XLISVMIW� SJ� ORS[PIHKI� QEREKIQIRX�
GSRWMHIVMRK� XLI� TIGYPMEVMXMIW� SJ� XLI�
GSRWXVYGXMSR� WIGXSV�� 7XEVXMRK� JVSQ�
XLI� WXYH]� TVIWIRXIH� F]� 2SREOE� ERH�
8EOIYGLM� ������ ERH� MR� TEVXMGYPEV� XLI�
L]TIVXI\X� SVKERMWEXMSR� WGLIQE� ERH�
XLI� 7)'-� QSHIP�� XLI� EVXMGPI� TVSTSWIW�
E� VIHIWMKR� SJ� XLI� WGLIQE� XS� EPPS[� MXW�
introduction in the construction sector. 
(YI� XS� XLI� PMQMXEXMSR� SJ� XLI� L]TIVXI\X�
organisation schema highlighted in the 
PMXIVEXYVI� �&VEXMERY�� ������ )RKIWXVʯQ��
������ MX� MW� HIZIPSTIH� ER� MRXIKVEXIH�
vision based on the cultural historical 
activity theory. Furthermore, starting 
JVSQ� XLMW� MRXIKVEXIH� WGLIQE�� XLI�
research proposes an interpretation 

The construction sector is an 
MRJSVQEXMZI� MRXIRWMZI� SRI� �(EZI�
ERH� /SWOIPE�� ������ -R� IZIV]�

project, during each phase are generated 
LERHW�SR� I\TIVMIRGIW�� TVSFPIQ�
solving capabilities, understanding 
SJ� ZEVMSYW� QIERW� ERH� QIXLSHW��
ERH� LMKLP]� GSRXI\XYEPMWIH� WSPYXMSRW�
�0MR� IX� EP��� ������ 8LMW� ORS[PIHKI�
VITVIWIRXW� SRI� SJ� XLI�QSWX� MQTSVXERX�
EWWIXW� JSV� EVGLMXIGXYVI�� IRKMRIIVMRK��
GSRWXVYGXMSR�� ERH� STIVEXMSRW� �%)'3�
ƼVQW� �(IWLTERHI�� %^LEV�� %QMVIHH]��
������ -R�XLI�GSRWXVYGXMSR�TVSGIWW��XLI�
HIZIPSTQIRX� SJ� E� TVSNIGX� VIUYMVIW� XLI�
EKKVIKEXMSR� SJ� WIZIVEP� WXEOILSPHIVW��
1ER]�XMQIW�XLMW�KVSYT�SJ�WXEOILSPHIVW�
GSPPEFSVEXI� JSV� XLI�HIZIPSTQIRX�SJ� XLI�
project and once it is delivered they 
HMWFERH�QSZMRK�SR�XS�XLI�RI\X�TVSNIGX��
,IRGI��XLI�ORS[PIHKI�KIRIVEXIH�HYVMRK�
XLI�TVSGIWW�F]�E�[LSPI�SJ�WXEOILSPHIVW�
MW� HMWVYTXIH� EX� XLI� IRH� SJ� XLI� TVSNIGX��
*YVXLIVQSVI�� XLI� I\TIVMIRGIW� KEMRIH�
MR� XLI� TVSGIWW� EVI� VEVIP]�� MJ� EX� EPP�
documented with the consequence that 
knowledge remains stored in the minds 
SJ� XLSWI� [LS� [IVI� HMVIGXP]� MRZSPZIH�
�/E^M�ERH�/SMZYRMIQM�������������

&IGEYWI�SJ�XLI�VIGSKRMWIH� MQTSVXERGI�
SJ� ORS[PIHKI�� XLIVI� MW� E� ZEWX� PMXIVEXYVI�
VIPEXIH� XS� XLI� GSRGITX� SJ� ORS[PIHKI�
QEREKIQIRX� �/1�� /1� GER� FI�
HIƼRIH� EW� ƈD� SURFHVV� RI� DFTXLULQJ��
FUHDWLQJ�� VKDULQJ�� XWLOL]LQJ� DQG� VWRULQJ�
LQWHOOHFWXDO� DVVHWV� DQG� RWKHU� VWLPXOL�
IURP�WKH�LQWHUQDO�DQG�H[WHUQDO�EXVLQHVV�
HQYLURQPHQW� WKDW� IDFLOLWDWHV� DQ�
RUJDQL]DWLRQ� WR� SHUIRUP� VXFFHVVIXOO\” 
�/YPYPERKE�� 1G'EJJIV�� ������ *SGYWMRK�
on the construction sector, e.g. Kamara, 
%RYQFE� ERH� 'EVVMPPS� ������ TVSTSWIH�
E� JVEQI[SVO� XS� WIPIGX� ORS[PIHKI�
management strategies. Robinson et al. 
������ TVIWIRXIH� E� QEXYVMX]� VSEHQET�
JSV�XLI�MQTPIQIRXEXMSR�SJ�/1�WXVEXIKMIW��
4EXIP� IX� EP�� ������ MRZIWXMKEXIH� LS[�
-RJSVQEXMSR�8IGLRSPSK]��-8�GER�EWWMWX�
/1� MR� XLI� GSRXI\X� SJ� XLI� GSRWXVYGXMSR�
WIGXSV�� /ERETIGOMIRI� IX� EP�� ������
HIWGVMFIH� ER� MRXIKVEXIH� QSHIP� JSV�
KM in construction projects including 
XLI� HMWGYWWMSR� SJ� ORS[PIHKI� FEWIH�

in_bo
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Figure 1: The hypertext organisation schema (Nonaka and Takeuchi. 1995)
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“6RRQHU� RU� ODWHU�� HYHU\� RUJDQL]DWLRQ�
HQGV�XS�FUHDWLQJ�NQRZOHGJHƉ� �2SREOE��
8EOIYGLM�� ������ ,S[IZIV�� XLI�
MHIRXMƼGEXMSR� SJ� [LIVI� XLI� ORS[PIHKI�
MW�GVIEXIH��LS[� XS�I\tract, store, share 
and update this knowledge, who are 
the subjects involved, why do they 
learn, what do they learn, and how do 
they learn represent critical questions 
EWWSGMEXIH� XS� XLI� WTIGMƼG� IRZMVSRQIRX�
where the learning process is introduced 
�)RKIWXVʯQ�� ������ %GGSVHMRK� XS�
2SREOE� ERH� 8EOIYGLM� ������� XLI�
knowledge creation process needs 
XS� JSPPS[� E� ZMVXYSYW� WTMVEP� QSZMRK�
FEGO� ERH� JSVXL� FIX[IIR� HMJJIVIRX�
QIGLERMWQW�SJ�ORS[PIHKI�GSRZIVWMSR��
The middle-up-down approach that they 
TVSTSWIH�LMKLPMKLXW� XLI� MQTSVXERGI�SJ�
a knowledge conversion layer between 
ƼIPH� STIVEXSVW�� HIWMKRIVW� ERH� XST�
QEREKIVW�� -R� JEGX�� IEGL� SRI� SJ� XLIWI�
WYFNIGXW� LEW� E� HMJJIVIRX� TIVGITXMSR� SJ�
XLI�[SVO� ERH� GSRWIUYIRXP]� E� HMJJIVIRX�
knowledge construction in his or her 
mind. Moreover, each subject acts in 
E� GSQTPIXIP]� HMJJIVIRX� IRZMVSRQIRX�
�M�I�� GSRXI\XW� XLEX� GER� MRƽYIRGI�
the knowledge perception (Tversky, 
/ELRIQER�� ������ *ERXMRS�� 7XSPEV^�
*ERXMRS�� ������ *MKYVI� �� WLS[W� XLI�
“K\SHUWH[W� RUJDQLVDWLRQ� VFKHPD” 
[LIVI� XLI� GSRXMRYSYW� GSRZIVWMSR� SJ�
ORS[PIHKI� FIX[IIR� HMJJIVIRX� PIZIPW�
SJ� ER� SVKERMWEXMSR� MW� LMKLPMKLXIH�� 8LMW�
WGLIQE� VITVIWIRXW� E� JYRHEQIRXEP�

TEVEHMKQ�MR�XLI�WXYH]�SJ�SVKERMWEXMSREP�
knowledge dynamics. Moreover, the 
PMXIVEXYVI� MW� VMGL� SJ� WXYHMIW� HIZSXIH� XS�
its analysis and integration making 
it an ideal candidate to promote the 
discussion in the research community.
The knowledge base layer represents 
the place where the knowledge can 
reside and where it can be categorised 
ERH� GSRXI\XYEPMWIH� MRXS� E� QSVI�
QIERMRKJYP�TVSHYGX�JSV�XLI�SVKERMWEXMSR�
as a whole. The individuals acting in 
the team project level can acquire and 
MRXIVTVIX� XLI� ORS[PIHKI� HIVMZIH� JVSQ�
the business system level in a complete 
HMJJIVIRX� QERRIV� MR� GSQTEVMWSR� XS� XLI�
MRHMZMHYEPW� EGXMRK� SR� XLMW� PEWX� PIZIP�� -R�
the same way, the knowledge created 
in the project level is interpreted in 
E� HMJJIVIRX� GSRXI\X� EX� XLI� FYWMRIWW�
W]WXIQ�PIZIP�EGUYMVMRK�E�HMJJIVIRX�ZEPYI��
8LI� QSFMPMX]� SJ� XLI� ORS[PIHKI� ERH� MXW�
management in the knowledge base 
EVIE�EPPS[W� XLI�EGXMZEXMSR�SJ�E� ZMVXYSYW�
GMVGPI�SJ�ORS[PIHKI�GSRZIVWMSR�EPPS[MRK�
XLI�GVIEXMSR�SJ�SVKERMWEXMSREP�ORS[PIHKI�
ZEPYEFPI�JSV�XLI�[LSPI�SVKERMWEXMSR�
2IZIVXLIPIWW�� XLI� YRHIVWXERHMRK� SJ�
how knowledge can be converted 
JVSQ� SRI� WYFNIGX� XS� ERSXLIV� ERH�SV�
JVSQ�SRI�JSVQ�XS�ERSXLIV�VITVIWIRXW�E�
crucial point. The most popular model 
MR� XIVQW� SJ� ORS[PIHKI� GSRZIVWMSR�
�M�I�� LS[� WYFNIGXW� PIEVR� MW� XLI� 7)'-�
QSHIP� �2SREOE�� 8EOIYGLM�� ������
2SREOE�� 8S]EQE�� &]SWMʢVI�� ������

7O]VQI��%QMHSR��������-X�SYXPMRIW�JSYV�
QIGLERMWQW�SJ� ORS[PIHKI� GSRZIVWMSR�
ERH�SV�XVERWJIV�

• 7SGMEPMWEXMSR��XEGMX�XEGMX
• )\XIVREPMWEXMSR��XEGMX�I\TPMGMX
• 'SQFMREXMSR��I\TPMGMX�I\TPMGMX
• -RXIVREPMWEXMSR��I\TPMGMX�XEGMX

Socialisation is based on direct 
interaction between individuals that 
WLEVI�XLIMV�I\TIVMIRGIW�WMQYPXERISYWP]��
usually with analogical and practical 
means.
)\XIVREPMWEXMSR�VIUYMVIW�XLI�MHIRXMƼGEXMSR�
SJ� QIERW� JSV� XLI� ƈXVERWPEXMSRƉ� SJ�
I\TIVMIRGIW�MR�E�GSHMƼEFPI�[E]�XS�EPPS[�
JYXYVI� YWIW�� 8LI� GSRZIVWMSR� VIEPMWIH�
MR� E� WSGMEPMWEXMSR� TVSGIWW� MW� HMJJIVIRX�
JVSQ� XLI� SRI� SFXEMRIH� XLVSYKL� ER�
I\XIVREPMWEXMSR�MRXIVREPMWEXMSR� TVSGIWW�
because there is a change in time and 
GSRXI\X� SJ� ORS[PIHKI� YWEKI�� -R� JEGX��
when tacit knowledge is shared, it still 
requires to be decoded by individuals 
�&SPMWERM��7GEVWS��������������ERH�XLMW�
TEWWEKI� MW� GSRWXVEMRIH� F]� XLI� GSRXI\X�
SJ�MRXIVTVIXEXMSR�
-R� GSQFMREXMSR�� MRHMZMHYEPW� WLEVI�
and combine knowledge through 
HMJJIVIRX� QIERW� MRGPYHMRK� HSGYQIRXW��
meetings, and computer networks. The 
VIGSRƼKYVEXMSR� SJ� MRJSVQEXMSR� WSVXMRK��
adding, combining and categorising 
I\TPMGMX� ORS[PIHKI� GER� TVSHYGI�
RI[� JSVQW� SJ� ORS[PIHKI�� ,S[IZIV��
LMKLPMKLXMRK� XLI� LYQER� JEGXSV� MR� XLI�
knowledge conversion process, Roos 
IX� EP�� ������ WXEXIH� XLEX� GSQFMREXMSR�
QIGLERMWQ�GERRSX�VIEPP]�I\MWX��FIGEYWI�
MR� XLMW� JSVQ� MX� MW� E� WMQTPI� XVERWJIV� SJ�
HEXE�ERH�SV� MRJSVQEXMSR�[MXLSYX�E� VIEP�
MRZSPZIQIRX� SJ� ORS[PIHKI�� *SV� EHQMX�
XLMW�QIGLERMWQ��ER�I\TPMGMX�XEGMX�I\TPMGMX�
mechanism is required. 

-RXIVREPMWEXMSR� MQTPMIW� XLI� GSRZIVWMSR�
SJ� XLI� I\TIVMIRGIW� KEMRIH� XLVSYKL�
WSGMEPMWEXMSR�� I\XIVREPMWEXMSR� ERH�
combination in shared mental models 
SV�XIGLRMGEP�ORS[�LS[�JSV�ER�MRHMZMHYEP��
8LI� I\TPMGMX� XS� XEGMX� ORS[PIHKI�
GSRZIVWMSR� MW� JEGMPMXEXIH� [LIR� XLI�
JSVQIV�GER�FI�VI�I\TIVMIRGIH�I�K��YWMRK�

*MKYVI����%�WMQTPMƼIH�ZMWMSR�SJ�XLI�L]TIVXI\X�SVKERMWEXMSR�WGLIQE�JSV�XLI�GSRWXVYGXMSR�WIGXSV
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*MKYVI����6IJSVQYPEXMSR�SJ�:]KSXWO]ƅW�QSHIP��PIJX��ERH�XLI�)RKIWXVʯQƅW�KVETLMG�VITVIWIRXEXMSR�SJ�E�LYQER�EGXMZMX]�W]WXIQ��VMKLX

documents, graphical representations, 
or stories.

/ǞǝǕǠȨȰǥȨ� ǣǞ� ǘǤȨ� 3ǚǥȳǞǣǙȳǘǣǝǞǙ� ǝǦ�
ǘǤȨ�'ǝǞǙǘǚǗȱǘǣǝǞ�SȨȱǘǝǚ

9RJSVXYREXIP]��MR�XLI�GSRWXVYGXMSR�WIGXSV�
the above-mentioned principles cannot 
be directly applied. The temporary 
aggregation between clients, designers, 
GSRWXVYGXMSR�GSQTERMIW��ƼIPH�STIVEXSVW�
and the other stakeholders makes 
HMƾGYPX�XLI�MHIRXMƼGEXMSR�SJ�XLI�IJJIGXMZI�
hierarchical roles and consequently 
XLI� HIƼRMXMSR� SJ� WXVYGXYVIH� /1�
processes. Furthermore, the conversion 
processes, that represent the learning 
activity, needto be managed in a cross 
SVKERMWEXMSREP�GSRXI\X��8LMW�MW�E�GVMXMGEP�
TSMRX� HYI� XS� XLI� YR[MPPMRKRIWW� SJ� XLI�
WXEOILSPHIVW� MR� WLEVMRK� MRJSVQEXMSR�
with other partners that are seen as 
competitor entities.

*MKYVI� �� WLS[W� E� TSWWMFPI� WMQTPMƼIH�
VIMRXIVTVIXEXMSR� SJ� XLI� L]TIVXI\X�
organisation schema proposed 
F]� 2SREOE� ERH� 8EOIYGLM�� -R� XLMW�
representation, the business system level 
MW�HMWVYTXIH�XS�EHQMX�XLI�MHIRXMƼGEXMSR�SJ�
XLI�HMJJIVIRX�WXEOILSPHIVW�MRZSPZIH�MR�XLI�
HIZIPSTQIRX�SJ�E�TVSNIGX��IEGL�SRI�[MXL�
its own hierarchical and organisational 
structure. The knowledge base level is 
in turn disrupted representing both the 
knowledge embedded and generated 
by each subject at the business system 

level and the knowledge generated by 
the subjects as a whole at the team 
project level highlighting its volatility 
MR� XLMW� JVEQI[SVO�� 1SVISZIV�� XLI�
GSI\MWXIRGI�SJ�E�XIQTSVEV]�EKKVIKEXMSR��
M�I��XLI�XIEQ�TVSNIGX�XLEX�MQTSWI�HIƼRIH�
ERH� WTIGMƼG� RSVQW� ERH� VYPIW�� ERH� SJ�
companies that can have long histories 
ERH�HIƼRIH�TVSGIWWIW�ERH�LMIVEVGLMIW�
GER� KIRIVEXI� TSMRXW� SJ� JVMGXMSR� ERH�
GSRWIUYIRXP]�HMƾGYPXMIW�MR�XLI�GVIEXMSR�
SJ�ER�MHIEP�PIEVRMRK�IRZMVSRQIRX�

73'-)8%0�%2(�'32*0-'8-2+�%74)'87��
%2�%'8-:-8=�8,)36=�4)674)'8-:)

%W�TSMRXIH�SYX�F]�)RKIWXVʯQ��������XLI�
knowledge conversion model proposed 
F]�2SREOE�ERH�8EOIYGLM�EWWYQIW�XLEX�
XLI�EWWMKRQIRXW�JSV�ORS[PIHKI�GVIEXMSR�
EVI�KMZIR�JVSQ�EFSZI�[MXLSYX�GSRƽMGXW��
,IRGI�� XLI� 7)'-� QSHIP� VIUYMVIW� XLI�
GVIEXMSR� SJ� E� JVMIRHP]� IRZMVSRQIRX�
�M�I�� XLI� GVIEXMSR� SJ� ƈV\PSDWKLVHG�
NQRZOHGJHƉ� [LIVI� ORS[PIHKI� ERH�
PIEVRMRK�TVSGIWWIW�EVI�HIƼRIH�MR�E�XST�
down approach (Engeström, Miettinen, 
4YREQʞOM�� ������ 8LMW� EWWYQTXMSR�
is in contrast with the typical project 
environment in construction processes. 
1SVISZIV�� &VEXMERY� ������ GVMXMGEPP]�
analysed the model highlighting its 
limitations according to the cultural 
GSRXI\X� SJ� ETTPMGEXMSR�� ,IRGI�� XLI�
proposed schema needs to be 
I\TERHIH� MR� SVHIV� XS� YRHIVWXERH� XLI�

societal and interpersonal relations in a 
HMWXVMFYXIH��GSRƽMGXMRK�ERH� JVEKQIRXIH�
environment.

'ǗǠǘǗǚȳǠ�,ǣǙǘǝǚǣȱȳǠ�%ȱǘǣǖǣǘǓ�8ǤȨǝǚǓ

%W�TVSTSWIH�MR�SXLIV�WXYHMIW��,EVXQERR��
&VIWRIR�� ������ 1MIXXMRIR� IX� EP�� ������
GYPXYVEP�LMWXSVMGEP�EGXMZMX]�XLISV]��',%8�
GER� FI� YWIH� XS� I\TPMGMX� XLI� GSQTPI\�
SJ� VIPEXMSRW� ERH� JEGXSVW� XLEX� VMWI� MR� E�
GSRWXVYGXMSR�TVSNIGX�IRZMVSRQIRX��',%8�
[EW� MRXVSHYGIH� FIX[IIR� ����W� ERH�
����W� F]� :]KSXWO]� �&VEXMERY�� �����
XLEX� JSVQIH� XLI� GSRGITX� SJ� FXOWXUDO�
mediation. According to Engeström and 
)WGEPERXI� ������� JVSQ� XLI� :]KSXWO]ƅW�
TVMRGMTPI� ',%8� LEW� IZSPZIH� XLVSYKL�
XLVII� KIRIVEXMSRW� SJ� VIWIEVGL�� 8LI�
ƼVWX� KIRIVEXMSR�� GIRXVIH� SR� XLI� GYPXYVEP�
mediation idea, is commonly represented 
XLVSYKL�E�XVMERKPI�SJ�MRXIVEGXMSR�[LIVI�XLI�
connection between subject (“stimulus” 
MR�XLI�SVMKMREP�VITVIWIRXEXMSR�ERH�SFNIGX�
�SV� VIWTSRWI� MW� QIHMEXIH� F]� GYPXYVEP�
EVXIJEGXW� �*MKYVI� ��� PIJX�� %GGSVHMRK� XS�
this schema, individuals and society 
cannot be understood without their 
mutual interaction and cultural means. 
The second generation, based on the 
[SVO� SJ� 0ISRXƅIZ� ������� I\XIRHIH� XLI�
ƼVWX� QSHIP� I\TPMGEXMRK� XLI� HMJJIVIRGI�
between individual action and collective 
activity. This concept was crystallised 
F]� )RKIWXVʯQ� ������ XLEX� TVSTSWIH�
the graphical representation reported in 
*MKYVI� �� SR� XLI� VMKLX�� -R� XLMW� I\TERHIH�
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Figure 4: 6ITVIWIRXEXMSR�SJ�X[S�MRXIVEGXMZI�EGXMZMX]�W]WXIQW��)RKIWXVʯQ������

JVEQI[SVO�� ER� MRHMZMHYEP� WYFNIGX� MW�
MQQIVWIH�MR�E�GSQTPI\�SJ�MRXIVVIPEXMSRW�
centred on his or her community creating 
a human activity structure.
8LI�XLMVH�KIRIVEXMSR�SJ�',%8�HIEPW�[MXL�
XLI�MRXIVEGXMSR�FIX[IIR�HMJJIVIRX�EGXMZMX]�
W]WXIQW� XLEX� GER� MRGPYHI� HMJJIVIRX�
XVEHMXMSRW� ERH�SV� TIVWTIGXMZIW�� *MKYVI�
�VITSVXW� XLI� KVETLMGEP� VITVIWIRXEXMSR�
SJ� X[S� MRXIVEGXMRK� EGXMZMX]� W]WXIQW�
TVSTSWIH� F]� )RKIWXVʯQ� �������
highlighting the movement, the evolution 
ERH� XLI� HMJJIVIRX� TIVWTIGXMZIW� SJ� XLI�
object in the interaction between the 
X[S�EGXMZMX]� W]WXIQW�� -R� XLI�)RKIWXVʯQ�
words, “WKH�REMHFW�RI�DFWLYLW\�LV�D�PRYLQJ�
WDUJHW��QRW�UHGXFLEOH�WR�FRQVFLRXV�VKRUW�
WHUP�JRDOV”.
*MKYVI���VITVIWIRXW�E�QMRMQEP�QSHIP�SJ�
MRXIVEGXMRK�EGXMZMX]�W]WXIQ��2IZIVXLIPIWW��
MX� GER� FI� I\TERHIH� XS� VITVIWIRX� XLI�
WXVYGXYVI� SJ� ER� EVXMGYPEXIH� TVSNIGX� XLEX�
can include several activity systems.

,ǓǜȨǚǘȨǔǘ�7ȱǤȨǟȳ�ȳǞȰ�%ȱǘǣǖǣǘǓ�8ǤȨǝǚǓ�
ǣǞ�ǘǤȨ�'ǝǞǙǘǚǗȱǘǣǝǞ�7Ȩȱǘǝǚ

-RXIKVEXMRK� XLI� TEVEHMKQ� SJ� MRXIVEGXMRK�
activity systems in the reviewed 
WXVYGXYVI� TVSTSWIH� MR� *MKYVI� ��� MX� MW�
TSWWMFPI� XS� HIƼRI� ER� MRXIKVEXIH� ZMWMSR�
SJ� XLI� L]TIVXI\X� SVKERMWEXMSR� WGLIQE�
JSV� XLI� GSRWXVYGXMSR� WIGXSV� �*MKYVI� ���
At the business system level, each 
XVMERKPI� VITVIWIRXW� E� WTIGMƼG� IRXMX]�
�I�K�� E� GSQTER]� XLEX� TEVXMGMTEXI� XS�

XLI� HIZIPSTQIRX� SJ� XLI� TVSNIGX�� 8LI�
business system level highlights the 
MRHITIRHIRGMIW� SJ� IEGL� IRXMX]� MR� MXW�
subjectivity and its interrelation by means 
SJ� XLI� TVSNIGX� XIVQW� ERH� SFNIGXMZIW�� %X�
XLI� XIEQ�TVSNIGX� PIZIP�� IEGL�TEVX�SJ� XLI�
IRXMXMIW�MHIRXMƼIH�EX�XLI�FYWMRIWW�W]WXIQ�
level can be represented as an activity 
system that collaborate on a shared 
SFNIGX��I�K��E�FYMPHMRK��%GGSVHMRK�XS�XLI�
',%8�TVMRGMTPIW� ERH� JSPPS[MRK� E� VIGIRX�
interpretation in the construction sector 
TVSTSWIH�F]�1MIXXMRIR�IX�EP�� ������� XLI�
object is interpreted by each subject in 
E�HMJJIVIRX�[E]�EGGSVHMRK�XS�XLI�WTIGMƼG�
MRXIVIWX� ERH� FEGOKVSYRH� SJ� XLMW� PEWX��
Moreover, the norms and rules that 
regulate each activity system at the 
team project level are generated by the 
MRXIKVEXMSR�SJ�XLI�HMVIGXMSR�HIƼRIH�EX�XLI�
business system level and the directions 
MQTSWIH� F]� XLI� I\XIVREP� IRZMVSRQIRX�
where the construction project is 
embedded.
This interpretation highlights the 
GSQTPI\MX]� SJ� MRXIVEGXMSR� ERH� XLI�
MRXIVTVIXEXMSR� SJ� XLI� ORS[PIHKI�
generated during the project activities. 
-R� JEGX�� XLI� GSI\MWXIRGI� SJ� HMJJIVIRX�
communities and perspectives shape 
the way in which subjects act at the 
project level and the way in which they 
interpret and convert the generated 
knowledge.

;,)2� %2(� ;,)6)� /23;0)(+)�
-7� '6)%8)(� %2(� 97)(#� %� 74%8-3�
8)1436%0�4)674)'8-:)

;LMPI� XLI� JVEQI[SVO� TVSTSWIH� MR�
Figure 5 can help in understanding the 
organisational structure in construction 
projects and the interactions between 
subjects, it is not able to capture the 
spatial and temporal distribution that 
characterise the construction process. 
,IRGI��MX�GER�FI�MRXIKVEXIH�[MXL�E�WTEXMS�
XIQTSVEP� TIVWTIGXMZI� EFPI� XS� I\TVIWW�
these dimensions. Analyse the spatial 
ERH� XMQI� HMWXVMFYXMSR� SJ� ORS[PIHKI�
represents a critical point to understand 
MXW�QEREKIQIRX�ERH�XVERWJIV�TVSGIWWIW��
-R� JEGX�� [LMPI� ORS[PIHKI� QSZIW� JVSQ�
one place to another and while it moves 
JSV[EVH� MR� XLI� XMQI�� MXW� TIVGITXMSR�
GLERKI�HYI�XS�XLI�GLERKI�MR�XLI�GSRXI\X�
ERH�MR�XLI�EZEMPEFMPMX]�SJ�XLI�WYVVSYRHMRK�
MRJSVQEXMSR�

Figure 6 reports a qualitative 
VITVIWIRXEXMSR� SJ� XLI� MQTEGX� MR� XLI�
TVSHYGXMSR�ERH�YWI�SJ�ORS[PIHKI�HYVMRK�
XMQI� MR� XLI� HMJJIVIRX� PSGEXMSRW� MRZSPZIH�
in the construction process. The graph 
LEW�FIIR�IQTMVMGEPP]�HIƼRIH�GSQFMRMRK�
XLI�IZMHIRGIW�JSYRH�MR�XLI�PMXIVEXYVI�ERH�
XLI� SFWIVZEXMSRW� SJ� VIEP� GSRWXVYGXMSR�
processes. The proposed representation 
includes three locations, namely 
construction site (i.e. the place where 
XLI� GSRWXVYGXMSR� TVSHYGX� MW� TVSHYGIH��
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product (i.e. the construction product 
WYGL�EW�XLI�FYMPHMRK�SV�XLI�MRJVEWXVYGXYVI��
SRGI� MX� MW� GSQTPIXIH�� ERH� SƾGIW� SV�
JEGXSVMIW� �M�I�� XLI�TPEGIW�I\XIVREP� XS� XLI�
TL]WMGEP� PSGEXMSR� SJ� XLI� TVSHYGX� [LIVI�
this last is designed and monitored and 
its components are designed, produced 
ERH� QSRMXSVIH�� 8LI� LSVM^SRXEP� E\MW�
indicates the time correspondent to the 
XLVII�QEMR� TLEWIW� SJ� XLI� GSRWXVYGXMSR�
process, namely design, construction, 
and operation and maintenance. The 
ZIVXMGEP� E\MW� VITSVXW� XLI� MQTEGX� MR�
XIVQW� SJ� ORS[PIHKI� TVSHYGXMSR� ERH�
GSRWYQTXMSR�� HIƼRIH� MR� UYEPMXEXMZI�
JEWLMSR��%GGSVHMRK�XS�XLI�PMXIVEXYVI��0MR�IX�
EP��������MR�XLI�GSRWXVYGXMSR�TLEWI��ERH�
especially in the construction site, there 
MW�ER�MRXIRWMZI�TVSHYGXMSR�SJ�ORS[PIHKI�
EW�E�GSRWIUYIRGI�SJ�XLI�GSRGIRXVEXMSR�SJ�
IJJSVXW�HIZSXIH�XS�XLI�TVSHYGXMSR�SJ�XLI�
KSSH��8S[EVHW�XLI�IRH�SJ�XLI�TVSHYGXMSR��
the construction site is progressively 
XVERWJSVQIH� MR� XLI� TVSHYGX� XLEX� [MPP�
TVSHYGI�ORS[PIHKI�HYVMRK� MXW�IRXMVI� PMJI�
G]GPI��,IRGI��XLI�MQTEGX�SJ�GSRWXVYGXMSR�
WMXI�HIGVIEWI�[LMPI�WXEVXW�XLI�MQTEGX�SJ�
XLI� TVSHYGX� EW� E� TL]WMGEP� TPEGI�� -R� XLI�
proposed representation, the time scale 

MW� RSX� GSLIVIRX� XS� XLI� VIEP� PMJI� G]GPI� SJ�
XLI� FYMPHMRK� HYI� XS� WGEPI� TVSFPIQ�� -R�
JEGX�� STIVEXMSR�ERH�QEMRXIRERGI�TLEWI�
can be seen as longer than it is in the 
KVETL�� 8LI� SWGMPPEXMSR� SJ� XLI� KVETL� MR�
the operation and maintenance phase 
LMKLPMKLXW� XLI�H]REQMGMX]�SJ� XLI� MQTEGX�
EPSRK� XLI� PMJI� G]GPI� XLEX� GER� GLERKI�
EGGSVHMRK� XS� WTIGMƼG� IZIRXW� MRGPYHMRK�
QEMRXIRERGI��ERH�SV�VIWXSVEXMSR�

-R�IZIV]�TLEWI�ERH�MR�IZIV]�PSGEXMSR�GER�
FI�VIGSKRMWIH�I\EQTPIW�SJ�FSXL�XEGMX�ERH�
I\TPMGMX� ORS[PIHKI�� 8LI� HIWMKR� TLEWI�
MW� GLEVEGXIVMWIH� F]� ER� MRXIRWMZI� YWI� SJ�
VIKYPEXMSRW��I�K��REXMSREP��PSGEP��L]KMIRI��
WXERHEVHW� �I�K�� ƼVI� WEJIX]�� EGSYWXMG��
QEREKIQIRX�� ERH� SXLIV� VIUYMVIQIRXW�
�I�K��GPMIRXW� VIUYMVIQIRXW��1ER]�SJ� XLI�
WSPYXMSRW�XLEX�GER�FI�YWIH�XS�JYPƼP�XLIWI�
requirements can be converted in an 
I\TPMGMX� JSVQ� SJ� ORS[PIHKI� ERH� GER� FI�
stored and used through digital tools. For 
I\EQTPI�� WIZIVEP� WXYHMIW� I\TPSVIH� XLI�
YWI�SJ�-8�WSPYXMSRW�XS�LERHPI�XLMW�I\TPMGMX�
dimension. These include the use in 
IRIVK]� WMQYPEXMSRW� �'LIRK�� (EW�� ������
XLI� YWI� SJ� SRXSPSK]�FEWIH� ETTVSEGLIW�
�=YVGL]WL]RE�� >EVPM�� ������ >LSRK� IX� EP���

������ XLI� IZEPYEXMSR� SJ� TIVQMWWMSRW�
JVSQ� TYFPMG� EHQMRMWXVEXMSRW� �4EZER� IX�
EP��� ������ ERH� XLI� VITVIWIRXEXMSR� SJ�
regulatory knowledge through open 
WXERHEVHW� �(MQ]EHM�� 4EY[IPW�� %QSV��
������ 2IZIVXLIPIWW�� XLI� MHIRXMƼGEXMSR�
SJ� XLI� GSVVIGX� WSPYXMSR� FIX[IIR� EPP� XLI�
possible ones that can be proposed by 
ER�EPKSVMXLQ��XLI�MRXIVTVIXEXMSR�SJ�HIWMKR�
WSPYXMSRW� MR� XLIMV� GSRXI\X� MR� E� LYQER�
TIVWTIGXMZI� ERH� XLI� QEREKIQIRX� SJ�
HIWMKR� XIEQW� EVI� SRP]� WSQI� I\EQTPIW�
SJ�XLI�ZEVMIX]�SJ�XEGMX�ORS[PIHKI�XLEX�GER�
FI�I\TIVMIRGIH�MR�XLI�HIWMKR�TLEWI�

During the construction phase, the 
WXEOILSPHIVW�QEXYVI�KIRYMRI�I\TIVMIRGIW�
EFSYX� XLI� GSRWXVYGXEFMPMX]� SJ� E� WTIGMƼG�
WSPYXMSR�� XLI� IJJIGXMZI� ETTPMGEFMPMX]� SJ� XLI�
WSPYXMSR� MR� XLI�GSRXI\X�ERH� MXW�EPMKRQIRX�
[MXL� XMQI� ERH� GSWXW� L]TSXLIWM^IH� MR�
XLI� HIWMKR� TLEWI�� ,IRGI�� HYVMRK� XLI�
construction phase are generated 
problem solving, know-how, know-what 
ERH�MRRSZEXMSR��0MR��;ERK��8WIVRK��������
-R�XLMW�TLEWI�QSWXP]�SJ�XLI�ORS[PIHKI�MW�
tacit and its collection and transmission 
MW�E�GVMXMGEP�MWWYI�MR�XLI�TVSGIWW��-R�JEGX��MR�
a general contractor environment, the site 

Figure 5: %R�MRXIKVEXIH�ZMWMSR�SJ�XLI�L]TIVXI\X�SVKERMWEXMSR�WGLIQE�JSV�XLI�GSRWXVYGXMSR�WIGXSV
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work is subcontracted to various trade 
contractors on a competitive tendering 
FEWMW�� 8LIVIJSVI� WYTTPMIVW� LEZI� RS�
MRGIRXMZI� XS� WLEVI� PIEVRMRK� I\TIVMIRGIW�
�WLSYPH� VIEH� ORS[PIHKI� JSV� XLI� WEOI�
SJ� VIETTP]MRK� XLIQ�SR� JYXYVI�TVSNIGXW�SJ�
XLI� QEMR� GSRXVEGXSV� �/SWOIPE�� :VMNLSIJ��
������ *YVXLIVQSVI�� MR� XLI� GSRWXVYGXMSR�
phase the interaction between designers, 
engineers, clients, authorities, contractor, 
and subcontractors produce a dynamic 
IRZMVSRQIRX�SJ�ORS[PIHKI�KIRIVEXMSR�ERH�
GSRZIVWMSR��,S[IZIV��XLIVI�MW�RSX�E�YRMUYI�
business level where can be established 
techniques and technologies to document 
this knowledge asset.
The operation and maintenance 
is distributed in a long time span. 
Furthermore, once the design and 
construction phase is concluded, it is 
HMƾGYPX� MHIRXMJ]MRK� [LS� MW� XLI� WYFNIGX�
interested in the collection, management, 
YWI� ERH� YTHEXI� SJ� XLI� MRJSVQEXMSR� ERH�
SJ� XLI� I\TIVMIRGIW� TVSHYGIH� HYVMRK� XLI�
PMJI� G]GPI� SJ� XLI� GSRWXVYGXMSR� TVSHYGX�� -R�
other sectors, like the automotive one, 
XLI� QERYJEGXYVIV� GER� EGX� EW� GIRXVEP�
collector in all phases including design, 
GSRWXVYGXMSR�ERH�QSRMXSV�SJ�XLI�TVSHYGX��

-R�XLI�GSRWXVYGXMSR�WIGXSV��XLMW�MW�LEVHP]�XLI�
GEWI��2IZIVXLIPIWW��XLIVI�MW�E�WYFWXERXMEP�
PIEVRMRK� STTSVXYRMX]� JVSQ� XLI� EREP]WMW�
SJ� E� GSRWXVYGXMSR� TVSHYGX� �M�I�� FYMPHMRK��
MRJVEWXVYGXYVI� HYVMRK� MXW� STIVEXMSR�� *SV�
I\EQTPI��XLI�HYVEFMPMX]�SJ�E�XIGLRSPSKMGEP�
WSPYXMSR� GER� FI� EWWIWWIH� EPSRK� MXW� PMJI�
G]GPI�� ERH� XLI� IJJIGXMZIRIWW� SJ� E� HIWMKR�
WSPYXMSR�MR�WEXMWJ]�XLI�GPMIRXƅW�VIUYMVIQIRXW�
GER� SRP]� FI� IZEPYEXIH� JSPPS[MRK� XLI�
I\TIVMIRGIW�SJ�XLI�GPMIRX�

'32'097-327

This paper proposes a critical analysis 
SJ� XLI�L]TIVXI\X�SVKERMWEXMSREP�WGLIQE�
ERH� SJ� XLI� 7)'-� QSHIP� TVIWIRXIH� F]�
2SREOE� ERH� 8EOIYGLM� XS� IZEPYEXI� XLIMV�
possible integration in the construction 
sector. The above-mentioned 
paradigm presents several issues 
[LIR� MRXVSHYGIH� MR� E� JVEKQIRXIH� ERH�
GSRƽMGXYEP� SVKERMWEXMSREP� IRZMVSRQIRX��
-R�TEVXMGYPEV��XLI�HMƾGYPXMIW�MR�GVIEXMRK�E�
JVMIRHP]� IRZMVSRQIRX� ERH� XLI� XIQTSVEP�
EKKVIKEXMSR�SJ�WYFNIGXW�[MXL�E�HMJJIVIRX�
cultural basis can hinder the principles 
SJ� XLI� L]TIVXI\X� SVKERMWEXMSREP�

Figure 6: A spatio-temporal perspective in knowledge generation and use

WGLIQE�ERH�SJ�XLI�7)'-�QSHIP��,IRGI��
GSRWMHIVMRK� XLI� TIGYPMEVMXMIW� SJ� XLI�
GSRWXVYGXMSR� WIGXSV� ERH� XLI� GSQTPI\�
SJ� MRXIVVIPEXMSRW� FIX[IIR� XLI� TSWWMFPI�
stakeholders involved in a project, 
XLI� EYXLSV� SJ� XLMW� TETIV� TVSTSWIW� ER�
MRXIKVEXIH�MRXIVTVIXEXMSR�SJ�XLI�L]TIVXI\X�
organisational schema including the 
societal and cultural aspects derived 
JVSQ�',%8�
The author argues that a spatio-
temporal perspective must accompany 
an organisational vision on knowledge 
FIGEYWI� SJ� XLI� WTEXMEP� HMWXVMFYXMSR�
SJ� GSRWXVYGXMSR� WIGXSVƅW� TVSHYGXW�
�FYMPHMRKW�� MRJVEWXVYGXYVIW�ERH� XLI� PSRK�
PMJI�G]GPI�SJ�XLIWI�PEWX��,IRGI��XLI�EYXLSV�
proposes a qualitative graph that can 
VITVIWIRX� XLI� IZSPYXMSR� SJ� ORS[PIHKI�
creation and consumption during the 
construction process.
2S[EHE]W� XLI� WXYH]� SJ� GSPPEFSVEXMZI�
means and environments supported 
by digital processes and instruments 
represents one main area in the 
VIWIEVGL� ƼIPH�� 7IZIVEP� WXYHMIW�
TVSTSWIH� JVEQI[SVOW� ERH� WSPYXMSRW�
related to both collaborative and KM 
environments. The proposed schema 
GER�LIPT�MR�JYVXLIV�HIZIPSTMRK�XLI�I\MWXMRK�
JVEQI[SVOW� WXEVXMRK� JVSQ� E� XLISVIXMGEP�
GSQTVILIRWMSR� SJ� XLI� VIPEXMSRW�
between the involved stakeholders to 
STXMQMWI� XLIMV� TVSGIWWIW� SJ� YWI� MR� XLI�
TVEGXMGI�� ,IRGI�� JYXYVI� VIWIEVGL� GER�
PSSO�MR�XLI�HIZIPSTQIRX�SJ�GSPPEFSVEXMZI�
IRZMVSRQIRXW�ERH�SV�/1�IRZMVSRQIRXW�
JVEQI[SVOW� FEWIH� SR� XLI� TVSTSWIH�
schema answering questions such as 
how can we optimise the integration 
SJ� RI[�TVSGIWWIW� I�K�� FEWIH� SR� HMKMXEP�
QIERW� MR� XLI� GSRWXVYGXMSR� WIGXSV#��
Moreover, a quantitative evaluation 
related to the proposed spatio-temporal 
WGLIQE�GER�FI� MHIRXMƼIH�EW�E�ZEPYEFPI�
JYXYVI�PMRI�SJ�VIWIEVGL�
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8LI� -RHYWXV]�����STIRW� XS� XLI�WIGXSV�SJ�FYMPHMRK�GSRWXVYGXMSRW�E�RI[�TIVWTIGXMZI��
IWTIGMEPP]� MR�VIPEXMSR�XS�XLI�HMKMXEPM^EXMSR�SJ� MRJSVQEXMSR�ERH�XS�XLI�YWI�SJ�&MK�(EXE�
%REP]XMGW�XS�QEREKI�XLIQ��+EXLIVMRK�HEXE�SR�RI[�ERH�I\MWXMRK�FYMPHMRKW�XS�TVSZMHI�
E�QSVI�ERH�QSVI�GSQTPIXI�ZMI[�SR�XLI�SYXGSQIW�SJ�XLI�GLSMGIW�SJ�GSRWXVYGXMSR��MR�
SVHIV�XS� MHIEPP]�STXMQM^I�XLI�HIWMKRMRK�TVSGIWW��LEW�EPVIEH]�FIIR� MHIRXMƼIH�EW�SRI�
SJ�XLI�QEMR�TYVTSWIW��=IX��HIWTMXI�XLI�EZEMPEFPI�HEXE�EVI�QYGL�PIWW��XLI�WEQI�ZMWMSR�
GER�EPWS�QEOI�MX�TSWWMFPI��F]�IRLERGMRK�ERH�IQTLEWM^MRK�QSRMXSVMRK�EGXMZMX]�MR�XLMW�
ƼIPH��XS�FYMPH�ERSXLIV�OMRH�SJ�HEXEFEWI��MRZSPZMRK�ER�EWTIGX�XLEX�MW�IUYEPP]�GVYGMEP�JSV�
E�FYMPHMRK�ERH� MXW�GSQTSRIRXW�� XLI�FYMPHMRK�QEREKIQIRX�TLEWI�� XLEX� MW� XS�WE]� XLI�
TPERRMRK�SJ�QEMRXIRERGI�EGXMZMXMIW��XLI�GSWX�SJ�[LMGL�GERRSX�FI�SZIVPSSOIH��0SSOMRK�
ELIEH�XS�XLI�TSWWMFMPMX]�SJ�HIZIPSTMRK�WYGL�HEXEFEWI��QYPXMTPI�[E]W�SJ�QEOMRK�YWI�SJ�
MX�XS�KYMHI�HIWMKRIVW�MR�XLI�GLSMGIW�VIPEXIH�XS�PMJI�G]GPI�TPERRMRK��YRJSPH��'SRWMHIVMRK�
E�RIGIWWEV]�WXIT�XLEX�SJ�VIEPM^MRK�XSSPW�XS�IZEPYEXI�WYGL�GLSMGIW�EGGSVHMRK�XS�EX�PIEWX�
one parameter, in order to guide designers towards choices that are consistent with 
XLIMV�TYVTSWIW�� XLMW�[SVO� MRZIWXMKEXIW� XLI�TSWWMFMPMXMIW� MR� XLMW�ƼIPH��ERH�TVSTSWIW�E�
WSJX[EVI� XSSP� XS� IPEFSVEXI� WXVEXIKMIW� ERH� GSQTEVI� XLIQ�SR� XLI� FEWMW� SJ� XLI� GSWX�
TEVEQIXIV��*MREPP]��L]TSXLIWMW�SJ�MRGPYWMSR�SJ�XLMW�OMRH�SJ�WSJX[EVI�MR�E�&-1�TPEXJSVQ�
EVI�WYKKIWXIH��MR�E�ZMI[�SJ�JEGMPMX]�QEREKIQIRX�SJ�&-1��(�
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depreciation method.
9RJSVXYREXIP]��MX�QYWX�EPWS�FI�WEMH�XLEX�XLI�
QEMR�HMƾGYPX]�MR�QSHIPPMRK�XLI�VIPEXMSR�
between maintenance and economic 
value in a building, is also caused by 
the issuesin predicting with precision 
XLI� IJJIGXW� XLEX� QEMRXIRERGI� LEW� SR�
XLI�GSQTSRIRXW��-R�JEGX��XLIVI�MW�WSQI�
uncertainty on determining the service 
PMJI� SJ� E� FYMPHMRK� GSQTSRIRX� IZIR� MR�
EFWIRGI�SJ�QEMRXIRERGI� MRXIVZIRXMSRW��
EW� WIZIVEP� JEGXSVW�� MRGPYHMRK� GPMQEXI��
position on the building, constructive 
JIEXYVIW�� EJJIGX� XLMW� GLEVEGXIVMWXMG��
1SVISZIV�� I\TIVMIRGI� WLS[W� XLEX� XLI�
IJJIGX� SJ� E� QEMRXIRERGI� MRXIVZIRXMSR�
on a component can change deeply 
EGGSVHMRK� XS� XLI�QSQIRX� SJ� MXW� PMJI� EX�
[LMGL�MX�MW�I\IGYXIH��7S��IZEPYEXMRK�XLMW�
variation might apparently seem an 
unreachable goal.
8LEROJYPP]�� XLIVI� EVI� X[S� QSVI�
IPIQIRXW� XS� GSRWMHIV�� *SV� I\EQTPI��
+SXXJVMIH� ������� F]� QEOMRK� YWI� SJ�
WXEXMWXMGEP� EREP]WIW�� ETTVS\MQEXMSRW�
and evaluations, estimated the mean 
ZEPYIW�SJ�WIVZMGI�PMJI�JSV�WIZIVEP�FYMPHMRK�
components, in presence or in absence 
SJ� QEMRXIRERGI� MRXIVZIRXMSRW�� 7SQI�
XLISVMWXW� SJ� XLI� GSWX� HITVIGMEXMSR�
QIXLSH�� JSV� I\EQTPI�� YWI� XLIQ� EW�
VIJIVIRGI� ZEPYIW� JSV� MXW� ETTPMGEXMSR��
8LMW� WIX� SJ� HEXE� GSYPH� RSX� FI� YWIH�
directly to evaluate the most convenient 
maintenance activity, as it was obtained 
GSRWMHIVMRK� E� FM�WXEFPI� PSKMG� Ɓ�[MXL� SV�
[MXLSYX�QEMRXIRERGI�Ɓ�WS�XLI�QEXXIV�SJ�
GLSSWMRK� EQSRK� HMJJIVIRX� TSWWMFMPMXMIW�
SJ�QEMRXIRERGI�WGIREVMSW� MW�RSX� XEOIR�
MRXS� GSRWMHIVEXMSR� EX� EPP�� =IX�� XLMW�
approach provides the suggestion to 
obtain similar values by carrying out 
WXEXMWXMGEP�EREP]WIW�SR�HMJJIVIRX�HIKVIIW�
SJ� QEMRXIRERGI�� VEXLIV� XLER� SR� XLIWI�
two opposite scenarios.
The other element is constituted by an 
encouraging research carried out by 
7IVVEX� IX� EP�� ������� GSRWXMXYXIH� F]� XLI�
QSRMXSVMRK�SJ�E�LMKL�RYQFIV�SJ�FYMPHMRKW�
MR� XLI� GMX]� SJ� &EVGIPSRE�� MR� SVHIV� XS�
IZEPYEXI�ERH�QIEWYVI�XLI�TIVJSVQERGI�
SJ� XLIMV� GSQTSRIRXW� SZIV� XMQI�� SR�
which maintenance interventions 
EVI� I\IGYXIH�� 8LI� TYVTSWI� MW� XLEX� SJ�

which the consequences related to the 
MRGVIEWI�SJ�TIVJSVQERGI�GER�FI�HMVIGXP]�
WIIR� MR� XIVQW� SJ� TVSHYGXMZMX]�� -R� JEGX��
4VIMRVIMGL� ������ IPEFSVEXIH� E� QSHIP�
JSV� XLI� HIXIVQMREXMSR�SJ� XLI� IGSRSQMG�
FIRIƼX� HIVMZMRK� JVSQ� IUYMTQIRX�
QEMRXIRERGI� UYMXI� IEVP]�� XLIR�� )MPSR��
/MRK�ERH�,YXGLMRWSR�������WXYHMIH�XLI�
WEQI� WYFNIGX� JSGYWMRK� SR� XLI� XVYGOW��
'LVMWXIV� ERH�+SSHFSH]� ������ ETTPMIH�
XLIMV�QSHIPW� MR� SVHIV� XS� ƼRH� XLI� PMQMXW�
SJ� GSRZIRMIRGI�� ERH� WSQI� ]IEVW� PEXIV�
proposed an application on medical 
IUYMTQIRX� �'LVMWXIV� ERH� 7GEVJ�� ������
Their approach consisted in setting 
the periods between interventions and 
XLI�GSWXW�SJ� MRXIVZIRXMSRW�EW�ZEVMEFPIW��
XLIR� ƼRHMRK� XLI� ZEPYIW� XLEX� QE\MQMWI�
ERH� QMRMQMWI� XLI� JYRGXMSRW� VIPEXIH� XS�
economic incomes.
3RI�SJ�XLI�ƼVWX�ETTPMGEXMSRW�XS�FYMPHMRKW�
MW� XLEX� SJ� &PE^IROS� ERH� 4EZPSZ�������
WTIGMƼGEPP]� GSRGIVRMRK� VIEP� IWXEXI�
MRZIWXQIRXW�� MR� XLMW� [SVO�� XLI� RIX�
ZEPYIW�SJ�QEMRXEMRIH�ERH�YRQEMRXEMRIH�
MRZIWXQIRXW�EVI�HIƼRIH�ERH�GSQTEVIH��
QEOMRK� YWI� SJ� XLI� GSRGITX� SJ� VMWO� XS�
compute the negative consequences 
HIVMZMRK� JVSQ� TSSV� QEMRXIRERGI��
0EXIV��,EVHMRK�� 6SWIRXLEP� ERH�7MVQERW�
������MHIRXMƼIH�QEMRXIRERGI�EW�E�RSR�
RIKPMKMFPI� JEGXSV� SJ� GSWX� HITVIGMEXMSR��
and suggested a model in which the 
QEMRXIRERGI�EGXMZMX]�XLEX�MW�I\IGYXIH�MW�
TEVEQIXVM^IH�XLVSYKL�MXW�GSWX�SZIV�XMQI�
-R�XLI� PMWXIH�QSHIPW��XLSYKL��IWTIGMEPP]�
XLI� SRIW� SR� VIEP� IWXEXIW�� XLI� MWWYI� SJ�
HMJJIVIRX� X]TSPSKMIW� SJ� QEMRXIRERGI�
EGXMZMXMIW� ERH� MRXIVZIRXMSRW� MW� RSX� JYPP]�
taken into account. This makes it less 
realistic, as even with the same costs, 
HMJJIVIRX� QEMRXIRERGI� WXVEXIKMIW� GER�
PIEH�XS�HMJJIVIRX�IJJIGXW�SR�GSQTSRIRXW�
ERH�FYMPHMRKW��1ERKERIPPM�������MRHIIH�
IQTLEWM^IW� XLI� GPSWI� VIPEXMSRWLMT�
between maintenance and building 
HITVIGMEXMSR�� VIGSKRM^MRK� EX� XLI� WEQI�
XMQI� XLI� HMƾGYPX]� XS� UYERXMJ]� MX�� 8LI�
ZEVMEXMSR� SJ� XLI� IGSRSQMG� ZEPYI� SJ�
E� FYMPHMRK� GSYPH� MR� JEGX� GSRWXMXYXI�
a reliable parameter to compare 
maintenance choices according to cost, 
EW� (IP� +MYHMGI� IX� EP�� ������ WYKKIWX��
in particular in relation to the cost 

Every year, the building sector is 
MRXIVIWXIH� F]� WMKRMƼGERX� GEWL�
ƽS[W�� FYMPHMRK� [SVOW� EVI� SRI�

SJ� XLI� QSWX� ƄI\TIRWMZIƅ� MXIQW� MR�
XLI� QEVOIX�� ERH� -XEP]� MR� TEVXMGYPEV� MW�
WYJJIVMRK� JVSQ� E� WMKRMƼGERX� HIGVIEWI�
MR� XLI�RYQFIV�SJ�RI[�GSRWXVYGXMSRW�� E�
phenomenon which can be attributed to 
QER]�VIEWSRW�SJ�ZEVMSYW�REXYVI��EQSRK�
[LMGL� ƼRERGMEP� SRIW�� 'SRWIUYIRXP]��
MR� XLI� EREP]WMW� SJ� FYMPHMRK� STIVEXMSRW��
MRXIVZIRXMSRW� SR� I\MWXMRK� FYMPHMRKW� EVI�
becoming more and more relevant 
in comparison to new constructions, 
JSPPS[MRK� E� XVIRH� [LMGL� LEH� EPVIEH]�
shown several signals in the last 
decades.
-X�QYWX� EPWS� FI� TSMRXIH� SYX� XLEX�� JSV� E�
FYMPHMRK�� MRMXMEP� GSWXW� SJ� GSRWXVYGXMSR�
SRP]�VITVIWIRX�E�WQEPP�TEVX�SJ�XLI�KPSFEP�
cost, while management costs, which 
include maintenance as well, constitute 
a much more relevant share.So, together 
with the less and less consistent 
TVIWIRGI� SJ� RI[� GSRWXVYGXMSRW� MR� XLI�
-XEPMER�FYMPHMRK�QEVOIX��MX�WIIQW�GSVVIGX�
to state that, in order to reduce the cost 
SJ�XLI�FYMPHMRK�WIGXSV��MRXIVZIRMRK�SR�XLI�
GSWXW� SJ�QEMRXIRERGI� MW� ER� MQTSVXERX�
ERH�RIGIWWEV]�JSGYW�
8SS� SJXIR�� HIWMKRIVW� XLSYKLX� XLEX�
XLIVI�[EW�EP[E]W�ER�IGSRSQMG�FIRIƼX�
in intervening on a component to 
VIWXSVI� MXW� TIVJSVQERGI� MRWXIEH� SJ�
substituting it.Following this purpose, 
muchresearch has been carried out in 
XLI� ƼIPH� SJ� VIWXSVMRK� MRXIVZIRXMSRW�� FYX�
EGXYEPP]�� EX� PIEWX� JVSQ� ER� IGSRSQMG�
TSMRX�SJ�ZMI[�XLI�IZEPYEXMSR�SR�[LIXLIV�
MX� MW� GSRZIRMIRX� SV� RSX�� HITIRHW� JVSQ�
XLI� WIVZMGI� PMJI� SJ� XLI� GSQTSRIRX�� XLI�
GSWX�SJ�WYFWXMXYXMSR��ERH�XLI�GSWX�SJ�XLI�
restoring intervention considered.
This reasoning can be applied to 
any maintenance intervention, and 
F]� I\XIRWMSR� XS� E� QEMRXIRERGI�
WXVEXIK]��[LEX� MW�XLI�KPSFEP�GSWX�SJ�XLI�
QEMRXIRERGI� XLEX� MW� I\IGYXIH� SR� E�
GSQTSRIRX#�8LIR��LS[�QYGL�HS�XLIWI�
MRXIVZIRXMSRW� PIRKXLIR� MXW� PMJI#� -W� MX� E�
GLSMGI�XLEX�VIEPM^IW�XLI�LMKLIV�IGSRSQMG�
FIRIƼX#� %WOMRK� XLIWI� UYIWXMSRW� LEW�
actually a standard since a relatively 
PSRK� XMQI� EKS� MR� XLI� MRHYWXVMEP� ƼIPH�� MR�
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-R� SVHIV� XS� IZEPYEXI� XLI� IGSRSQMG�
FIRIƼX� HIVMZMRK� JVSQ� XLI� I\XIRWMSR�
SJ�WIVZMGI� PMJI� XS�ZA to v»O, it is possible 
XS� QEOI� YWI� SJ� E� QSHIP� VIGIRXP]�
WYKKIWXIH� JSV� XLI� IZEPYEXMSR� SJ� XLI�
GSRZIRMIRGI� SJ� VIWXSVMRK� MRXIVZIRXMSRW�
F]� GSQTEVMRK� XLI� MRGVIEWI� SJ� WIVZMGI�
PMJI�ERH� XLI�GSWX�SJ� XLI� MRXIVZIRXMSR�F]�
calculating the economic value related 
XS�XLI�IQTPS]QIRX�SJ�E�GSQTSRIRX�JSV�R�
]IEVW��REQIH�'SQTSRIRX�)QTPS]QIRX�
SV�')�R��-X�GER�FI�GEPGYPEXIH�EW�

')�R�� 'SQTSRIRX� )QTPS]QIRX� JSV� R�
]IEVW�
Av��ERRYEP�ZEPYI�SJ�E�WIVMIW�SJ�GSRWXERX�
ERRYMXMIW�� SFXEMRIH� JVSQ� XLI� IUYEXMSR�
FIPS[�
M��MRXIVIWX�VEXI�
R��HYVEXMSR�SJ�WIVZMGI�PMJI�

Av� MW� SFXEMRIH� JVSQ� XLI� JSPPS[MRK�
IUYEXMSR��[LMGL�IUYEPW�XLI�MRMXMEP�GSWX�SJ�
GSRWXVYGXMSR� SJ� E� GSQTSRIRX�� VIHYGIH�
by the back-discounted residual value 
EX�XLI�IRH�SJ�WIVZMGI�PMJI�� MJ�TVIWIRX��ERH�
XLI� I\TVIWWMSR� SJ� Z� GSRWXERX� ERRYMXMIW��
which correspond to the vA�]IEVW�SJ�XLI�
WTSRXERISYW�HYVEXMSR�SJ�E�GSQTSRIRX�%�

a painting intervention produces a more 
WMKRMƼGERX� MRGVIEWI� MR� XLI� WIVZMGI� PMJI�
SJ� XLI�TPEWXIV�GSZIVMRK� MJ� MX� MW�I\IGYXIH�
EJXIV� ��� ]IEVW�� XLER� EJXIV� �� ]IEVW� SV�
less. Moreover, this connection with 
time is not only in relation to the 
]IEV� SJ� GSRWXVYGXMSR�� FYX� EPWS� XS� XLI�
interventions that have already been 
TIVJSVQIH� SR� XLI� IPIQIRX�� %PWS�� XLMW�
reasoning cannot be applied in the 
same way to ameliorative maintenance, 
as it is not true that carrying it out 
WLSVXP]�EJXIV�XLI�FIKMRRMRK�SJ�WIVZMGI�PMJI�
produces little increases in it. So, since 
XLIWI� PE[W� SJ� ZEVMEXMSRW� QE]� GLERKI�
in every case, and none has ever been 
QSHIPPIH� JSV� ER]� MRXIVZIRXMSR� RSV� JSV�
any component, it is necessary to avoid 
QEOMRK� MX� I\TPMGMX� MR� XLI� HIWGVMTXMSR�
SJ� XLMW� IZEPYEXMSR�� -X� MW� TSWWMFPI� XS�
MRXVSHYGI� E� TVS\]� TEVEQIXIV� [LMGL�
takes into account all the interventions 
XLEX�LEZI�FIIR�I\IGYXIH�FIJSVI�E�KMZIR�
time ti�� REQIH� 1EMRXIRERGI� ,MWXSV]�
FIJSVI� XLI� XMQI� XiSV� 1,�Xi�� 7S�� XLI�
MRGVIEWI� SJ� WIVZMGI� PMJI� VIPEXIH� XS� XLI�
I\IGYXMSR�SJ�E�QEMRXIRERGI�MRXIVZIRXMSR�
-Aj on a component A at a time ti can 
FI� I\TVIWWIH� EW�²ZAj� !� JAj(ti��1,�Xi�� -X�
QYWX�FI�WEMH�� XLSYKL�� XLEX�E�WMQTPMƼIH�
solution could also be represented by 
XLI�YWI�SJ�E�WXSGLEWXMG�JYRGXMSR�
So, considering a maintenance 
WXVEXIK]� »k on the component A, 
ERH� XLI� LSQSR]QSYW� WIX� SJ� XLI�
MRXIVZIRXMSRW�XLEX�EVI�I\IGYXIH�SR� MX� MR�
XLEX�WXVEXIK]�� XLIR� XLI� XSXEP�WIVZMGI� PMJI�
SJ� XLI�GSQTSRIRX� MR� XLMW�QEMRXIRERGI�
WXVEXIK]�MW�GEPGYPEXIH�EW�

SFXEMRMRK�TIVJSVQERGI�XMQI�GYVZIW�XLEX�
HIƼRI� XLI� FILEZMSYV� SJ� GSQTSRIRXW��
and mathematical models that describe 
XLI� IJJIGX� SJ� XLI� ZEVMSYW�QEMRXIRERGI�
interventions on those components.
0SSOMRK� JSV[EVH� XS� XLI� VIEPMWEXMSR� SJ�
these purposes, and to the possibility 
XS� EHETX� XLI� VIWYPXW� XS� SXLIV� GSRXI\XW�
by using tools such as the Factor 
Method or by comparing the results 
XS� XLSWI� SJ� L]TSXLIXMGEP� JYXYVI� WMQMPEV�
I\TIVMQIRXEXMSRW��MX�WIIQW�XLEX�XLMW�OMRH�
SJ�[SVO�QE]�FI�E�KSSH�TEXL� XS�KEXLIV�
VIPMEFPI� MRJSVQEXMSR�SR� XLI�TEVEQIXIVW�
RIIHIH� XS� TIVJSVQ� IGSRSQMG�
evaluations on maintenance choices. 
8LMW� TETIV� [MPP� I\TPSVI� XLI� TVSGIWW� XS�
TIVJSVQ� XLMW� OMRH� SJ� IZEPYEXMSR� ERH�
EREP]WI�[LMGL�OMRHW�SJ�WSJX[EVI�GSYPH�
FI�KSSH�JSV�MXW�EGXYEXMSR�

)'3231-'�'32:)2-)2')�3*�
1%-28)2%2')�786%8)+-)7
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For a given component A, the number 
SJ� ]IEVW� SJ� [LMGL� MXW� WTSRXERISYW�
HYVEXMSR�� XLEX� MW� XS� WE]� WIVZMGI� PMJI� MR�
EFWIRGI�SJ�QEMRXIRERGI� MRXIVZIRXMSRW��
consists, can be named vA. Then, during 
MXW�PMJI��XLI�GSQTSRIRX�GER�FI�WYFNIGXIH�
XS� RHMJJIVIRX� X]TIW� SJ� QEMRXIRERGI�
MRXIVZIRXMSRW� -Aj� �-A1�� -%��� -A3�� Ə�-An�� )EGL�
SJ� XLI� MRXIVZIRXMSRW� MW� GLEVEGXIVM^IH�
F]� E� GSWX� 'Aj� �'A1�'%��'A3�Ə�'An� ERH� F]�
ER� MRGVIEWMRK� IJJIGX� SR� XLI� VIWMHYEP�
�ERH� XLIR�� XLI� XSXEP� WIVZMGI� PMJI� SJ�
XLI� GSQTSRIRX�� 8LI� EQSYRX� SJ� XLMW�
increase changes according to the time 
SJ�I\IGYXMSR�SJ� XLI� MRXIVZIRXMSR��[MXL�E�
tendency that depends on the typology 
SJ� XLI� MRXIVZIRXMSR�ERH�SJ� XLI�IPIQIRX��
*SV� I\EQTPI�� XIRHIRXMEPP]� E� PE]IV� SJ�
paint applied on a plaster covering 
VIQEMRW� MR� E� KSSH� WXEXI� JSV� EFSYX� ��
]IEVW�� XLIR� WXEVXW� WLS[MRK� WMKRW� SJ�
HIGE]�� YRXMP� XLI� TSMRX�� EX� EVSYRH� ���
years, when there is a drastic decrease 
MR�XLI�TVSXIGXMSR�MX�SJJIVW�XS�XLI�TPEWXIV��
'SRWMHIVMRK�XLI�HMVIGX�VIPEXMSR�FIX[IIR�
XLI� TVSXIGXMSR� XLEX� TEMRX� SJJIVW� XS� XLI�
GSZIVMRK�ERH� XLI�HYVEXMSR�SJ� XLI� PEXXIV��

v»O�� WIVZMGI� PMJI� SJ� GSQTSRIRX� %� MR�
WXVEXIK]�»k�
vA��WTSRXERISYW�HYVEXMSR�SJ�GSQTSRIRX�%�
²ZAj�� WIVZMGI� PMJI� MRGVIEWI� VIPEXIH� XS�
XLI� N�XL� QEMRXIRERGI� MRXIVZIRXMSR� SJ�
WXVEXIK]�»k.

'��� GSWX� SJ� GSRWXVYGXMSR� SJ� XLI�
GSQTSRIRX�
:r�� VIWMHYEP� ZEPYI� SJ� XLI� GSQTSRIRX� EX�
XLI�IRH�SJ�XLI�WIVZMGI�PMJI�
M��MRXIVIWX�VEXI�
Z�� WTSRXERISYW� HYVEXMSR� SJ� XLI�
GSQTSRIRX�
Av�� ERRYEP� ZEPYI� SJ� XLI� WYFWXMXYXMZI�
WIVMIW� SJ� GSRWXERX� ERRYMXMIW�� YRORS[R�
XIVQ�SJ�XLI�IUYEXMSR�
7S�� MJ�XLI�WIVZMGI�PMJI�SJ�XLI�GSQTSRIRX�
A is increased to n years through a 
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IRXMX]� SJ� XLI� MRWXEPPEXMSR� GSWX� SJ�
WGEJJSPHMRK� QEOIW� MX� TEVXMGYPEVP]�
opportune to carry out at the same 
time works on all the components 
XLEX�VIUYMVI�MXW�IQTPS]QIRX��TPEWXIV�
ERH� TEMRX� SJ� ZIVXMGEP� IRGPSWYVIW��
cornices and balconies with all 
their components, coverings, 
downpipes, gutters, etc.

This means that, while two strategies 
SR� X[S� HMJJIVIRX� GSQTSRIRXW� GSYPH�
VIWTIGXMZIP]�FI�XLI�QSWX�GSRZIRMIRX�JSV�
those components, their combination 
GSYPH� TVSHYGI� E� PS[IV� FIRIƼX� XLER�
ERSXLIV� WIX� SJ� X[S� WXVEXIKMIW�� EW� XLI]�
might not too compatible, considering 
XLI�GSRRIGXMSRW�XLEX�I\MWX�FIX[IIR�XLI�
X[S�GSQTSRIRXW�7S�� XLIMV� MRƽYIRGI�SR�
the global convenience can be noticed 
SRP]�MR�XLI�GSQFMREXMSR�SJ�XLI�HMJJIVIRX�
maintenance strategies on the single 
GSQTSRIRXW��,IYVMWXMGEPP]��XLMW�GSYPH�FI�
solved by applying small adjustments 
XS� XLI� XMQIW� SJ� MRXIVZIRXMSR� SJ� XLI�

XLI�[LSPI�FYMPHMRK�EW�[IPP�XLI�VIJIVIRGI�
parameter is constituted by the lowest 
IJJIGXMZI� GSWX� 1'�n�� =IX�� GSQTSRIRXW�
are not mutually independent parts 
SJ� E� FYMPHMRK�� FYX� VEXLIV� X[S� X]TIW� SJ�
GSRRIGXMSRW� LEZI� FIIR� MHIRXMƼIH� F]�
2MGSPIPPE�������

• technological connections, those 
where two elements are bound to 
each other, so that it is necessary to 
intervene on both at the same time. 
*SV�I\EQTPI��TPEWXIV�ERH�TEMRX�LEZI�
E�WXVSRK�XIGLRSPSKMGEP�GSRRIGXMSR��
when intervening on plaster, paint 
MW�EJJIGXIH�F]�XLI� MRXIVZIRXMSR�XSS��
and so an intervention has to be 
TIVJSVQIH�SR�MX�EW�[IPP�

• operative connections, related 
to the convenience to associate 
interventions on two elements, 
FIGEYWI�SJ�VIEWSRW�SJ�I\IGYXMSREP�
nature, such as equipment, 
provisional works, work yard 
SVKERM^EXMSR�� *SV� I\EQTPI�� XLI�

QEMRXIRERGI�WXVEXIK]�»k, then it results 
XLEX� ')�R"')�Z�� ERH� XLI� HMJJIVIRGI�
between the two is indeed the economic 
FIRIƼX� HIVMZMRK� JVSQ� I\IGYXMSR� SJ�
XLI� QEMRXIRERGI� WXVEXIK]� »k on that 
component.
3J� GSYVWI�� XLI� GSWX� SJ� XLI� WXVEXIK]� »k 
on the component A corresponds to 
XLI�WYQQEXMSR�SJ�XLI�FEGO�HMWGSYRXIH�
GSWXW� SJ� XLI� MRXIVZIRXMSRW� I\IGYXIH�
over time, indicated as Maintenance 
'SWX�SV�1'�»k�� &]� VIHYGMRK� XLMW� ZEPYI�
by an amount that is equal to the 
HMJJIVIRGI� FIX[IIR� ')�R� ERH� ')�Z��
XLI� IJJIGXMZI� GSWX� SJ� XLI� QEMRXIRERGI�
strategy is obtained, and this, named 
1'��»k�� VITVIWIRXW� XLI� TEVEQIXIV� SR�
which the evaluations on the economic 
GSRZIRMIRGI� SJ� XLI� WXVEXIKMIW� GER� FI�
based. 

;ǤǝǠȨ�ȲǗǣǠȰǣǞǥ

As when evaluating the economic 
GSRZIRMIRGI�JSV�E�WMRKPI�GSQTSRIRX��JSV�

*MKYVI����&PERO�TEXXIVR�SJ�GSRRIGXMSRW�QEXVM\�ERH�GSRRIGXMSR�W]QFSPW�PIKIRH
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single maintenance strategies on the 
components that have shown to be 
VIWTIGXMZIP]� XLI� QSWX� GSRZIRMIRX�� SJ�
course, this process is on one hand 
easily applicable, but on the other hand 
hides other combinations which may 
have higher synergies.

73*8;%6)�&%7)(�):%09%8-32

As it has been shown, technological 
and operative connections make it 
necessary to consider the combination 
SJ� XLI� QEMRXIRERGI� WXVEXIKMIW� SR�
the whole building together, rather 
than ranking the convenience on the 
single components separately, to 
VIEGL� XLI�GSRGPYWMSR�SJ�[LMGL�GLSMGIW�
PIEH� XS� XLI� QSWX� TVSƼGMIRX� VIWYPX�� MR�
IGSRSQMG� XIVQW�� -X� MW� IZMHIRX�� XLSYKL��
XLEX� XLI� ETTVSEGL� SJ� IZEPYEXMRK� EPP�
XLI� GSQFMREXMSRW�� IZIR� MJ� E� WIPIGXMSR�
[IVI� ETTPMIH� XS� XLI� XSXEP� RYQFIV� SJ�
combinations, is a task which could 
LEVHP]�FI�TIVJSVQIH�QERYEPP]��7S��MX�[EW�
GLSWIR� XS� I\TIVMQIRX� L]TSXLIWM^MRK�
ERH�HIZIPSTMRK�E�WSJX[EVI�[LMGL�GSYPH�
VYR�XLMW�TVSGIWW�EYXSQEXMGEPP]��F]�

• KIRIVEXMRK� EPP� XLI� TSWWMFMPMXMIW� JSV�
QEMRXIRERGI�EGXMZMX]�SR�IEGL�SJ�XLI�
GSQTSRIRXW�JSV�E�GLSWIR�TIVMSH�SJ�
XMQI�� HVE[MRK� MRJSVQEXMSR� SR� XLI�
MRXIVZIRXMSRW�JVSQ�E�HEXEFEWI�

• calculating, within a range, the 
VIWYPXMRK� WIVZMGI� PMJI� JSV� IEGL�
WXVEXIK]�

• combining the single strategies on 
HMJJIVIRX� GSQTSRIRXW� XS� KIRIVEXI�
QEMRXIRERGI� WGIREVMSW� JSV� XLI�
[LSPI�FYMPHMRK�

• IZEPYEXMRK� 1'� ERH� 1'�� JSV� XLI�
WMRKPI� GSQTSRIRXW� ERH� JSV� XLI�
[LSPI�FYMPHMRK�

• ranking the maintenance scena-
rios.

8LI�WSJX[EVI��[LMGL�MW�GYVVIRXP]�MR�HIZI-
PSTQIRX�MW�WXVYGXYVIHXLVSYKL�ER�SƿMRI�
GPMIRX�WIVZIV�QSHIP�� [MXL� E� .EZE� GPMIRX�
ERH�E�4SWXKVI750�HEXEFEWI�WIVZIV��8LI�
database schema contains the inter-
ZIRXMSRW��ERH�LEW�E�VIPEXMSR�JSV�IEGL�SJ�

XLI�GSQTSRIRXW��MR�XLI�JSVQ��)PIQIRX%�
�REQI�GSHI�GSWX�TEGOEKI�WIVZPMJI�XSSP-
W��XSSPW��
8LI� ƼVWX� X[S� XIVQW� GSVVIWTSRH��
VIWTIGXMZIP]��XS�XLI�HIXEMPIH�REQI�SJ�XLI�
intervention, and to the short code that 
MW�YWIH�XS�IEWI�XLI�ZMWYEPM^EXMSR�SJ�XLI�
WXVEXIKMIW� ERH� GSQFMREXMSRW�� XLI� GSWX�
MW� XLI� YRMXEV]� GSWX� SJ� XLI� MRXIVZIRXMSR��
HIVMZIH� JVSQ� TVMGI� PMWXW�� ƄTEGOEKIƅ�
MRHMGEXIW� XLI� XIGLRMGEP� WSPYXMSR� SJ� XLI�
component on which the intervention is 
I\IGYXIH��JSV�I\EQTPI��MJ�XLI�GSRWMHIVIH�
component is the vertical enclosure, 
QEWSRV]� SV� TPEWXIVFSEVH�� ƄXSSPW�ƅ�
ERH� ƄXSSPW�ƅ� VIJIV� XS� XLI� IUYMTQIRX��
machinery and provisional works 
RIIHIH� XS�GEVV]�SYX� XLI� MRXIVZIRXMSR�� MJ�
the costs needed to put them in use are 
VIPIZERX��JSV�I\EQTPI��XLI�STIVEXMSRW�SJ�
QSYRXMRK�ERH�VIQSZEP�SJ�E�WGEJJSPHMRK�
SV�XLI�YWI�SJ�LEQQIVW�SV�HVMPPW��ƄWIVZPMJIƅ�
MW�XLI�JSVQ�SJ�XLI�JYRGXMSR��MRHMGEXIH�MR�
XLI�TVIZMSYW�TEVEKVETL�EW�JAj(ti��1,�Xi��

which is used to determine the increase 
SJ�WIVZMGI�PMJI�SJ�XLI�GSQTSRIRX�VIPEXIH�
to the maintenance intervention. Since 
XLI� WSJX[EVI� MW� WXMPP� MR� HIZIPSTQIRX��
ERH� E� JYPP� HEXEFEWI� SR� XLI� TSWWMFPI�
maintenance interventions has not 
been implemented yet, the current 
one only contains placeholders. The 
TPEGILSPHIVW� XEOI� XLI� JSVQ� SJ� GSHIW�
GSRXEMRMRK� XLI� MRMXMEPW� SJ� XLI� GEXIKSV]�
XLI]� FIPSRK� XS� �XLI� PIXXIV� SJ� XLI�
GSQTSRIRXW� JSV� XLI� TEGOEKIW�� 1� JSV�
QEGLMRIVMIW�� ;� JSV� TVSZMWMSREP� [SVOW�
ERH� )� JSV� IUYMTQIRX� VIKEVHMRK� XLI�
XSSPW��XLI�VIPEXMSRWLMTW�XLEX�EVI�YWIH�XS�
HIXIVQMRI� XLI�WIVZMGI� PMJI�EVI�GYVVIRXP]�
QSHIPPIH�EW�KIRIVMG�FEWMG�JYRGXMSRW��
Every relation also contains additional 
strings, as many as the technical 
WSPYXMSRW� L]TSXLIWM^IH� JSV� XLI�
corresponding component, which are 
YWIH� XS�WMQYPEXI� XLI� PEGO�SJ�I\IGYXMSR�
SJ� QEMRXIRERGI� MRXIVZIRXMSRW� �JSV� SRI�
]IEV�

8EFPI����7EQTPI�EXXVMFYXIW�SJ�XLI�VIPEXMSR�SJ�GSQTSRIRX�%
8EFPI����7EQTPI�EXXVMFYXIW�SJ�XLI�VIPEXMSR�SJ�IUYMTQIRX��QEGLMRIV]�ERH�TVSZMWMSREP�[SVOW



33

can be considered through the strings 
VIJIVVMRK� XS� GSQQSR� QEGLMRIV]��
equipment and provisional works. The 
WSJX[EVI� VYRW�� MR� JEGX�� E� TVSGIWW� SJ�
GSVVIGXMSR�SJ�XLI�XSXEP�GSWX�FEWIH�SR�XLI�
ZIVMƼGEXMSR�SJ�XLI�TVIWIRGI�SJ�GSQQSR�
ZEPYIW�MR�XLI�WXVMRKW�ƄXSSPW�ƅ�ERH�ƄXSSPW�ƅ�
SJ� XLI� MRXIVZIRXMSRW� XEOMRK�TPEGI� MR� XLI�
same year on components that have 
an operative connection between them. 
8LIR�� MX� GEPGYPEXIW� XLI�GSWX�SJ� XLI� XSSP�
JSV� FSXL� GSQTSRIRXW�� F]� QYPXMTP]MRK�
the unitary cost corresponding to 
XLI� YRMX� SJ� XLI� UYERXMXEXMZI� QIEWYVI�
XLEX� HIWGVMFIW� IEGL� SJ� XLI� X[S� ERH�
applies to the global cost a reduction 
GSVVIWTSRHMRK� XS� XLI���	�SJ� XLI� PS[IV�
cost between the two. This appears to 
WYVVSKEXI�XLI�IGSRSQMG�FIRIƼX�HIVMZMRK�
JVSQ� XLI�GLVSRSPSKMGEP� STXMQM^EXMSR�SJ�
the interventions on components with 
operative connections.
7YFWIUYIRXP]�� 1'�� MW� GEPGYPEXIH� EW�
FIJSVI�� )ZIRXYEPP]�� XLI� WSJX[EVI� VYRW�
a Ranking Method script to show a 
VEROMRK� SJ� XLI� WXVEXIKMIW� EGGSVHMRK� XS�
this parameter.

,=438,)7-7�3*�-2'097-32�-2�%�&-1�
40%8*361

8LMROMRK� SJ� XLI� X]TSPSK]� SJ� MRTYX�
HEXE� VIUYMVIH� F]� XLI� WSJX[EVI�� MX�
seemed appropriate to analyse its 
TSWWMFPI� PMRO� XS� E� &-1� TPEXJSVQ�� 8LI�
WSJX[EVI� MPPYWXVEXIH� EFSZI� MW� EGXYEPP]�
mainly conceived as the practical 
ZIVMƼGEXMSR�SJ� XLI�TSWWMFMPMX]� XS�FYMPH� E�
WSJX[EVI� EVGLMXIGXYVI� XS� EYXSQEXM^I�
XLI� [LSPI� TVSGIWW� SJ� IZEPYEXMRK� XLI�
IGSRSQMG� GSRZIRMIRGI� JSV� E� LMKL�
RYQFIV� SJ� TSWWMFMPMXMIW� MR� VIKEVH� XS�
XLI�QEMRXIRERGI�SJ� E� FYMPHMRK�� 7S�� XLI�
GSRWMHIVEXMSR�SJ�E�TSWWMFPI�MRGPYWMSR�MR�E�
&-1�TPEXJSVQ�HSIW�RSX�WTIGMƼGEPP]�VIJIV�
XS� XLMW� WSJX[EVI�� WXMPP� MR� HIZIPSTQIRX��
FYX� XS� ER]� WSJX[EVI� VIEPM^IH� [MXL� XLI�
PSKMG� ERH� [MXL� XLI� TYVTSWI� I\TPEMRIH�
YRXMP�RS[��*SV�XLMW�VIEWSR��XLI�JSPPS[MRK�
statements mainly stand as speculative 
hypotheses, rather than being related 
XS� -8MWWYIW�� GSRWMHIVMRK� MR� JEGX� XLI�
possibility to create similar computing 

EPQSWX� MR� IZIV]� ]IEV�� WS� SRP]� E� JI[� SJ�
them will be relevant when evaluating 
the economic convenience.

*SV� IEGL� SJ� XLIWI� WIUYIRGIW�� 1'��
v»O� ERH� 1'�� EVI� GEPGYPEXIH�� 8LVSYKL�
.EZE� JYRGXMSRW�� XLI� YRMXEV]� GSWX� SJ�
IZIV]� MRXIVZIRXMSR� MW� QYPXMTPMIH�� JSV�
every time it appears in the sequence, 
by the quantitative measure that has 
FIIR� WTIGMƼIH� JSV� XLI� GSQTSRIRX��
ERH� XLI� WMRKPI� GSWXW� EVI� WYQQIH�� -R�
XLI� WEQI�[E]�� E� ²ZJj� MW� GEPGYPEXIH� JSV�
IEGL� MRXIVZIRXMSR� F]� I\IGYXMRK� XLI�
JYRGXMSR�VIPEXIH�XS�XLI�MRXIVZIRXMSRW�� -R�
XLI� GYVVIRX� JSVQ� SJ� XLI� WSJX[EVI�� XLI�
JYRGXMSR� SRP]� HITIRHW� JVSQ� Xi, as the 
WLETI� SJ� XLI� HITIRHIRG]� JVSQ�1,�Xi�
LEW� RSX� FIIR� VIWIEVGLIH� ]IX�� XLIR��
the single increases are summed to 
spontaneous duration to obtain the 
XSXEP� SRI�� *MREPP]��1'�� MW� GEPGYPEXIH�EW�
XLI� HMJJIVIRGI� FIX[IIR� 1'� ERH� XLI�
HMJJIVIRGI�FIX[IIR�')�Z»O�ERH�')�ZA�

8LI�JSPPS[MRK�STIVEXMSR�MW�XLI�KIRIVEXMSR�
SJ� TSWWMFPI� QEMRXIRERGI� WXVEXIKMIW�
JSV� XLI� [LSPI� FYMPHMRK�� F]� GSQFMRMRK�
XLSWI�SFXEMRIH�EFSZI�� -R�XLMW�GEWI��XLI�
GPMIRX� VYRW� E� WGVMTX� JSV� 'SQFMREXMSRW�
SJ� )PIQIRXW� SJ� 1YPXMTPI� %VVE]W� ERH�
produces all the combinations between 
the arrays containing the previously 
SFXEMRIH� WIUYIRGIW�� JSVQMRK� ER�
I\XVIQIP]�LMKL�UYERXMX]�SJ�QEMRXIRERGI�
TSWWMFMPMXMIW�� 'PIEVP]�� EW� WXEXIH� FIJSVI�
XSS�� QSWX� SJ� XLIWI� GSQFMREXMSRW�
[MPP� LEZI� RS� VIPIZERGI� MR� XIVQW� SJ�
TVEGXMGEP� YWI�� 8LIR�� 1'� ERH� 1'�� EVI�
VIGEPGYPEXIH� F]� XLI� WSJX[EVI� �� WIVZMGI�
PMJI�SJ�XLI�GSQTSRIRXW�HSIW�RSX�GLERKI�
EW� MX� LEW� FIIR� L]TSXLIWM^IH� XLEX� MXW�
ZEPYI� JSV� SRI� SJ� XLI� GSQTSRIRXW� MW�
RSX� EJJIGXIH� F]� XLI� EGXMSRW� SR� XLI�
others. When calculating the total cost 
SJ� QEMRXIRERGI� 1'�� XIGLRSPSKMGEP�
and operative connections have to be 
taken into account. While technological 
connections are mostly present between 
the elements within components, 
ERH� WS� XLIMV� IJJIGX� MW� EGXYEPP]� ZMWMFPI�
MR� XLI� IZEPYEXMSR� SJ� XLI� GSRZIRMIRGI�
SJ� XLI� GSQFMREXMSRW� SJ� XLI� WMRKPI�
components, operative connections 

-R� XLI� HEXEFEWI�� ERSXLIV� VIPEXMSR�
contains the attributes related to the 
equipment, machinery and provisional 
[SVOW� MRHMGEXIH� EFSZI�� -R� TEVXMGYPEV��
the strings contain data on their 
YRMXEV]� GSWX�� MR� JYRGXMSR� SJ� EW� QER]�
parameters as they are available in the 
TVMGI� PMWXW�� 7TIGMƼGEPP]�� XLI� WXVMRKW� EVI��
ƄGSHIƅ�� GSVVIWTSRHMRK� XS� XLI� GSHI� EPWS�
MRHMGEXIH� MR� ƄXSSPW�ƅ� ERH� XSSPW��� REQI��
XLI� I\XIRHIH� REQI�� ƄG�EVIEƅ�� ƄG�PIRKXLƅ��
ƄG�QEWWƅ�� ƄG�ZSPYQIƅ�� ƄG�YRMXƅ�� [LMGL� EVI�
respectively the unitary costs which 
have to be multiplied by the quantitative 
QIEWYVIW�SJ�EVIE��QEWW��PIRKXL��ZSPYQI�
SV�YRMX�SJ�XLI�GSQTSRIRXW�XS�SFXEMR�XLI�
GSWX�SJ�XLI�MRXIVZIRXMSRW�
8LI� PEWX� VIPEXMSR� MW� QEHI� YT� SJ� XLI�
technical solutions, consisting in only 
one string whichreports spontaneous 
duration.
8LI�JSPPS[MRK�MRTYX�HEXE�EVI�VIUYMVIH�F]�
XLI�GPMIRX�

• TIVMSH� SJ�QEMRXIRERGI� EGXMZMX]� �MR�
]IEVW�

• PMWX� SJ� GSQTSRIRXW� �WIPIGXEFPI�
JVSQ�E�PMWX�

• XIGLRMGEP� WSPYXMSR� SJ� IEGL�
GSQTSRIRX� �WIPIGXEFPI� JVSQ�
WTIGMƼG�PMWXW�

• UYERXMXMIW�SJ�XLI�GSQTSRIRXW�

8LI� WTIGMƼGEXMSR� SJ� XLI� XIGLRMGEP�
solution is necessary to restrict the set 
SJ� MRXIVZIRXMSRW� SJ� VIJIVIRGI�� JSV� IEGL�
component, to the ones in which the 
package corresponds to the chosen 
MXIQ�� 8LIR�� XLI� ƼVWX� STIVEXMSR� VYR�
F]� XLI� GPMIRX� MW� XLI� KIRIVEXMSR� SJ� XLI�
combinations corresponding to the 
QEMRXIRERGI� WXVEXIKMIW� JSV� XLI� WMRKPI�
GSQTSRIRXW�� XLVSYKL� E� WGVMTX� JSV�
'SQFMREXMSRW� [MXL� 6ITIXMXMSRW�� [LIVI�
XLI�WM^I�SJ�XLI�WIPIGXMSR��P��GSVVIWTSRHW�
XS� XLI� HYVEXMSR� SJ� XLI� TIVMSH� SJ�
maintenance activity. The computed set 
7�MW��SJ�GSYVWI��XLI�SRI�GSRWXMXYXIH�F]�EPP�
the interventions automatically selected 
through the package parameter in the 
VIPEXMSR� SJ� XLI� WTIGMƼG� GSQTSRIRX��
8LIR��KMZIR�XLI�GEVHMREPMX]�SJ�XLI�WIX�T��
XLI�XSXEP�SJ�XLI�KIRIVEXIH�WXVEXIKMIW�MW�Tl. 
1SWX�SJ�XLIWI�[MPP�TVIWIRX�MRXIVZIRXMSRW�
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EVGLMXIGXYVIW� [MXL� HMJJIVIRX� W]WXIQW��
codes and computer languages.
-R�TEVXMGYPEV��XLI�TSWWMFMPMX]�XS�HIZIPST�E�
TPYK�MR� JIEXYVI� XS� EYXSQEXMGEPP]� SFXEMR�
XLI� HEXE� VIPEXIH� XS� XLI� UYERXMXMIW� SJ�
IEGL�GSQTSRIRX�F]�QEOMRK�YWI�SJ�XLI�
GSQTYXMRK�JYRGXMSRW�SJ�&-1�TPEXJSVQW��
GSYPH� HVEWXMGEPP]� WMQTPMJ]� XLI� XEWOW� SJ�
the users. The same principle applies to 
XLI�HIƼRMXMSR�SJ�XLI�XIGLRMGEP�WSPYXMSRW��
which could be indicated in a more open 
[E]� MR� XLI� WSJX[EVI�� MR� SVHIV� XS� HVE[�
HMVIGXP]�MRJSVQEXMSR�SR�XLI�GSQTSRIRXW�
SJ� GSQTSRIRXW� JVSQ� XLI� &-1� QSHIP��
this would be subordinated, though, to 
XLI�QERYEP�WIPIGXMSR�SJ�XLI�RYQFIV�ERH�
REXYVI�SJ�XLI�GSQTSRIRXW��

'32'097-327

Although national regulations have 
FIIR� YRHSYFXIHP]� TYWLMRK� JSV[EVH�
programmed maintenance, and in some 
local cases have deeply enhanced its 
MQTPIQIRXEXMSR�� SFNIGXMZI� GVMXIVME� JSV�
XLI� HIƼRMXMSR� SJ� PMJI�G]GPI� TPERRMRK� SJ�
buildings are rarely considered an item 
SJ� HMWGYWWMSR�� ERH� SJXIR� XLI� XEWO� SJ�
designing maintenance results limited 
to adapting pre-established patterns to 
XLI�WTIGMƼG�GEWIW�
8LI�TYVTSWI�SJ�I\TPSVMRK�XLI�XLISVIXMGEP�
TVSGIWW� XS� VIEPM^I� ER� SFNIGXMZI�
IZEPYEXMSR� SJ� HMJJIVIRX� TSWWMFMPMXMIW� MR�
XLI�ƼIPH�SJ�QEMRXIRERGI��ERH�TVSZMHMRK�
XLI� KYMHIPMRIW� XS� JSPPS[� XLMW� TEXL��[EW�
indeed conceived as an encouragement 
to carry out quantitative analysis on 
XLI� GLEVEGXIVMWXMGW� SJ� QEMRXIRERGI�
planning, in order to choose the most 
suitable solution.

-X� QYWX� FI� WXEXIH� LS[IZIV� Ɓ� SRGI�
QSVI� Ɓ� XLEX� XLI� TVSNIGX� SJ� HIZIPSTMRK�
such apparently quantitatively accurate 
WSJX[EVI� MW� TVSFEFP]� ER� I\GIWWMZIP]�
anticipated aim, considering that 
SFNIGXMZI� HEXE� SR� XLI� HYVEFMPMX]� SJ�
FYMPHMRK� GSQTSRIRXW� EVI� JEV� JVSQ�
becoming available and comprehensive 
SJ� E� WYƾGMIRX� VERKI� SJ� XIGLRMGEP�
solutions. Despite that, developing 
ETTVSEGLIW� JSV� E� FIRIƼGMEP� YWI� SJ�
such data presumably constitutes a 
WXIT�JSV[EVH�FIMRK�EFPI�XS�MQTVSZI�XLI�
XIGLRMUYIW�SJ�HIWMKRMRK�QEMRXIRERGI�
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&ǠȳǒȨǞǡǝ��4EZPSZ��7KH�(FRQRPLFV�RI�0DLQWHQDQFH�
IRU�5HDO�(VWDWH�,QYHVWPHQWV. Real Estate 
)GSRSQMGW��:SP������2S����������

'ǤǚǣǙǘȨǚ��+SSHFSH]��(TXLSPHQW�5HSODFHPHQW�
LQ�DQ�8QVWHDG\�(FRQRP\��8LI�.SYVREP�SJ�XLI�
3TIVEXMSREP�6IWIEVGL�7SGMIX]��:SP������2S����������

'ǤǚǣǙǘȨǚ��7GEVJ��$�5REXVW�5HSODFHPHQW�0RGHO�ZLWK�
$SSOLFDWLRQV�WR�0HGLFDO�(TXLSPHQW��8LI�.SYVREP�SJ�
XLI�3TIVEXMSREP6IWIEVGL�7SGMIX]��:SP������2S����������

(ȨǠ�+ǣǗȰǣȱȨ. (VWLPR�H�9DOXWD]LRQH�(FRQRPLFD�GHL�
3URJHWWL��4ESPS�0SJJVIHS-RM^MEXMZI)HMXSVMEPM��2ETSPM��
�����

(ȨǠ�+ǣǗȰǣȱȨ�:�IX�EP��$SSOLFDWLRQ�RI�WKH�GHSUHFLDWLRQ�
FRVW�DSSURDFK�LQ�WKH�FKRLFH�RI�PDLQWHQDQFH�
strategies��4VSGIIHMRKW�SJ�XLI�-RXIVREXMSREP�
'SRJIVIRGI-78I%�&EGO�XS������6IXLMROMRK�XLI�
(MKMXEP�'SRWXVYGXMSR�-RHYWXV]��2ETSPM�������

)ǣǠǝǞ, /ǣǞǥ, ,ǗǘȱǤǣǞǙǝǞ. $�6WXG\�LQ�(TXLSPHQW�
5HSODFHPHQW��3TP��6IW���:SP������2S����������

+ǝǘǘǦǚǣȨȰ.�(UJRWHFQLFDHGLOH��$SSOLFD]LRQL�GL�
metodi e strumenti��)WGYPETMS������

,ȳǚȰǣǞǥ, 6ǝǙȨǞǘǤȳǠ, 7ǣǚǟȳǞǙ. 'HSUHFLDWLRQ�RI�
KRXVLQJ�FDSLWDO��PDLQWHQDQFH��DQG�KRXVH�SULFH�
LQIODWLRQ��(VWLPDWHV�IURP�D�UHSHDW�VDOHV�PRGHO.
.SYVREP�SJ�9VFER�)GSRSQMGW��:SP�����2S����������

1ȳǞǥȳǞȨǠǠǣ, 1ǝǚȳǞǝ. 8Q�PRGHOOR�UD]LRQDOH�GL�
VWLPD�GHO�GHSUH]]DPHQWR�GL�PDFFKLQH�LQGXVWULDOL. 
5YEHIVRM�HIP�(MTEVXMQIRXS�4�%�9��HIPPƅ9RMZIVWMXʚ�
1IHMXIVVERIE�HM�6IKKMS�'EPEFVME��+ERKIQM�)HMXSVI��
1997.

1ȳǞǥȳǞȨǠǠǣ. ,O�GHSUH]]DPHQWR�GHJOL�LPPRELOL�
XUEDQL�*VERGS�%RKIPM�)HMXSVI��1MPERS�������

1ȳǞǥȳǞȨǠǠǣ. 0DLQWHQDQFH��%XLOGLQJ�'HSUHFLDWLRQ�
and Land Rent. Applied Mechanics and Materials 
��������%VGLMXIGXYVI��&YMPHMRK�1EXIVMEPW�ERH�
)RKMRIIVMRK�1EREKIQIRX�����������������

1ǝǠǣǞȳǚǣ� 0DQXWHQ]LRQH�3URJUDPPDWD. La qualità 
IHMPM^ME�RIP�XIQTS��,SITPM�)HMXSVI��1MPERS�������

1ǝǚȳǞǝ et al. 6WLPD�GHO�SDWULPRQLR�LPPRELOLDUH�
GHOO̵8QLYHUVLW¢�GHJOL�6WXGL�GL�6DOHUQR��'YIW��
7EPIVRS�������

2ǣȱǝǠȨǠǠȳ. 5HOD]LRQH�IUD�GXUDWD�H�FRVWL�GL�
UHDOL]]D]LRQH�GL�XQ�HGLͤFLR��'SWXVYMVI�MR�PEXIVM^MS��
2S�������������

2ǣȱǝǠȨǠǠȳ. $IͤGDELOLW¢�H�GXUDELOLW¢�GHJOL�HOHPHQWL�
FRVWUXWWLYL�LQ�HGLOL]LD�̰�8Q̵LSRWHVL�PHWRGRORJLFD�SHU�
LO�FDOFROR��'9)2��2ETSPM�������

2ǣȱǝǠȨǠǠȳ.3URJUDPPD]LRQH�GHJOL�LQWHUYHQWL��JXLGD�
DOOD�UHGD]LRQH�GHO�OLEUHWWR�GL�PDQXWHQ]LRQH�GHO�
IDEEULFDWR��92-��1MPERS�������

2ǣȱǝǠȨǠǠȳ��4MRS��5HOLDELOLW\�DQG�HFRQRPLF�DVSHFWV�
RI�UHVWRULQJ�LQWHUYHQWLRQV��-RXIVREXMSREP�.SYVREP�SJ�
7XVYGXYVEP�ERH�'MZMP�)RKMRIIVMRK�6IWIEVGL��:SP�����

2S����������

4ǚȨǣǞǚȨǣȱǤ.TKH�(FRQRPLF�/LIH�RI�,QGXVWULDO�
(TXLSPHQW��)GSRSQIXVMGE��:SP�����2S����������

7Ȩǚǚȳǘ et al. %5$,1��%XLOGLQJ�5HVHDUFK�$QDO\VLV�
DQG�,QIRUPDWLRQ�1HWZRUN��4VSGIIHMRKW�SJ�(&1'�
<-:��+LIRX�������

%LEOLRJUDSK\
%LEOLRJUDD

in_bo Cost-Oriented Tool for Life Cycle Planning M. Nicolella, A. Pino, L. Coppola



36

€
BY NC

in_bo New Frontiers of Construction Management Workshop 2018, vol. 09 n° 13

Unmanned Aerial Vehicle (Uav) and 
Building Information Modelling 
(Bim) Technologies in Concrete Dam 
Management: The Case of Ridracoli

*LXOLD�%Xௗ
3LHUJLRUJLR�0DQFLROD
$QGUHD�*DPEL
Giuseppe Montanari

/)=;36(7��9%:��DȳǟǙ��SǝǠǣȰ�MǝȰȨǠǠǣǞǥ��&-1��EǦǦǣȱǣȨǞǘ�MȳǞȳǥȨǟȨǞǘ

7EJIX]�ERH�TVSEGXMZI�ZMWMSR�EVI�OI]�EWTIGXW�JSV�ER�IƾGMIRX�QEREKIQIRX�SJ�HEQW��8LI�
VIHYGIH�EGGIWWMFMPMX]�ERH�XLI�PEVKI�XMQI�RIIHIH�JSV�ER�MRWTIGXMSR�F]�XVEHMXMSREP�QIXLSHW�
HS� RSX� JEGMPMXEXI� XLIMV� HMVIGX� ZMWYEP� MRWTIGXMSR��8LIVIJSVI�� XLI� YWI� SJ�9RQERRIH�%IVMEP�
:ILMGPI��9%:�MW�WYMXEFPI�JSV�XLMW�TYVTSWI��EPXLSYKL�XLI�WYTTSVX�SJ�XVEHMXMSREP�XSTSKVETLMG�
MRWXVYQIRXW� �M�I��8SXEP�7XEXMSR��+47�7XEXMSR�ERH�0EWIV�7GERRIV� MW�WXMPP� RIGIWWEV]��8LI�
9%:�WYVZI]�TVSZMHIW�UYEPMXEXMZI� MRJSVQEXMSR��[MXL�XLI�EMQ�SJ�VIGSKRM^MRK�XLI�GSRHMXMSR�
SJ�XLI�QEXIVMEPW��M�I��TLSXSW��ZMHISW��EW�[IPP�EW�UYERXMXEXMZI�MRJSVQEXMSR��[MXL�XLI�EMQ�SJ�
QSHIPPMRK�XLI�WXVYGXYVI� �M�I��KIS�VIJIVIRGIH�HIRWI�TSMRX�GPSYH��7MRGI�QYPXMHMWGMTPMREV]�
EWTIGXW�EVI�MRZSPZIH�MR�XLI�QEREKIQIRX�SJ�HEQW��XLI�TSWWMFMPMX]�XS�WLEVI�HEXE��M�I��TLSXSW��
ZMHISW�SJ�IZIV]�HIXEMP�SJ� XLI�WXVYGXYVI��EPWS�SR�HMJJIVIRX� XMQIW�ERH� MR�HMJJIVIRX�TPEGIW��
FIX[IIR�E�PEVKI�RYQFIV�SJ�WTIGMEPMWXW��M�I��IRKMRIIVW��EVGLMXIGXW��KISPSKMWXW��XIGLRMGMERW��
QEREKIVW�EPPS[W�JSV�XLI�IJJIGXMZI�ERH�IƾGMIRX�VIWSPYXMSR�SJ�TVSFPIQW��8LI�9%:�HIRWI�
TSMRX� GPSYH�� MRXIKVEXIH� EPWS�[MXL� TVI�I\MWXMRK� HEXE� WIXW�� MW� XLI� FEWI� JSV� XLI� I\XVEGXMSR�
SJ� WYVJEGIW� [LMGL� HIWGVMFI� MQTSVXERX� IPIQIRXW� SJ� XLI� WXVYGXYVI�� 8LI� WSPMH�QSHIP� MW�
IQTPS]IH�MR�*MRMXI�)PIQIRX�1IXLSH��*)1�EREP]WIW�SV��MRGPYHMRK�EHHMXMSREP�MRJSVQEXMSR�
concerning volumes, mechanical characteristics, monitoring data, etc., it could be able 
XS� FI� XLI� FEWMW� JSV� E� &YMPHMRK� -RJSVQEXMSR�1SHIPPMRK� �&-1� SJ� XLI� HEQ� W]WXIQ�� 8LI�
EMQ�SJ� XLI�TVIWIRX�TETIV� MW� XS�I\TPEMR� XLI�TVSHYGXW�SJ�E�9%:�WYVZI]�SJ�E�HEQ�YWIJYP�
JSV�WXSVMRK�ERH�WLEVMRK�MRJSVQEXMSR�ERH�JSV�HIZIPSTMRK�XLI�WXEVXMRK�TSMRX�SJ�E�&-1�SJ�XLI�
WXVYGXYVI��'EWI�SJ�WXYH]�MW�XLI�EVGL�KVEZMX]�HEQ�SJ�6MHVEGSPM��MX�LEW�FIIR�XLI�SFNIGX�SJ�E�
technological comparison between traditional topographic instrument and the innovative 
9%:�XIGLRMUYI��8LI�TLSXS�ZMHIS�HEXEFEWI�GETXYVIW�XLI�VIJIVIRGI�WXEXI�SJ�XLI�WXVYGXYVI�
ERH�EPPS[W�XS�MRZIWXMKEXI�TSWWMFPI�HEQEKI�TLIRSQIRE�SZIV�XMQI��QSVISZIV��F]�QIERW�SJ�
TLSXSQSHIPPMRK�XIGLRMUYI��MX�TVSZMHIW�XLI�HIRWI�TSMRX�GPSYH�EW�E�FEWMW�JSV�E�&-1�
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important structural elements (i.e. 
GSRWXVYGXMSR� NSMRXW� ERH�SV� SJ� ERGMPPEV]�
works (i.e. spillways, a stilling basin, 
[IMKLX�FPSGOW��EW�I\TPEMRIH�F]�&Yƾ�IX�EP��
�������8LIVIJSVI��XLI�FILEZMSYV�SJ�WYGL�
important elements can be investigated 
in static and dynamic conditions. 

%� WYVZI]� F]� HVSRI� EPPS[W� JSV� XLI�
MRZIWXMKEXMSR� SJ� XLI� GYVVIRX� WXEXI�
SJ� GSRWIVZEXMSR� SJ� MQTSVXERX�
MRJVEWXVYGXYVIW� WYGL� EW� HEQW�� -X� MW� XLI�
FEWMW� JSV� XLI� GVIEXMSR� SJ� ER� MRXIVEGXMZI�
TLSXS� ERH� ZMHIS� HEXEFEWI� ERH� JSV� XLI�
QIXVMG� VIGSRWXVYGXMSR� SJ� XLI� XLVII�
HMQIRWMSREP� KISQIXV]� SJ� WXVYGXYVIW�� -R�
XLI� WTMVMX� SJ� SFXEMRMRK� ER� IƾGMIRX� ERH�
accurate as-built data collection, as 
WYQQEVM^IH�F]�:EGERWEW�IX� EP�� �������
XLI�9%:�XIGLRSPSK]�MW�XLI�QEMR�STIVEXMZI�
XSSP� JSV� XLI� GVIEXMSR� SJ� &-1� SJ� PEVKI�
MRJVEWXVYGXYVIW�� 1SVISZIV�� VIWTIGX� XLER�
Laser Scanner technique, as employed 
F]�&EVE^^IXXM�IX�EP���������9%:�MW�JEWXIV�

RSX� FI� HMVIGXP]� EGGIWWMFPI�� I\GITX� [MXL�
I\TIRWMZI� ERH� HERKIVSYW� TVSGIHYVIW��
8LI�WXEXI�SJ�GSRWIVZEXMSR�SJ�XLI�QEXIVMEPW�
can be monitored in order to guarantee a 
TVSEGXMZI�QEMRXIRERGI�SJ� XLI�WXVYGXYVI��
EW� VIQMRHIH� F]� 7EPZMRM� IX� EP�� �������
,S[IZIV�� XLI� YWI� SJ� 9%:� XIGLRMUYI� SR�
dams is still rare and at an early stage, 
2EYQERR�IX�EP��������TYFPMWLIH�SRI�SJ�
XLI�ƼVWX�[SVO�SR�XLMW�XSTMG�

%W� VIQMRHIH� F]� -'30(� ������� ������
*)1�QSHIPPMRK�SJ�HEQW�MW�TEVEQSYRX�MR�
XLI�WEJIX]�IZEPYEXMSR�SJ�HEQ�WXVYGXYVIW��
JSV� WXVYGXYVIW�WYGL�EW�WIKQIRXIH�EVGL�
HEQW� FYMPX� SR� ZEPPI]W� [MXL� GSQTPI\�
XSTSKVETL]��XLI�HIXEMPIH�HIƼRMXMSR�SJ�XLI�
WXVYGXYVI�KISQIXV]�Ɓ�MRGPYHMRK�XLI�NSMRXW�
FIX[IIR� XLI� HMJJIVIRX� FPSGOW� Ɓ� ERH� SJ�
XLI� JSYRHEXMSR� VSGO�QEWW� MW�SJ�TVMQEV]�
MQTSVXERGI� MR� XLI� *)1� QSHIPPMRK� SJ�
WYGL� W]WXIQW�� 8LI� LMKL� EGGYVEG]� SJ�
9%:�WYVZI]W�QEOIW�TSWWMFPI� XLI� XLVII�
HMQIRWMSREP� KISQIXV]� QSHIPPMRK� SJ�

AW� I\TPEMRIH� F]� *SVREVM� ERH�
1EVGIPPS� ������� MR� -XEP]� XLIVI�EVI�
���� PEVKI�HEQW��[MXL�ER�EZIVEKI�

PMJI�SJ�SZIV����]IEVW��[LMGL�QE]�I\XIRH�
XS����]IEVW�MJ�XLI�EREP]WMW�MW�PMQMXIH�XS�XLI�
%PTW��8LI�RIIH�XS��IZIV�QSVI�IJJIGXMZIP]��
GSQFMRI� WEJIX]� [MXL� XLI� GSRXEMRQIRX�
SJ�QEMRXIRERGI� GSWXW� HMVIGXP]� PMROIH� XS�
XLI�WIVZMGI� PMJI�SJ� XLI�WXVYGXYVI�VIUYMVIW�
innovative approaches beside traditional 
methods. 

8LI�VIHYGIH�EGGIWWMFMPMX]�SJ�HEQW�HSIW�
RSX�JEGMPMXEXI�HMVIGX�ZMWYEP�MRWTIGXMSR�ERH�
E� PEVKI� EQSYRX� SJ� XMQI� MW� VIUYMVIH� JSV�
an inspection by traditional methods. 
Although a reliable terrestrial survey 
MW� WXMPP� RIGIWWEV]�� EW� &Yƾ� IX� EP�� VIQMRH�
�������XLI�YWI�SJ�9%:W�MW�[IPP�WYMXIH�JSV�
XLMW�TYVTSWI��EW�WYKKIWXIH�F]�'SPSQMRE�
ERH�1SPMRE� ������ ERH� )PPIRFIVK� IX� EP��
������� 8LI� YWI� SJ� 9%:W� MW� WTVIEHMRK�
XS� XLI� WEJI� MRWTIGXMSR� SJ� WIGXMSRW� SJ�
MRJVEWXVYGXYVI� XLEX� [SYPH� SXLIV[MWI�
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ERH��JSV�XLMW�VIEWSR��VITIEXEFPI�SZIV�XMQI��
8LI� TVIWIRX� [SVO� EMQW� XS� I\TPEMR� XLI�
TVSHYGXW� SJ� E� 9%:� WYVZI]� ERH� XLIMV�
uses into the predictive and proactive 
QEMRXIRERGI� SJ� PEVKI� WXVYGXYVIW� WYGL�
EW� HEQW�� 'EWI� SJ� WXYH]� MW� XLI� EVGL�
KVEZMX]�HEQ�SJ�6MHVEGSPM�� PSGEXIH� MR� XLI�
ZMPPEKI�SJ�7ERXE�7SƼE��*'��-XEP]��*MK��E��
8LI�6MHVEGSPM�EVXMƼGMEP�PEOI�ERH�MXW�HEQ�
VITVIWIRX� ER� EUYIHYGX� MRJVEWXVYGXYVIW��
milestone managed by Romagna 
Acque S.p.A.. So it is need to maintain 
XLI� HEQ� IJJIGXMZIP]� ERH� IƾGMIRXP]� MR�
SVHIV� XS� KYEVERX]� WEJIX]� ERH� E� PSRK�
WIVZMGI� PMJI�� 8LIWI� MQTSVXERX� EMQW�
require an innovative maintenance 
QIXLSH� QSZMRK� JVSQ� �VYR� XS� JEMPYVI��
�VIEGXMZI�ETTVSEGL�XS�E�TVIHMGXMZI�ERH�
preventive one. That needs the adoption 
SJ�E�&-1�TLMPSWSTL]�XS�GSPPIGX�ER]�HEXE�
about the dam and building a structural 
QSHIP�JSV�IZEPYEXMRK�ER]�HIJSVQEXMSR�SV�
stresses under several load conditions. 
%W� XLI� ƼVWX� WXIT�� XLI� &-1� TLMPSWSTL]�
LEW� XLI� WYVZI]�SJ� XLI� WXVYGXYVI�ERH�SJ�
the surrounding topography on which a 
3D model can be developed. This phase 
MW�YWIJYP�FSXL�JSV�GSPPIGXMRK�HEXE���H�MR�
&-1� PERKYEKI� ERH� JSV� IZEPYEXMRK� XLI�
structural behavior over time and, thus, 
the risk progressive levels which have to 

be assumed.

8,)� 6-(6%'30-� (%1� %2(� -87� 9%:�
796:)=

The Ridracoli dam, managed by 
Romagna Acque Società delle Fonti 
7�T�%��� MW� XLI�OI]�[SVO�SJ� XLI�6SQEKRE�
EUYIHYGX�� 8LI� TVMQEV]� YWI� SJ� XLI�
Ridracoli reservoir is to supply drinking 
[EXIV� SJ� ��� QYRMGMTEPMXMIW� MR� XLI�
TVSZMRGIW�SJ�*SVPʦ�'IWIRE��6EZIRRE�ERH�
6MQMRM� ERH�� WMRGI� ������ SJ� 6ITYFPMG� SJ�
7ER�1EVMRS��TVSZMHMRK�EPSRI���	�SJ� XLI�
IRXMVI� [EXIV� RIIHW� SJ� XLI� W]WXIQ�� 8LI�
WIGSRHEV]� JYRGXMSR� SJ� XLI� VIWIVZSMV� MW�
XLI�TVSHYGXMSR�SJ�L]HVSIPIGXVMGMX]�JSV�XLI�
WYVVSYRHMRK�EVIE��8LI�VIWIVZSMV�WYVJEGI�
EVIE� MW� �����OQ��� MX� LEW� E� GETEGMX]� SJ�
33Mlm3� ERH� XLI� XSXEP� WYVJEGI� EVIE�
SJ� XLI� HVEMREKI� FEWMR� MW� ������OQ�. 
8LI� GSRWXVYGXMSR� SJ� XLI� 6MHVEGSPM� HEQ�
started in 1975 and it was completed in 
������%JXIV�XLI�XIWXMRK�TLEWI��MR������XLI�
reservoir became operational.

The structure. The simple concrete arch-
KVEZMX]� HEQ� SJ� 6MHVEGSPM� LEW� E� HSYFPI�
curved structure, symmetrical with 
respect to the main section, resting on a 
SXOYLQR�JSYRHEXMSR�FEWI�XLEX�I\XIRHW�EPP�

EVSYRH�XLI�TIVMQIXIV�SJ�XLI�EFYXQIRXW��
The thickness progressively increases 
JVSQ�XLI�QMHHPI� XS� XLI�WMHIW�ERH�EPSRK�
XLI� ZIVXMGEP� WIGXMSR� JVSQ� XLI� XST� XS�
the base, in line with the arch gravity 
construction type. The connection 
FIX[IIR� XLI����GERXMPIZIVW�SJ� XLI�FSH]�
HEQ� [EW� IRWYVIH� F]� XLI� MRNIGXMSR� SJ�
QSVXEV� �ƽYMH� GSRGVIXI� MRXS� XLI� ZIVXMGEP�
NSMRXW�� 8LI� MRNIGXMSRW� [IVI� TIVJSVQIH�
through the inspection galleries midway 
between two blocks, in a radial direction 
and repeated several times in order to 
ƼPP� XLI� GSRXEGXW� EW� QYGL� EW� TSWWMFPI��
Moreover, during the concrete casting 
SJ� EHNEGIRX� FPSGOW�� TPEWXMG� [EXIV�
stop elements were placed along the 
TIVMQIXIV�SJ�XLI�MRWTIGXMSR�KEPPIVMIW�ERH�
EPSRK�XLI�I\XIVREP�TIVMQIXIV�SJ�XLI�NSMRX��
8LI]�LEZI�XLI�HYEP�JYRGXMSR�SJ�TVIZIRXMRK�
MRƼPXVEXMSR� SJ� XLI� [EXIV� ERH� WTMPPEKI� SJ�
XLI� GIQIRX� KVSYX�� YWIH� JSV� XLI� WYXYVI�
SJ� XLI� NSMRXW�� 8LI� TVMRGMTEP� HMQIRWMSRW�
SJ�XLI�WXVYGXYVI�EVI��QE\MQYQ�LIMKLX�SJ�
������Q� ERH� GVIWX� PIRKXL� SJ� ������Q��
in the key section the top thickness 
MW� SJ� ����Q� ERH� XLI� FEWI� XLMGORIWW� MW�
SJ� �����Q�� 8LI� WXVYGXYVI� LEW�� MR� XLI�
GIRXVEP� TEVX� SJ� XLI� GVIWX�� IMKLX� WUYEVI�
JVII� SZIVƽS[� �SKII� GVIWX� WTMPP[E]W��
the water discharge throughout them 

*MKYVI����*VEQI�SJ�XLI�HS[RWXVIEQ�JEGI��XEOIR�JVSQ���Q�HMWXERGI��MR�[LMGL��TIVJSVQMRK�XLI�QE\MQYQ�^SSQ��XLI�RYQFIV�ERH�XLI�GIRXVI�SJ�XLI�QEVOIV�EVI�TIVJIGXP]�
detecteble
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is governed by their geometry, with a 
QE\MQYQ� GETEGMX]� SJ� ���Q3�W�� (YVMRK�
SZIVƽS[��XLI�ƽS[MRK�[EXIV�HMWWMTEXIW�MXW�
energy in the stilling basin constructed at 
XLI�JSSX�SJ� XLI�HS[RWXVIEQ�JEGI�SJ� XLI�
dam. Moreover, the dam has a middle 
height sluice gate, a bottom sluice gate 
and a depletion sluice gate.

The survey. The Ridracoli dam has been 
XLI�SFNIGX�SJ�E�XIGLRSPSKMGEP�GSQTEVMWSR�
between traditional topographic 
instruments and unconventional 
TLSXSKVEQQIXV]�GSRHYGXIH�F]�9%:��8LI�
traditional topographic instruments are 
8SXEP�7XEXMSR� �87���0IMGE�+ISW]WXIQW��
+47�7EXIPPMXI�7XEXMSR�������0IMGE�0IMGE�
+ISW]WXIQW� ERH� 0EWIV� 7GERRIV� �>�*�
����� >SIPPIV*VSIPMGL�� 8LI� 9%:� MW� E�
JSYV�TVSTIPPIV�,-+,32)��,7)463��[MXL�
E� QE\�� XEOI�SJJ� [IMKLX� SJ� �OK� ERH� ER�
EYXSRSQ]�SJ�������QMRYXIW��8LI�HVSRI�
LEW� E� XLVII�E\MW� WXEFMPM^IH�� VIQSXIP]�
GSRXVSPPIH� +MQFEP� W]WXIQ� [MXL� 732=�

%PTLE��6�������1TM\�*YPP�JVEQI�GEQIVE��
*PMKLX� STIVEXMSRW� LEW� FIIR� TIVJSVQIH�
MR� QERYEP� QSHI� JSV� WXVMTW� EPSRK� XLI�
YTWXVIEQ�HS[RWXVIEQ� HMVIGXMSR� SJ� XLI�
WXVYGXYVI� F]� E� ƼVWX� STIVEXSV�� -QEKI�
WLSSXMRK� STIVEXMSRW� LEW� FIIR� JSPPS[IH�
F]� E� WIGSRH� ƽMKLX� STIVEXSV� [LS� LEW�
FIIR� EFPI� XS� EWWIWW� XLI� IRXMX]� SJ�
SZIVPETTMRK� JVEQIW� XS� FI� WYMXEFPI� JSV�
aerial photogrammetry. The surveyed 
EVIE� MW� GVMXMGEP� FSXL� JSV� XLI� WXVEXIKMG�
REXYVI� SJ� XLI� WXVYGXYVI� ERH� JSV� XLI�
TVIWIRGI�SJ�TISTPI�EPXLSYKL�HYVMRK�XLI�
ƽ]�STIVEXMSR�XLI�EGGIWW�XS�XLI�HEQ�EVIE�
LEW� FIIR� GPSWIH�� -R� %YKYWX� ������ 9%:�
ƽMKLX�STIVEXMSRW�[IVI�GSRGIRXVEXIH�MR�E�
WMRKPI�HE]�TIVJSVQMRK����ƽMKLXW� PEWXMRK�
��QMR�ƽMKLX� ERH� TVSZMHMRK� E� XSXEP� SJ�
�����JVEQIW�EX����QIKETM\IP�VIWSPYXMSR��
*MK�� �� WLS[W� XLI�LMKL� VIWSPYXMSR�SJ� XLI�
JVEQIW��MX�MW�E�TLSXS�SJ�XLI�HS[RWXVIEQ�
JEGI��XEOIR�JVSQ���Q�HMWXERGI��MR�[LMGL��
TIVJSVQMRK� E� ^SSQ�� XLI� GIRXVI� ERH�
XLI�RYQFIV�SJ� XLI�QEVOIV�EVI�TIVJIGXP]�

HIXIGXEFPI��8LI�ƈ7XVYGXYVI�JVSQ�1SXMSRƉ�
XIGLRMUYI�EPPS[W� JSV� XLI� VIGSRWXVYGXMSR�
SJ� XLI�KISQIXV]�SJ�SFNIGXW� XLVSYKL� XLI�
EYXSQEXMG� GSPPMQEXMSR� SJ� TSMRXW� JVSQ�
E� WIVMIW� SJ� MQEKIW�� 8LI� VIWYPX� MW� XLI�
XLVII�HMQIRWMSREP� HIRWI� TSMRX� GPSYH� SJ�
XLI�HEQ�W]WXIQ�ERH�WSQI�TEVXW�SJ�XLI�
surrounding area at which is associated 
ER� 6+&� �6IH� +VIIR� &PYI� MRJSVQEXMSR��
&]� QIERW� SJ� XLI� QEVOIV� TPEGIQIRX��
the traditional topographic survey geo-
VIJIVIRGIW� ERH� ZEPMHEXIW� XLI� 9%:� SRI��
(IRWMX]��TSMRX��PMRI�ERH�WYVJEGI�EREP]WIW�
LEZI�ZEPMHEXIH�XLI�EGGYVEG]�SJ� XLI�9%:�
HIRWI� TSMRX� GPSYH� ERH� GSRƼVQIH� XLI�
WYMXEFMPMX]�SJ�XLI�9%:�XIGLRMUYI�MRXS�XLI�
MRWTIGXMSR� SJ� PEVKI� WXVYGXYVIW� WYGL� EW�
HEQW��8LI�MRƽYIRGI�SJ�XLI�RYQFIV�SJ�XLI�
TPEGIH�QEVOIVW�SR�XLI�PIZIP�SJ�EGGYVEG]�
SJ� XLI�9%:�HIRWI�TSMRX�GPSYH�LEW�FIIR�
EPWS�MRZIWXMKEXIH��EW�HIWGVMFIH�F]�6MHSPƼ��
)���IX�EP��������

*MKYVI����-RXIVEGXMZI�WYQQEV]��MR�XLI�]IPPS[�FS\IW�XLI�L]TIVPMROW�[LMGL�GSRRIGX�XS�XLI�TLSXS�KVSYTW�SJ�XLI�^SRIW
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Groups 2YQFIV�SJ�JVEQIW

����PIJX�EFYXQIRX 593

����[EVHIR�LSYWI ���

3 - picnic area 197

����WXMPPMRK�FEWMR ���

����HS[RWXVIEQ�JEGI ����

6 - crowning 163

����YTWXVIEQ�JEGI ���

����VMKLX�EFYXQIRX ���

9 - galleries 395

Total ����
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*MKYVI����'SHMƼGEXMSR�SJ�E�TLSXS�SJ�XLI�MRXIVEGXMZI�HEXEFEWI�
8EFPI����2YQFIV�SJ�JVEQIW�SJ�IEGL�KVSYT

8,)�-28)6%'8-:)�4,383�%2(�:-()3�
DATABASE

%W�QIRXMSRIH�EFSZI��XLI�9%:�WYVZI]�LEW�
TVSZMHIH� QSVI� XLER� ����� JVEQIW� EX� E�
really high resolution. They are the basis 
JSV�ER]�WYFWIUYIRX�IPEFSVEXMSR��*MVWX�SJ�
EPP��XLI]�EVI�XLI�IPIQIRXW�JSV�XLI�GVIEXMSR�
SJ� ER� MRXIVEGXMZI� TLSXS� ERH� ZMHIS�
HEXEFEWI�SJ�IZIV]�TEVX�SJ� XLI�WXVYGXYVI��
The interactive summary, reported in 
*MK�� ��� MW� XLI� KYMHI� JSV� XLI� GSRWYPXEXMSR�
SJ�TLSXSW�SJ�IEGL�^SRI��-R�XLI�MRXIVEGXMZI�
summary, hyperlinks connect to the 
KVSYT� SJ� TLSXSW� [LMGL� GSZIV� XLI� EVIE�
to which the same link is related to. 
The structure and the surrounding area 
EVI� HMZMHIH� MR� XLI� WYFWIUYIRX� KVSYTW��
PIJX� EFYXQIRX�� [EVHIR� LSYWI�� TMGRMG�
EVIE�� WXMPPMRK� FEWMR�� HS[RWXVIEQ� JEGI��
GVS[RMRK��YTWXVIEQ�JEGI��VMKLX�EFYXQIRX�
and galleries, Fig.3. Tab.1 reports the 
RYQFIV�SJ� JVEQIW�XEOIR�JSV�IZIV]�EVIE��
)ZIV]�TLSXS�MW�MHIRXMƼIH�F]�E�GSHMƼGEXMSR�
in which are reported, respectively, the 
WIUYIRGI� RYQFIV� SJ� XLI� KVSYT�� XLI�
WIUYIRGI� RYQFIV� SJ� XLI� TLSXS� MR� XLI�
KVSYT�� XLI� GSRZIRXMSREP� REQI� SJ� XLI�
KVSYT�� XLI� SVMKMREP� REQI� SJ� XLI� TLSXS�
ERH� XLI� ƼPI� JSVQEX�� ER� I\EQTPI� MW�
VITSVXIH�MR�*MK����1SVISZIV��MR�IZIV]�ƼPIW�
EVI�MRGPYHIH�)<-*��)\GLERKIEFPI�-QEKI�
*MPI�HEXE��YWIJYP�JSV�WXSVMRK�MRXIVGLERKI�
MRJSVQEXMSR�� HEXE� ERH� XMQI� XLI� JVEQI�
was taken and camera settings such 
EW� WXEXMG� MRJSVQEXMSR�� GEQIVE� QSHIP�
ERH� QERYJEGXYVIV�� ERH� SXLIVW�� WLYXXIV�
WTIIH�� SVMIRXEXMSR� �VSXEXMSR�� ETIVXYVI��
JSGEP� PIRKXL�� [LMXI� FEPERGI� ERH� -73�
WTIIH� MRJSVQEXMSR�� -R� EHHMXMSR�� XLI�
HVSRI� TIVJSVQIH� EPWS� E� ZMHIS� SJ� XLI�
WXVYGXYVI� ERH� SJ� XLI� WYVVSYRHMRK� EVIE��
EGUYMVMRK� E� KIRIVEP� SZIVZMI[� SJ� XLI�
whole dam system.

8,)�730-(�13()00-2+

%W� WXEXIH� EFSZI�� WXEVXMRK� JVSQ� XLI�
EYXSQEXMG�GSPPMQEXMSR�SJ�XLI�JVEQIW��XLI�
9%:�HIRWI�TSMRX�GPSYH�SJ�XLI�WXVYGXYVI��
*MK�� �E�� ERH� SJ� XLI� WYVVSYRHMRK� EVIE�
MW� SFXEMRIH�� 8LMW� MW� XLI� FEWI� JSV� XLI�
GSRWXVYGXMSR� SJ� XLI� WSPMH�QSHIP� SJ� XLI�
HEQ� W]WXIQ�� 7MKRMƼGERX� TSMRXW�� XLEX�
GER� HIWGVMFI� IPIQIRXW� [MXL� HMJJIVIRX�
mechanical characteristics, interactions 
SV� FSYRHEV]� GSRHMXMSRW�� EVI� I\XVEGXIH��

The criteria are based on the knowledge 
SJ� XLI� HEQ� W]WXIQ� IPIQIRXW�� 6+&�
MRJSVQEXMSR� EWWSGMEXIH� XS� XLI� TSMRXW�
ERH�SV� SR� XLI� VIGSKRM^EFPI� GYVZEXYVI�
changes. The selection operations are 
GEVVMIH� SYX� YWMRK� XLI� 'PSYH'SQTEVIo�
open source 3D point cloud editing and 
TVSGIWWMRK� WSJX[EVI�� F]�QIERW� SJ� XLI�
point list picking, Fig. 5b. Subsequently, 
XLI� I\XVEGXIH� TSMRXW� EVI� I\TSVXIH� MRXS�
�X\X�JSVQEX�ERH�XLI]�EVI�MQTSVXIH�XS�XLI�
6LMRSGIVSWo�GSQQIVGMEP��(�QSHIPPMRK�

WSJX[EVI�� 8LMW� MW� XLI� IRZMVSRQIRX�
in which data integration procedure 
with other data sets, such as design 
KISQIXV]��()1��(MKMXEP�)PIZEXMSR�1SHIP�
SJ� XLI� EVIE� ERH� XLI� FEXL]QIXV]� SJ� XLI�
PEOI�� EVI� GEVVMIH� SYX�� 'SRRIGXMRK� XLI�
WMKRMƼGERX�TSMRXW��PMRIW�EVI�HVE[R��XLIWI�
EVI�XLI�GSRXSYVW�JSV�GPSWI�TSP]WYVJEGIW�
that, including a volume, are solids by 
HIƼRMXMSR�� 8LI� LMKL� EGGYVEG]� SJ� XLI�
WYVZI]�EPPS[W�JSV�XLI�QSHIPMRK�SJ�WSQI�
important details such as the vertical 
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*MKYVI�����E�9%:�HIRWI�TSMRX�GPSYH�SJ�XLI�HEQ�FSH]���F�TSMRX�TMGOMRK�STIVEXMSR�MR�'PSYH'SQTEVIo�
*MKYVI����XLVII�HMQIRWMSREP�WSPMH�SJ�MQTSVXERX�TEVX�SJ�XLI�HEQ�W]WXIQ���E�[IMKLX�FPSGOW��FPSGOW��ZIVXMGEP�NSMRXW��TYPZMRS�JSYRHEXMSR�ERH�WXMPPMRK�FEWMR���F�VSGO�QEWW���G�
water.

joints, the spillways, the stilling basin 
ERH�XLI�GSRGVIXI�FPSGOW�SJ�XLI�VMKLX�ERH�
PIJX� WMHIW�� *MK�� ��� 8LIR�� IEGL� IPIQIRX�
is imported in a FEA (Finite Element 
%REP]WMW�WSJX[EVI�ERH��EJXIV�EWWMKRMRK�
the properties, the parts are assembled 
and loads, interactions and boundary 
GSRHMXMSRW� EVI� WTIGMƼIH�� 7XEXMG� ERH�
H]REQMG� EREP]WIW� EVI� TIVJSVQIH�
investigating the linear and non-linear 
FILEZMSV�SJ�IPIQIRXW��

'32'097-32�%2(�*9896)�
():)0341)287

8LI� YWIW� ERH� TSXIRXMEP� HITPS]QIRX� SJ�
XLI�9%:�TVSHYGX�EVI�ZEVMSYW��'SQTEVIH�
to traditional topographic tools, although 
WXMPP� RIGIWWEV]� JSV� KISVIJIVIRGMRK� ERH�
ZEPMHEXI� XLI� QSHIP�� XLI� 9%:� XIGLRMUYI�
MW�JEWXIV�ERH��JSV�XLEX�VIEWSR��VITIEXEFPI�
over time and cheaper. Moreover, some 
EVIEW�SJ� PEVKI�WXVYGXYVIW�WYGL�EW�XLSWI�
SJ�XLI�6MHVEGSPM�HEQ��HYI�XS�XLIMV�VIHYGIH�

accessibility, would require considerable 
WEJIX]� MRWTIGXMSRW� [SVO� �MRZSPZMRK�
GPMQFIVW�ERH�XLI�WMQYPXERISYW�WLEVMRK�
SJ� MRJSVQEXMSR� EQSRK� QEMRXIRERGI�
and management technicians would 
RSX� EP[E]W� FI� TSWWMFPI�� 8LIVIJSVI�� XLI�
possibility to have a photographic record 
SJ� IZIV]� HIXEMP� SJ� XLI� WXVYGXYVI� EPPS[W�
JSV�WLEVIH�TEVXMGMTEXMSR�ERH�IWXEFPMWLIW�
a base level by which to monitor 
XLI� IZSPYXMSR� SJ� XLI� GSRWIVZEXMSR�
WXEXYW� SJ� XLI� WXVYGXYVI� WS� XLEX� [SYPH�
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FI� TSWWMFPI� XS� TEWW� JVSQ� E� ƈVYR� XS�
JEMPYVIƉ� QEMRXIRERGI� QEREKIQIRX� XS�
a predictive and proactive one. The 
WTIIH]� ƽMKLX� ERH� MXW� VITIEXEFMPMX]� KMZI�
XLI� TSWWMFMPMX]� XS� JSVIGEWX� VETMH� EKIMRK�
MR� SVHIV� XS� TVIZIRX� E� TEVXMEP� PSWW� SJ�
WEJIX]� [MXL� WYWXEMREFPI� GSWXW�� *SV�
XLIWI� VIEWSRW� XLI� 9%:� XIGLRMUYI� GER�
FI� GSRWMHIVIH� XLI� STIVEXMZI� XSSP� JSV�
XLI�HIZIPSTQIRX�SJ�&-1�SJ�WYGL� X]TIW�
SJ� PEVKI� WXVYGXYVIW�� %W� [MXL� XLI� *)1�
model, the solid elements developed 
MR� XLI� TVI�TVSGIWWMRK� WSJX[EVI� GER� FI�
GLEVEGXIVM^IH�F]� XLIMV�S[R�QIGLERMGEP�
properties. Moreover, the position, 
JYRGXMSREPMX]� ERH� TVSTIVXMIW� SJ� XLI�
instrumentation can be included and 
TLSXSW� SJ� IZIV]� HIXEMPW� GER� FI� WXSVIH�
XS�TVSZMHI�HSGYQIRXEV]�IZMHIRGI�SJ�XLI�
WXEXI�SJ�GSRWIVZEXMSR��

8LI� QEREKIQIRX� SJ� MQTSVXERX�
structures such as dams is not able 
XS� PIEZI� ER� EGGYVEXI� MRWTIGXMSR� SJ� XLI�
WXEXI� SJ� GSRWIVZEXMSR� SJ� XLI�QEXIVMEPW�
and a detailed three dimensional 
VIGSRWXVYGXMSR� SYX� SJ� GSRWMHIVEXMSR��

8LI�EMQ�MW�XLI�GVIEXMSR�SJ�E��(�QSHIP�SJ�
the whole dam system which includes 
RSX�SRP]�XLI�ƈWXEXMGƉ�MRJSVQEXMSR�FYX�EPWS�
those which can evolve over time. All 
XLI� MRJSVQEXMSR� VIPEXIH� XS� ER� IPIQIRX�
would be merged in the same tool, 
EZSMHMRK� HEXE� JVEKQIRXEXMSR� FIX[IIR�
the company archives and allowing the 
MQQIHMEXI�WLEVMRK�SJ�HEXE�FIX[IIR�EPP�
the technicians are involved in, also in 
HMJJIVIRX�TPEGIW�ERH�XMQI���

%'/23;0)(+)7

8LI� EYXLSVW� [SYPH� PMOI� XS� I\TVIWW�
XLIMV�KVEXMXYHI� XS� -XEPHVSR�7�T�%��ERH� XS�
7XYHMS� +VEWWM�� 8LI� [SVO� MW� WYTTSVXIH�
by Romagna Acque Società delle 
*SRXM� 7�T�%��� F]� XLI� -XEPMER� 1MRMWXV]� SJ�
Education, University and Research 
YRHIV� 46-2� KVERX� 2S�� �����),=;���
ƈ'SQFMRIH�RYQIVMGEP�ERH�I\TIVMQIRXEP�
QIXLSHSPSK]� JSV� ƽYMH� WXVYGXYVI�
MRXIVEGXMSR� MR� JVII� WYVJEGI� ƽS[W� YRHIV�
impulsive loading”.
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1EMRXIRERGI�FYHKIX�ETTVEMWEP�ERH�EPPSGEXMSR�MW�E�JYRHEQIRXEP�EGXMZMX]�JSV�XLI�HIƼRMXMSR�
SJ�ER�IJJIGXMZI�*EGMPMX]�1EREKIQIRX��*1�WXVEXIK]��3RGI�XLI�QEMRXIRERGI�TSPMG]�MW�WIX�
F]�XLI�EWWIXWƅ�S[RIV��JEGMPMX]�QEREKIVW�EVI�EWOIH�XS�GSQTEVI�HMJJIVIRX�QEMRXIRERGI�
WXVEXIKMIW��M�I��TVIZIRXMZI�ZW��GSVVIGXMZI�MR�SVHIV�XS�TVSZMHI�E�VIPMEFPI�ERH�GSWX�IJJIGXMZI�
QEMRXIRERGI�FYHKIX��8LMW�GER�FI�LMRHIVIH�F]�YREZEMPEFMPMX]�SJ�HEXE�JSV�QEMRXIRERGI�
SJ� FYMPHMRK� GSQTSRIRXW�� 2S[EHE]W�� &YMPHMRK� -RJSVQEXMSR� 1SHIPPMRK� �&-1� TVSZMHIW�
TPIRX]�SJ�HEXE��FYX�TVSGIHYVIW�EVI�WIPHSQ�JSGYWIH�SR�QEMRXIRERGI�GSWXW�ETTVEMWEP�
ERH� XLMW� JVIUYIRXP]� PIEHW� XS� ER� MRXIRWMZI� HEXE� VI�IPEFSVEXMSR�� 8LI� SFNIGXMZI� SJ� XLMW�
VIWIEVGL�MW�XS�TVSZMHI�E�TVIGMWI�QEMRXIRERGI�FYHKIX�ETTVEMWEP�EGGSVHMRK�XS�HMJJIVIRX�
QEMRXIRERGI�WXVEXIKMIW�XLVSYKL�XLI�*EGMPMX]�'SRHMXMSR�-RHI\��*'-��GEPGYPEXIH�WXEVXMRK�
JVSQ�HEXE�WXSVIH�MRXS�ER�-RHYWXV]�*SYRHEXMSR�'PEWWIW��-*'�QSHIP��(EXE�EVI�WXSVIH�MR�
-JG%WWIX� IPIQIRXW�� YWMRK� XLI� VIPEXIH� TVSTIVX]� WIXW�� 8S� SZIVGSQI� GEPGYPEXMSR� RIIHW��
some additional attributes may be associated to elements and stored in custom 
TVSTIVX]�WIXW��8LI�VIWYPXW�SJ�XLMW�VIWIEVGL�EVI�E�WIX�SJ�HEXE��TVSGIHYVIW�ERH�XSSPW�XLEX�
EPPS[�XLI�UYERXMƼGEXMSR�ERH�TPERRMRK�SJ�QEMRXIRERGI�I\TIRHMXYVI��EPPS[MRK�E�TVSTIV�
FYHKIX� EPPSGEXMSR�� 8LIWI� TVSGIHYVIW� ERH� XSSPW� ERW[IV� XLI� RIIH� SJ� FSXL� HIWMKRIVW�
during new constructions (to prepare the maintenance plan, as required by current 
-XEPMER�PE[W�JSV�TYFPMG�FYMPHMRKW�ERH�EWWIX�QEREKIVW�HYVMRK�XLI�HMKMXMWEXMSR�SJ�I\MWXMRK�
FYMPHMRKW��XS�WXSVI�QEMRXIRERGI�HEXE�ERH�XS�VIP]�SR�FIXXIV�ETTVEMWEPW��-R�XLMW�TETIV�E�
HIQSRWXVEXMSR�MW�TVIWIRXIH��[MXL�XLI�TYVTSWI�SJ�WLS[MRK�XLI�TVSTSWIH�QIXLSHSPSK]�
ERH�XSSPW��8LI�HIQSRWXVEXMSR�LEW�FIIR�GEVVMIH�SYX�SR�WSQI�SJ�XLI�EVGLMXIGXYVEP�ERH�
1IGLERMGEP�� )PIGXVMGEP�� 4PYQFMRK� �1)4� GSQTSRIRXW� XLEX� QEMRP]� GSRXVMFYXI� XS� XLI�
ERRYEP�QEMRXIRERGI�I\TIRHMXYVI��

4



��

XLI� YWI� SJ� XLI� &-1� ETTVSEGL�� *SV� XLMW�
TYVTSWI�� XLI� -*'� WGLIQE� LEW� FIIR�
IQTPS]IH�� -*'� EPPS[W� HEXE� I\GLERKI�
ERH� MRXIVSTIVEFMPMX]� XLVSYKL� HMJJIVIRX�
TVSJIWWMSREPW�� WSJX[EVI� ERH� TLEWIW�
SJ� XLI� %VGLMXIGXYVI�� )RKMRIIVMRK�
'SRWXVYGXMSR� ERH� 3TIVEXMSR� �%)'3�
WIGXSV�-73�� ������ *SV� IJJIGXMZI�
FYHKIX� EPPSGEXMSR� ERH� TVMSVMXMWEXMSR� SJ�
QEMRXIRERGI� MRXIVZIRXMSRW�� -*'�WGLIQE�
has been employed in order to store 
XLI� MRJSVQEXMSR� VIPEXIH� XS�QEMRXIRERGI�
TPERRMRK� ERH� WGLIHYPMRK�� -JG%WWIX�
has been associated to components 
belonging to the same building entity 
SR� [LMGL� XS� TIVJSVQ� LSQSKIRISYW�
maintenance interventions. For that 
QEMRXIRERGI�IRXMX]�LEW�FIIR�HIƼRIH�XLI�
WXERHEVH�QEMRXIRERGI�TVSƼPI�ERH�XLEROW�
XS� E� 'SRHMXMSR� %WWIWWQIRX� GEQTEMKR�
the current maintenance status has 
FIIR� MHIRXMƼIH��8LIWI� STIVEXMSRW� EPPS[�
XS� HIƼRI� XLI� *EGMPMX]� 'SRHMXMSR� -RHI\�
�*'-�ZEPYI�SJ�IZIV]�WMRKPI�QEMRXIRERGI�

Facility maintenance management 
�*11� GSRWXMXYXIW� QSWX� ���	b��	�
SJ� XLI� XSXEP� GSWXW� MRGYVVIH� F]� *1�
EGXMZMXMIW�0EZ]�ERH�.E[EHIOEV��������-R�
XLMW�GSRXI\X�IJJIGXMZI�QIXLSHSPSKMIW�ERH�
TVSGIHYVIW� JSV� FYMPHMRK� QEREKIQIRX�
WLSYPH�FI�EHSTXIH�JSV�WEZMRK�VIWSYVGIW�
ERH� JSV� ER� MQTVSZIH� WLEVMRK� SJ�
MRJSVQEXMSR� EQSRK� WXEOILSPHIVW��
8LIVIJSVI�� E� &-1� ETTVSEGL� GER� FI�
IQTPS]IH� EW� FEWMW� JSV� IJJIGXMZI� *1�
MQTPIQIRXEXMSR�4ʞVR�� )H[EVHW� ERH�
7MRK�� ������ &-1� GER� FI� HIƼRIH� EW� E�
HMKMXEP�FEWIH�ETTVSEGL�JSV�QEREKIQIRX�
SJ� MRJSVQEXMSR� VIPEXIH� XS� XLI� FYMPHMRKW�
ERH� XLI� FYMPX� IRZMVSRQIRX�6I� 'IGGSRM��
1EPXIWI� ERH� (INEGS�� ������ 6IGIRXP]�
some demonstrations have proved the 
possibility to implement this approach 
EPWS� MR� XLI� YWI� TLEWI� SJ� EWWIXW�:SPO��
7XIRKIP� ERH� 7GLYPXQERR�� ������ 'LIR�
IX� EP��� ������ 8LIVIJSVI�� XLMW� VIWIEVGL�
addresses the issues related to the 
IJJIGXMZI� FYHKIX� EPPSGEXMSR� XLVSYKL�

-2863(9'8-32

The built environment is currently 
characterised by an increasing 
GSQTPI\MX]�0Y�� 'PIQIRXW�'VSSQI�

ERH� :MPNERIR�� ������ 3R� SRI� LERH� XLI�
FYMPHMRK� MW� RS� PSRKIV� JIEXYVIH� SRP]� F]�
physical characteristics,it is more and 
QSVI�MRGPYHIH�MR�ER�EVVE]�SJ�WIVZMGIW�XS�
FI� TVSZMHIH� XS� XLI� YWIVW�� 3R� XLI� SXLIV�
hand, the building intended as a physical 
IRXMX]�� MW� FIMRK� WYFNIGX� XS� E� TVSGIWW� SJ�
HMKMXMWEXMSRWXIQQMRK� JVSQ� XLI�QEWWMZI�
YWI�� MR� RI[� FYMPHMRKW�� SJ� GSQTSRIRXW�
ERH� XIGLRSPSKMIW� VIUYMVMRK�ER-'8�FEWIH�
�-RJSVQEXMSR� ERH� 'SQQYRMGEXMSR�
8IGLRSPSK]� QEREKIQIRX� ETTVSEGL��
;MXLMR�XLMW�GSRXI\X��XLI�JEGMPMX]�QEREKIV�
LEW� XS� JEGI�E�QSVI�ERH�QSVI�GSQTPI\�
physical asset producing and gathering 
E� LYKI� EQSYRX� SJ� HEXE� IZIV]� HE]��
8LIVIJSVI�� XSSPW� ERH� XIGLRMUYIW�
XLEX� WLSYPH� FI� IQTPS]IH� JSV� ER�
IJJIGXMZI� *EGMPMX]� 1EREKIQIRX� �*1�
implementation must be addressed 
MRJSVQEXMSR�GSQTPI\MX]�ERH�YRGIVXEMRX]��

in_bo Ifc-Based Maintenance Budget Allocation S. Maltese, G. Branca, 
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Figure 2: Research schema

IRXMX]��8LI�*'-� MW�SRI�SJ� XLI�QSWX�YWIH�
/I]� 4IVJSVQERGI� -RHMGEXSVW� �/4-W� JSV�
EWWIXWƅ� EWWIWWQIRX�0EZ]�� +EVGME� ERH�
(M\MX�� ������ XLEROW� XS� XLI� TSWWMFMPMX]�
XS� WGEPI� XLI� MRHMGEXSV� JVSQ� XLI� WMRKPI�
IRXMX]�XS�XLI�[LSPI�FYMPHMRKW�TSVXJSPMS�6I�
'IGGSRM�� 1EPXIWI� ERH� (INEGS�� �����-R�
MXW�FEWMG�JSVQ�MX�MW�YWIH�JSV�IZEPYEXMSR�SJ�
GSWX�SJ�HIJIVVIH�QEMRXIRERGI��(1��SZIV�
XLI� 'YVVIRX� 6ITPEGIQIRX� :EPYI� �'6:�
SJ� XLI� GSQTSRIRX�6YWL�� �����8LI� *'-�
EPPS[W� XS� UYERXMJ]� XLI� QEMRXIRERGI�
I\TIRWI�MR�E�WGEPI�JVSQ���XS������[LIVI�
�� VITVIWIRXW� XLI� FIWX� ZEPYI� �6YWL��
������8LI�*'-�� MR�XLMW�VIWIEVGL��MW�YWIH�
JSV� E� X[S� JSPHIH� EMQ�� XLI�QEMRXIRERGI�
budget allocation and the prioritisation 
SJ� QEMRXIRERGI� MRXIVZIRXMSRW�� 8LMW�
approach has been tested on a case 
WXYH]� GSRGIVRMRK� ER� SƾGI� FYMPHMRK� MR�
)VFE�� -XEP]�� 8LI� TETIV� GSRGPYHIW� [MXL�
WSQI�MRWMKLXW�ERH�JYVXLIV�HIZIPSTQIRXW�
SJ�XLI�VIWIEVGL��

78%8)�3*�8,)�%68

&-1� LEW� WLMJXIH� XLI� [E]� FYMPHMRK�
MRJSVQEXMSR�MW�QEREKIH��I\GLERKIH�ERH�
XVERWJSVQIH� XS� IRLERGI� GSPPEFSVEXMSR�
among project stakeholders(Eastman 
'�� 8IMGLSP^� 4�� ������ )WTIGMEPP]� JSV�
what concerns the implementation 
SJ� *1� TVSGIWWIW�� XLI� YWI� SJ�
QIXLSHSPSKMIW� FEWIH� SR�&-1MW� KEMRMRK�
QSQIRXYQ�4ʞVR�� )H[EVHW� ERH� 7MRK��
������8LMW�ETTVSEGL�TVSZMHIW�ZEPYEFPI�
WYTTSVX�JSV�XLI�QEREKIQIRX�SJ�XLI�PEVKI�
EQSYRX�SJ�HEXE� VIPEXIH� XS� XLI�TPERRMRK��
QEREKIQIRX� ERH� MQTPIQIRXEXMSR� SJ�
*1� WIVZMGIW� �6I� 'IGGSRM�� 1EPXIWI� ERH�
(INEGS�� ������ ,S[IZIV�� JVSQ� XLI� ZIV]�
beginning, FM has been supported by 
XLI� YWI� SJ� MRJSVQEXMSR� QEREKIQIRX�
XSSPW�� JVSQ� XLI� ƼVWX� 'SQTYXIV� %MHIH�
*EGMPMX]� 1EREKIQIRX� �'%*1�� XS� '%(��
-RXIKVEXIH� ;SVOTPEGI� 1EREKIQIRX�
7]WXIQW� �-;17� ERH� 'SQTYXIVMWIH�
Maintenance Management Systems 
�'%*1�:SPO�� 7XIRKIP� ERH� 7GLYPXQERR��

������ 1SVI� VIGIRXP]�� JYVXLIVXLISVMIW�
ERH� TVEGXMGIW� MRZSPZMRK� XLI� YWI� SJ� &-1�
XSSPW�JSV�*1�LEZI�FIIR�HIZIPSTIH�'LIR�
IX� EP��� ������ 8LI]QEMRP]� HIEP� [MXL� XLI�
TSWWMFMPMX]� SJ� MRXIKVEXMRK� MRJSVQEXMSR�
SR� QEMRXIRERGI� ERH� QEREKIQIRX� SJ�
building stocks and their parts into the 
GSPPEFSVEXMZI�ETTVSEGL�X]TMGEP�SJ�XLI�&-1�
QIXLSHSPSKMIW�,SWWIMRM� IX� EP��� ������
8LMW� XVIRH� LEW� PIH� XS� XLI� HIƼRMXMSR� SJ�
E� WTIGMƼG� GLEVEGXIVMWEXMSR� SJ� XLI� &-1�
ETTVSEGL�:SPO��7XIRKIP�ERH�7GLYPXQERR��
������8LI�YWI�SJ�&-1�JSV�QEMRXIRERGI�
has also been promoted through the use 
SJ�WMQTPMƼIH�-*'�QSHIPW�PMOI�'3&MI�&7-��
������E�WYFWIX�SJ�XLI�-*'�QSHIP��FEWIH�
SR� XLI� *EGMPMXMIW� ,ERHSZIV� QSHIP� ZMI[�
HIƼRMXMSR�� 1SVISZIV�QER]� I\EQTPIW�
SJ� &-1� YWI� MR� XLI� *1� TVSGIWW� GER� FI�
JSYRH� MR� PMXIVEXYVI�� JVSQ�XLI�YWI�SJ�&-1�
MR�XLI�GSRHMXMSR�EWWIWWQIRX�SJ�I\MWXMRK�
FYMPHMRKW� �&SVXSPMRM� ERH� *SVGEHE�� ����
�%RM� IX� EP��� ����XS� XLI� EYXSQEXMG�
WGLIHYPMRK�SJ�JEGMPMX]�QEMRXIRERGI�[SVO�
SVHIVW� �'LIR�IX� EP��� ������ JVSQ�WEJIX]�
IQIVKIRG]� QEREKIQIRX�2MGE�� ERH�
;SH]˲WOM�� ����� XSXLI� GVIEXMSR� SJ� ER�
EWWIX�VIKMWXIV��4EXEGEW�IX�EP��������

6)7)%6',�1)8,3(�

8LMW� VIWIEVGL� MW� TEVX� SJ� E� [MHIV� WXYH]�
I\TPSVMRK� XLI� YWI� MR� *1�SJ�3TIR&-1�� E�
universal approach to the collaborative 
HIWMKR�� VIEPM^EXMSR� ERH� STIVEXMSR� SJ�
buildings based on open standards 
ERH�[SVOƽS[W��8LMW� TETIV� MRZIWXMKEXIW�
XLI� YWI� SJ� -*'�� XLI� GSVI� SJ� 3TIR&-1��
EW� XLI� GIRXVEP� WSYVGI� SJ� MRJSVQEXMSR�
regarding the asset during its whole 
PMJI� G]GPI�� %YXLSVW� FIPMIZI� XLEX� QER]�
-JG4VSTIVX]7IXWERH� -JG)RXMXMIWGER� FI�
I\TPSMXIH�XS�MQTVSZI�GYVVIRX�*1�TVEGXMGI��
WS�XLI�QEMR�SFNIGXMZI�SJ�XLI�VIWIEVGL�MW�
XS� WLS[�LS[�ER� -*'�QSHIP� GER�FI� XLI�
VIEP�GIRXVI�SJ�HEXE�EKKVIKEXMSR�
The model and the documentation, 
GSRXEMRIH� MR� XLI� 'SQQSR� (EXE�
)RZMVSRQIRX��'()�� MW�GLERKMRK�XLVSYKL�
XLI� TLEWIW� SJ� XLI� TVSNIGX� �M�I�� TVSNIGX��
GSRWXVYGXMSR�� STIVEXMSR� ERH� EVI�
QEREKIH�[MXL�HMJJIVIRX�WSJX[EVI��M�I��&-1�
EYXLSVMRK�XSSPW��'%*1�XSSPW��*MKYVI���
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*MKYVI����&-1�QSHIP�SJ�XLI�GEWI�WXYH]
*MKYVI����-JG%WWIX�MQTPIQIRXEXMSR�ERH�I\XIVREP�TEVEQIXIVW

-R� XLMW� TETIV�� SRP]� XLI� TEVX� VIPEXIH� XS�
maintenance budgeting and scheduling 
MW�HIZIPSTIH��*MKYVI����EMQMRK�EX�WGEPMRK�
this process to other several activities, 
GSQQSRP]� XMQI� ERH� IJJSVX� GSRWYQMRK�
during assets operations (e.g. space 
management, contracting, rent, 
VIRSZEXMSR��IRIVK]�QSRMXSVMRK��IXG���8LI�
I\GLERKI� SJ� MRJSVQEXMSR� MW� KYEVERXIIH�
YWMRK� XLI� -*'� TVSXSGSP�� -*'� EPPS[W� RSX�
SRP]� XLI� I\GLERKI� SJ� MRJSVQEXMSR� FYX�
EPWS� XLI�WXSVEKI�SJ� VIPIZERX�HEXE�EFSYX�
maintenance cost (i.e. maintenance 
FYHKIX�ERH�WGLIHYPMRK��M�I��QEMRXIRERGI�
WGLIHYPMRK�

The research is willing to overcome an 
MQTSVXERX� PMQMX� SJ�QER]� &-1� EYXLSVMRK�
XSSPW��XLI�EWWSGMEXMSR�SJ�HEXE�XS�KVSYTW�

SJ� SFNIGXW�� *SV� XLMW� TYVTSWI�� XLI�
,IF$VVHWFDQ be employed, since it can 
be associated to single elements (e.g. 
,IF0HFKDQLFDO(TXLSPHQW� SV� XS� KVSYTW�
SJ� SFNIGXW� �I�K�� GYVXEMR� [EPP�� LIEXMRK�
W]WXIQ��7S�� XLI� -JG%WWIXGER�FVMHKI�XLI�
KET�FIX[IIR�&-1�EYXLSVMRK�XSSPW��SFNIGX�
GIRXVIH� ERH� QEREKIQIRX� WSJX[EVI�
�GSWX�GIRXVIH�� XLI� ,IF$VVHWFRXOG be 
YWIH�EW�E�GIRXVI�SJ�GSWX��[MXL�E�FYHKIX�
assigned and maintenance scheduled. 
-R�XLI�HIQSRWXVEXMSR�WIGXMSR�MX�MW�WLS[R�
how to store maintenance operations 
HEXEJSV� E� GYVXEMR� [EPPMR� ER� -*'� QSHIP�
��\�� (IWMKR� 8VERWJIV� :MI[� ERH� LS[�
to work on these data. The entity used 
JSV� QEMRXIRERGI� QEREKIQIRX�� MR� XLMW�
research, connected to the ,IF$VVHW� by 
XLI�KPSFEP�MHIRXMƼIV��MW�XLI�,IF3URMHFW2UGHU. 

-X�MW�EPWS�TSWWMFPI�XS�WXSVI�PMWX�SJ�HEXE�SR�
a time series (,IF,UUHJXODU7LPH6HULHV��
by using ,IF$VVHW in combination with 
the property set ,IF3HUIRUPDQFH+LVWRU\, 
which allows to save one or more data 
with a time stamp (,IF'DWH7LPH?���A��
,IF9DOXH?��#A�

()132786%8-32�

The methodology depicted in the 
previous paragraph has been validated 
XLVSYKL� E� HIQSRWXVEXMSR� SR� ER� SƾGI�
FYMPHMRK� PSGEXIH� MR� )VFE�� -XEP]�� 8LI�
FYMPHMRK� MW�GLEVEGXIVMWIH�F]�XLVII�ƽSSVW�
above the ground and one underground. 
'YVVIRXP]��MX�MW�SGGYTMIH�F]�E�GSRWXVYGXMSR�
ƼVQ�ERH�E�RSXEV]� ƼVQ��8LI�&-1�QSHIP�
LEW� FIIR� GVIEXIH� YWMRK� EW�FYMPX� �(�
HVE[MRKW� JSPPS[MRK� XLI� MRJSVQEXMSR�
VIUYMVIQIRXW� EREP]WMW�� XLI� SFNIGXMZI�
[EW� XS� GVIEXI� E� PS[� 03(� ERH� LMKL� 03-�
QSHIP�[MXL� EPP� XLI� HEXE� RIIHIH� JSV� XLI�
operational phase. All spaces and main 
GSQTSRIRXW� �EVGLMXIGXYVEP� ERH� 1)4�
LEZI�FIIR�QSHIPPIH��-R�*MKYVI���XLI�&-1�
QSHIP�SJ�XLI�GEWI�WXYH]�MW�TVIWIRXIH�

8LI�-*'�QSHIP�SJ�XLI�FYMPHMRK�LEW�FIIR�
developed and all data concerning 
maintenance management and 
implementation have been collected and 
WXSVIH��8LI� -JG%WWIXEXXVMFYXIW�LEW�FIIR�
YWIH� XS�QEXGL� &-1� SFNIGXW� [MXL� GSWXW�
associated to maintenance operations 
HSRI�SV�XS�FI�HSRI��*MKYVI���
8EFPI� �� WLS[W� MR� E� WMQTPMƼIH� [E]�
LS[� XLI� QEMRXIRERGI� GSWX� TVSƼPI� JSV�
each component to be maintained 
(LIF$VVHW� LEW� FIIR� HIZIPSTIH�� *SV�
synthesis reasons,Figure 5represent the 
-*'� GLEVEGXIVMWEXMSR� SJ� QEMRXIRERGI�
STIVEXMSRW� JSV� XLI� GYVXEMR�[EPP� �WSYXL�
JEʡEHI�� ,IF$VVHW has been used as 
XLI� QE\MQYQ� PIZIP� SJ� EKKVIKEXMSR�
JSV� GSQTSRIRXW�� [LMGL� EPPS[W� XS�
HIƼRI� LSQSKIRISYW� QEMRXIRERGI�
interventions.

Ifc-Based Maintenance Budget Allocation S. Maltese, G. Branca, 
F. Re Cecconi, N. Moretti
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*MKYVI����(IƼRMXMSR�SJ�GYVXEMR�[EPP�JEGEHI�QEMRXIRERGI�TVSƼPI�XVSYKL�-*'�
*MKYVI����'SQTSRIRXW��*'-�GSQTYXIH�EJXIV�XLI�&'%

(-7'977-32�%2(�'32'097-327

The data inserted in the model thanks 
XS� E� &YMPHMRK� 'SRHMXMSR� %WWIWWQIRX�
�&'%� TVSGIHYVI�� XLI� WYVZI]� ERH� XLI�
EREP]WMW� SJ� *1� HSGYQIRXW�� VIWYPXIH� MR�
��� HIJIVVIH� QEMRXIRERGI� STIVEXMSRW��
8LIWI�LEZI�FIIR�JSYRH�HYVMRK�XLI�&'%�
on 73 components surveyed. The total 
EZIVEKI� *'-� VIWYPXIH� IUYEP� XS� ��	�� EW�
shown inFigure 6.

A simulation with a budget constraint, 
WIX� XS�LEPJ�SJ� XLI�HIJIVVIH�QEMRXIRERGI�
GSWXW� LEW� FIIR� GEVVMIH� SYX�� 8LIVIJSVI��
ER� STXMQM^EXMSR� EPKSVMXLQ� LEW� FIIR�
VYR�� 8LMW� PIH� XS� WGLIHYPI� ��� SYX� SJ� ���
QEMRXIRERGI� STIVEXMSRW�� 8LI� RI[� *'-�
EJXIV� XLI� GSQTYXEXMSR� MW� ����	� �*MKYVI�
��� [LMGL� QIERW� ER� *'-� HIGVIEWI�
SJ� QSVI� XLER� ��	�� [MXL� LEPJ� SJ� XLI�
IGSRSQMG�VIWSYVGIW�VIUYMVIH�XS�TIVJSVQ�
EPP�HIJIVVIH�QEMRXIRERGI�STIVEXMSRW�

*MKYVI� �� WLS[W� XLI� SZIVPETTMRK� SJ� XLI�
curve related to the total maintenance 
interventions to be accomplished to 
VIWXSVI�XLI�*'-�ZEPYI�IUYEP�XS����HEWLIH�
PMRIERH� XLI� GYVZI� VITVIWIRXMRK� XLI�
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interventions carried out with the DM 
VIGSZIVMRK� FYHKIX� WIX� XS� ��	� �WSPMH�
PMRI��8LI�STXMQMWEXMSR�EPKSVMXLQ�EPPS[W�
XS�WMKRMƼGERXP]� VIHYGI� XLI�QEMRXIRERGI�
I\TIRWI�JSV�IEGL�-JG%WWIX�ERH�VIHYGMRK�
spending peaks.

Thanks to the data inserted in the model 
ERH�E�JYVXLIV�IPEFSVEXMSR�MW�TSWWMFPI�XS�
IZEPYEXI� XLI� *'-� EGGSVHMRK� XS� FYHKIX�
GLERKIW� �*MKYVI� ��� 8LMW� EPPS[W� XS�

EPPSGEXI� XLI� FYHKIX� SZIV� HMJJIVIRX�
]IEVW�ERH�XS�GSQTEVI�HMJJIVIRX�EWWIXW�
FYMPHMRKW� SJ� E� TSVXJSPMS�� 1SVISZIV�� MX�
GER� FI� XLI� FEWMW� JSV� XLI� GVIEXMSR� SJ�
WGIREVMSW� ERH� JSV� XLI� ERRYEP� FYHKIX�
EPPSGEXMSR��TVSZMHMRK�E�VIPMEFPI�FEWMW�JSV�
assets comparison. 

To conclude, it can be stated that through 
the research presented in this paper the 
TSWWMFMPMX]� XS� I\TPSMX�3TIR&-1�ERH� -*'�

in_bo

*MKYVI����*'-�SJ�IEGL�GSQTSRIRX�EJXIV�XLI�WGLIHYPIH�QEMRXIRERGI
*MKYVI����4PERRIH��STXMQM^IH�QEMRXIRERGI�ZW��1EMRXIRERGI�RIIH��HIJIVVIH�QEMRXIRERGI

JSV� JEGMPMX]� QEMRXIRERGI� QEREKIQIRX�
LEW� FIIR� HIQSRWXVEXIH�� -R� TEVXMGYPEV��
the case study showed the possibility 
XS� LERHPI� HEXE� GSRXEMRIH� MR� -*'� FSXL�
EW�MRTYX�ERH�SYXTYX�SJ�XLI�TVSGIWW��I�K��
MRMXMEP�ERH�ƼREP�*'-�SJ�ER�-JG%WWIX��-X�MW�
MQTSVXERX� XS� VIQIQFIV� XLEX� -*'� MW� ER�
I\GLERKI� TVSXSGSP� ERH� XLI� HEXE� QYWX�
FI�IPEFSVEXIH�[MXL�ER�I\XIVREP�WSJX[EVI��
tool or plugin.An algorithm has been 
developed by the authors, but this has 

Ifc-Based Maintenance Budget Allocation S. Maltese, G. Branca, 
F. Re Cecconi, N. Moretti
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*MKYVI����*'-�EJXIV�QEMRXIRERGI�ERH�*'-�MQTVSZIQIRX�EGGSVHMRK�XS�XLI�QEMRXIRERGI�FYHKIX

to be implemented into a management 
WSJX[EVI�� XS� FI� I\TPSMXIH� MRXS� XLI�
market.Moreover, the methodology 
allows also to reduce the costs related 
XS� MRIƾGMIRXHEXE� QEREKIQIRX� �PSWW�
SJ� MRJSVQEXMSR� XLVSYKL� XLI� [LSPI� PMJI�
G]GPI� SJ� XLI� FYMPHMRK�� RIZIVXLIPIWW�� XS�
MQTPIQIRX� IJJIGXMZIP]� XLI� TVSTSWIH�
methodology, it is necessary that the 
S[RIV� HIƼRIW� TVIGMWI� KYMHIPMRIW� JSV�
QSHIPPMRK�ERH�YTHEXMRK�XLI�&-1�QSHIP�
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Innovative Approach to the 
&RQࢽJXUDWLRQ�RI�6PDUW�%XLOGLQJV

Rossana Paparella
Mauro Caini
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-R�XLI�GSRWXVYGXMSR�WIGXSV��E�WXVSRK�TYWL�JSV�MRRSZEXMSR�MW�HYI�XS�XLI�HIQERH�JSV�LMKL�
UYEPMX]� WXERHEVHW�SJ� PMZMRK� XLEX� GER�FI� VIPEXIH� XS� WEJIX]�� EGGIWWMFMPMX]�� YWEFMPMX]�� IRIVK]�
IƾGMIRG]��EW�[IPP�EW�WYWXEMREFMPMX]�MR�XIVQW�SJ�GSRWXVYGXMSR�ERH�QEREKIQIRX�GSWXW�8LI�
HIQERH�MW�FIGSQMRK�MRGVIEWMRKP]��WYWXEMREFPI��EPWS�FIGEYWI�MX�MW�MRGVIEWMRKP]�E[EVI�SJ�
XLI�PMQMXIH�EZEMPEFMPMX]�SJ�VIWSYVGIW��JSWWMP�JYIPW��[EXIV��IXG��ERH�XLI�WMQYPXERISYW�RIIH�
JSV� IRZMVSRQIRXEP� TVSXIGXMSR�� -R� SVHIV� XS� VIWTSRH� XS� XLI� HIQERHW� SJ� ER� MRGVIEWMRKP]�
HIQERHMRK�QEVOIX��[I�MHIRXMJ]�XLI�RIIH�JSV�ER�MRRSZEXMZI�ETTVSEGL�[MXL�XLI�GLEVEGXIVMWXMG�
SJ�FIMRK�MRGVIEWMRKP]��JVMIRHP]��JSV�XLI�JYXYVI�YWIV�
8LI�[SVO�EMQW�MR�JEGX��[MXL�XLI�LIPT�SJ�&-1�GSQTYXIVM^IH�XSSPW��XS�HIZIPST�E�TVSXSX]TI�
TVSNIGX�MRXIRHIH�XS�GVIEXI�PS[�GSWX�ERH�IRIVK]�IƾGMIRX�VIWMHIRXMEP�X]TSPSKMIW��MRZSPZMRK�
XLI� YWIV� MR� E� WSVX� SJ� KYMHIH� TEXL� HIWMKRIH� XS� I\TPEMR�� [MXLMR� E� TVI�GSRWXMXYXIH� KVMH��
MXW� RIIHW�� VIEPM^MRK� E� VIEP� GSRƼKYVEXMSR� SJ� XLI� FYMPHMRK�� HMVIGXP]� VIPEXIH� XS� SFXEMREFPI�
IWXMQEXMSRW��FEWIH�SR�
• YWI�SJ�MRRSZEXMZI�FYMPHMRK�QEXIVMEPW�ERH�GSQTSRIRXW�JSV�GSRWXVYGXMSR�
• ETTPMGEXMSR� SJ� WXVEXIKMIW� JSV� XLI� STXMQM^EXMSR� ERH� VEXMSREPM^EXMSR� SJ� XLI� EGXMZMXMIW�

IRZMWEKIH�HYVMRK�XLI�I\IGYXMSR�TLEWI�
• I\XIRWMZI� YWI� SJ� VIQSXI� GSRXVSP� ERH� QEREKIQIRX� W]WXIQW� ERH� QSRMXSVMRK� SJ�

TIVJSVQERGI�SFXEMRIH�MR�XLI�QEREKIQIRX�TLEWI�
8LI� MRZSPZIQIRX�SJ� XLI�GPMIRX�YWIV� MR�EPP�TLEWIW�SJ� XLI�FYMPHMRK�TVSGIWW�TVIWYQIW�ER�
MRRSZEXMZI� ETTVSEGL� SVMIRXIH� XS� XLI� HIZIPSTQIRX� SJ� EPP� XLSWI� WXVEXIKMIW� EMQIH� EX�
empowering and making the user aware, especially in the management phase, depending 
XLI�EGLMIZIQIRX�SJ�IRIVK]�IƾGMIRG]�SFNIGXMZIW�TVIGMWIP]�SR�XLI�YWIV�W�FILEZMSV�
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SJJIV� XLI� TSWWMFMPMX]� SJ� QMRMQM^MRK� XLI�
MQTEGX� SJ� XLI� FYMPHMRK� TVSGIWW� SR� XLI�
environmental, social and economic 
GSRXI\X� ERH� SJJIV� GSRGVIXI� GSRGITXYEP�
and operational tools, with which the 
sector can be restarted. Aiming at 
XLI� MRRSZEXMSR� SJ� XLI� FYMPHMRK� WIGXSV��
integrating renewable sources and 
IRIVK]�IƾGMIRG]�� MW�E�TVSWTIGX�SJ�KVIEX�
opportunities to relaunch the sector that 
must be pursued by all means. 

;ǝǚǡƅǙ�ǥǝȳǠ

8LI� [SVO� EMQW�� [MXL� XLI� LIPT� SJ� &-1�
GSQTYXIVM^IH� XSSPW�� XS� HIZIPST� E�
prototype project in order to create low-
GSWX� ERH� IRIVK]�IƾGMIRX� VIWMHIRXMEP�
typologies, involving the user into a 
OMRH�SJ�KYMHIH�TEXL�HIWMKRIH�XS�I\TPEMR��
within a pre-constituted grid, its needs, 
VIEPM^MRK� E� VIEP� GSRƼKYVEXMSR� SJ� XLI�
building, directly related to estimates. 
8LI�MRZSPZIQIRX�SJ�XLI�GPMIRX���YWIV�MR�EPP�
TLEWIW�SJ�XLI�FYMPHMRK�TVSGIWW��EWWYQIW�
an approach innovative and oriented to 
XLI�HIZIPSTQIRX�SJ�EPP� XLSWI�WXVEXIKMIW�
aimed at empowering and making the 
user aware especially in the management 
TLEWI��HITIRHMRK�TVIGMWIP]�SR�XLI�YWIV�W�
FILEZMSV� XLI� EGLMIZIQIRX� SJ� IRIVK]�
IƾGMIRG]�SFNIGXMZIW�

8,)�'0-)28�97)6�/)=�630)

-R� ZMI[� SJ� XLI� EFSZI�� XLI� VSPI� SJ� XLI�
GPMIRX�YWIV� MW� IWWIRXMEP� ERH� WXVEXIKMG�
JSV� XLI�TYVWYMX�SJ� XLI�SFNIGXMZIW�WIX�SYX�
ERH�GPEVMƼIH�F]�XLI�(MVIGXMZI����������
)'��-R�XLMW�TETIV�[I�EMQIH�XS�GIRXVEPM^I�
XLI� VSPI� SJ� XLI� GPMIRX�YWIV� RSX� SRP]� JSV�
XLI� EGLMIZIQIRX� SJ� XLI� SFNIGXMZIW� SJ�
XLI�(MVIGXMZI��FYX�EPWS�JSV�XLI�VIWTIGX�SJ�
the relationship between technological 
GLSMGI�ERH�IWXMQEXI�SJ�XLI�VIPEXMZI�GSWX��
also including this last aspect in the 
MR� XLI� EVIE� SJ� WYWXEMREFMPMX]�� *VSQ� XLMW�
TSMRX� SJ� ZMI[�� MX� MW� RIGIWWEV]� XS� QEOI�
XLI�GPMIRX�YWIV�E[EVI��EW�E�JYRHEQIRXEP�
STIVEXSV� SJ� XLI� FYMPHMRK� TVSGIWW�� JVSQ�
the initial moment to the building 
QEREKIQIRX�TLEWI��-R�JEGX��MX�MW�FIPMIZIH�
XLEX� ER� IƾGMIRX� QEREKIQIRX� HYVMRK�

8ǤȨ�Ǚǟȳǚǘ�ȲǗǣǠȰǣǞǥ

8LI� GYVVIRX� ETTVSEGL� SJ� )YVSTIER�
legislation encourages the construction 
SJ� WQEVX� FYMPHMRKW�� [LIVI� MRRSZEXMZI�
solutions are widely used. Smart 
buildings are created when these 
WSPYXMSRW�TVSZMHI�JSV�QYPXMTPI�KIRIVEXMSR�
systems, managed by supervisory and 
GSRXVSP� W]WXIQW� XLEX� QEOI� I\XIRWMZI�
YWI�SJ�-RJSVQEXMSR�ERH�'SQQYRMGEXMSR�
8IGLRSPSKMIW��-'8�ERH�EHSTX�PSKMG�XLEX�
QIIXW�IGSRSQMG�� IRZMVSRQIRXEP�ERH�SV�
SJ� GSQJSVX� TIVJSVQERGIW�� MR� VIWTSRWI�
XS� XLI� RIIHW� SJ� YWIVW�� -R� TEVXMGYPEV�� MR�
a smart building, users are involved 
MR� XLI� GSRXVSP� SJ� IRIVK]� ƽS[W� ERH� EPP�
TSWWMFPI�YWIV�RIIHW�EVI�VIGSKRM^IH�ERH�
XEOIR�MRXS�EGGSYRX� MR�XIVQW�SJ�GSQJSVX��
LIEPXL�� MRHSSV�EMV�UYEPMX]�� WEJIX]�� EW�[IPP�
EW� MR� XLI� MHIRXMƼGEXMSR� SJ� STIVEXMSREP�
requirements.

8ǤȨ�ȱǗǚǚȨǞǘ�ȱǝǞǘȨǔǘ�ȳǞȰ�ǘǤȨ�
ǜȨǚǙǜȨȱǘǣǖȨǙ�ǝǦ�ǘǤȨ�ȱǝǞǙǘǚǗȱǘǣǝǞ�
ǙȨȱǘǝǚ

-R� XLMW� GSRXI\X�� XLI� GSRWXVYGXMSR�
WIGXSV� LEW� E� JYRHEQIRXEP� VSPI� ERH�
GSRWIUYIRXP]� [MPP� LEZI� XS� XVERWJSVQ�
MXWIPJ� JEGMRK� XS� XLI� GLEPPIRKI� SJ� XLI�
IRIVK]� TIVJSVQERGIW� VIUYMVIH� FSXL�
JSV� XLI�RI[�FYMPHMRK�ERH� JSV� XLI�IRIVK]�
VIUYEPMƼGEXMSR� SJ� XLI� I\MWXMRK� LIVMXEKI��
Technologies, solutions, materials and 
EHZERGIH� TVSHYGXW� EVI� MR� JEGX� EPVIEH]�
available on the market, but so that 
XLI� YWI� SJ� MRRSZEXMZI� XIGLRSPSKMIW� ERH�
XLI� GSRWIUYIRX� MRZIWXQIRXW� GER� ƼRH�
a concrete application it is necessary 
XS� HIZIPST� RI[� QSHIPW� SJ� HIWMKR�
ETTVSEGL�� -R� XLI� GSRWXVYGXMSR� WIGXSV��
E� WXVSRK� TYWL� JSV� MRRSZEXMSR� MW� HYI� XS�
XLI� XVERWJSVQEXMSR� SJ� LSYWMRK� HIQERH�
JVSQ� UYERXMX]� XS� UYEPMX]�� [LIVI� UYEPMX]�
means more security, sustainability, 
accessibility and usability. The demand 
LEW�FIGSQI��WYWXEMREFPI��EPWS�FIGEYWI�
MX� MW� E[EVI� SJ� XLI� PMQMXIH� EZEMPEFMPMX]� SJ�
WXVEXIKMG� VIWSYVGIW� �JSWWMP� JYIPW�� [EXIV��
IXG�� ERH� SJ� XLI� RIIH� XS� XEOI� EGGSYRX�
SJ� IRZMVSRQIRXEP� TVSXIGXMSR�� -RRSZEXMSR�
MR� XLI� IRIVK]� ERH� IRZMVSRQIRXEP� ƼIPHW�
and sustainability in construction 

-2863(9'8-32

8ǤȨ�)ǗǚǝǜȨȳǞ�ǚȨǦȨǚȨǞȱȨ�ǠȨǥǣǙǠȳǘǣǖȨ�
ǦǚȳǟȨǕǝǚǡ

The European Union pursues 
XLI� KSEP� SJ� HIZIPSTMRK� E�
WYWXEMREFPI�� GSQTIXMXMZI�� WEJI�

and decarbonised energy system 
F]� ������ -R� JEGX�� F]� ������ 1IQFIV�
States will have to adopt measures to 
achieve the long-term emission target 
SJ�KVIIRLSYWI�KEWIW�ERH�HIGEVFSRMWI�
the housing stock, which accounted 
JSV� EVSYRH� ��	� SJ� EPP� '3� emissions 
MR� XLI�9RMSR��8LI�4EVMW�EKVIIQIRX�SR�
GPMQEXI� GLERKIW� MR� ����� IRGSYVEKIW�
XLI�9RMSR�W� IJJSVXW� XS� HIGEVFSRMWI� MXW�
housing stock. Taking into account 
XLEX� EPQSWX� ��	� SJ� XLI� 9RMSR�W� ƼREP�
IRIVK]� GSRWYQTXMSR� MW� YWIH� JSV�
LIEXMRK� ERH� GSSPMRK�� SJ� [LMGL� ��	�
MR� FYMPHMRKW�� XLI� EGLMIZIQIRX� SJ� XLI�
9RMSR�W�IRIVK]�ERH�GPMQEXI�SFNIGXMZIW�
MW� PMROIH� XS� XLI� IJJSVXW� SJ� XLMW� PEWX� XS�
renew its building heritage, giving 
TVMSVMX]� XS� IRIVK]� IƾGMIRG]�� YWMRK�
XLI� TVMRGMTPI� SJ� �IRIVK]� IƾGMIRG]�
ƼVWX��� EW� [IPP� EW� IZEPYEXMRK� XLI� YWI�
SJ� VIRI[EFPI� IRIVK]�� 8LI� (MVIGXMZI�
��������)'� MQTSWIH� SR� QIQFIV�
GSYRXVMIW� XLI� GSRWXVYGXMSR� SJ� RI[�
FYMPHMRKW� [MXL� EPQSWX� ^IVS� IRIVK]�
GSRWYQTXMSR� �2IEVP]� )RIVK]� >IVS�
&YMPHMRK�� 8LI� (MVIGXMZI� ���������
)'� QSHMƼIW� XLI� HMVIGXMZIW� ��������
ERH� ��������')� ERH� GPEVMƼIW� ERH�
MQTPIQIRXW� XLI� SFNIGXMZIW� JSV� ER�
MHIEPP]�HIGEVFSRMWIH�FYMPHMRK�WIGXSVJSV�
E� 2>)&� FYMPHMRK� TEVO� MR� ������ 0SRK�
term renovation strategies will have to 
have clear and measurable objectives, 
as well as initiatives to support 
XLI� HIZIPSTQIRX� SJ� MRJVEWXVYGXYVIW�
JSV� XLI� IPIGXVSQSFMPMX]�� 8LI� RI[�
Directive also promotes economically 
IƾGMIRX� VIRSZEXMSRW�� MRXVSHYGIW� ER�
MRHMGEXSV� SJ� MRXIPPMKIRGI� JSV� FYMPHMRKW��
WMQTPMƼIW� MRWTIGXMSRW� SJ� LIEXMRK� ERH�
air conditioning systems. Among 
the objectives pursued are also to 
underline those that encourage the use 
SJ�MRJSVQEXMSR�XIGLRSPSK]�JSV�IƾGMIRX�
FYMPHMRKW�� ERH� MRGVIEWI� XLI� VSPI� SJ�
GSRWYQIVW�� MRJSVQMRK� ERH� TVSXIGXMRK�
XLIQ�JVSQ�XLI�IRIVK]�TSZIVX]�
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REFERENCE GRID
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Residential type Detached Semidetached Terraced

2YQFIV�SJ�YWIVW 1 � 3 � 5 6 7 �

2YQFIV�SJ�EHYPXW 1 � 3 � 5 6 7 �

2YQFIV�SJ�GLMPHVIR � 1 � 3 � 5 6 7

Day area
Living - Kitchen - 
Dining

0MZMRK���/MXGLIR���
Dining

0MZMRK���/MXGLIR���(MRMRK

Master bedroom � 1 � 3

Single room � 1 � 3

Double room � 1 � 3

7XYHMS�3ƾGI � 1 � 3

Bathrooms 1 � 3 �

+EVEKI Single in Double in 7MRKPI�I\X (SYFPI�I\X

3XLIV�WTEGIW

A
S

P
E

C
T

8]SI�SJ�Ƽ\XYVIW 4:' Wood Aluminium

*PSSV�ƼRMWLMRK Whole ceramic Whole wood
'IVEQMG�JSV�HE]�EVIE�ERH�
[SSH�JSV�RMKL�EVIE

Shielding system Blinds Blackout curtains Shutters

2YQFIV�SJ�ƽSSVW 1 � ��[MXL�PSJX

T
E

C
H

N
IC

A
L 

- E
N

E
R

G
Y 8]TI�SJ�WXVYGXYVI X-Lam wood 'SRGVIXI Brick

8]TI�SJ�MRWXEPPEXMSR 6EHMERX�ƽSSV By air

Transmittance values 
STEUYI�WYVJEGIW

1MRMQYQ�SJ�PIKMWPEXMSR Best values

Transmittance 
ZEPYIW�SJ�Ƽ\XYVIW

1MRMQYQ�SJ�PIKMWPEXMSR Best values

4PSX�TSWWIWMSR =IW 2S
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8EFPI����6IJIVIRGI�KVMH�XS�MHIRXMJ]�XLI�RIIHW�SJ�XLI�GPMIRX�YWIV�MR�XLI�GEWI�SJ�E�VIWMHIRXMEP�FYMPHMRK

the operation phase is essential to 
IRWYVI� XLI� I\TIGXIH� VIWYPXW�� EW�[IPP� EW�
E�GSVVIGX�HIWMKR�GLSMGI��8LI�JSPPS[MRK�MW�
E�WYQQEV]�SJ�XLI�[SVOMRK�QIXLSHSPSK]�
developed in the various phases that can 
FI�WYQQEVM^IH�EW�JSPPS[W�

1. (IƼRMXMSR� SJ� XLI� WTEXMEP� JYRGXMSREP�
W]WXIQ�� SJ� XLI� XIGLRSPSKMGEP�

TEGOEKIW�YWIH�ERH�SJ�XLI�IPIQIRXW�
YWIJYP�JSV�XLI�TYVTSWI�SJ�IWXMQEXMRK�

2. 'VIEXMSR�SJ� JEQMPMIW� MR�6IZMX� SJ� XLI�
WXYHMIH�IPIQIRXW�

3. +IRIVEXMSR�SJ�XLI�EFEGYWIW�MR�6IZMX��
JVSQ�[LMGL�XS�I\XVEGX�XLI�RIGIWWEV]�
quantities to be included in the 
IWXMQEXI�WLIIX�

4. (IƼRMXMSR�SJ�VYPIW�XLVSYKL�XLI�786�

:MWMSR� WSJX[EVI�� XLEROW� XS� [LMGL��
once the Revit model has been 
imported, an instant parametric 
estimate can be generated.

9ǙȨǦǗǠ�ȰǝȱǗǟȨǞǘǙ�Ǧǝǚ�ȲǚǣȨǦǣǞǥ

8LI�ƼVWX�WXIT�XS�VIEPM^I�XLI�MRZSPZIQIRX�
SJ� XLI� GPMIRX�YWIV� [EW� XS� MQTPIQIRX� E�
VIJIVIRGI�KVMH�YWIJYP�JSV�MHIRXMJ]MRK�RIIHW��
-R� JEGX�� MX� MW� [IPP� ORS[R� XLEX� E� GSVVIGX�
JSGYWMRK� SJ� RIIHW� WIXW� XLI� TVIQMWIW�
JSV�E�GSVVIGX�HIWMKR�XLEX�KYEVERXIIW�ER�
STXMQEP� YWI� SJ� XIGLRSPSKMGEP� VIWSYVGIW�
ERH�� GSRWIUYIRXP]�� ER� STXMQEP� YWI� SJ�
energy resources in the management 
TLEWI�-R�XLI�FVMIƼRK�XLI�GPMIRX�YWIV�GER�
ƼPP�XLI�VIJIVIRGI�KVMH��QEVOMRK�XLI�HIWMVIH�
FS\�� 8LI� XEFPI� GER� FI� WYTTPIQIRXIH��
possibly by more descriptive documents, 
in which, by answering open questions, 
XLI� MHIRXMƼGEXMSR� SJ� YWIVW�� RIIHW� MW�
completed. The grid illustrated in table 
��� [MPP� EPPS[� XS� MHIRXMJ]� XLI� FYMPHMRK� XS�
FI� HIWMKRIH�� JVSQ� ER� IRZMVSRQIRXEP��
XIGLRSPSKMGEP� ERH� JYRGXMSREP�WTEXMEP�
TSMRX�SJ�ZMI[�

()*-2-8-32�3*�8,)�
8)',2303+-'%0�7=78)1

-X� MW� IWXEFPMWLIH� XLEX� XLI� JSPPS[MRK�
GSRHMXMSRW�QYWX�FI�QIX�EW�E�TVMSVMX]�

• XLI� HIJEYPX� FYMPHMRK� GSQTPMIW�
[MXL� XLI� TVSZMWMSRW� SJ� XLI� (�1��
�����������

• JSV� IEGL� TEGOEKI� XLI� XLIVQS�
L]KVSQIXVMG� ZIVMƼGEXMSR� SJ� XLI�
XIGLRSPSKMGEP�TEGOEKIW�MW�WEXMWƼIH�

• XLI�X]TI�SJ�JSYRHEXMSR�YWIH�ERH�MXW�
WM^I� HITIRHMRK� SR� XLI� WM^I� SJ� XLI�
WEQI�

• XLI�TVSHYGXMSR�SJ�IRIVK]�MW�IRXVYWXIH�
to a photovoltaic system with power 
KVIEXIV�XLER�SV�IUYEP�XS��/;T�

8LI� GPMIRX�YWIV� LEW� XLI� TSWWMFMPMX]�
XS� GLSSWI� VIWTIGXMZIP]� JSV� ZIVXMGEP�
WXVYGXYVIW�� EQSRK� XLI� JSPPS[MRK� XLVII�
XIGLRSPSKMIW�

• WXVYGXYVEP� TEVXMXMSRW� MR� VIMRJSVGIH�
GSRGVIXI�[MXL�HMWTSWEFPI�JSVQ[SVO�
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*MKYVI�����)\EQTPI�SJ�HMWTPE]IH�VIXYVR�SJ�XLI�[MRHS[�JEQMP]

MR�ITW�
• VIGXMƼIH�FVMGO�
• [SSHIR�TERIPW�MR�'08�

'SQTEXMFP]� [MXL� XLI� GLSMGIW� QEHI�
JSV� XLI� ZIVXMGEP� WXVYGXYVI�� JSV� XLI� VSSJ�
WXVYGXYVI�� XLI� TSWWMFMPMX]� SJ� GLSSWMRK�
between a wooden structure and 
VIMRJSVGIH�GSRGVIXI� MW�KMZIR��8LI�GPMIRX�
YWIV�GER�XLIR�GLSSWI�XLI�X]TI�SJ�JVEQI�
ERH�ER]�ƼRMWLMRK�GSQTSRIRXW�
The work continued in-depth analysis 
ERH� WXYH]� SJ� XLI� TVMGI� MRGMHIRGIW�
SJ� FYMPHMRKW� EPVIEH]� FYMPX� WMQMPEV� JSV�
XIGLRSPSK]� ERH� TIVJSVQERGI�� 4VMGIW�
have been associated with technological 
TEGOEKIW� ERH� TEVEQIXIVM^IH� XS�
WYVJEGIW�� -R� XLMW� [E]�� XLI� GPMIRX�YWIV�
VIWTSRHMRK�XS�XLI�JSVQEX�MW�RSX�SRP]�EFPI�
XS�HIƼRI�XLI�HIWMVIH�FYMPHMRK�FYX�EPWS�MXW�
GSWX��8LI�MXIQ�SJ�XLI�GSRWXVYGXMSR�SJ�XLI�
FYMPHMRK�WMXI�LEW�FIIR�MRWIVXIH�F]�HIJEYPX�
and its cost calibrated according to the 
WM^I�SJ�XLI�FYMPHMRK�XLYW�SFXEMRMRK�E�VIEP�
online estimate.

(-+-8-7%8-32�3*�8,)�&6-)*-2+

Following the above logic, the second 

WXIT�SJ�XLI�[SVO�GSRWMWXIH�MR�XLI�SRPMRI�
XVERWJIV�SJ�XLMW�QIXLSHSPSK]��8S�XLMW�IRH��
E� HMKMXEP� TPEXJSVQ� LEW� FIIR� WTIGMƼGEPP]�
HIWMKRIH�XS�EPPS[�XLI�GPMIRX�YWIV��[MXLMR�
the constraints set out above, to make 
XLI� JYRGXMSREP�WTEXMEP�� IRZMVSRQIRXEP�
and technological choices proposed and 
HIƼRI� XLI� PIZIP� SJ� IRIVK]� TIVJSVQERGI�
SJ� XLI� FYMPHMRK�� -R� XLMW� [E]�� XLI� GPMIRX�
YWIV� VIWTSRHMRK� XS� XLI� JSVQEX� MW� RSX�
SRP]� EFPI� XS� HIƼRI� XLI� FYMPHMRK� XLEX�
meets his needs, but also its cost, thus 
obtaining a true online estimate. This 
HEXE� RIGIWWEV]� JSV� FSXL� XLI� HIWMKRIV�
ERH�XLI�QERYJEGXYVIV�EVI�XLYW�EZEMPEFPI�
directly on the network. This computer 
system will also allow to control costs 
XLVSYKLSYX� XLI� PMJI�G]GPI�SJ� XLI�FYMPHMRK�
XLVSYKL�XLI�YWI�SJ�&-1�XSSPW��8LI�[LSPI�
process has been implemented through 
6IZMX� �&-1� WSJX[EVI�� 8LI� JEQMPMIW�
SJ� XLI� IPIQIRXW� ERH� TEGOEKIW� QSWX�
used in buildings were created, and the 
WGLIHYPIW� [IVI� QEREKIH� F]� JSVQYPEW�
GSRXEMRIH� MR� WTVIEHWLIIXW�� MR� XLMW�
way has been possible to improve the 
computation process.

*%1-0-)7�'6)%8-32

6IZMX�JEQMPMIW�EVI�YWIH�XS�GVIEXI�FYMPHMRK�
QSHIPW�� )EGL� JEQMP]� LEW� ZIV]� TVIGMWI�
ERH�QIEWYVEFPI�TEVEQIXIVW��-X�QYWX�FI�
WTIGMƼIH�XLEX�XLI�HIWMKRIV�QYWX�GLSSWI�
[LEX�OMRH�SJ� JEQMP]� XS�YWI� XS� VITVIWIRX�
E� GIVXEMR� IPIQIRX� SJ� VIEPMX]�� 9WYEPP]�
XLI� REQIW� SJ� XLI� JEQMPMIW� MRHMGEXI� XLI�
TYVTSWI�SJ�XLI�JEQMP]�MXWIPJ��M�I��XLI�;EPP�
JEQMP]� MRHMGEXIW�XLEX�[MXL�XLEX� MRTYX�OI]�
E�[EPP�GER�FI�GVIEXIH��FYX�XLI�YWI�SJ�E�
OI]�MW�RSX�YRMZSGEP�ERH�GER�FI�YWIJYP�JSV�
XLI� GVIEXMSR� SJ� SXLIV� IPIQIRXW�� &]�[E]�
SJ� I\EQTPI�� MR� *MKYVI� ��� XLI� JEQMP]� SJ�
windows and French windows specially 
designed is shown.

7ȱǤȨȰǗǠȨǙ�ȱǚȨȳǘǣǝǞ

6IZMX� WGLIHYPIW�� VIEPM^IH� JSV� EPP�
construction elements, are summary 
XEFPIW� YWIJYP� XS� GSQTYXEXMSR�� 8LI�
peculiarity is that these schedules, 
MR� SVHIV� XS� I\XVETSPEXI� XLI� RIGIWWEV]�
MRJSVQEXMSR��QYWX� FI� WIX� [MXL� WTIGMƼG�
KVSYTMRK� ERH� ƼPXIVMRK� JSVQYPEW�� WS�
EW� XS� I\GPYHI� MVVIPIZERX� MRJSVQEXMSR��
Thus, ordered abacuses have been 
GVIEXIH�XLEX�GER�JEGMPMXEXI�GSQTYXEXMSR��
-R� XLMW� [E]�� XLI� GSQTPIXMSR� SJ� XLI�
ƼREP� WTVIEHWLIIX� JSV� XLI� GVIEXMSR�
SJ� XLI� IWXMQEXI� MW� IEWMIV� ERH� JEWXIV��
*YVXLIVQSVI�� MR� XLI� GEWI� SJ� TVSNIGX�
ZEVMERXW��XLI�UYERXMXMIW�SJ�XLI�EFEGYWIW�
are instantly updated.

'ǝǟǜǗǘǣǞǥ�ǣǞ�7ǘǚ�:ǣǙǣǝǞ

786�:MWMSR� MW� E� WSJX[EVI� JSV� XLI�
QEREKIQIRX� SJ� SVHIVW� ERH� JSV� XLI�
QIXVMG�IWXMQEXMSR� GSQTYXEXMSR� SJ�
SVHIVW�� 3RI� SJ� MXW� WXVIRKXLW� MW� XLI�
MRXIVSTIVEFMPMX]� [MXL� &-1�� EW� [MXL� XLI�
MQTSVX� SJ� XLI� 6IZMX� QSHIP� MR� 786� MX� MW�
possible to generate computations and 
complete estimates. The work that was 
TIVJSVQIH� EX� XLMW� WXEKI� [EW� XS� EPPS[�
communication between Revit and 
STR. To do this, we worked in the STR 
IRZMVSRQIRX�WS�XLEX�XLI�WSJX[EVI�[SYPH�
VIGSKRM^I� XLI� 6IZMX� JEQMPMIW�� I\XVEGXMRK�
JVSQ�XLIWI�XLI�HIWMVIH�UYERXMX]�GSVVIGXP]��
8LI�TVSGIWW�XSSO�TPEGI�EW�JSPPS[W�

,QQRYDWLYH�$SSURDFK�WR�WKH�&RQࢽJXUDWLRQ�RI�6PDUW�
Buildings

R. Paparella, M. Caini
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*MKYVI����-RMXMEP�WGVIIRWLSX�MR�[LMGL�XLI�GPMIRX�YWIV�GER�GLSSWI�XLI�X]TI
*MKYVI����7GVIIRWLSX�JSV�WIPIGXMRK�XLI�ZIVXMGEP�WXVYGXYVI�XIGLRSPSK]�ERH�6SSƼRK

1. 'VIEXMRK�E�QSHIP�MR�6IZMX�[MXL�EPP�XLI�
YWIJYP�JEQMPMIW�TVIWIRX�MR�XLI�QSHIP�
MXWIPJ�� MR� SVHIV� XS� GVIEXI� E� ƼPI� XLEX�
GSRXEMRW� EPP� XLI� JEQMPMIW�� VIEH]� XS�
FI�MQTSVXIH�ERH�VIGSKRM^IH�MR�786�
�ƼKYVI���

2. )\TSVX�SJ�QSHIPW�MR��-*'��\��JSVQEX�
3. 3TIRMRK�SJ�786�:MWMSR�
4. 'VIEXMRK�E�'EXEPSK�SJ�6YPIW��&IJSVI�

creating the rules, we need to create 
E�'EXEPSK��SR�7]WXIQ�7IXXMRKW�XLEX�
will serve as a container to the rules.

5. 'VIEXMSR� SJ� EVXMGPIW�� MX� MW� MR� JEGX�
necessary to create all the articles 
XS� FI� YWIH�� 8LI� EVXMGPIW� EVI� JSYRH�
MR� E� 4VMGI� 0MWX� GVIEXIH� EH� LSG� MR�
XLI� �4VMGI� PMWX�� WIGXMSR�� )EGL� MXIQ�
LEW� E� YRMUYI� 6IJIVIRGI� 'SHI�� E�
WLSVX�HIWGVMTXMSR��E�YRMX�SJ�QIEWYVI�
and a price. These are the basic 
parameters that each article 
must have. Articles can be added, 
QSHMƼIH� SV� HIPIXIH� EX� ER]� XMQI��
paying attention to the hierarchy that 
commands them. Subsequently 
XLI�JEQMPMIW�SJ� XLI�6IZMX�QSHIP�[MPP�
LEZI� XS� FI� �GSRRIGXIH�� [MXL� XLIWI�
EVXMGPIW�� MR� TEVXMGYPEV� XS� XLI� YRMX� SJ�
QIEWYVI�SJ�XLI�EVXMGPI�

6. %� RI[� 4VSNIGX� LEW� FIIR� GVIEXIH��
[LMGL�GER�FI�JSYRH�MR��4VSNIGXW�ERH�
3VHIVW��� 3RP]� SRGI� GVIEXIH� E� RI[�
project, it will be possible to import 
XLI� -*'�QSHIP� GVIEXIH� MR� 6IZMX�� -R�
�-*'�QSHIPW��]SY�GER�EHH�XLI��MJG�ƼPI�
and, once active, use it.

7. -R� XLI�&YHKIXMRK� WIGXMSR��[I�QYWX�
RS[� HS� XLI� WS�GEPPIH� �'SPPIGXMSRW���
that is, make sure that STR detect 
XLI�JEQMPMIW�SJ�XLI��MJG�QSHIP�PMROMRK�
XLIQ�MR�XLI�0MWX�-XIQW�

8. The imported model is displayed and 
proceed with the measurements. 
The measurements must be made 
by setting the search conditions, 
ƼPXIVMRK� ERH� WIPIGXMRK� XLI�
MRJSVQEXMSR� YWIJYP� MR� XLI� WIPIGXIH�
JEQMP]��GYFMG�QIXIVW��WUYEVI�QIXIVW��
HIWGVMTXMSRW��IXG���3RGI�XLI�WYVZI]W�
have been generated, they will be 
GSRRIGXIH�XS�XLI�GLSWIR�JEQMP]�

9. *MREPP]�EPP�6YPIW�XS�GSQTYXI�JEQMPMIW�
have been created.

10. 3RGI�XLMW�MW�HSRI��]SY�GER�YWI�XLIWI�

VYPIW� JSV� ER]� JYXYVI� IWXMQEXI�� SJ�
GSYVWI�SRP]�MJ�XLI�WEQI�JEQMPMIW�[MPP�
be used in Revit.

11. -X�KSIW�XLIVIJSVI�MR�XLI�&-1�WIGXMSR�
ERH� XLI� 4EVEQIXVMG� )WXMQEXI� MW�
YWIH�� 3RGI� XLI� 'EXEPSK� MW� PSEHIH�
all the rules created are loaded 
and the automatic estimation 
SJ� XLI� WSJX[EVI� GER� FI� WXEVXIH��
STR generates the Automatic 
'SPPIGXMSRW�EX�XLMW�TSMRX�

12. %JXIV�KIRIVEXMRK�XLI�WYVZI]W��E�TVMRX�
template has been created and 
the estimate can be printed and 
presented.

-009786%8-32�3*�32�0-2)�97)�3*�
8,)�40%8*361

-R� WYGGIWWMSR� EVI� WLS[R� FIPS[�� JSV�
I\EQTPI�MR�XLI�GEWI�SJ�VIWMHIRXMEP�FYMPHMRK��
XLI�ZEVMSYW�WXITW�XLEX�XLI�GPMIRX�YWIV�QYWX�
HMVIGXP]�TIVJSVQ�SR�E�L]TSXLIXMGEP�SR�PMRI�
TPEXJSVQ�� MR� SVHIV� XS� FI� EFPI� XS� GVIEXI� E�
TVIPMQMREV]�IWXMQEXI��8LI�ƼVWX�TEKI�SJ�E�
FYMPHMRK� WMXI� WTIGMƼGEPP]� GVIEXIH� MR� SVHIV�
XS� EPPS[� GSRƼKYVEXMSR� F]� XLI� GPMIRX�YWIV��
should show an image in which he can 
GLSSWI�XLI�X]TI�SJ�VIWMHIRGI�EW�WLS[R�MR�
Figure 3.
%JXIV� XLMW� WXIT�� XLI� GPMIRX�YWIV� QYWX�
GLSSWI�XLI�GSRWXVYGXMSR�XIGLRSPSK]�SJ�XLI�
ZIVXMGEP�WXVYGXYVI��ERH�SJ�XLI�VSSƼRK��8LVII�
W]WXIQW� EVI� JSVIWIIR� JSV� XLI� ZIVXMGEP�
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*MKYVI����7GVIIRWLSX�JSV�WIPIGXMRK�XLI�W]WXIQ�X]TI
Figure 6: Semi-detached house model realised in BIM

WXVYGXYVI��TEVXMXMSR� MR�VIMRJSVGIH�GSRGVIXI�
[MXL�HMWTSWEFPI�JSVQ[SVO�MR�ITW��MGSR�SR�
XLI�VMKLX�MR�*MKYVI����MR�GPX��GIRXVEP�MGSR�SJ�
*MKYVI� ��� MR� VIGXMƼIH� FVMGO� FPSGOW� �MGSR�
SR� XLI� VMKLX� SJ� *MKYVI� �� ERH� JSV� VSSƼRK�
W]WXIQW��[SSHIR�SV� VIMRJSVGIH�GSRGVIXI�
structure.
8LI� RI\X� WXIT� MRZSPZIW� XLI� HIƼRMXMSR� F]�
XLI� GPMIRX�YWIV� SJ� XLI� WYVJEGIW� SJ� XLI�
environmental units, such as living room, 
kitchen, living-dining room, laundry and 
power plant, garage and porch. 
%�ƼREP�WXIT�GSRWMWXW�MR�XLI�GLSMGI�F]�XLI�
GPMIRX�YWIV� SJ� XLI� X]TI� SJ� IPIGXVMGEP� ERH�
XLIVQS�QIGLERMGEP� W]WXIQ�� SJ� WI[EKI�
ERH�WYF�WIVZMGIW�ERH�SJ�XLI�RYQFIV�ERH�
WM^I� SJ� XLI� FEXLVSSQ� [�G�YRMX� EPPS[MRK�
XLI� GLSMGI� MR� VIPEXMSR� SJ� XLI� HMQIRWMSR�
FIX[IIR� XLVII� X]TIW�� WQEPP� IUYEP� XS� ��
WUQ����QIHMYQ���WUQ�ERH�FMK���WUQ��EW�
illustrated in Figure 5.
2S[� XLI� IWXMQEXI� GER� FI� TVMRXIH� MR� E�
WYQQEV]� WLIIX�� -R� XLMW� [E]�� XLVSYKL�
WMQTPI�WXITW�SR�SRI�WMHI��XLI�GPMIRX�YWIV�
LEW� GSRƼKYVIH� LMW� LSQI�ERH� UYERXMƼIH�
the cost, on the other hand the designer 
ERH�SV� XLI�QERYJEGXYVIV� LEW�� MR� E� GPIEV�
ERH� HSGYQIRXIH�QERRIV�� ORS[PIHKI� SJ�
XLI�I\EGX�RIIHW�SJ�XLI�GPMIRX�YWIV�

()7'6-48-32�3*�8,)�2>)&�
6)7-()28-%0�&9-0(-2+�%7�%6)7908�
3*�8,)�+9-()(�()7-+2

8LI�GEWI�WXYH]��HIWMKRIH�JVSQ�WGVEXGL��
ERH� GLSWIR� JSV� XLI� TVIWIRX� [SVO� MW� E�
semidetached house, Figure 6. The 
FYMPHMRK� MW� WTVIEH� SZIV� �� ƽSSVW� EFSZI�
KVSYRH�� ERH� GSRWMWXW� SJ� X[S� YRMXW� XLEX�
WLEVI�XLI�GIRXVEP�WTMRI�[EPP��-X�MW�EWWYQIH�
XS�FI�PSGEXIH�MR�XLI�TVSZMRGI�SJ�8VIZMWS��
8LI� FEWMG� HMQIRWMSREP� HEXE� SJ� XLI�
FYMPHMRK�ERH�XLI�VSSQW�EVI�WYQQEVM^IH�
below. Altitude 6 meter. above sea level, 
MR�XLI�GPMQEXI�^SRI�)�
3R� XLI� KVSYRH� ƽSSV� XLIVI� EVI� TSVGL��
garage and laundry room and the 
JSPPS[MRK�IRZMVSRQIRXEP�YRMXW��IRXVERGI��
living room, kitchen, hallway, bathroom.
3R�XLI�ƼVWX�ƽSSV�XLIVI�EVI�XLI�JSPPS[MRK�
IRZMVSRQIRXEP�YRMXW��LEPP[E]��X[S�HSYFPI�
bedrooms, a single bedroom, a walk-in 
closet, a bathroom and a lodge.

,QQRYDWLYH�$SSURDFK�WR�WKH�&RQࢽJXUDWLRQ�RI�6PDUW�
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R. Paparella, M. Caini
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MODEL IN REINFORCED CONCRETE AND  EPS

)ǠȨǟȨǞǘ (ȨǙȱǚǣǜǘǣǝǞ -ǟȳǥȨ

Load-bearing perimeter wall and wall 
FIX[IIR�LIEXIH�ƁYRLIEXIH�VSSQW

)\XIVREP�TPEWXIV�����QQ
)\XIVREP�)47��������QQ
6IMRJSVGIH�GSRGVIXI�������QQ
-RXIVREP��)47������QQ
4PEWXIVFSEVH�ƼRMWLMRK��������QQ

Load-bearing internal wall between 
heated-unheated rooms

4PEWXIVFSEVH�ƼRMWLMRK��������QQ�
)\XIVREP�)47�������QQ
6IMRJSVGIH�GSRGVIXI�������QQ
-RXIVREP�)47�������QQ�
4PEWXIVFSEVHƼRMWLMRK��������QQ

-RXIVREP�[EPP
4PEWXIVFSEVH�HSYFPI�PE]IV������QQ
Metal and stone wool structure - 75 mm 
4PEWXIVFSEVH�HSYFPI�PE]IV������QQ

Floor on the ground

*PSSV�ƼRMWLMRK������QQ
7GVIIH������QQ
2]PSR�
*SEQ�TSP]WX]VIRI������QQ
-RXIKVEXIH�W]WXIQW�PMKLX[IMKLX�WGVIIH�������QQ
'EWXMRK�GSQTPIXMSR�������QQ
4PEWXMG�-KPʰ�*SVQ[SVO������QQ
0IER�GSRGVIXI�JSYRHEXMSR�����QQ

7PEF�ƽSSV

*PSSV�ƼRMWLMRK������QQ
7GVIIH������QQ
2]PSR
0MKLX[IMKLX�WGVIIH�������QQ
'EWXMRK�GSQTPIXMSR�Ɓ����QQ
%MVƽSSV�WPEF�ƽSSV
MR�GSRGVIXI�ERH�4SP]WX]VIRI�Ɓ�����QQ
1IXEP�WXVYGXYVI��Ɓ����QQ
4PEWXIVFSEVH�WPEF�Ɓ������QQ

6SSƼRK

)P]JSVQE�QIXEP�PE]IV�Ɓ����QQ
1IXEP�WXVYGXYVI�Ɓ����QQ
4SP]YVIXLERI�Ɓ�����QQ
Mineralised wood wool 35 mm
:ETSV�FEVVMIV
;SSHIR�FSEVHW�Ɓ����QQ
;SSHIR�VSSJ�FIEQW

Windows 4:'

Air conditioning ,IEXMRKTYQT���%GGYQYPEXMSR���%89

4LSXSZSPXEMG ��O;T�TLSXSZSPXEMG�W]WXIQ

Electrical )PIGXVMGEPW]WXIQ���%%0�W]WXIQ
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8EFPI����1SHIP�MR�VIMRJSVGIH�GSRGVIXI�ERH�)47
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%ǞȳǠǓǙǣǙ�ǝǦ�ȱǝǞǙǘǚǗȱǘǣǝǞ�ǘȨȱǤǞǣǛǗȨǙ��
ǟȳǘȨǚǣȳǠǙ�ȳǞȰ�ȱǝǟǜǝǞȨǞǘǙ

The construction techniques, materials 
ERH� GSQTSRIRXW� GSRWMHIVIH� JSV� XLI�
�� HIWMKR� QSHIPW� EVI� EREP]^IH�� 8LI�
IZEPYEXMSRW� SR� XLI� GLSMGI� SJ� XLI�
XIGLRSPSKMGEP� TEGOEKIW� EREP]^IH� EVI�
WLS[R��0SEH�FIEVMRK�[EPPW�MR�VIMRJSVGIH�
GSRGVIXI� ERH� )47�� MR� '08� ERH� [SSH�
ƼFIV��MR�FVMGO�ERH�WXSRI�[SSP�

'ǝǞȱǚȨǘȨ�ǟǝȰȨǠ�ǕǣǘǤ�ȰǣǙǜǝǙȳȲǠȨ�
ǦǝǚǟǕǝǚǡ�ǣǞ�)ǜǙ�

8LI� QSHIP� [MXL� VIMRJSVGIH� GSRGVIXI�
bearing walls considers 16 possible 
X]TIW� SJ� [EPP�� 8LI� VIMRJSVGIH� GSRGVIXI�
MW� GEWX� MRXS� )47� JSVQ[SVO�� [LMGL� EGX�
EW� FSXL� E� JSVQ[SVO� ERH� ER� MRWYPEXMRK�
PE]IV�� 8LI� XLMGORIWW� SJ� XLI� MRXIVREP�
MRWYPEXMRK� PE]IV� MR� )47� MW� ��� QQ�� XLI�
I\XIVREP� MRWYPEXMRK� PE]IV� TVSZMHIW� XLI�
JSPPS[MRK� TSWWMFPI� XLMGORIWWIW�� ��� ��
��� �� ���� �� ���� ?QQA�� *SV� VIMRJSVGIH�
GSRGVIXI��XLI�I\TIGXIH�XLMGORIWWIW�EVI��
����������������������?QQA��'SRWMHIVMRK�
the minimum transmittance value equal 
XS� ����� ;� �� Q�/� EW� JSVIWIIR� F]� XLI�
(�1�� ����������� JSV� FYMPHMRKW� MR� FERH�
)� SJ� XLI� ]IEV� ������ EPP� XLI� [EPPW� EVI�
GSQTPMERX��8LI�R>)&�WXVEXMKVETL]�SJ�XLI�
TVSNIGX� MW�WLS[R�MR�XEFPI����%W�VIKEVHW�
XLI�I\XIVREP�XLMGORIWW�SJ�)47�MRWYPEXMSR��
MX�[EW�HIGMHIH�XS�YWI�XLI������GQ�SRI�
JSV�FSXL�XLI�I\XIVREP�[EPPW�ERH�FIX[IIR�
the heated and non-heated rooms. For 
XLI� WTMRI� [EPP� PSGEXIH� FIX[IIR� XLI� ��
KEVEKIW� �KVSYRH� ƽSSV� ERH� FIX[IIR�
XLI�X[S�FIHVSSQW��ƼVWX�ƽSSV�XLIVI�EVI�
TVSZMHIH�GSEXW�SJ�����GQ�SR�FSXL�WMHIW�
because between environments that 
have the same temperature does not 
SGGYV�LIEX�I\GLERKI�

;ȳǠǠ�ǣǞ�'ǚǝǙǙ�0ȳǟǣǞȳǘȨȰ�8ǣǟȲȨǚ�ȳǞȰ�
ǕǝǝȰ�ǦǣȲȨǚ

The model provides the supporting 
WXVYGXYVI� MR� '08� XLEX� GER� ZEV]� MR�
XLMGORIWW� ERH� XLI� PE]IV� SJ� MRWYPEXMSR�
MR� [SSH� ƼFIV� XLEX� GER� ZEV]� MR� HIRWMX]�
and thickness. The package has been 
WXYHMIH�ZEVMIW�[MXL�XLI�XLMGORIWW�SJ�XLI�

layers, at steady state and at periodic 
W]WXIQ�WXEFMPM^IH�� XS�GLIGO� MJ� XLIVI�EVI�
TLIRSQIRE�SJ�WYTIVƼGMEP�SV� MRXIVWXMXMEP�
GSRHIRWEXMSR� ERH� MX� LEW� FIIR� ZIVMƼIH�
that the optimal solution is  that that 
JSVIWIIW�JSV�IZIV]�XIGLRMGEP�IPIQIRX�XLI�
JSPPS[MRK�WXVEXMKVETL]�

• 0SEH�FIEVMRK� TIVMQIXIV� [EPP��
)\XIVREP�TPEWXIV�����QQ��,EVH�[SSH�
ƼFIV�������QQ��;SSH�ƼFIV������QQ��
'08�������QQ��%GSYWXMG�[SSH�ƼFIV��
Ɓ� ���QQ��4PEWXIVFSEVH� ƼRMWLMRK� ��
�����QQ�

• Load-bearing internal wall 
FIX[IIR� LIEXIH�YRLIEXIH� VSSQW��
4PEWXIVFSEVH� ƼRMWLMRK� �� ����� QQ��
%GSYWXMG�[SSH�ƼFIV�Ɓ����QQ��'08���
����QQ��%GSYWXMG�[SSH�ƼFIV�Ɓ����
QQ�� 4PEWXIVFSEVH� ƼRMWLMRK� �� �����
QQ�

• -RXIVREP� [EPP�� 4PEWXIVFSEVH� HSYFPI�
PE]IV������QQ��1IXEP�ERH�WXSRI�[SSP�
WXVYGXYVI� �� ��� QQ�� 4PEWXIVFSEVH�
HSYFPI�PE]IV������QQ

• *PSSV�SR�XLI�KVSYRH��*PSSV�ƼRMWLMRK�
�� ���QQ�� 7GVIIH� �� ���QQ��2]PSR��
*SEQ� TSP]WX]VIRI� �� ��� QQ��
-RXIKVEXIH� W]WXIQW� PMKLX[IMKLX�
WGVIIH� �� ���� QQ�� 'EWXMRK�
GSQTPIXMSR� �� ����QQ��4PEWXMG� -KPʰ�
*SVQ[SVO������QQ��0IER�GSRGVIXI�
JSYRHEXMSR�����QQ�

• 7PEF�ƽSSV��*PSSV�ƼRMWLMRK������QQ��
7GVIIH������QQ��2]PSR��0MKLX[IMKLX�
WGVIIH�������Q��%GSYWXMG�GPEHHMRK��
'08� PSEH�FIEVMRK� WPEF� ƽSSV� Ɓ� ����
QQ�� 1IXEP� WXVYGXYVI� Ɓ� ��� QQ��
4PEWXIVFSEVH�WPEF�Ɓ������QQ�

• 6SSƼRK�� )P]JSVQE� QIXEP� PE]IV�
Ɓ� ��� QQ�� 1IXEP� WXVYGXYVI� Ɓ� ���
QQ�� 4SP]YVIXLERI� Ɓ� ���� QQ��
1MRIVEPMWIH� [SSH� [SSP� ��� QQ��
:ETSV�FEVVMIV��;SSHIR�FSEVHW�Ɓ����
QQ��;SSHIR�VSSJ�FIEQW�

8LMW� WXVEXMKVETL]� MW� STXMQEP� JSV�
XVERWQMXXERGI��������;���Qs/��JSV�[MRXIV�
GSQJSVX� ������ ;� �� Qs/�� JSV� WYQQIV�
GSQJSVX� FIMRK� XLI� HIGVIEWI� JEGXSV� SJ�
������ERH�E�XMQI�HMWTPEGIQIRX�IUYEP�XS�
���LSYVW��%PWS�XLI�EGSYWXMG�GSQJSVX� MW�
STXMQEP��LEZMRK�E�WSYRHTVSSƼRK�TS[IV�
SJ� ����� H&�� 8LMW� WXVEXMKVETL]� MW� EPWS�

,QQRYDWLYH�$SSURDFK�WR�WKH�&RQࢽJXUDWLRQ�RI�6PDUW�
Buildings
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*MKYVI����GEWI�WXYH]�TVSNIGX�W]WXIQW�WGLIQI
Figure 8: AAL system scheme
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used in design between the heated and 
unheated rooms (between living room 
and garage

;ȳǠǠ�ǣǞ�Ȳǚǣȱǡ�ȳǞȰ�ǙǘǝǞȨ�ǕȳǠǠ

The model provides the load bearing 
WXVYGXYVI� MR� 4SVSXSR� &VMGO�� VIGXMƼIH��
which can vary in thickness and thermal 
MRWYPEXMSR� MR� WXSRI� [SSP� IUYEP� ��� GQ��
8LI� JSPPS[MRK� GEWIW� EVI� GSRWMHIVIH��
4SVSXSR������WXSRI�[SSP���4SVSXSR�����
4SVSXSR� ���� WXSRI� [SSP�� 4SVSXSR� ����
4SVSXSR� ���� 4SVSXSR� ���� 8LI� TSXIRXMEP�
SJ�XLI�FVMGO�[EPPW�[MXLSYX�MRWYPEXMSR�[EW�
also evaluated. 

8,)� -278%00%8-327� 3*� 8,)� '%7)�
789(=�463.)'8

8LI�FYMPHMRK�MR�R>)&�TVSNIGX�MW�GSQTSWIH�
SJ�XLI�JSPPS[MRK�W]WXIQW��%MV�8VIEXQIRX�
9RMX��,IEX�4YQT��4LSXSZSPXEMG��-RHYGXMSR�
GSSOIV�� %QFMIRX� %WWMWXIH� 0MZMRK� �%%0�
Kit. The heat pump is equipped with 
ER�I\XIVREP�QSRSFPSGO��[MXL� X[S�TMTIW�
�WYTTP]� ERH� VIXYVR� GSRRIGXIH� XS� X[S�
EGGYQYPEXMSRW��E�XS[IV�SJ����PX�ERH�����
PX� PSGEXIH� MR� XLI� XIGLRMGEP� VSSQ�� 8LI�
lower accumulation is the accumulation 
SJ�LSX���GSPH��[EXIV�EX����q�'� MR�[MRXIV�
ERH�EX���q�'�MR�WYQQIV��XLI�YTTIV�SRI�
provides domestic hot water with a 
GETEGMX]�SJ�����PX��8LI�PS[IV���PX�WXSVEKI�

tank is equipped with a circulation pump 
XLEX�EPPS[W�LSX���GSPH�[EXIV�XS�FI�WIRX�XS�
XLI�%89��%MV�8VIEXQIRX�9RMX��XLVSYKLSYX�
XLI� FYMPHMRK� �ƼVWX� ƽSSV� ERH� KVSYRH�
ƽSSV�� 8LI� LIEX� TYQT� LEW� E� GETEGMX]�
SJ���XLIVQEP�OMPS[EXXW��M�I������O;��L�JSV�
LIEXMRK�ERH�E�TS[IV�SJ���O;�JSV�GSSPMRK��
During the design phase it is necessary 
to make sure that these powers are 
LMKLIV� XLER� XLI� VIUYMVIQIRXW� MR� O;�SJ�
XLI� RIX� VIUYMVIQIRXW� SJ� XLI� W]WXIQW�
VIUYIWXIH� F]� XLI� YWIV�� EW� WTIGMƼIH� F]�
XLI� GEPGYPEXMSR� WSJX[EVI�� 8LI� TEVX� SJ�
KIRIVEXMSR� MW� XLIVIJSVI� IRXVYWXIH� XS�
the heat pump, which is equipped with 
�� OIXXPIW�� *VSQ� XLIVI� XLI� TMTIW� XLEX�
connect to the air-conditioning terminals 
depart. The smaller air handling unit can 
TVSGIWW�����Q3�L�SJ�EMV��XLI�PEVKIV�SRI�
GER�XVIEX������Qt��L�MR�XLI�WYTTP]��8LI�
system scheme is shown in Figure 7.

,QQRYDWLYH�$SSURDFK�WR�WKH�&RQࢽJXUDWLRQ�RI�6PDUW�
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%1&-)28�%77-78)(�0-:-2+��%%0�
463.)'8

8LI� TVSNIGX� SJ� XLI� R>)&� GEWI� WXYH]�
JSVIWIIW�XLI�%%0�W]WXIQ��-X�MW�GEPMFVEXIH�
according to user needs and aims to 
WMQTPMJ]� XLI� QEREKIQIRX� SJ� XLI� LSQI�
HMKMXEPP]��MR�SVHIV�XS�SJJIV�E�JVMIRHP]�WIVZMGI�
XS� XLI� YWIV��8LIVIJSVI�� EGGSVHMRK� XS� XLI�
YWIV�W�GLSMGIW��*MKYVI���� XLI�ETTVSTVMEXI�
terminals will be installed. Building 
%YXSQEXMSR� SJJIVW� XLI� FYMPHMRK� XLI�
JSPPS[MRK�JYRGXMSREPMXMIW�

• :MHIS� WYVZIMPPERGI�%RXM�MRXVYWMSR�� MR�
SVHIV�XS�WEXMWJ]�XLI�RIIH�JSV�WIGYVMX]��
the AAL system can be connected 
to cameras and sensors placed in 
WXVEXIKMG�TSWMXMSRW�SJ�XLI�LSYWI�

• 0MKLXMRK�� XLI� %%0� QEREKIW� XLI�
PMKLXMRK�W]WXIQ�SJ�XLI�LSYWI��KMZMRK�
the user the possibility to choose 
[LMGL� PMKLXMRK� Ƽ\XYVIW� XS� XYVR� SR�
SJJ��32�3**��XS�GLSSWI�XLI�PMKLXMRK�
XMQIW��ERH�XLI�MRXIRWMX]��JYRGXMSR�SJ�
HMQQMRK�

• 8LIVQSVIKYPEXMSR�� JVSQ� XLI�
%%0� XSYGL� ERH� JVSQ� XLI� VIQSXI�
application, it is possible to manage 
the temperature and humidity in 
IEGL� XLIVQEP� ^SRI� SJ� XLI� FYMPHMRK��
%PWS� MR� XLMW� GEWI� XLI� SR�SJJ� XMQI�
GER� FI� TVSKVEQQIH�� -R� XLI�
XLIVQSVIKYPEXMSR�JYRGXMSR��QIIXMRKW�
were held between the suppliers to 
understand what protocol to use in 
the communication between the 
home automation system and the 
air conditioning system.

• )RIVK]� WEZMRK�� XLI� QEREKIQIRX�
SJ� PMKLXMRK� Ƽ\XYVIW�� ERH� XLI� EMV�
GSRHMXMSRMRK� W]WXIQ� EPPS[W� JSV�
energy savings. The dimming 
JYRGXMSR� MR� TEVXMGYPEV� EPPS[W� XLI�
MRXIRWMX]�SJ�XLI�PMKLXW�XS�FI�HMQQIH�
EGGSVHMRK� XS� XLI� PMKLX� GSQJSVX�
already present in natural lighting 
IRZMVSRQIRXW�� 'SRWYQTXMSR� MW�
QSRMXSVIH� F]� XLI� 0SEH� 'SRXVSP�
JYRGXMSR�

• 1SXSVM^EXMSR�� XLMW� JIEXYVI� EPPS[W�
EYXSQEXMG�GSRXVSP�SJ�FPMRHW��WLYXXIVW��
:IRIXMER�FPMRHW��KEXIW�ERH�[MRHS[W��
-R�QSWX�GEWIW�MX�GER�FI�YWIH�MJ�YWIVW�
are elderly or with motor disabilities. 
-R� XLI�GEWI�SJ�R>)&�[MXL� ZIV]�LMKL�
IRIVK]� IƾGMIRG]�� XLI� EYXSQEXMG�

QSXSVM^EXMSR�KIRIVEXIW�XLI�STIRMRK�
GPSWMRK�SJ�GIVXEMR�[MRHS[W�XS�GVIEXI�
natural ventilation whenever the 
ambient operating temperature 
I\GIIHW�XLI�GSQJSVX�XIQTIVEXYVI�

• %YHMS� �� :MHIS�� XS� WEXMWJ]� XLI� RIIH�
JSV� IRXIVXEMRQIRX�� MX� MW� TSWWMFPI� XS�
distribute audio and video signals.

• Since the various system 
components, as commonly happens 
MR� TVEGXMGI�� GSQI� JVSQ� HMJJIVIRX�
supplier companies, a single AAL 
touch has been studied, able to 
dialogue with all the components 
in order to have a single building 
management. For this purpose, it 
MW� TSWWMFPI� XLI� YWI� SJ� XLI� /SRRI\�
TVSXSGSP��/2<��-R�JEGX��MX�MW�XLI�ƼVWX�
open building automation standard, 
STIVEXMRK�[MXL�ER�IZIRX�RSXMƼGEXMSR�
logic.

'32'097-327

The present work, shows how it is 
TSWWMFPI� XS�TVSZMHI� XLI�GPMIRX� �YWIV�[MXL�
a smart tool whereby, through an online 
TPEXJSVQ�� WXEVXMRK� JVSQ� XLI� HIƼRMXMSR�
SJ� XLIMV� RIIHW� GSQIW� XS� SYXPMRI� XLI�
JYXYVI� LMKL�TIVJSVQERGI� FYMPHMRK�� FSXL�
JYRGXMSREP� �WTEXMEP�� IRZMVSRQIRXEP� ERH�
technological, as well as its cost. A 
VSYXI�LEW�FIIR�HIWMKRIH�XLEX�XLI�GPMIRX�
YWIV� GER� GEVV]� SYX� MRHITIRHIRXP]� JSV�
subsequent steps. The consequences 
SJ� XLMW� ETTVSEGL� EVI� QERMJSPH�� *MVWX� SJ�
EPP�� MX� GSRXVMFYXIW� XS� QEOMRK� XLI� GPMIRX�
YWIV�E[EVI�SJ�XLI�EHZERGIH�XIGLRSPSKMIW�
that will be installed in the building work, 
E� JYRHEQIRXEP� WXIT� JSV� XLI�STXMQEP�YWI�
SJ� XLI�WEQI�HYVMRK�STIVEXMSR��7IGSRHP]��
this approach helps to make the planning 
ERH� I\IGYXMSR� TLEWI� WLSVXIV�� XLEROW� XS�
XLI� JEGX� XLEX�QYGL�SJ� XLI� XIGLRSPSKMGEP�
HIWMKR�ERH�ZIVMƼGEXMSR�SJ�XLI�WEQI�LEW�
been carried out upstream, with the 
STXMQM^EXMSR�SJ�XLI�TVSGIWW�ERH�XLIVIJSVI�
[MXL� XLI� VIHYGXMSR�SJ� GSWXW�SJ� XLI�[SVO�
EKEMRWX�E�LMKL�UYEPMX]�SJ� XLI�WEQI��8LI�
JYXYVI� HIZIPSTQIRX� SJ� XLI� VIWIEVGL� PMIW�
MR� XLI� JYVXLIV� MQTPIQIRXEXMSR� SJ� XLMW�
ETTVSEGL�FSXL�MR�XLI�SRPMRI�MRXIVJEGI�ERH�
MR�XLI�MRXIVSTIVEFMPMX]�SJ�XLI�&-1�WSJX[EVI�
used.
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%%�::���������,QQRYD]LRQH�H�VRVWHQLELOLW¢�QHO�
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Planning, Scheduling and 
Controlling Long Term Projects

*LDQOXFD�'L�&DVWUL

/)=;36(7��ǠǝǞǥ�ǘȨǚǟ��ǜǚǝǢȨȱǘ��ǜǠȳǞǞǣǞǥ��ȱǝǞǘǚǝǠǙ��ǙǘǝȱǤȳǙǘǣȱ

8LI� GLEPPIRKI� XLEX� QENSV� TVSNIGXW� JEGI� MW� XLEX� JVSQ� HIWMKR� XS� WXEVX�YT�� XLI� QIKE�
MRJVEWXVYGXYVI�TVSNIGXW�GER�XEOI�YT�XS�������]IEVW��QE]FI�IZIR�PSRKIV�8LI�WEQI�ETTPMIW�
[LIR�[I�RIIH�XS�GSRXVSP�XLI�[LSPI�PMJI�G]GPI�GSWX�SJ�E�TVSNIGX��MR�VIWIEVGL�SJ�GSWX�SZIVVYRW��
XLI�KIRIVEP�STMRMSR�MW�XLEX�XLIWI�TVSNIGXW�EVI�SYX�SJ�GSRXVSP�
�)ZIR�PSRK�XIVQ�TVSNIGX�GER�FI�HYP]�OITX�YRHIV�GSRXVSP��FYX�[I�QYWX�GSRWMHIV�XLI�JEGX�XLEX�
GSRXVSPPMRK�E�WLSVX�XIVQ�ERH�E�PSRK�XIVQ�TVSNIGX�LEW�E�HMJJIVIRX�QIERMRK�
The paper will show how a long term project can be controlled using dynamics or 
WXSGLEWXMG�QIXLSHW�ERH�XEOMRK�MRXS�GSRWMHIVEXMSR�XLEX�XLI�QIERMRK�SJ�GSRXVSPW�GER�ZEV]�
according to the project characteristics and duration.

�8LMW�TETIV�LEW�FIIR�TVIWIRXIH�JSV�XLI�ƼVWX�XMQI�EX�XLI�-')'�;SVPH�'SRKVIWW�MR�1MPERS��������ERH�LEW�XLIR�FIIR�
VIZMWIH�ERH�YTHEXIH�

6
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term is substantially stochastic.
;LEX�EFSYX�E�TVSNIGX#� -X�[SYPH�FI�IEW]�
XS�WE]�XLEX�E�PSRK�XIVQ�TVSNIGX�MW�HIƼRIH�
as a project whose duration is more 
XLER� �� SV� �� ]IEVW�� XLMW� GER� FI� XVYI� JSV�
MRJVEWXVYGXYVEP� TVSNIGXW� FYX� MX� MW� RSX� E�
KIRIVEP� HIƼRMXMSR�� ER� -8� TVSNIGX� GER� FI�
HIƼRIH�EW�E�PSRK�XIVQ�TVSNIGX�MJ�HYVEXMSR�
MW�QSVI�XLER���SV���]IEVW�

We dare then to propose a new 
JVEQI[SVOW�

• short term��HYVEXMSR�SJ�EGXMZMXMIW�ERH�
GSRWXVEMRXW�JYPP]�HIƼRIH��GSWXW�GER�
be calculated with high reliability 
and a limited contingency margin

• medium term�� GSRWXVEMRXW� HIƼRIH��
durations can change not in a way to 
impact on the constraint structure

• long term��HYVEXMSRW�ERH�GSRWXVEMRXW�
can change

• YRHIƼRIH�XIVQ��FIWMHIW�GSRWXVEMRXW�
ERH�HYVEXMSRW��EPWS�XLI�WGSTI�SJ�XLI�
project can be adjusted during the 
TVSNIGX�I\IGYXMSR��WSQIXMQIW�XLIVI�
EVI� GLERKIW� MR� XLI� ZMWMSR� SJ� XLI�
owners and then in the goals to be 
achieved through the project (in this 
case, it would probably be better to 
divide the whole project in several 
medium term or long term minor 
TVSNIGXW�ERH�XS�GSRWMHIV�EPP�SJ�XLIQ�
EW�TEVX�SJ�E�TVSKVEQQI

40%22-2+�%2(�7',)(90-2+

4PERRMRK� ERH� WGLIHYPMRK� PSRK� XIVQ�
TVSNIGXW� GERRSX� FI� TIVJSVQIH� [MXL�
XLI�YWYEP�QIXLSHW�EW�[I�YWI� JSV�WLSVX�
and medium term, this is to say that 
deterministic methods are not enough. 

The most used deterministic method 
MW� XLI� '41� �'VMXMGEP� 4EXL� 1IXLSH� ERH�
MXW� HIVMZEXI� WYGL� EW� 4(1� �4VIGIHIRGI�
(MEKVEQ�1IXLSH�ERH�1)86%�� XLEX� EVI�
JYPP]�HIXIVQMRMWXMG�ERH�XLIR�RSX�WYMXEFPI�
JSV� PSRK� XIVQ�� WSQIXMQIW�TPERRMRK�ERH�
scheduling are only limited to work 
TEGOEKIW�� XLEX� EVI� MR� E� JYVXLIV� WXEKI�
HIZIPSTIH� JVSQ� XMQI� XS� XMQI� �VSPPMRK�
[EZI�EW�XLI�TVSNIGX�KSIW�SR�ERH�HIXEMPW�

TVSNIGX��EJXIV[EVHW�XLI�TVSNIGX�FIGSQIW�
HIXIVQMRMWXMG� ERH�� EJXIV� XLI� HIGMWMSR� XS�
start, it becomes quite impossible, or 
EX� PIEWX� I\XVIQIP]� I\TIRWMZI�� XS� GERGIP�
MX�� 8S� FI� JEMV�� [I� WLSYPH� EHQMX� XLEX� RS�
WXSGLEWXMG� TLEWI� MW� JYPP]� WXSGLEWXMG��
since there is always something 
deterministic and, on the other side, 
XLEX� RS� HIXIVQMRMWXMG� TLEWI� MW� JYPP]�
deterministic. 
 
8LI� GETEFMPMX]� SJ� XLI� LYQER� FIMRK� XS�
JSVIWII� XLI� JYXYVI� MW� I\XVIQIP]� PMQMXIH��
QSWX� SJ� XLI� MRWXVYQIRXW� [I� LEZI� SRP]�
allow us to project the past data towards 
XLI� JYXYVI�� WSQIXMQIW� [MXL� TEVEQIXVMG�
MRHI\IW�XLEX�EPPS[�JSV�ZEVMEXMSRW�

The historical data we have are generally 
not enough, in addition short-term 
statistical data and indicators are not 
IJJIGXMZI� [LIR� YWIH� JSV� PSRKIV� XIVQ�
JSVIGEWXMRK�� *YVXLIVQSVI�� XIGLRSPSK]�
MW� IZSPZMRK� ERH� XLMW� GER� IJJIGX� PSRK�
XIVQ� TVSNIGXW�� JSV� MRWXERGI� HYI� XS�
RI[� MRZIWXQIRXW� RIIHIH�� MRGVIEWI� SJ�
TVSHYGXMZIRIWW�� ZEVMEXMSR� SJ� EZEMPEFMPMX]�
ERH�GSWX�SJ�VIWSYVGIW�

• -RRSZEXMSR� ERH� RI[� XIGLRSPSKMIW�
[MPP�GLERKI�XLI�UYERXMX]�SJ�VIWSYVGI�
needed

• 4VSNIGXMSR�SJ�HEXE�GER�KMZI�E�UYMXI�
KSSH�MHIE�SJ�XLI�GSWX�JSV�JI[�]IEVW

• Major political or economic events, 
EW�[IPP� EW� m%GXW� SJ� +SH|� SV� m%GXW�
SJ� +SZIVRQIRX|� � GER� GLERKI� XLI�
TVSNIGX�JVEQI[SVO�

• 3[RIV�VIPEXIH�IZIRXW�GER�PIEH�XS�E�
GLERKI�SJ�XLI�WGSTI�SJ�XLI�[SVOW�

-X�MW�[SVXL]�XS�QEOI�WSQI�GSRWMHIVEXMSR�
SR� XLI� ZIV]� QIERMRK� SJ� ƈPSRK� XIVQ�
TVSNIGXƉ��-R�XLI�GEWI�SJ�E�QERYJEGXYVMRK�
company, normally “short term” means 
[MXLMR� XLI� ]IEVP]� G]GPI� SJ� XLI� FEPERGI�
sheet, “medium term” means within the 
MRZIWXQIRX� HYVEXMSR� G]GPI� �JVSQ� �� XS�
��� ]IEVW�� IZIR�QSVI� XLER� ��� ]IEVW� JSV�
MRJVEWXVYGXYVIW� SV� TS[IV� KIRIVEXMSR�
while “long term” means beyond the 
MRZIWXQIRX� HYVEXMSR� G]GPI�� 8LMW� XS�
say that short and medium term are 
substantially deterministic while long 

()*-2-8-327

This paper is relevant to long term 
TVSNIGX�� [I� EVI� WTIEOMRK� EFSYX�
QENSV� MRJVEWXVYGXYVEP� TVSNIGXW� EW�

well as industrial project, however we 
WLEPP� QEOI� WSQI� VIJIVIRGIW� EPWS� XS�
other, longer term projects.

6IJIVIRGI� GER� FI� QEHI� XS� XLI� WXYH]�
TIVJSVQIH� F]� XLI� -1)'� �-RXIVREXMSREP�
4VSKVEQ� MR� XLI� 1EREKIQIRX� SJ�
)RKMRIIVMRK�ERH�'SRWXVYGXMSR��FEWIH�SR�
E�WEQTPI�SJ����TVSNIGXW�[LSWI�EZIVEKI�
GSWX�[EW�����FMPPMSR�97���XLI�WEQTPI�[EW�
composed by 15 hydroelectrical projects, 
17 power plants (thermoelectric  or 
RYGPIEV����YVFER�XVERWTSVXEXMSR�TVSNIGXW��
��� VSEH� TVSNIGXW� MRGPYHMRK� FVMHKIW� ERH�
XYRRIPW����TIXVSGLIQMGEP�TPERXW�
 
&IX[IIR� XLI� ƼRHMRKW� SJ� XLI� WXYH]�� MX�
VIWYPXIH� ER� EZIVEKI� HYVEXMSR� SJ� ���
QSRXLW� JSV� WXVEXIKMG� TLEWI� ERH� ���
QSRXLW� JSV� I\IGYXMRK� XLI� TVSNIGX�� WS�
XSXEPPMRK� ER� EZIVEKI� HYVEXMSR� SJ� ����
QSRXLW��XLMW�MW�XS�WE]����]IEVW��

Even long term project can be duly kept 
under control, but we must consider 
XLI� JEGX� XLEX� GSRXVSPPMRK� E� WLSVX� XIVQ�
ERH�E� PSRK� XIVQ�TVSNIGX�LEW�E�HMJJIVIRX�
meaning. Sometimes the owners do 
not really own the time span they need, 
in some cases the original budget are 
estimated lower on purpose in order 
to get a project decision. This has 
FIIRHIQSRWXVEXIH�JSV�WSQI�LMWXSVMGEPP]�
important projects. Without those 
JEPWMƼGEXMSRW��[I�[SYPH�RSX�LEZI�7X�4IXIV�
MR�6SQE�RSV�7X�4EYP�MR�0SRHSR��XLEX�[IVI�
heavily underestimated at the beginning, 
MX� MW� RSX� ORS[R� [LIXLIV� SR� TYVTSWI��
MJ� XLI� XSXEP� GSWX� [IVI� ORS[R� JVSQ� XLI�
beginning, nobody would make the 
decision to go on and the world, today, 
would be poorer.

3R� XLI� SXLIV� WMHI�� XLI� 'SPSWWIYQ� MR�
6SQE��[LSWI� GSRWXVYGXMSR� PEWXIH� JVSQ�
]IEV����XS�]IEV�����[EW�IVIGXIH�UYMXI�SR�
time and on budget.

Every project goes through a stochastic 
TLEWI��[LIVI�XLI�TVSNIGX�MW�WXMPP�RSX�JYPP]�
HIƼRIH�ERH�WXMPP�MW�TSWWMFPI�XS�GERGIP�XLI�
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become clearer, this is still a deterministic 
methods albeit organised into two levels 
ERH� XLIR�[MXL�QSVI�TSWWMFMPMX]�SJ�FIMRK�
EHNYWXIH�� 4)68� �4VSNIGX� )ZEPYEXMSR� ERH�
6IZMI[�8IGLRMUYI�MW�WXMPP�E�HIXIVQMRMWXMG�
method, with the possibility to consider 
some durations with a stochastic 
approach.

8LI� YWI� SJ� E� TVSTIV�� LMKLIV�QEVKMR� JSV�
contingencies and work variation can 
help up to a certain point, however it 
HSIW�RSX�QEOI�ER]�QSVI�WIRWI� MJ�WYGL�
QEVKMR� FIGSQIW� E� WYFWXERXMEP� TEVX� SJ�
XLI�IWXMQEXIH�XMQI�ERH�GSWX��-J�E�TVSNIGX�
MW�TPERRIH�XS�WXEVX����]IEVW�SV�QSVI��[I�
RIIH�XS�YWI�E�JYPP]�WXSGLEWXMG�TPERRMRK�
QIXLSH�XLEX�EPPS[�XLI�YWI�SJ�TVSFEFMPMX]�
SR� GSRWXVEMRXW�� IZIR� XLSWI� QIXLSHW�
[SYPH� RSX� LIPT� MR� GEWI�SJ� E� GLERKI� MR�
XLI� WGSTI� SJ� XLI� [SVOW�� XLEX� GERRSX�
RIMXLIV� JSVIWIIR� RSV� GSRXVSPPIH�� %PWS�
XLI�TVSNIGX�JVEQI[SVO�GER�FI�QSHMƼIH�
due to owner related events or to major 
political events, as well as to causes 
RSVQEPP]�GSRWMHIVIH�EW�JSVGI�QENIYVI�

%W� JEV� EW� XLI� WXSGLEWXMG� TPERRMRK�
methods, as they are known in the 
operational research, we would like to 
VIQMRH�

• +%2� �+IRIVEPM^IH� %GXMZMX]�
2IX[SVO�� FEWIH� SR� ER� IUYMZEPIRX�
RIX[SVO� JYRGXMSR� XLEX� GSRWMHIV�
either the probability that an 
EGXMZMX]� FI� EGXYEPP]� TIVJSVQIH� SV�
XLI�GLERKI�SJ�MXW�HYVEXMSR

• +)68� �+VETLMG� )ZEPYEXMSR� 6IZMI[�
8IGLRMUYI�� XLEX� XVMIW� XS� WMQTPMJ]�
the stochastic network creating an 
equivalent reduced network, that 
can be managed as deterministic

• +)687� �+)68� 7MQYPEXMSR��
XLEX� EHHW� XS� +)68� QIXLSH� XLI�
simulation

• :)68� �:IRXYVI� )ZEPYEXMSR� 6IZMI[�
8IGLMRMUYI�� XLEX� MW� FEWMGEPP]� E�
JYVXLIV�HIZIPSTQIRX�SJ�XLI�+)687�

-R� EHHMXMSR� XS� XLSWI�� SXLIV� WMQYPEXMSR�
as well as stochastic methods can be 
GSRWMHIVIH�� -R� KIRIVEP�� XLSWI�QIXLSHW�
RIIH� XS� FI� QEREKIH� F]� I\TIVXW� MR�

operational research, that is beyond the 
TVSJIWWMSREP� GSQTIXIRGI�SJ� E� TPERRIV��
,S[IZIV��WSQI�VIGIRX�WSJX[EVI�MRMXMEPP]�
GVIEXIH� JSV� HIXIVQMRMWXMG� WGLIHYPMRK�
allow stochastic routines and add-ons.

%W� JEV� EW� GSWXW� EVI� GSRGIVRIH�� MX� MW�
quite impossible to make a reliable 
EWWYQTXMSR�SR�XLI�EGXYEP�GSWXW�SJ�E�PSRK�
XIVQ�TVSNIGX�MJ�[I�XV]�XS�QEOI�E�FYHKIX�
adjusted through projected economic 
MRHMGEXSVW�� JSV� XLI� VIEWSR� XLEX� WLEPP�
FI� WLS[R� MR� XLI� JSPPS[MRK� TEVEKVETL��
9WIPIWW� XS� WE]�� E� JYVXLIV� TVSFPIQ� GER�
FI�HYI� XS�GLERKIW� MR� XLI�WGSTI�SJ� XLI�
[SVOW�� -X� MW�KIRIVEPP]�IEWMIV�XS�TPER�XLI�
resources needed, whose amount is 
RSVQEPP]� QSVI� WXEFMPM^IH�� ERH� XLIR� XS�
EHNYWX� JVSQ� XMQI� XS� XMQI� XLI� EQSYRX�
SJ� XLI� MRZIWXIH�QSRI]�[MXL� XLI� EGXYEP�
GSWXW��XLMW�QIERW�XLER�XLIVI�MW�RIIH�SJ�
WSQI�ƽI\MFMPMX]�MR�JYRH�EPPSGEXMSR�EW�[IPP�
as in the overall project budget. 

-X� MW� IRSYKL� XS� VIJIV� XS� XLI� WXERHEVHW�
XLEX�EVI�RSVQEPP]�YWIH�JSV�HIƼRMRK� XLI�
VIPMEFMPMX]� SJ� TVSNIGX� IWXMQEXMRK�� WYGL�
EW� XLI� SRIW� JVSQ� %%')� -RXIVREXMSREP��
%27-� >������ %'SWX)�� 6-'7� �6S]EP�
-RWXMXYXI�SJ�'LEVXIVIH�7YVZI]SVW��&VMXMWL�
4IXVSPIYQ�� &VMXMWL� +EW�� 2SV[IKMER�
4VSNIGX� 1EREKIQIRX� %WWSGMEXMSR��
%QIVMGER� 7SGMIX]� SJ� 4VSJIWWMSREP�
)WXMQEXSVW� ERH� SXLIVW�� -J� [I� VIJIV�� JSV�
MRWXERGI�� XS� XLI� WXERHEVHW� SJ� %%')��
IWXMQEXMRK� MW� GPEWWMƼIH� MRXS� ƼZI� PIZIPW�
[LSWI� VIPMEFMPMX]� ZEVMIW� JVSQ� �������	�
JSV� JYPP]� HIXEMPIH� TVSNIGX� �PIZIP� ��
[MXLYRMX� GSWXW� ERH� FMPP� SJ� UYERXMXMIW�
JYPP]� ORS[R� XS� ��������	� JSV� ER�SVHIV�
SJ� QEKRMXYHI� IWXMQEXI� �PIZIP� ��� 0SRK�
term projects cannot be managed in a 
JYPP]�HIXIVQMRMWXMG�[E]��XLIVIJSVI�GERRSX�
be considered neither in level 1 nor in 
PIZIP� ���[LMPI� PIZIP� �� WIIQ� XS� FI�QSVI�
ETTPMGEFPI��[MXL�E��������	�VIPMEFMPMX]��

-X�MW�XLIR�RIGIWWEV]�XS�GSRWMHIV�XLEX��MR�
those cases, also budgeting becomes 
stochastic.

-J�XLI�TVSNIGX�WXEVXW�YRHIƼRIH��MR�WSQI�
cases the best way is to divide it into 
QSVI�WYFTVSNIGXW�SYX�SJ�[LMGL�XLI�ƼVWX�

SV� XLI� WIGSRH� EVI� HIƼRIH� ERH�� FEWIH�
SR� VIWYPXW� SJ� XLSWI�� MX� [SYPH� FIGSQI�
TSWWMFPI� XS� HIƼRI� XLI� XLMVH�� XLI� JSYVXL�
ERH� WS� SR�� 8LMW� MW� XLI� GEWI� SJ� QENSV�
motorway or railway projects than can 
be divided in several sections to be put 
in operation one by one, being the other 
sections still not completed or even 
cancelled. The same has been applied 
XS� QENSV� WTEGI� I\TPSVEXMSR� TVSNIGXW�
WYGL�EW�+IQMRM�SVI�%TSPPS��SR�XLI�SXLIV�
side, a project like the bridge to connect 
7MGMP]� XS� GSRXMRIRXEP� -XEP]� GERRSX� FI�
divided into sections with the same 
GVMXIVMSR��WMRGI�MJ�SRP]�TEVX�SJ�MX�MW�FYMPX�MX�
would become quite useless.  

)'3231-'�-2(-'%8367

%R]�OMRH�SJ�JSVIGEWX�FEWIH�SR�XLI�ZEPYI�
SJ� IGSRSQMG� MRHMGEXSVW� GSPPIGXIH� JSV�
XLI� TVIZMSYW� ]IEVW� MW� EX� VMWO� SJ� FIMRK�
GSQTPIXIP]�[VSRK��%W�E�QEXXIV�SJ� JEGX��
economic indicators are normally 
FEWIH� SR� E� WXEXMWXMGEP� EREP]WMW� SJ� E�
HIƼRIH� FEWOIX� SJ� KSSHW�� TVSHYGXW� SV�
work processes. Those indicators are 
quite reliable in the short and medium 
XIVQ�� WSQIXMQIW� YT� XS� ��� ]IEV� XMQI�
WTER�MJ�XLI�TVSGIHYVI�SJ�HEXE�GSPPIGXMRK�
and analysing is quite completed 
and statically correct, but they start 
XS� FIGSQI� YRVIPMEFPI� MJ� � [I� XV]� XS�
YXMPMWI� XLIQ� JSV� PSRKIV� XIVQ� IGSRSQMG�
JSVIGEWX��8LI�QEMR�VIEWSRW�EVI�

• XLI� FEWOIX� SJ� KSSHW� SV� WIVZMGIW�
that are assumed as a sample has 
XS�FI�QSHMƼIH�XS�VIQEMR�WXEXMGEPP]�
WMKRMƼGERX��MJ�MX�MW�RSX�QSHMƼIH�MW�EX�
VMWO�SJ�PSWMRK�XLI�WMKRMƼGERGI��

• XLI� VIPEXMZI� TVMGIW� SJ� KSSHW� ERH�
services are varying,

• the technology evolves,
• XLI�TVSHYGXMZMX]� SJ�QERTS[IV�ERH�

equipment evolves too.

%W�ER�I\EQTPIW�MR�]IEV������[I�LEH�XS�
GEPGYPEXI�XLI�IUYMXEFPI�TVMGI�JSV�E�VEMP[E]�
maintenance workshop whose contract 
was stipulated on 1976 and suspended 
JVSQ� XLIR�� 8LI� SVMKMREP� GSRXVEGX� ZEPYI�
[EW� ��� FMPPMSR� 0�MX� [1] that, multiplied 
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JSV�XLI�ETTPMGEFPI�MRHI\�SJ������VIXYVRIH�
ER� YTHEXIH� EQSYRX� SJ� ���� FMPPMSR� 0�MX��
EGXYEPP]�XLMW�EQSYRX�[EW�GPEMQIH�JVSQ�
GSRXVEGXSV�XS�GSQTPIXI�XLI�[SVO��-X�[EW�
IZMHIRX��EX�ƼVWX�WMKLX��XLEX�WYGL�EQSYRX�
[EW� I\XVIQIP]� LMKL�� XLI� TVSFPIQ� [I�
LEH�XS�JEGI�[EW�ƼVWX�XS�YRHIVWXERH�[L]�
and then to re-negotiate the contract. 

When we investigated into the design, 
XLI�FMPP�SJ�UYERXMXMIW�ERH�XLI�YRMX�TVMGIW�
we noticed that

• the railway signal technology used 
MR� ����� [EW� HMJJIVIRX� JVSQ� XLI�
XIGLRSPSK]�SJ�XLI�RMRIXMIW

• XLI� TVMGI� PMWX� SJ� ����� [EW� WXMPP�
calculated considering that the 
rails be installed by hand, while the 
TVMGIPMWX�SJ�XLI�RMRIXMIW�[EW�FEWIH�
on mechanical installation

• XLI� TVSHYGXMZMX]� SJ� IPIGXVMGEP�
installation works had had a 
sensible increase

3YV�GSRGPYWMSR�[EW�XLEX�E�JEMV�TVMGI�JSV�
the workshop should have been in the 
VERKI�JVSQ����XS����FMPPMSR�0�MX��YWIPIWW�
to say, contractor should have been 
IRXMXPIH� XS� WSQI� GSQTIRWEXMSR� JSV�
LEZMRK� FIIR� OITX� [EMXMRK� JSV� X[IRX]�
years, but this consideration was 
FI]SRH�SYV�WGSTI�SJ�[SVOW�

)<%140)7

1ȨǙǙǣǞȳ�ȲǚǣȰǥȨ

8LI�FVMHKI�XS�GSRRIGX�GSRXMRIRXEP� -XEP]�
XS� 7MGMP]� LEW� FIIR� SRI� SJ� XLI� QENSV�
TVSNIGXW� MR� XLI� ƼVWX� HIGEHI� SJ� XLI� <<-�
GIRXYV]�� XLI� MHIE� XS� GSRRIGX� 7MGMP]� XS�
GSRXMRIRXEP� -XEP]� [EW� ƼVWX� FVSYKLX�
JSV[EVH� F]� XLI� 6SQERW�� XLIR� F]� XLI�
/MRK�SJ�8[S�7MGMPMIW�MR������[LS�SVHIVIH�
E� JIEWMFMPMX]� WXYH]�� -R� VIGIRX� XMQI�� E��
TVSNIGX� �FEWIH�SR�E�HIWMKR�SJ�E�WMRKPI�
span suspension bridge with a central 
WTER�SJ������Q�TPYW� VSEH�ERH� VEMP[E]�
PMROW�[EW�EGXYEPP]�E[EVHIH�������XS�E�
GSRWSVXMYQ� PIH�F]� XLI� -XEPMER�GSQTER]�
-QTVIKMPS� 7T%� ERH� XLIR� EFERHSRIH�
�1EVGL�� ������ 8LI� FYHKIX� [EW� EFSYX�

�� FMPPMSR� IYVSW� MR� ������ MR� ����� XLI�
budget was again estimated in about 6 
FMPPMSR�IYVSW�ERH�XLI�TVSNIGX�[EW�ƼREPP]�
GERGIPPIH�JSV�PEGO�SJ�JYRHW���
-X� MW� [SVXL]� XS� GSRWMHIV� XLEX� XLI�
XIRHIV� HSGYQIRXW� EPWS� MRGPYHIH� JSV�
E� GEPGYPEXMSR� SJ� PMJI� G]GPI� GSWXW� SZIV� E�
XMQI�WTER�SJ����]IEVW�TPYW�ER�EHHMXMSREP�
��� ]IEVW�� JSV� E� XSXEP� XMQI� WTER� SJ� ���
]IEVW�� 8S� PIX� YRHIVWXERH� XLI� HMƾGYPX]�
ERH�PMQMXIH�VIPMEFMPMX]�SJ�WYGL�IWXMQEXMSR��
[I� LEZI� GSRWMHIVIH� XLI� TVSNIGXMSR� SJ�
IGSRSQMG� MRHMGEXSVW� JVSQ� XLI� TEWX� F]�
using regression methods and then 
comparing with the actual data. Some 
VIWYPXW�EVI�WLS[R�LIVI�FIPS[�

• MJ�[I�WMQYPEXI�E�TVSNIGXMSR�QEHI�MR�
������FEWIH�SR����]IEV�HEXE�FEWI�
ERH�PMRIEV�VIKVIWWMSR��JSV�E�TVSNIGX�
HYI�XS�PEWX�YRXMP����������]IEVW�XLI�
EGXYEP�GSWX�JSV�XLI�PEWX�]IEV�MW������
times the estimated cost

• MJ� [I� WMQYPEXI� E� TVSNIGXMSR� QEHI�
MR� ������ FEWIH� SR� ��� ]IEV� HEXE�
FEWI� ERH� I\TSRIRXMEP� VIKVIWWMSR��
JSV�E�TVSNIGX�HYI�XS�PEWX�YRXMP������
���� ]IEVW�� XLI� EGXYEP� GSWX� JSV� XLI�
PEWX� ]IEV� � MW� EFSYX� ����� XMQIW� XLI�
estimated cost

8LI� VIPMEFMPMX]� SJ� E� PMJI� G]GPI� GSWX�
GEPGYPEXMSR� JSV� WS� PSRK� XMQI� MW� FEWIH�
on the assumption that no major 
change happens neither in the world 
EW� E�[LSPI� RSV� MR� XLI� WXVYGXYVI� SJ� XLI�
economic system. The same will apply 
to sensitivity analysis, that makes 
WIRWI� JSV� ZEVMEXMSRW� SJ� XLI� HEXE� XEOIR�
MRXS� GSRWMHIVEXMSR� YRXMP� ��	� SV� ��	��
FYX� [SYPH� FI� WTSMPIH� MJ� [I� XEOI� MRXS�
GSRWMHIVEXMSR���	�SV����	�ZEVMEXMSRW�
  
4ȨǘǚǝȱǤȨǟǣȱȳǠ�ǜǠȳǞǘ�ǣǞ�1ǣȰȰǠȨ�)ȳǙǘ

A major petrochemical plant in Middle 
East was composed by 13 process 
units centred around a steam cracker, 
6 utility units and a connecting network 
�SJJ�WMXI�JEGMPMXMIW�TPYW�EY\MPMEV]�JEGMPMXMIW�
WYGL� EW� SƾGI� FYMPHMRK�� MRXIVREP� VSEHW��
canteen, etc. The project was actually 
HMZMHIH�MRXS�JSYV�WYFTVSNIGXW�REQIH

• onsite (process units), that were 
HMZMHIH� MR� WIGXMSR� �� �SPIƼRW��
T]VSP]WMW� KEWSPMRI� L]HVSKIR�
WIGXMSR� �� �00(� TSP]IXL]PIRI��
,(� TSP]IXL]PIRI�� WIGXMSR� ��
�TSP]TVST]PIRI�� WIGXMSR� ��
�FYXEHMIRI�� TSP]FYXEHMIRI� VYFFIV��
WIGXMSR� �� �IXL]PIRI� S\MH� KP]GSP��
IXLERSP� EQMRIW�� S\S� KEW��� IXL]P�
I\ERSP

• offsite (connecting network and 
WXSVEKI�GETEGMX]�

• utilities� �HIQMRIVEPM^EXMSR� YRMX��
cooling water system, steam 
KIRIVEXMSR��TS[IV�KIRIVEXMSR��IXG��

• services (workshops, warehouses, 
ƼVI� WXEXMSRW�� SƾGI� FYMPHMRK��
restaurant, emergency toom, 
JIRGMRK��KEXI�

(YVEXMSR� WGLIHYPIH� JSV� GSRWXVYGXMSR�
was about 6 years, standard workload 
[EW�EFSYX������QMPPMSR�SJ�71L��7XERHEVH�
1ER�LSYVW�

2S� SRI� SJ� XLSWI� WYF�TVSNIGXW� GSYPH�
I\MWX� EW� ER� EYXSRSQSYW� TVSNIGX�� XLIR�
the term sub-project was misused. The 
project controls was based on a project 
schedule and on a budget, that were 
ZIVMƼIH� HIXIVQMRMWXMGEPP]� IZIV]� QSRXL��
F]� YWMRK� E� 4(1� RIX[SVO�� XLI� EREP]WMW�
SJ�XLI�GVMXMGEP�TEXL�ERH�XLI�YWYEP�IEVRIH�
value criterion to compare the planned 
versus the actual cost. When the project 
went into delay and then toregister cost 
overrun, although the assumption was 
still to use a deterministic method, 
XLI� TPERRIVW� WXEVXIH� XS� QSHMJ]� WSQI�
constraints as well as the critical path 
MR�SVHIV��XS�EHETX�XLI�WGLIHYPI�XS�VIEPMX]��
this is to say that the planning became 
WXSGLEWXMG�� RSX[MXLWXERHMRK� XLI� JEGX�
that such change was never declared 
STIRP]�� -R� E� JYVXLIV� WXEKI�� XLI� S[RIV�
HIGMHIH� XS� GERGIP� TEVX� SJ� XLI� TVSNIGX�
XS� GSTI� [MXL� TVIZMSYWP]� YRJSVIWIIR�
IGSRSQMG� HMƾGYPXMIW�� *SV� HSMRK� XLMW�� MX�
was necessary to redraw the structure 
SJ�WYFTVSNIGXW�WMRGI�MX�[SYPH�RSX�QEOI�
any sense to keep the process units and 
to cancel the utilities. Simply, the plant 
would not work. By this way, the scope 
SJ�XLI�TVSNIGX�[EW�EGXYEPP]�QSHMƼIH�

Planning, Scheduling and Controlling Long Term 
Projects

G. di Castri



��

in_bo New Frontiers of Construction Management Workshop 2018, vol. 09 n° 13

-X�MW�LEVH�XS�WE]�XLEX�XLI�TVSNIGX�LEW�FIIR�
OITX�YRHIV�GSRXVSP��FYX�EX�PIEWX�E�HIJEYPX�
LEW�FIIR�EZSMHIH��-R�VIEPMX]��MX�[SYPH�LEZI�
been better to consider this possibility 
since the beginning, by introducing 
XLI� MHIE� SJ� E� WXSGLEWXMG� TPERRMRK� ERH�
by taking into consideration a more 
suitable division into autonomously 
sustainable sub-projects.    
  
8ǤȨ�ǟȨȰǣȨǖȳǠ�ȱȳǘǤȨȰǚȳǠǙ

3RI� TEVEQSYRX� I\EQTPI� SJ� E� PSRK�
term project is a medieval cathedral 
�EGGSVHMRK�XS�XLI�QSWX�YWIH�HIƼRMXMSR�
SJ� XLI� XIVQ�� LS[IZIV�� MX� GERRSX� FI�
HIƼRIH� EW� E� TVSNIGX� WMRGI� XMQI� ERH�
WGSTI�[IVI�YRHIƼRIH��

To have an idea about how those 
TVSNIGX�[IVI�QEREKIH��[I�GER�VIJIV�XS�
a modern project that is more similar 
to a medieval cathedral than to the 
projects we are usually taking into 
consideration in recent times. Thisis 
XLI� GEXLIHVEP� SJ� XLI� 7EKVEHE� *EQMPME�
in Barcelona, whose construction 
WXEVXIH� MR� ����� ERH� LEW� RSX� ]IX� FIIR�
GSQTPIXIH�� LS[IZIV� XLI� GLYVGL� LEW�
been consecrated by pope Benedict 
<:-� MR� ������ 8LI� SVMKMREP� HIWMKR� [EW�
JVSQ�XLI�EVGLMXIGX�*VERGMWGS�HI�4EYPE�
HIP�:MPPEV��XLIR�E�RI[�HIWMKR�[EW�QEHI�
F]�XLI�EVGLMXIGX�%RXSRM�+EYHʧ��MRZSPZIH�
EJXIV� GSRWXVYGXMSR� [EW� WXEVXIH�� 3XLIV��
EVGLMXIGXW� [IVI� MRZSPZIH� EJXIV� +EYHʧ�
death, in order to complete his design.

7MRGI� MX� MW� ER� ƈI\TMEXSV]� GLYVGLƉ��
PMOI� QSWX� SJ� QIHMIZEP� GEXLIHVEPW��
construction had to rely only on private 
HSREXMSRW� ERH� XLIVIJSVI� XLIVI� [EW�
not any possibility to make a reliable 
planning, the work packages  were 
WGLIHYPIH�JVSQ�XMQI�XS�XMQI�EGGSVHMRK�
XS� XLI� JYRHW� EZEMPEFPI�� XLI� TVSKVIWW�
[EW� PIWW� XLEX� ��	� MR� ����� �HIEXL� SJ�
+EYHʧ� ERH� [EW� IWXMQEXIH� EW� ��	�
EFSYX� MR�������8LI�WGSTI�SJ� XLI�[SVO�
was changed several times, the actual 
design is not anymore the original one 
ERH�WXMPP�XLIVI�EVI�YRHIƼRIH�TSMRXW�ERH�
WSQI� XIGLRMGEP� GLEPPIRKIW�� ,S[IZIV��
QMPPMSRW� SJ� TISTPI� EVI� ZMWMXMRK� ERH� MX�

LEW�FIIR�HIGPEVIH�TEVX�SJ�XLI�92)7'3�
;SVPH� ,IVMXEKI�� RSX[MXLWXERHMRK�
XLI� JEGXW� XLEX� MX� LEW� RSX� ]IX� FIIR�
completed.

%GGSVHMRK� XS� E� WXEXIQIRX� JVSQ�+EYHʧ�
“(O� 7HPSOH� ([SLDWRUL� GH� OD� 6DJUDGD�
)DP¯OLD� HO� ID� HO� SREOH� L� V
KL� HPPLUDOOD��
�V� XQD� REUD� TXH� HVW¢� D� OHV�PDQV� GH�
'«X�L�HQ�OD�YROXQWDW�GHO�SREOH��[2]
463+6%11)7

The Messina bridge was clearly a 
long term project, albeit articulated in 
several subprojects (bridge properly 
so said, road connection in Sicily, road 
GSRRIGXMSR� MR� 'EPEFVME�� WMRGI� MX�[SYPH�
not make any sense to complete the 
bridge without the road connections on 
both sides. 

(MJJIVIRX� MX� MW� XLI� GEWI� SJ� XLI�
TIXVSGLIQMGEP� GSQTPI\�� [LIVI� XLI�
HMZMWMSR� MR� WIGXMSRW� [EW� RSX� JYPP]�
corresponding to the reality, it would 
have been better to consider the 
GSQTPI\� EW� E� [LSPI� EW� E� TVSKVEQQI�
subdivided into

Project A
• TVSGIWW� YRMXW�� SPIƼRW�� T]VSP]WMW�

gasoline hydrogen, LLD 
TSP]IXL]PIRI��,(�TSP]IXL]PIRI

• SJJWMXI� �GSRRIGXMRK� RIX[SVO� ERH�
WXSVEKI�GETEGMX]

• utilities,
• services.
Project B
• 4VSGIWW� YRMXW�� TSP]TVST]PIRI��

butadiene, polybutadiene rubber
Project C
• 4VSGIWW�YRMXW���IXL]PIRI�S\MH�KP]GSP��

)XLERSP� EQMRIW�� S\S� KEW��� IXL]P�
I\ERSP

• %HHMXMSREP�SJJWMXI�[SVOW

-R� VIEPMX]�� XLMW� MW�LS[�XLI�[LSPI�TVSNIGX�
has been managed. When the works 
WXEVXIH� SR� TVSNIGX� %�� TVSNIGXW� &� ERH�'�
were still in the strategic phase. Then, 
[LIR� TVSNIGX� %� [EW� EX� ��	� TVSKVIWW�
EFSYX� TVSNIGX� &� [EW� ETTVSZIH� JSV�
GSRWXVYGXMSR� [LMPI� TVSNIGX� '� RIZIV�
WXEVXIH� ERH�[EW� ƼREPP]� GERGIPPIH� EJXIV�

some years.

'32'097-32

A long term project whose scope is quite 
HIƼRIH�GER�WXMPP� FI�OITX�YRHIV�GSRXVSP��
[MXL�TVSTIV�QIXLSHW��F]�EHNYWXMRK�JVSQ�
time to time the parametres to the 
EGXYEP�GLERKI�SJ�XLI�IGSRSQMG�W]WXIQ�
EW�[IPP�EW�SJ�XLI�TVSNIGX�MXWIPJ��
%R� YRHIƼRIH� TVSNIGX� SV� TVSKVEQQI��
[LSWI�WGSTI�MW�RSX�JYPP]�HIƼRIH��GER�FI�
kept under control section by section, 
MJ� XLI� HMZMWMSR� MRXS� WIGXMSRW� QEOIW�
WIRWI� PMOI� MR� XLI� GEWI� SJ� XLI� VEMP[E]�
SV� QSXSV[E]� W]WXIQ� SV� SJ� XLI� WTEGI�
I\TPSVEXMSR�� MH� IWX� XS� WE]� [LIR� IZIV]�
WIGXMSR�GER�FI�GSRWMHIVIH�EW�E�UYMXI�JYPP�
TVSNIGX��-J�XLMW�HSIW�RSX�ETTP]��PMOI�MR�XLI�
GEWI� SJ� XLI� 7EKVEHE� *EQMPME�� XLI� ZIV]�
MHIE�SJ�GSRXVSPPMRK�XLI�TVSNIGX�QEOIW�RS�
WIRWI��EW�E�QEXXIV�SJ�JEGX��MR������[EW�
impossible to make any assumption 
about time and cost, thedesign was 
UYMXI� YRHIƼRIH�� MR� VIEPMX]� XLIVI� [EW�
only the willingness to build a cathedral. 
Like in medieval cathedrals, design 
[EW� QSHMƼIH� EKEMR� ERH� SZIV� EKEMR�
during construction, parts were added 
SV� VIQSZIH�� HMQIRWMSRW� QSHMƼIH��
Even now, that the cathedral is already 
consecrated (business-like, we can say 
XLEX�MX�MW�MR�STIVEXMSR��MX�MW�RSX�]IX�GPIEV�
[LMGL�WLEPP�FI�XLI�ƼREP�HIWMKR�
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[1]�0�MX�!�-XEPMER�0MVE��XLI�-XEPMER�GYVVIRG]�FIJSVI�XLI�
)YVS��8LI�GSRZIVWMSR�VEXMS�LEW�FIIR���Ɲ�!���������
L.it
[2]�8LI�I\TMEXSV]�GLYVGL�SJ�La Sagrada Família is 
QEHI�F]�TISTPI�ERH�QMVVSVW��8LI�TISTPI��-X�MW�E�
[SVO�XLEX�MW�MR�XLI�LERHW�SJ�+SH�ERH�XLI�[MPP�SJ�XLI�
TISTPI�
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%LEOLRJUDDNote
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Multi-dimensional Risk Assessment

8JR�'L�&DPLOOR

/)=;36(7��ǚǣǙǡ�ȳǙǙȨǙǙǟȨǞǘ��ǗǞȰȨǚǠǓǣǞǥ�ȱȳǗǙȨ��ȳǘǘȨǞǘǣǝǞ�ǦȳȱǘǝǚǙ��ǙȳǦȨ�ǙǓǙǘȨǟ�ǝǦ�Ǖǝǚǡ��ǜȨǚǟǣǘ�ǘǝ�Ǖǝǚǡ

8LI� -RXIVREXMSREP� 0EFSYV�3VKERMWEXMSR�LEW�E� W]WXIQMG�ERH�SZIVEPP� ETTVSEGL� XS� WEJI�
and health  on workplace topics. “�� NH\� HOHPHQWV”, “60$57�RXWSXWV”, “�� VWHSV�5LVN�
AssessmentƉ��EVI�WSQI�SJ�FEWMG�ETTVSEGLIW�WYKKIWXIH�F]�XLMW�-RWXMXYXMSR��)YVSTIER�
9RMSR�LEW�EHSTXIH�XLMW�GSRGITXW�XS�HIƼRI�WSQI�MQTSVXERX�TVSGIHYVIW��ƈ6DIH�6\VWHP�
RI� :RUN� �66:�”, “3HRSOH�(TXLSPHQW�0DWHULDO�(QYLURPHQW� �3(0(�” and “3HUPLW� 7R�
:RUN��37:�”.
%�GEVIJYP�EREP]WMW�SJ�EGGMHIRXW�QYWX�FI�FEWIH�SR�HMVIGX�JEGXSVW��TVMQEV]�GEYWIW�ERH�
MRHMVIGX� JEGXSVW� �WIGSRHEV]� GEYWIW�� 'SRWIUYIRXP]�� IZIR� E� GEVIJYP� VMWO� EWWIWWQIRX�
QYWX�EREP]^I�ERH�IZEPYEXI�FSXL�JEGXSVW��EHSTXMRK�E�QYPXM�HMQIRWMSREP�ETTVSEGL��
8LI�ƼVWX�TEVX�SJ�XLI�VIWIEVGL��JSGYWIH�SR�XLI�EREP]WMW�SJ�WSQI�MRHMVIGX�JEGXSVW��WYGL�EW�
EKIMRK�[SVOIVW��RI[P]�LMVIH�[SVOIVW��IXG��MRXVSHYGMRK�XLI�GSRGITX�SJ�EXXIRXMSR�JEGXSVW��
-R�JEGX��XLIWI�JEGXSVW�EVI�RSX�]IX�KSZIVRIH�F]�XLI�GYVVIRX�REXMSREP�VIKYPEXMSRW�[MXLMR�XLI�
risk assessment. 
*SPPS[MRK�E�W]WXIQMG�ETTVSEGL�SJ�77;��XLI�WIGSRH�TEVX�SJ�XLI�VIWIEVGL�MW�ETTPMIH�XS�E�
GEWI�WXYH]��GSRWXVYGXMSR�WMXI�JSV�E�RI[�EIVSWTEGI�FYMPHMRK�MR�1MPER��6I�IRXIVMRK�EQSRK�
XLI�TYVTSWIW�SJ�W]WXIQEXMG��G]GPMGEPMX]�ERH�GSRXMRYEP�MQTVSZIQIRX�SJ�XLI�QIEWYVIW�XS�
FI�XEOIR�XS�IPMQMREXI�SV�VIHYGI�VMWOW��E�WTIGMƼG�TVSGIHYVI�LEW�FIIR�HVE[R�YT�XS�FI�
EWWSGMEXIH�[MXL�XLI�WGLIHYPMRK�ERH�QEREKIQIRX�SJ�XLI�WMXI�EGXMZMXMIW��8LIVIJSVI��XLI�
EREP]WMW�SJ�MRHMVIGX�JEGXSVW�MW�TIVJSVQIH�F]�EWWSGMEXMRK�XLI�[SVO�TLEWI�XS�FI�GEVVMIH�SYX�
[MXL�XLI�IQTPS]IIW�XLEX�LEZI�XLIWI�JEGXSVW�
8LI�VIWYPX�SJ�XLI�VIWIEVGL�GEVVMIH�SYX�LEW�LMKLPMKLXIH�E�GSRGITX�SJ�XLI�EXXIRXMSR�JEGXSV��
[LMGL� MJ�TVIZMSYWP]�EWWIWWIH��GER� MRZSPZI� XLI�EGXMZEXMSR�SJ�WTIGMEP�[SVOIV�TVSXIGXMSR�
TVSGIHYVIW��I�K��4IVQMX�8S�;SVO�

7
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Through these indications we can deduce 
XLI� GSRGITX� SJ� W]WXIQ�� G]GPMGEPMX]� ERH�
GSRXMRYEP�MQTVSZIQIRX�SJ�XLI�QIEWYVIW�
to be taken to eliminate or reduce risks 
MR� XLI� [SVOTPEGI� IJJIGXMZIP]�� 1SVISZIV�
-03�'����ERH� -03�6����QEOMRK�I\TPMGMX�
legal requirements in regard to system 
SJ�[SVOMRK�XS�IRWYVI�XLEX�LE^EVHW�EVI�EPP�
MHIRXMƼIH� ERH� WEJI� QIXLSH� SJ� [SVOMRK�
are to be used, that eliminate or minimise 
XLSWI�LE^EVHW�

7MQMPEV�GSRGITXW�EVI�EPWS�JSYRH�MR�XLI���
67(36�RI�5LVN�$VVHVVPHQW highlighted 
SR�-03�37,�1EREKIQIRX�7]WXIQ�

• 78)4����-HIRXMJ]�XLI�LE^EVHW�
• 78)4� ��� (IGMHI� [LS� QMKLX� FI�

LEVQIH�ERH�LS[�
• 78)4� ��� )ZEPYEXI� XLI� VMWOW� ERH�

HIGMHI�SR�TVIGEYXMSRW�
• 78)4� ��� 6IGSVH� ]SYV� ƼRHMRKW� ERH�

MQTPIQIRX�XLIQ�
• 78)4� ��� 6IZMI[� ]SYV� EWWIWWQIRX�

ERH�YTHEXI�MJ�RIGIWWEV]�

promotes decent and productive work 
MR�GSRHMXMSRW�SJ�JVIIHSQ��IUYEPMX]��WEJIX]�
ERH�LYQER�HMKRMX]�JSV�QIR�ERH�[SQIR��
8LI�QEMR�VSPI�SJ�XLI�-03�MW�XS�JSVQYPEXI�
the minimum international standards 
SJ�[SVOMRK�GSRHMXMSRW�ERH� JYRHEQIRXEP�
VMKLXW�SJ�XLI�[SVOIV��&IPS[�EVI�NYWX�WSQI�
SJ�XLI�QER]�ERH�VMGL�GSRGITXW�XLEX�GER�
FI�HVE[R� JVSQ�E�GEVIJYP� VIEHMRK�SJ� XLI�
HSGYQIRXW�MWWYIH�F]�XLI�-03�

'SRGITX� SJ� TVMQEV]� MQTSVXERGI� MW�
GSRXEMRIH� MR� XLI� -03� +YMHIPMRIW� SR�
3GGYTEXMSREP� 7EJIX]� ERH� ,IEPXL�
1EREKIQIRX� 7]WXIQW� �� -03� 37,�
������JSPPS[MRK�E�WXVYGXYVI�XLEX�YWI�XLI�
JSPPS[MRK�ƼZI�OI]�IPIQIRXW���EHSTXMRK�XLI�
WXVYGXYVI�SJ�(IQMRK�G]GPI��WII�*MKYVI���

1. 4SPMG]��40%2�
2. 3VKERMWEXMSR��40%2�
3. 4PERRMRK�ERH�MQTPIQIRXEXMSR��(3�
4. )ZEPYEXMSR��',)'/�
5. %GXMSR�XS�MQTVSZIQIRX��%'8�

-2863(9'8-32

DIWTMXI� XLI� WMKRMƼGERX� VIHYGXMSR�
MR� XLI� RYQFIV� SJ� EGGMHIRXW� ERH�
XLI� TVSKVIWW� QEHI� MR� XLI� ƼIPH� SJ�

TVIZIRXMSR�ERH�LIEPXL�ERH�WEJIX]�EX�[SVO��
XLI�GSRWIUYIRGIW�JSV�[SVOIVW�EVI�WXMPP�ZIV]�
VIPIZERX�MR�XIVQW�SJ�QSVXEPMX]�ERH�HMWIEWI��
-RNYVMIW� EX� [SVO� -R� -XEP]� LEZI� GEYWIH�
EFSYX� ��� QMPPMSR� HE]W� SJ� HMWEFMPMX]� [MXL�
GSWXW�WYTTSVXIH�F]�-2%-0��3R�EZIVEKI����
HE]W�JSV� MRNYVMIW�XLEX�GEYWIH� MQTEMVQIRX�
ERH� EFSYX� ��� HE]W� MR� XLI� EFWIRGI� SJ�
MQTEMVQIRX�� -R� XLI� ƼVWX� ƼZI� QSRXLW� SJ�
������ XLI�JEXEP�GEWIW�VITSVXIH�[IVI������
���QSVI�XLER�MR�XLI�WEQI�TIVMSH�SJ������

7XEVXMRK�JVSQ�XLMW�YRVIPIRXMRK�TIVWTIGXMZI��
XLI� WXEVXMRK� TSMRX� SJ� XLMW� VIWIEVGL� MW�
FEWIH� SR� XLI� EREP]WMW� SJ� MRXIVREXMSREP�
regulations concerning the health and 
WEJIX]� MR� XLI�[SVOTPEGI�� XS� MHIRXMJ]�EVIEW�
SJ�HIZIPSTQIRX�ERH�TVSGIHYVIW�XLEX�LEZI�
not yet been adopted by the national one.

-R�JEGX�EJXIV����]IEVW�XLI�EHSTXMSR�F]�-XEP]�
SJ�XLI�ƼVWX�)YVSTIER�VIKYPEXMSRW�MR�XLI�ƼIPH�
SJ� TVIZIRXMSR� ERH� TVSXIGXMSR� SJ�[SVOIVW��
many sectors have improved over time 
�I�K���MRJSVQEXMSR�ERH�XVEMRMRK�SJ�[SVOIVW��
IUYMTQIRX�JSV�[SVO�EX�LIMKLX��IXG���[LMPI�
others have remained practically the same 
�I�K���44)��VMWO�EWWIWWQIRX�QIXLSHSPSK]��
IXG�� ERH� SXLIVW� RIZIV� WXEVXIH� �I�K���
procedures, organisation, health and 
WEJIX]�QEREKIQIRX�W]WXIQ��IXG��

8LI�TYVTSWI�SJ�XLMW�VIWIEVGL�[EW�XS�ZIVMJ]�
XLEX�WSQI�SJ�XLI�WIGXSVW�RSX�]IX�HIZIPSTIH�
GER�IJJIGXMZIP]�ERH�WYFWXERXMEPP]�GSQTPIXI�
XLI� ETTVSEGL� XS� XLI� GSRGITX� SJ� WEJIX]��
IRWYVMRK� KVIEXIV� GSRXVSP� SJ� XLI� VMWOW�
TVIWIRX�� 8LI� ZIVMƼGEXMSR� [EW� GEVVMIH�
out by applying the tools indicated in the 
TEVEKVETLW� JSPPS[MRK� E� GEWI� WXYH]� SJ� E�
construction site in Milan.

-28)62%8-32%0�%2(�2%8-32%0�
6)+90%836=�*6%1);36/�32�
,)%08,�%2(�7%*)8=�%8�;36/

-ǞǘȨǚǞȳǘǣǝǞȳǠ�0ȳȲǝǗǚ�3ǚǥȳǞǣǙȳǘǣǝǞ��-03

8LI� -RXIVREXMSREP� 0EFSYV� 3VKERM^EXMSR�
�-03� MW� XLI�9RMXIH�2EXMSRW�EKIRG]� XLEX�

in_bo Multi-Dimensional Risk Assessment U. Di Camillo

Figure 1: The continual improvement cycle (source: ILO Guidelines on OSHMS)
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OUTPUTS SHOULD BE

7TIGMƼG State clearly and precisely what is to be delivered

Measurable (IƼRI�UYEPMX]��LS[�KSSH��UYERXMX]��LS[�QER]��XMQI�
�LS[�PSRK��VIWSYVGIW��LS[�QYGL

Achievable Be within resources, skills and competencies, joimtly 
determined, challenging

Relevant Be linked to the unit workplan and be within your job 
role

Time bound ,EZI�WTIGMƼG�HIEHPMRIW��WXEVX�ERH�ƼRMWL�HEXIW

in_bo New Frontiers of Construction Management Workshop 2018, vol. 09 n° 13

-X� MW� MQTSVXERX� XS� LMKLPMKLX� XLEX�� YRPMOI�
REXMSREP� VIKYPEXMSRW�� 78)47� ������
EWWYQI� ER� MRHMWTIRWEFPI� ZEPYI� JSV� E�
complete risk assessment.
'SRWIUYIRXMEPP]� XS� 78)47� ���� XLI�
6���� �� 3GGYTEXMSREP� 7EJIX]� ERH�
,IEPXL� 6IGSQQIRHEXMSR�� ����� �2S��
����� MW� JSGYWIH� SR� XLI� MQTSVXERGI�
ERH� VIPIZERGI� SJ� [VMXXIR� TVSGIHYVIW��
'SRXVEV]� XS�[LEX� LETTIRW� MR�QSWX� VMWO�
assessment documents, it does not 
mean that written procedures have to 
FI� GSQTPMGEXIH� SV� HMƾGYPX�� %W� [I� GER�
GLIGO� MR� XLI� JSPPS[MRK� TEVX� �WII� 8EFPI�
��� SRI� SJ� XLI�QSWX� IJJIGXMZI� EVI� XLSWI�
that are clear, and easily understood. 
8LI� MQTSVXERGI� SJ� GVIEXMRK� [VMXXIR�
procedures is that they serve as a clear 
WXERHEVH� SJ� [SVOW�� MRGPYHMRK� LS[� XLI�
VMWOW�SJ�XLI�[SVO�EVI�XS�FI�JSYKLX��

-X� MW� MQTSVXERX� XLEX�TVSGIHYVIW�I\TVIWW�
how the work is done, not just how it 
WLSYPH� FI� HSRI� MR� XLISV]�� -J� XLIVI� MW� E�
poor match between the procedure 
and that can be done in practice it will 
devalue the procedure and others and 
MX�[MPP�GEYWI�HERKIVSYW��-J�E�KSSH�QEXGL�
is achieved, in a manner that is clear 
to workers and supervisors, there is a 
higher chance that it will be complied 
with and the supervisors will be more 
EFPI�XS�IRJSVGI�MX�

“,W�LV�LPSRUWDQW�WKDW�RXWSXWV�EH�ZULWWHQ�LQ�
DQ� HIIHFWLYH�ZD\�� 7KH�60$57�PRGHO� LV�
LQ�OLQH�ZLWK�5HVXOWV�EDVHG�0DQDJHPHQW�
�5%0�� DQG� SURYLGHV� D� VWUXFWXUHG�
DSSURDFK� IRU� WKLQNLQJ�PRUH�GHHSO\�DQG�
PHWKRGLFDOO\� DERXW� ZKDW� QHHGV� WR� EH�
DFKLHYHG��$�60$57�RXWSXW�LV�RQH�ZKLFK�
GHVFULEHV�WR�\RX�DQG�DQ\RQH�HOVH�ZKDW�
SURGXFWV�DQG�VHUYLFHV�\RX�DUH�H[SHFWHG�
WR� GHOLYHU� ZLWKLQ� D� SHUIRUPDQFH� F\FOH”. 
�-03�+YMHI�XS�[VMXMRK�71%68�SYXTYXW�

To achieve what is indicated in the 
TVIGIHIRX�78)4����MX�MW�RIGIWWEV]�XS�LEZI�
an analytical and complete approach 
XS� XLI� TSWWMFPI� GEYWIW� SJ� XLI� VMWO��
TVSGIIHMRK�ER�EREP]WMW�SJ�XLI�MRNYVMIW�XLEX�
have occurred in the same conditions 
deeper and more detailed, observing 
not only the direct causes but also the 

indirect ones. Regarding this issue the 
-03�'SHI�SJ�4VEGXMGI�JSV�6IGSVHMRK�ERH�
2SXMƼGEXMSR� SJ� 3GGYTEXMSREP� %GGMHIRXW�
ERH�(MWIEWIW������VIUYMVIW�XLI�)QTPS]IV�
XS��EW�VIEWSREFPI�EW�TSWWMFPI�

1. )WXEFPMWL�[LEX�LETTIRIH�
2. (IXIVQMRI� XLI� GEYWIW� SJ� [LEX�

LETTIRIH�
3. -HIRXMJ]� QIEWYVIW� XS� TVIZIRX� E�

recurrence.

;�,�� ,IMRVMGLƅ� ������ (SQMRS� 8LISV]�
states that “DFFLGHQWV�UHVXOW�IURP�D�FKDLQ�
RI� VHTXHQWLDO� HYHQWV�� PHWDSKRULFDOO\�
OLNH� D� OLQH� RI� GRPLQRHV� IDOOLQJ� RYHU��” 
Since the actions releted to determine 
XLI� GEYWIW� SJ� ER� EGGMHIRX� EVI� SJXIR�
XLI� VIWYPX� SJ� QER]� YRHIVP]MRK� SV� VSSX�
GEYWEP� JEMPYVIW� LE^EVHW�� +IRIVEPP]� XLI]�
HITIRH�F]�QEREKIQIRX�W]WXIQ�JEMPYVIW��
:MGIZIVWE� XLI� MQQIHMEXI� GEYWIW� EVI�
PMROIH� XS� YRWEJI� EGXW� ERH�SV� YRWEJI�
substandard conditions. These are 

8EFPI����8LI�VIUYMVIQIRXW�JSV�WEJIX]�SYXTYXW��WSYVGI��-03�37,�
*MKYVI����8LI�,IMRVMGLƅW�(SQMRS�1SHIP�SJ�%GGMHIRX��HSQMRS���WSYVGI��(1-
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physical symptoms wich can be seen 
or sensed. Whilst these symptoms can 
not be ignored, only the direct preventive 
EGXMSR� EX� XLMW� PIZIP� [MPP� RSX�� F]� MXWIPJ��
ensure that recurrence is prevented.

)ǗǚǝǜȨȳǞ�9ǞǣǝǞ��37,%

3RI�SJ�XLI�QSWX�IJJIGXMZI�[E]W�XS�XEGOPI�
SGGYTEXMSREP� WEJIX]� TVSFPIQW� MW� XS�
HMWWIQMREXI� ETTVSTVMEXI� MRJSVQEXMSR� XS�
workers and employers. The European 
9RMSR�LEW�XLIVIJSVI�HIGMHIH�XS�TVSQSXI�
this process and to create in 1996 an 
agency dedicated to this purpose, EU-
37,%�

)9�37,%� EPWS� TYVWYIW� XLI� ZIV]�
MQTSVXERX� VSPI� SJ� MHIRXMJ]MRK� ERH�
anticipating possible new and emerging 
risks through the European Risk 
3FWIVZEXSV]�� -R� XLI� PEWX� JI[� ]IEVW� XLI�
main topics involved in the research and 
MRJSVQEXMSR�[SVO�[IVI�EW�JSPPS[W�

Aging workers.
-RGVIEWMRK� PIZIPW� SJ� IQTPS]QIRX� ERH�
prolonging working lives are important 
SFNIGXMZIW� SJ� )YVSTIER� ERH� REXMSREP�
TSPMGMIW�WMRGI�XLI�IRH�SJ�XLI�����W��8LI�
)9����IQTPS]QIRX�VEXI�JSV�TISTPI�EKIH�
������ MRGVIEWIH� JVSQ�����	� MR������ XS�
����	�MR�������]IEVW�MR������ERH�XVIRHW�
MR� XLI� JSPPS[MRK� ]IEVW� EVI� WXMPP� KVS[MRK�
JEWXIV�� ;SVO� I\TIVMIRGI� ERH� WOMPPW�
EGGYQYPEXI� [MXL� EKI�� ,S[IZIV�� WSQI�
JYRGXMSREP� EFMPMXMIW��QEMRP]� TL]WMGEP� ERH�
sensory, decrease due to the natural 
EKMRK� TVSGIWW�� 'LERKIW� MR� JYRGXMSREP�
GETEFMPMXMIW�HYI�XS�EKI�EVI�RSX�YRMJSVQ�EW�
XLIVI�EVI�MRHMZMHYEP�HMJJIVIRGIW�MR�XIVQW�
SJ�PMJIWX]PI��RYXVMXMSR��ƼXRIWW��IXG��-R�WSQI�
WXYHMIW��XLI�;SVO�%FMPMX]�-RHI\�TEVEQIXIV�
began to be evaluated, linked to the 
ability to support working conditions that 
can cause physical and psychological 
WXVIWW�MR�[SVOIVW�EKIH�FIX[IIR����ERH�
���]IEVW��6MWOW�VIPEXIH�XS�EKMRK�[SVOIVW�
MRGPYHI�MR�TEVXMGYPEV��

• LIEZ]�TL]WMGEP�[SVO��
• LE^EVHW�VIPEXIH�XS�WLMJX�[SVO��
• work in noisy environments or in 

low or high temperature conditions.

=SYRK�[SVOIVW�ERH�RI[P]�LMVIH
7XEXMWXMGW� WLS[� XLEX� TISTPI� EKIH���� XS�
��� EVI�QSVI� PMOIP]� XLER� SXLIV� EHYPXW� XS�
WYJJIV�E�WIVMSYW�MRNYV]�EX�[SVO��8LI]�QE]�
FI�I\TSWIH� XS�TSSV�[SVOMRK�GSRHMXMSRW�
XLEX� VIWYPX� MR� XLI� HIZIPSTQIRX� SJ�
occupational diseases when they are 
WXMPP�]SYRK�SV�PEXIV��&IMRK�YRJEQMPMEV�[MXL�
the workplace, young people do not have 
I\TIVMIRGI�ERH�EVI�SJXIR�WXMPP� MQQEXYVI��
both physically and psychologically, as 
[IPP� EW� RSX� XEOMRK� XLI� VMWOW� XLI]� JEGI�
WIVMSYWP]� IRSYKL�� -R� ER� IQIVKIRG]�
situation they do not have adequate 
ORS[PIHKI� XS� IJJIGXMZIP]� HIEP� [MXL� XLI�
present danger.

7EJI�7]WXIQ�SJ�;SVO��77;
Several European national regulations 
LEZI� EGUYMVIH� JVSQ� XLI� +YMHIPMRIW� -03�
XLI�GSRGITXW�SJ�ƈVDIH�SHUVRQ���VDIH�SODFH�
��VDIH�V\VWHP� �6DIH�6\VWHP�RI�:RUN” 
(e.g. “FOHDQ�XS�DIWHU�\RX�GR�ZRUNƉ��8LSWI�
EVI�[SVOMRK�QIXLSHW� VIWYPXMRK� JVSQ�ER�
EWWIWWQIRX� SJ� XLI� VMWOW� MRLIVIRX� MR� E�
XEWO��ERH�MHIRXMƼGEXMSR�SJ�XLI�TVIGEYXMSR�
XLEX�EVI�RIIHIH�XS�HS�XLEX�XEWO�MR�E�WEJI�
ERH�E�LIEPXL]�QERRIV��-X�MW�ZIV]�MQTSVXERX�
XS�LMKLPMKLX�XLEX�E�7EJI�7]WXIQ�SJ�;SVO�
MW� ER� MRXIKVEXMSR�SJ�� 4ISTPI�� )UYMTQIRX��
Materials in the correct Environment to 
IRWYVI�LIEPXL�ERH�WEJIX]��4)1)�

“$�V\VWHP�RI�ZRUN�LV�D�VHW�RI�SURFHGXUHV�
DFFRUGLQJ�WR�ZKLFK�ZRUN�PXVW�EH�FDUULHG�
RXW��6DIH�V\VWHPV�RI�ZRUN�DUH� UHTXLUHG�
ZKHUH�KD]DUGV�FDQQRW�EH�HOLPLQDWHG�DQG�
VRPH� ULVN� VWLOO� H[LVWV��:KHQ� GHYHORSLQJ�
\RXU�VDIH�V\VWHPV�RI�ZRUN��FRQVLGHU�KRZ�
WKH�ZRUN�LV�FDUULHG�RXW�DQG�WKH�GLIͤFXOWLHV�
WKDW�PLJKW�DULVH�DQG�H[SRVH�\RX�RU�\RXU�
ZRUNHUV� WR� ULVN�� 7KHQ� GHYHORS� D� VHW� RI�
SURFHGXUHV�GHWDLOLQJ�KRZ�WKH�ZRUN�PXVW�
EH�FDUULHG�RXW�WR�PLQLPLVH�RU�UHGXFH�WKH�
ULVN�RI�DFFLGHQW�RU�LQMXU\�Ɖ��-VIPERH�,IEPXL�
ERH�7EJIX]�%YXLSVMX]�

-ǘȳǠǣȳǞ�ǠȨǥǣǙǠȳǘǣǝǞ��(��0ǥǙ�������

8LI� ƼVWX� VIJIVIRGI� MR� -XEP]� VIKEVHMRK�
XLI� PIKMWPEXMSR� SR� WEJIX]� EX� [SVO� MW�
XLI� 0IKMWPEXMZI� (IGVII� ������� JSV� EPP�
SJXIR� WMQTP]� GEPPIH� XLI� ƈTesto Unico 
VXOOD� 6LFXUH]]DƉ� �897�� XLEX� LEW� FIIR�

elaborated in compliance with the 
TLMPSWSTL]�SJ� XLI�GSQQYRMX]�HMVIGXMZIW�
JSGYWIH�SR�XLI�TPERRMRK�ERH�TEVXMGMTEXMSR�
SJ�EPP�XLI�WYFNIGXW�MRZSPZIH�MR�XLI�[SVO�

Recently some innovative elements 
introduced by TUS have concerned the 
SFPMKEXMSR� JSV� XLI� IQTPS]IV�� XS� EWWIWW�
among the risks also those related to 
work-related stress, to pregnant workers, 
XS�HMJJIVIRGIW�MR�KIRHIV��EKI�SJ�[SVOIVW�
ERH� XLIMV� SVMKMR� JVSQ� SXLIV� GSYRXVMIW��
With regard to the management 
systems, these regulations recall the 
REXMSREP� SRIW�� 7+70� ������������
)YVSTIER�� &7�3,7%7� ������������ SV�
MRXIVREXMSREP��92-�)2�-73������������-X�
should be noted that their application in 
XLI�GSRWXVYGXMSR�ƼIPH�WIGXSV�MW�WXMPP�VEXLIV�
limited.

6-7/�%77)771)28��(-6)'8�%2(�
-2(-6)'8�'%97)7

8Ǖǝ�ȰǣǟȨǞǙǣǝǞȳǠ�ǚǣǙǡ�ȳǙǙȨǙǙǟȨǞǘ

XLI� RYQFIV� SJ� VMWOW� XEOIR� MRXS�
consideration may also vary substantially 
HITIRHMRK� SR� XLI� ƼIPH� SJ� ETTPMGEXMSR��
XLI� REXYVI� SJ� XLI� [SVO�� XLI� GSQTPI\MX]�
SJ� XLI� [SVO�� IXG�� ,S[IZIV�� MR� KIRIVEP�
MX� MW� TSWWMFPI� XS� MHIRXMJ]� ERH� GPEWWMJ]�
VMWOW� VIPEXIH� EGGSVHMRK� XS� XLI� JSPPS[MRK�
GEXIKSVMIW�SJ�LE^EVHW��VIKEVHPIWW�SJ�XLI�
MRXIVJIVIRXMEP�SRIW�

• ;SVOTPEGI�LE^EVHW�
• ;SVO�IUYMTQIRX�LE^EVHW�
• )PIGXVMGMX]�EX�[SVO�
• 'LIQMGEP� ERH� FMSPSKMGEP� LIEPXL�

LE^EVHW�
• *MVI�ERH�I\TPSWMZI�WYFWXERGIW�
• 4L]WMGEP� ERH� TW]GLSPSKMGEP� LIEPXL�

LE^EVHW�
• 1YWGSPSWOIPIXEP�LE^EVHW�

-R�GSRWXVYGXMSR�WMXI�ƼIPH��XLI�VMWO�EREP]WMW�
MW� RSVQEPP]� JSGYWIH� SR� QEMRP]� SR� XLI�
QEMR�QSWX�JVIUYIRX�GEYWIW�SJ�EGGMHIRXW��
MR�TEVXMGYPEV�

• ;SVOMRK�EX�LIMKLX��LE^EVHW��[SVOTPEGI�
Ɓ�IUYMTQIRX�

Multi-Dimensional Risk Assessment U. Di Camillo
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• *EPPMRK�QEXIVMEPW��LE^EVHW��[SVOTPEGI�Ɓ�
IUYMTQIRX�

• 'SPPMWMSRW� [MXL� ZILMGPIW� � �LE^EVHW��
[SVOTPEGI�Ɓ�QSFMPI�[SVO�IUYMTQIRX�

• Mechanical and machinery contacts 
�LE^EVHW��QEGLMRIV]�Ɓ�IUYMTQIRX�Ɓ�
IRKMRI�XSSPW�

• )PIGXVSGYXMSR��LE^EVHW��QSFMPI�[SVO�
IUYMTQIRX� Ɓ� IUYMTQIRX� Ɓ� TPERX� ��
IPIGXVMGEP�XSSPW�

Risk assessment, according to a 
traditional approach, results in a two-
HMQIRWMSREP� X]TI�� JVIUYIRG]� ERH�
IRXMX]� �WII� 8EFPI� ��� 'SRWIUYIRXP]�� XLI�
preventive and protective measures 
necessary to eliminate and reduce the 
assessed risks are concentrated towards 
XLI� LMKLIV� PIZIP� VMWOW� �TVMSVMXM^EXMSR� SJ�
VMWO�

8LI�EREP]WMW�SJ�TSWWMFPI�GEYWIW�EHLIVIW�
XS� HMVIGX� ERH� MQQIHMEXI� JEGXSVW��
XLIVIJSVI� XLI� TVSTSWIH� WSPYXMSR� [MPP�
belong to protective nature and will 
QEMRP]�FI�XIGLRMGEP�IRKMRIIVMRK��I�K���VMWO�
SJ�JEPPMRK�JVSQ�LMKL�!�TVSXIGXMZI�QIEWYVI�
!� MRWIVXMRK� XLI� KYEVHVEMP�� GSRWMWXIRX�
[MXL� XLI� EREP]WMW� SJ� XLI� HMVIGX� GEYWIW�
connected to an eventual accident (risk 
JEPPMRK�JVSQ�LMKL�!�HMVIGX�GEYWI�SJ�PEGO�SJ�
KYEVHVEMP�

1ǗǠǘǣ�ȰǣǟȨǞǙǣǝǞȳǠ�ǚǣǙǡ�ȳǙǙȨǙǙǟȨǞǘ�

%W� MRHMGEXIH� F]� -03�37,%�� XLI� QYPXM�
dimensional risk analysis must deal 
[MXL� XLI� GSRGITX� SJ� W]WXIQEXMGMX]� SJ�
XLI� ETTVSEGL� ERH� XLIVIJSVI� I\XIRH�
MXW� LSVM^SRW� XS� JEGXSVW� XLEX� EVI� RSX�
adequately taken into consideration, 
WYGL�EW�

• MHIRXMƼGEXMSR� SJ� XLI� TISTPI� EX� VMWO��
[LS�QMKLX�FI�LEVQIH�ERH�LS[��I�K���
vulnerable people, young workers, 
EKMRK�[SVOIVW��IXG��

• [SVO� SVKERMWEXMSR� �I�K��� PSRI�
[SVOIVW�� RMKLX� WLMJX�� [IEXLIV�
GSRHMXMSRW��IXG��

moreover those that belong to traditional 
VMWO�EWWIWWQIRX�
• NSF� SV� XEWO� JEGXSV� �I�K��� XIGLRMGEP�

IUYMTQIRXW��44)��IXG��

This concept is closely correlated 
[MXL� EREP]WMW� SJ� YRHIVP]MRK� GEYWIW� SJ�
EGGMHIRXW�� MRGMHIRXW�� -HIRXMJ]MRK� XLI�
YRHIVP]MRK� VSSX�GEYWIW�[MPP� I\TPEMR�[L]�
the substandard act happened or the 
conditions arose. They are not always 
IEW]�XS�MHIRXMJ]��+IRIVEPP]�MRHMVIGX�GEYWIW�
JEPP�MRXS�XLVII�QENSV�GEXIKSVMIW�

• TIVWSREP� JEGXSVW� �I�K��� EXXMXYHI��
TL]WMGEP�GETEFMPMX]��WOMPP��IXG��

• SVKERMWEXMSREP� JEGXSVW� �I�K���
TVSGIHYVIW��GSQQYRMGEXMSR��IXG��

• NSF� JEGXSVW� �I�K��� HIWMKR� SJ�
equipment and layout, environment, 
IXG��

-R� XLMW� WMXYEXMSR� VMWO� GSRXVSP� QIEWYVIW�
must appeal to technical-engineering 
TEVX� �I�K��� JEPPW� JVSQ� LMKL� !� TVSXIGXMZI�
QIEWYVI� !� XS� MRWXEPP� KYEVHVEMP�� FSXL�
SVKERMWEXMSR�TVSGIHYVEP� TEVX� �I�K��� JEPPW�
JVSQ�LMKL�!�TVIZIRXMZI�QIEWYVI�!�[SVO�
SJJ� [MXL� WRS[� ERH� MGI� SR� TEXL�� ERH�

PEWXP]�XS�MRHMZMHYEP�FILEZMSYVEP�TEVX��I�K���
JEPPW� JVSQ�LMKL� !� TVIZIRXMZI�QIEWYVI� !�
EPPS[IH�SRP]�I\TIVX�ERH�LIEPXL]�[SVOIVW�

-R� XLMW� VIWIEVGL� EW� E� ƼVWX� WXIT�� E�
HSGYQIRX�MW�HIWMKRIH�XLEX�GSYPH�EREP]^I�
VMWO� JEGXSVW� XLEX� HIVMZI� JVSQ�YRHIVP]MRK�
GEYWIW� XS� IREFPI� E� GLSMGI�SJ� XLI�QSWX�
IJJIGXMZI�WIGYVMX]�QIEWYVIW��8LI�GVMXIVME�
with which it was conceived, however, 
JSPPS[IH� XLI� SYXTYXW� TVSZMHIH� F]� XLI�
4)1)�GSRGITXW�
-X� [EW� HIIQIH� ETTVSTVMEXI� RSX� XS�
UYERXMJ]� WYGL� VMWOW�� WMRGI� XLIVI� [EW�
no adequate case study to measure 
XLIMV� JVIUYIRG]�ERH�WIZIVMX]� ERH�EPWS� MX�
would not be possible to determine the 
[IMKLX� XS� FI� EXXVMFYXIH� XS� XLI� HMJJIVIRX�
GEXIKSVMIW�� -X� [EW� XLIVIJSVI� HIGMHIH�
to address these risks by carrying out 
ER� EREP]WMW� ERH� TSWWMFP]� ZIVMJ]MRK� XLIMV�
TVIWIRGI� MR� XLI� TPERRMRK� TLEWI� SJ� XLI�
workings. For this reason they have 
FIIR� MHIRXMƼIH�[MXL� XLI� XIVQ� �EXXIRXMSR�
JEGXSVW���EW�XLIMV�TSWWMFPI�TVIWIRGI�QYWX�
contribute to increase the attention 

Table 2: A typical two-dimensional risk assessment (source: THEMA)
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%440-'%8-32� 3*� 77;� 463')(96)��
789(=�'%7)

The case study is based on the 
VIEPM^EXMSR�SJ�ER�MRHYWXVMEP�I\TERWMSR�WMXI�
MR� 1MPER�� 8LI� 4VMZEXI� 'PMIRX� HIEPW� [MXL�
XLI� TVSHYGXMSR� ERH� MQTPIQIRXEXMSR� SJ�
IUYMTQIRX�ERH� XSSPW� JSV� XLI�EIVSWTEGI�
WIGXSV�� -R� TEVXMGYPEV�� XLI� 'PMIRX� LEH� WIX�
XLI� KSEP� SJ� GSRGPYHMRK� XLI� [SVOW� EJXIV�
SRP]���QSRXLW�JVSQ�XLI�FIKMRRMRK�SJ�XLI�
construction site, as he had to have the 
RI\X�WEXIPPMXI�EWWIQFPIH� MRWMHI�XLI�RI[�
I\TERWMSR�HIRSQMREXIH�ƈGPIER�VSSQƉ�

8LMW� HIEHPMRI� JSV� XLI� QERHEXSV]� ERH�
MQQMRIRX� [SVO� MRZSPZIH� ER� I\XVIQIP]�
detailed and precise planning and 
E� GEVIJYP� ERH� GSRWXERX� TVSNIGX�
management, especially with regard to 
XLI�TVSKVIWW�SJ�XLI�[SVO��-R�XLMW�GSRXI\X��
the aspects related to the health and 
WEJIX]�SJ�XLI�[SVOIVW�SJ�XLI�GSRWXVYGXMSR�
WMXI��HITIRHMRK�SJ�XLI�EHNEGIRX�SƾGIW�SJ�
XLI�'PMIRX�ERH�XLI�MRXIVWIGXMSRW�FIX[IIR�
XLI� XVEƾG� SJ� XLI� GSRWXVYGXMSR� WMXI� ERH�
XLI� RIMKLFSVMRK� :ME� +EPPEVEXI�� [IVI�

8EFPI����%XXIRXMSR�JEGXSVW�GLIGO�PMWX��WSYVGI��8,)1%
*MKYVI����6IRHIVMRK�SJ�XLI�RI[�FYMPHMRK���WSYVGI��8,)1%

in_bo

XS[EVHW� XLI� GLSMGI� SJ� EHHMXMSREP� ERH�
GSQTPIQIRXEV]� SVKERM^EXMSREP� ERH�
individual measures to those already 
MHIRXMƼIH�JSV�TVSGIWWMRK�

8LIVIJSVI� JVSQ� XLMW� WGIREVMS�� E� GLIGO�
PMWX� �WII� 8EFPI� �� LEW� IQIVKIH� XLEX�
WYQQEVM^IW� WSQI� SJ� XLIWI� EXXIRXMSR�
JEGXSVW��EWWSGMEXIH�[MXL�IEGL� MRHMZMHYEP�
TVSGIWW�� GSRJSVQMRK� XS�)9�37,%�� WYGL�
EW�

• RMKLX�NSF�
• TVIKRERX�[SVOIVW�
• IPHIVP]�[SVOIVW��SZIV����]IEVW�
• RI[P]�LMVIH�[SVOIVW�
• [SVOIVW�[MXL�PMRKYMWXMG�HMƾGYPXMIW�
• lone workers

Their possible presence must induce 
XLI�WMXI�W�QEREKIVW� XS� XEOI�ETTVSTVMEXI�
supplementary measures, such as 
XLI� EHSTXMSR� SJ� XLI� 4IVQMX� 8S� ;SVO�
TVSGIHYVI�� -R� XLI� GEWI� WXYH]�� XLMW�
TVSGIHYVI�[MPP�FI�JYVXLIV�MRZIWXMKEXIH�

Multi-Dimensional Risk Assessment U. Di Camillo
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QEMRP]� JSPPS[IH� XLI� TVMRGMTPIW� ERH�
KYMHIPMRIW� JSYRH� MR� XLI� MRMXMEP� GLETXIV��
adapting them to national regulatory 
requirements. The criteria with which it 
[EW� GSRGIMZIH�� LS[IZIV�� JSPPS[IH� XLI�
outputs provided by the Deming cycle 
concepts.

8LIVIJSVI�� XLI�HIZIPSTQIRX�SJ�XLI�77;�
has gone through a systematic, cyclic 
and dynamic approach that involves 
the direct managers involved in the 
[SVOMRKW�� EGGSVHMRK� XS� XLI� JSPPS[MRK�
QEMR�WXITW��WII�*MKYVI���

1. &IJSVI� XLI�'SRWXVYGXMSR� WMXI� WXEVXW�
�40%2��XLI�7EJIX]�ERH�'SSVHMREXMSR�
4PER� �7'4� GSRXVEGX� HSGYQIRX�
indicates the procedures to be 

*MKYVI����*PS[�GLEVX�SJ�77;�JSV�XLI�VIQEVOEFPI�VMWOW�SR�GSRWXVYGXMSR�WMXI��ERH�48;�TVSGIHYVI��WSYVGI��8,)1%

• 'PMIRX��2+%�,WDOLD�6S$���0LODQR�
• (IWMKR�� TVSNIGX� QEREKIQIRX�� ,7)�

GSRWYPXERX��7+(0$�VUO�̰�%RORJQD�
• 8]TI� SJ� MRXIVZIRXMSR�� QHZ� EXLOGLQJ�

LQWHQGHG� IRU� WKH� SURGXFWLRQ� DQG�
LPSOHPHQWDWLRQ� RI� HTXLSPHQW� DQG�
WRROV�IRU�WKH�DHURVSDFH�VHFWRU�

• (MQIRWMSR� SJ� MRXIVZIRXMSR�� circa 
������Pt�

• 'SWX� SJ� MRXIVZIRXMSR�� circa € 3 
PLOOLRQ�

• (YVEXMSR� SJ� GSRWXVYGXMSR� WMXI�� 6 
PRQWKV�

(ȨǖȨǠǝǜǟȨǞǘ� ǝǦ� ȳ� 7ȳǦȨ� 7ǓǙǘȨǟ� ǝǦ�
;ǝǚǡ��77;

8LI� WIGSRH� WXIT� SJ� XLI� VIWIEVGL� LEW�
GSRGIVRIH� XLI� HIZIPSTQIRX� SJ� 77;�

EQSRK� XLI� OI]� JEGXSVW� XS� FI�QEREKIH�
to avoid dangerous repercussions on the 
I\TIGXIH�VIWYPX�

8LIVIJSVI� MX� MW� RSX� WYVTVMWMRK� XLEX� XLI�
'PMIRX� LEW� WLEVIH� [MXL� XLI� HIWMKRIVW�
the opportunity to use additional 
security procedures compared to those 
established by current regulations, 
to protect both workers and the 
EGLMIZIQIRX�SJ�XLI�XIQTSVEP�SFNIGXMZI�

(ȨǙȱǚǣǜǘǣǝǞ�ǝǦ�ǘǤȨ�ǣǞǘȨǚǖȨǞǘǣǝǞ

The intervention that has been carried 
SYX�LEW�XLI�JSPPS[MRK�GLEVEGXIVMWXMGW�

• 0SGEXMSR��0LODQR� 9LD� *DOODUDWH�� 9LD�
%UHVVDQRQH�H�9LDOH�GHO�*KLVDOOR�
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JSPPS[IH�JSV�XLI�EREP]WMW��IZEPYEXMSR�
ERH� EHSTXMSR� SJ� TVIZIRXMZI� ERH�
protective measures relating 
to all the risks envisaged in the 
GSRWXVYGXMSR�WMXI�

2. %JXIV�XLI�'SRWXVYGXMSR�WMXI�WXEVXIH�
a. 4PERRMRK�TLEWI�SJ�GSRWXVYGXMSR�

WMXI� [SVO� �(3�� JSPPS[MRK� XLI�
TVSGIHYVIW�MRHMGEXIH�MR�XLI�7'4��
XLI� WMXI�QEREKIVW� TIVJSVQ� XLI�
spatial and temporal planning 
SJ� XLI� EGXMZMXMIW� EREP]^MRK��
evaluating and adopting the 
preventive and protective 
measures relating to all the risks 
JSVIWIIR� MR� XLI� GSRWXVYGXMSR�
WMXI�

b. 4VI�I\IGYXMSR�TLEWI�SJ�[SVO�SR�
GSRWXVYGXMSR� WMXI� �',)'/�� SR�
XLI� FEWMW� SJ� XLI� EWWIWWQIRXW�
GEVVMIH� SYX�� E� 4IVQMX� 8S� ;SVO�
�48;� TVSGIHYVI� MW� IZIRXYEPP]�
EGXMZEXIH�

c. 4LEWI�SJ�I\IGYXMSR�SJ�[SVOMRKW�
�%'8��XLI�EKVIIH�ERH�IRZMWEKIH�
TVSGIHYVIW� MR� XLI� 7'4� EVI�
adopted and applied to eliminate 
ERH� �� SV� VIHYGI� XLI� JSVIWIIR�
VMWOW�� %R]� ERSQEPMIW� ERH� �� SV�
VITIXMXMSRW�SJ�XLI�TVSGIHYVI�EVI�
EREP]^IH�

8LI� QEMR� JIEXYVIW� SJ� XLMW� 77;� LEZI�
FIIR�HIWMKRIH�[MXL� XLI�EMQ�SJ� JYPƼPPMRK�
XLI�JYRHEQIRXEP�TVMRGMTPIW�SJ�WIUYIRXMEP��
cyclic and dynamic steps.

4Ȩǚǟǣǘ�8ǝ�;ǝǚǡ�ǜǚǝȱȨȰǗǚȨ��48;

8LI�XLMVH�WXIT�SJ�VIWIEVGL�GSRGIVRIH�XLI�
EGXMZEXMSR� SJ� XLI� 77;� MR� XLI� 7'4� XLEX�
[EW� JSVIWIIR� MR� XLI� JSPPS[MRK� TSWWMFPI�
GEWIW��XS�FI�IZEPYEXIH�HYVMRK�XLI�[SVOW�

1. 1EMRXIRERGI�SJ�TPERX�ERH�SV�VSSJ�
2. Work on plant with live electrical 

TS[IV�
3. 9WI�SJ�GLIQMGEP�WYFWXERGIW�ERH�SV�

HERKIVSYW�TVSHYGXW��I�K��EWFIWXSW�
4. *MVI�ERH�SV�I\TPSWMZIW�WYFWXERGIW�
5. -SRM^MRK�VEHMEXMSR�
6. 'SRƼRIH�WTEGIW�
[LMPI�MX�[EW�QERHEXSV]�JSV�XLI�JSPPS[MRK�
[SVO�

7. Working at height during the 
EWWIQFP]�SJ�RI[�VSSJ��

-R� JEGX�� MR� XLI� 7'4� SRI� SJ� XLI� QSWX�
intrinsically dangerous working phases 
[EW�XLI�SRI�VIPEXIH�XS�XLI�EWWIQFP]�SJ�
XLI�VSSJW�SJ�XLI�RI[�FYMPHMRK��8LI�QEMR�
risks were those that can be attributed 
XS� XLI� JEPP� JVSQ� LIMKL� SJ� [SVOIVW� ERH�
objects. To prevent them it was vital that 
SSW should be in place.

'SLIVIRXP]� [MXL� XLI� GSRWMHIVEXMSRW�
previously made, as an integrative tool 
that was considered to be included in the 
TVSNIGX�TLEWIW��XLI�YWI�SJ�XLI�TVSGIHYVI�
GEPPIH� 4IVQMX� 8S� ;SVO� �48;� [EW�
envisaged. This procedure, already widely 
used in industrial areas (eg chemical 
MRHYWXV]�� SMP� MRHYWXV]�� IXG��� MW� VEVIP]�
ETTPMIH�MR�XLI�GSRWXVYGXMSR�WMXI�[SVPH��3R�
7ITXIQFIV���XL������MX�[EW�XLIR�MRGPYHIH�
MR� XLI� XIRHIV�HSGYQIRXW�[MXLMR� XLI�7'4�
document, just to point out the cogency 
MR�XIVQW�SJ�WIGYVMX]�ERH�QERHEXSV]�REXYVI�
JSV� XLI� KIRIVEP� GSRXVEGXSV� ERH� XLI� WYF�
contractors involved.

+IRIVEPP]�XLI�48;�MW�E�[VMXXIR�HSGYQIRX�
XLEX�EYXLSVM^IW�WSQI�[SVOIVW�XS�GEVV]�SYX�
WTIGMƼG�[SVO��MR�E�WTIGMƼG�TIVMSH�SJ�XMQI�
MR�E�WTIGMƼG�[SVO�TPEGI�ERH�XLVSYKL�XLI�
EGXMZEXMSR�SJ�ETTVSTVMEXI�TVIZIRXMZI�WEJIX]�
QIEWYVIW��8LI�48;�EHSTXIH� MR� XLI� XLMW�
construction site was a unique tool in the 
RYQIVSYW�HSGYQIRXW�SR�XLI�WMXI��MR�JEGX�
WSQI� SJ� MXW� JIEXYVIW� LEZI� HMWXMRKYMWLIH�
MX�GSQTPIXIP]�JVSQ�XLI�VIWX�SJ�XLI�SXLIVW��
The criteria with which it was conceived, 
LS[IZIV��JSPPS[IH�XLI�SYXTYXW�TVSZMHIH�F]�
XLI�71%68�GSRGITXW�

• -X�RIIHW�XS�ƼPP�MR�HMJJIVIRX�TEVXW�SJ�XLI�
XIQTPEXI�XS�VIWTSRH�XS�XLI�JSPPS[MRK�
UYIWXMSRW��7QEVX��7TIGMƼG�SYXTYXW��
• ;,3�EVI�XLI�VIWTSRWMFPI#�
• ;,%8�HS�EGXMSRW�RIIH�XS�FI�XEOIR#
• ;,)2� WLEPP� XLI� EGXMSRW� FI�
I\IGYXIH#

• ,3;�WLEPP�XLI�VIWTSRWMFPI�EGX#
• -X� RIIHW� XS� GSQTEVI� MX� [MXL� SXLIVW�

MQTSVXERX� HSGYQIRXW� �I�K��� 7'4�
and to check the quality and quantity 
SJ� WEJIX]� EVVERKIQIRXW� WTIGMƼIH�

�W1EVX��1IEWYVEFPI�
• The outputs challenging are within 

XLI� GSQTIXIRGIW� ERH� WOMPPW� SJ��
ƈEGXSVWƉ� MRGPYHIH� MR� XLI� PMWX�� -J� RSX�� MX�
MW� TVIHMGXEFPI� E� WTIGMƼG� -RHYGXMSR�
8VEMRMRK�� 8LI� XMQI� JVEQI� TVSTSWIH�
GER�FI�HIPMZIVIH���WQ%VX��%GLMIZEFPI�

• All the responsible shall sign in the 
template. The document has a 
VIPIZERX� ZEPYI� MRWMHI� XLI� 7'4� ERH�
77;� TVSGIHYVIW�� 8LI� 48;� WLEPP�
I\TSWIH� SYXWMHI� XLI� [SVOTPEGI�
�WQE6X��6IPIZERX�

• 3YXTYXW� WLEPP� LEZI� E� WTIGMƼG� XMQI�
JVEQI� � ERH� HIEHPMRI�� -J� MX� RIIHW� ER�
I\XVE�XMQI�HIEHPMRI�XLI]�EVI�HIƼRIH�
the key steps to reviewing the 
TVSGIHYVI��WQEV8��8MQI�FSYRH�

What is highlighted during the meeting 
[MXL� XLI� HMVIGX� VIWTSRWMFPI� SJ� [SVOW� MW�
XLEX� E� 48;� MW� RSX� WMQTP]� TIVQMWWMSR�
XS� GEVV]� SYX� E� HERKIVSYW� NSF�� -X� MW�
ER� IWWIRXMEP� TEVX� SJ� E� W]WXIQ� [LMGL�
determines how that job shall be carried 
SYX� WEJIP]�� 8LI� TIVQMX� WLSYPH� RSX� FI�
VIKEVHIH�EW�E�WXEXIQIRX�XLEX�EPP�LE^EVHW�
ERH� VMWOW� LEZI� FIIR� IPMQMREXIH� JVSQ�
XLI� [SVO� EVIE�� 8LI� MWWYI� SJ� E� TIVQMX�
HSIW�RSX��F]�MXWIPJ��QEOI�E�NSF�WEJI��8LI�
48;� W]WXIQ� WLSYPH� IRWYVI� XLEX� SRP]�
authorised and properly trained people 
LEZI�XLSYKLX�EFSYX�JSVIWIIEFPI�VMWOW�ERH�
that these are avoided by using suitable 
precautions. Those carrying out the job 
should think about and understand what 
they are doing and how their work may 
MRXIVJEGI�[MXL�XLEX�SJ�SXLIVW��8LI]�QYWX�
also take the necessary precautions 
which they have been trained to take 
ERH� JSV� [LMGL� XLI]� LEZI� FIIR� QEHI�
responsible.

-X�[EW�GSRWMHIVIH�MQTSVXERX�XS�VIMXIVEXI�
XLEX�JSV�XLI�EGXYEP�STIVEXMSR�SJ�XLI�48;�
it is necessary that this instrument 
FI� YWIH� SRP]� JSV� TEVXMGYPEVP]� GVMXMGEP�
GSRHMXMSRW�� -J� ETTPMIH� [MHIP]� ERH� JSV�
WXERHEVH�GSRHMXMSRW�MX�MW�PMOIP]�XLEX�

• it is not regularly applied, because it 
YRNYWXMƼEFP]� WPS[W� HS[R� XLI� [SVO�
MRZSPZIH�

• be underestimated by the workers 

in_bo Multi-Dimensional Risk Assessment U. Di Camillo



��

in_bo New Frontiers of Construction Management Workshop 2018, vol. 09 n° 13

8EFPI����4IVQMX�8S�;SVO�ƼPPIH�MR��WSYVGI��8,)1%
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ERH� XLIVIJSVI� FI� JSPPS[IH� [MXLSYX�
due attention.

%PWS� JSV� XLMW� VIEWSR�� E� WTIGMƼG� 48;�
Register has been compiled, where all 
XLI�QSWX�VIPIZERX�48;�HEXE�MR�TVSKVIWW�
ERH� �� SV� GSQTPIXIH� EVI� VIGSVHIH� MR�
chronological order.
-X�MW�MR�ER]�IZIRX�IWWIRXMEP�XLEX�ER]FSH]�
WXEVXMRK� [SVO� MW� JEQMPMEV� [MXL� XLI� PSGEP�
MRWXVYGXMSRW�HIXEMPMRK�[LIR�ERH�LS[�48;�
systems are to be applied at a particular 
PSGEXMSR�� %� WTIGMƼG� MRJSVQEXMSR�
instruction-training session should 
be done and registered in appropriate 
JSVQEX�HIRSQMREXIH�-RHYGXMSR�8VEMRMRK�

8LI�JSVQEX�EHSTXIH�SR�XLI�GSRWXVYGXMSR�
WMXI��WII�8EFPI���[EW�HIWMKRIH�[MXL�XLI�
PSKMG�SJ�VIWTSRHMRK�XS�XLI�VIUYMVIQIRXW�
indicated above, but also to respond 
XS� XLI� WTIGMƼG� TIGYPMEVMXMIW� SJ� XLI�
REXMSREP�PIKMWPEXMSR��-R�TEVXMGYPEV�� MX�[EW�
GSRWMHIVIH�MRHMWTIRWEFPI�XLEX�XLI�48;�
MRZSPZIH�FIWMHIW�XLI�GSRXVEGXSV�EPWS�

• 7EJIX]� 'SSVHMREXSV� HYVMRK�
'SRWXVYGXMSR� TLEWI� �7''�� EW� E�
WYFNIGX�MQTPIQIRXMRK�XLI�7'4�ERH�
ZEPMHEXSV�SJ�XLI�1IXLSH�7XEXIQIRX��
FYX� EPWS� VIWTSRWMFPI� JSV� ZIVMJ]MRK�
ER]� MRXIVJIVIRGI� FIX[IIR�[SVOIVW�
on site. For these reasons it was 
considered necessary to assign the 

48;�ZEPMHEXMSR�VSPI�XS�XLI�7''�
• +IRIVEP� 'SRXVEGXSV� �+'�� EW�

E� GSQTER]� JSV� XLI� SZIVEPP�
QEREKIQIRX� SJ� XLI� WMXI� ERH�
GSSVHMREXSV� SJ� EPP� XLI� [SVO� XS� FI�
done. For these reasons it was 
considered necessary to assign the 
VSPI�SJ�EGGITXERGI�SJ�XLI�48;�

Furthermore, among the peculiarities 
MHIRXMƼIH� MR� XLI� YWI� SJ� XLI� 48;� MX�
has emerged to avoid dangerous 
MRXIVJIVIRGIW� SV� TSSV� QEREKIQIRX�
HYVMRK� XLI� TEWWEKI� SJ� HIPMZIV]� SJ�
XLI� [SVO� EVIEW� FIX[IIR� HMJJIVIRX�
contractors. This will apply equally 
[LIR� XLIVI� MW� E� XVERWJIV� SJ� [SVO� ERH�
VIWTSRWMFMPMXMIW� JVSQ� SRI� KVSYT� XS�
another.
8LI� RI\X� WXIT� SJ� XLI� VIWIEVGL�� [MPP� FI�
XLEX�SJ�FIMRK�EFPI� XS�TVSGIIH� XS�QYPXM�
dimensional risk evaluation according 
to parameters comparable with those 
SJ� XVEHMXMSREP� X[S�HMQIRWMSREP� VMWO�
analysis. This step would allow a 
GSQTEVMWSR� FIX[IIR� XLI� HMJJIVIRX�
risk classes and thus lead to a more 
GSQTVILIRWMZI�ERH�SZIVEPP� ZMI[�SJ� XLI�
VMWO�EWWIWWQIRX�GSRGITX��WII�*MKYVI���

Multi-Dimensional Risk Assessment U. Di Camillo
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The approach used to address the 
GEWI� WXYH]� LEW� WLS[R� XLI� YWIJYPRIWW�
SJ� EHSTXMRK� TVSGIHYVIW� VIJIVVIH� XS� F]�
MRXIVREXMSREP�VIKYPEXMSRW��-R�XLMW�WGIREVMS�
a multi-dimensional risk assessment 
GSYPH�ƼRHW�SYX�E�GSVVIGX�GSRXI\X�

-X�WLSYPH�FI�RSXIH�XLEX�XLI�GSQTMPEXMSR�SJ�
XLI�48;��MR�XLI�GEWIW�IRZMWEKIH�F]�XLI�
7'4��HMH�RSX�IRGSYRXIV�QENSV�SFWXEGPIW�
by the companies involved, since its 
HVEJXMRK�[EW�KIRIVEPP]�GEVVMIH�SYX�HYVMRK�
XLI�[IIOP]�QIIXMRK�SJ� XLI�GSRWXVYGXMSR�
WMXI� ERH� XLIVIJSVI� MR� E� [IPP�TVITEVIH�
EVIE� JSV� XLI� TPERRMRK� SJ� EGXMZMXMIW� ERH�
XLI� EWWIWWQIRX� SJ� VIPEXIH� VMWOW�� 8LMW�
EWTIGX� EPWS� JEGMPMXEXIH� XLI� GSPPIGXMSR� SJ�
WMKREXYVIW�SJ�XLI�ZEVMSYW�QEREKIVW�ERH�
XLI� I\GLERKI� SJ� MRJSVQEXMSR� [MXL� XLI�
workers involved.

Minor results were instead made in the 
ETTPMGEXMSR�EVIE�SJ� XLI�48;�HYVMRK� XLI�
work phases involved, as the contractors 
have not always managed to respect 
WSQI� JEGXSVW� GSRWMHIVIH� MRHMWTIRWEFPI�
JSV�MXW�ETTPMGEXMSR��JSV�I\EQTPI�

• 2S�XYVRSZIV�SJ�HIWMKREXIH�[SVOIVW�
• 3FWIVZERGI�SJ�XMQI�WGLIHYPMRK�

• 3FWIVZERGI�SR�44)�ERH�WMKRW�
• (IPMZIV]�SJ�[SVOTPEGIW�MR�WEJIX]�ERH�

proper conditions.

8LI� GSQTMPEXMSR� SJ� EXXIRXMSR� JEGXSVW�
VIGSVH� HMH� RSX� IRXEMP� KVIEX� HMƾGYPXMIW�
by the contractor involved. Despite a 
ƼVWX� EXXMXYHI� SJ� GYVMSWMX]� ERH� WYVTVMWI�
XS[EVHW� MXW� GSQTMPEXMSR� �QSVISZIV� JSV�
XLI�MHIRXMƼGEXMSR�SJ�[SVOIV�SZIV�����XLMW�
XSSP�FIGEQI�QSVI�JEQMPMEV�XS�XLI�ZEVMSYW�
managers involved.
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%%�::��������$PSOLDPHQWR�GHO�&RPSOHVVR�
3URGXWWLYR�VLWR�LQ�9LD�*DOODUDWH�Q������̰�0LODQR�
3URJHWWR�(VHFXWLYR�̰�3LDQR�GL�6LFXUH]]D�H�
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Bologna.
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7KHRU\��EZEMPEFPI�SR�PMRI�LXXT���[[[�LVHT�MHVQ�MR�
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5����2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK�
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Construction Site Planning for the 
Reconstruction of a Historic Earthquake 
City: the Case Study of L’aquila

Serena Di Marco
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8LI�IEVXLUYEOI�XLEX�LMX�XLI�GMX]�SJ�0ƅ%UYMPE�SR��XL�%TVMP������VITVIWIRXW�XLI�Ƽ�VWX�WIMWQMG�
IZIRX��EJXIV�XLEX�SJ�1IWWMRE�MR�������XLEX� MRXIVIWXIH�WYGL�E�[MHI�ERH�YVFERM^IH�EVIE�
EW�XLEX�SJ�E�GSYRX]�WIEX��)QIVKIH�TVSFPIQW�EJXIV�XLMW�SGGYVVIRGI��XLI�QMWXEOIW�XLEX�
LEZI�FIIR�QEHI�ERH� XLI� WIX� SJ� EHSTXIH� WSPYXMSRW��QEHI�0ƅ%UYMPE� XS�FIGSQI�E� VIEP�
ƈORS[PIHKI�PEFSVEXSV]Ɖ�
-R� XLMW� GSRXI\X�� XLI� EXXIRXMSR� JSGYWIW� SR� XLI� GSQTPI\� MWWYI� SJ� 0ƅ%UYMPE� SPH� XS[R��
VIGSRWXVYGXMSR�� SJXIR� HIƼ�RIH� F]� XLI� QSWX� MQTSVXERX� RI[WTETIVW� EW� ƈXLI� FMKKIWX�
GSRWXVYGXMSR�WMXI�SJ�)YVSTIƉ��3RGI�LEZI�EREP]^IH�XLI�TVSGIHYVIW�XLEX�XLI�GMX]�GSYRGMP�
TYX� MR�TPEGI�� MX� MW�SFWIVZIH�ER�EFWIRGI�SJ�ER� MRWXVYQIRX�SJ�TPERRMRK� XLVSYKL�[LMGL�
XS�GSSVHMREXI�XLI�GSRWXVYGXMSR�WMXIW�WMQYPXERISYWP]�STIVEXMRK�SR�XLI� �EVIE��8LI�Ƽ�VWX�
XS�HIEP�[MXL�XLMW�TVSFPIQ�LEW�FIIR�XLI�QYRMGMTEPMX]�SJ�:MPPE�7ERXƅ%RKIPS��XLEX�XLVSYKL�
XLI� HVEJXMRK� SJ� E� ƈKIRIVEP� GSRWXVYGXMSR� WMXI� TPERƉ�� EXXIQTXIH� XS�QEREKI� XLI� GVMXMGEP�
MWWYIW� EFSYX� VIGSRWXVYGXMSR�� 7XEVXMRK� JVSQ� XLMW� GYI�� ER� IPEFSVEXMSR� SJ� E� KIRIVEP�
GSRWXVYGXMSR�WMXI�TPER�MW�TVSTSWIH�JSV�XLI�ƈGIRXVEP�E\MWƉ�SJ�0ƅ%UYMPE�SPH�XS[R��8LI�KSEP�
MW� XS�TPER�GSRWXVYGXMSR�WMXI�EGXMZMXMIW�SR�XLI�FEWI�SJ�WXVEXIKMG�GLSMGIW�JSPPS[IH�JVSQ�
0ƅ%UYMPE�SPH�XS[R�GSRHMXMSRW�EJXIV�XLI�IEVXLUYEOI��F]�VIJIVVMRK�XS�ER�YVFER�WGEPI�MRWXIEH�
SJ� GSRWMHIVMRK� MRHMZMHYEPP]� IEGL� WMRKPI� GSRWXVYGXMSR� WMXI�� %[SVO� TPER� MW� SFXEMRIH�
XLVSYKLXLI� HIƼ�RMXMSR� SJ� VIUYMVIQIRXW� GSRGIVRMRK� XLI� TVMSVMX]� GVMXIVME� JSV� EGXMSR�� XLI�
SPH�XS[R�ZMEFMPMX]��XLI�PSKMWXMGW�SJ�GSRWXVYGXMSR�WMXIW�ERH�XLI�VYFFPIHMWTSWEP��8LMW�TPER��
JSWXIVW�E�QSVI�JYRGXMSREP�ERH�WEJIV��VIGSRWXVYGXMSR��ERH�E�JEMVIV�YWI�SJ�TYFPMG�WTEGIW�
JVSQ�GSQTERMIW�[LMGL�I\IGYXI�TVMZEXI�[SVOW��
8LIVIJSVI��F]�YWMRK�EW�WXEVXMRK�TSMRX�XLI�MQTPIQIRXEXMSR�SJ�XLI�QIXLSH�MR�XLI�GEWI�WXYH]�
SJ�0ƅ%UYMPE��MX�MW�LIVI�TVSTSWIH�ER�ETTPMGEXMSR�WSPYXMSR�GSRGIVRMRK�XLI�QEREKIQIRX�SJ�
VIGSRWXVYGXMSR�SJ�-XEPMER�SPH�XS[RW�LMX�F]�IEVXLUYEOIW�

8
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INTRODUCTION

IXEP]� MW� SRI� SJ� XLI� GSYRXVMIW� MR� XLI�
1IHMXIVVERIER� EVIE� [LMGL� LEW� KSX��
LMKLIV� WIMWQMG� VMWO�� FIGEYWI� SJ� FSXL�

XLIJVIUYIRG]� SJ� XLI� IEVXLUYEOIW�
XLEX� LMX� XLI� GSYRXV]� XLVSYKLSYX�
LMWXSV]�� ERH� JSV� XLIMV� QEKRMXYHI�� 8LI�
IEVXLUYEOI� XLEX� LMX� XLI� GMX]� SJ� 0ƅ%UYMPE�
SR� �XL� %TVMP� ����� KIRIVEXIH� E� WS�
GEPPIH� WIMWQMG� GVEXIV� XLEX� GSQTVMWIW�
��� QYRMGMTEPMXMIWERHGSRGIVRWER� EVIE�
SJEPQSWX� ������ /Qs�� -R� PMKLX� SJ� XLMW��
XLI� VIGSRWXVYGXMSR� TVSGIWW� SJ� 0ƅ%UYMPE�
LEW� FIIR� WSSR� HIƼRIH� EW� ƈXLI� FMKKIWX�

GSRWXVYGXMSR� WMXI� SJ� )YVSTIƉ�� &IGEYWI�
SJ� XLI� TEVXMGYPEVP]� GSQTPI\WMXYEXMSR��
XLI� WIMWQMG� GVEXIW� FIGEQI� E� VIEP�
ƈORS[PIHKI�PEFSVEXSV]Ɖ��8LMW�I\TIVMIRGI��
MR� JEGX�� VIMKRMXIH� MR� IZIV]SRI� XLI� WIRWI�
SJ� MQTSVXERGI� SJ� WIMWQMG� TVIZIRXMSR�
MR� -XEP]��ERH� PIX�EPWS� XS� MQTPIQIRX� �RI[�
QSHIPW� ERH� XIGLRMUYIW� SJ� MRXIVZIRXMSR�
FSXL�MR�XLI�IQIVKIRG]�TLEWI�ERH�MR�XLEX�
SJ�VIGSRWXVYGXMSR��
-R� ER�SPH� XS[R� XLEX� LEW�FIIR�LMX� F]� ER�
IEVXLUYEOI�� XLIVI� EVI� X[S� X]TSPSKMIW�
SJ� EJXIV�IEVXLUYEOI� GSRWXVYGXMSR� WMXI��

%� ƼVWX� X]TSPSK]� MW� XLI� SRI� GSRGIVRMRK�
XLI� QSQIRX� MQQIHMEXIP]� EJXIV� XLI�
IQIVKIRG]�ERH�XLEX�MRGPYHIW�GSRWXVYGXMSR�
WMXIW�JSV�GSQTIPPMRKMRXIVZIRXMSRSJ�WEJIX]�
[SVOW�� 8LI� WIGSRH� X]TSPSK]� VIJIVW�
XS� FYMPHMRK� WMXIW� JSV� VIGSRWXVYGXMSR��
8LSWI� STIVEXI� F]� JSPPS[MRK� XLI� VYPIW�
PEMH�HS[R� MR� XLI9RMJSVQ�'SHISJ�,IEPXL�
ERH� 7EJIX]EX� ;SVO�� FYXHMWTPE]� QSVI�
GSQTPI\� WGIREVMSW� MR� GSQTEVMWSR�
[MXL�E�GSQQSRFYMPHMRK�WMXI��HYI� XS� XLI�
TVIWIRGISJZEVMSYW��VMWO�JEGXSVW��-X�MW�GPIEV�
XLEX�JSV�E�GSRWXVYGXMSR�WMXI�SJ�ER�SPH�XS[R�

Figure 1: Plan of the active cranes encumbrance in the old town of L'Aquila, October 2017

S. Di Marco
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VIGSRWXVYGXMSR�MX�MW�RIGIWWEV]�XS�JSVIWII�
ZIV]� WTIGMEPTPERRMRK� ERH� SVKERM^EXMSR�
JIEXYVIW��XLEX�EMQ�XS�SFXEMREƽI\MFPI�ERH���
GSQTPI\� WXVYGXYVI�� EVXMGYPEXIH� SR� XLI�
FEWI� SJ� XLI� REXYVI� SJ� XLI� I\MWXMRK� SRI�
8LI�QEMR�TVSFPIQWXLEX�GER�FI�SFWIVZIH�
MR� XLMW� ƼIPH� GSRGIVRMR� TEVXMGYPEV�� XLI�
QEREKIQIRX� SJ� TYFPMG� WTEGIWF]�QER]�
GSRWXVYGXMSR� WMXIW�� XLI� I\MWXIRGI� SJ�
MQTEGXJYPIQIVKIRG]� WXVYGXYVIW� ERH�
EVIHYGIH� ZMEFMPMX]� [MXL� E� WYFWIUYIRX�
VIHYGXMSR�SJ�VSSQ�JSV�QIERW�QERIYZIV��
(IWTMXI�XLIWI�EVI�TVSFPIQWGSRGIVRMRK�MR�
TEVXMGYPEV�I\IGYXMRK�GSQTERMIW�SJ�TVMZEXI�
[SVOW�MX�MW�RIGIWWEV]XLEX�XLI�GMX]�GSYRGMP�
QEREKIW� ERH� PIEHW� XLI� VIGSRWXVYGXMSR�
XLVSYKLXLI� EGXMSR� TPERRMRK� SR� E� YVFER�
WGEPI��;LEX�LEW�FIIR�QMWWMRK�MR�0ƅ%UYMPE�
LEW�FIIR�XLI�GSSTIVEXMSRFIX[IIRTYFPMG�
ERH� TVMZEXI� WTLIVIW�XLMW� FVSYKLX� XS� E�
RSR�TPERRIHERH�� GSRWIUYIRXP]�� RSR�
LSQSKIRISYW� VIGSRWXVYGXMSR�� -R� PMKLX�
SJ� XLMW�� MX� LEW� FIIR� HIZIPSTIH� EKIRIVEP�
GSRWXVYGXMSR� WMXI� TPERJSV� XLI� SPH� XS[R�
SJ�0ƅ%UYMPE�[LMGL�TVSZMHIW�XLI�KYMHIPMRIW�
JSV� MQTPIQIRXMRKE�QSVI� JYRGXMSREP�ERH�
GSSVHMREXIHVIGSRWXVYGXMSR�� 8LI� QEMR�
SFNIGXMZI�SJ�XLI�TPER�MX�[MPP�FI�XS�HIZIPST�E�
PSKMGEP�ETTVSEGL�XS�HIWMKR�ERH�SVKERM^I�
XLI� VIGSRWXVYGXMSR� WMXI� SR� ER� I\XIRWMZI�
EVIE�� 8LI� HIZIPSTQIRX� SJ� XLI� KIRIVEP�
GSRWXVYGXMSR� WMXI� TPER� JSV� XLI� GEWI� SJ�
0�%UYMPE�VITVIWIRXW�XLI�WXEVXMRK�TSMRX�JSV�
LEZMRK� XLI� XSSPW� XS� FIXXIV� YRHIVWXERH�
XLI� TVSFPIQ� SJ� XLI� VIGSRWXVYGXMSR� WMXI�
QEREKIQIRX�� -R� XLMW� [E]�� MX� [MPP� FI�
TSWWMFPI� XS� ETTP]� XLMW�QIXLSH�� RSX� SRP]�
JSV� XLI� XIVVMXSVMIW� LMX� F]� XLI� IEVXLUYEOI�
FYX� EPWS� JSV� XLSWI� EJJIGXIH� F]� SXLIV�
HMWEWXIVW� HYI� XS� REXYVEP� LE^EVHW� �I�K��
ƽSSHW��XWYREQMW��PERHWPMHIW��IXG��

8,)�6)'327869'8-32�3*�0ƅ%59-0%�
30(�83;2

8ǤȨ�6ȨȱǝǞǙǘǚǗȱǘǣǝǞ�4ǠȳǞ

8LI�ETTVSEGL�EHSTXIH�F]�XLI�1YRMGMTEPMX]�
SJ�0ƅ%UYMPE�JSV�VIGSRWXVYGXMSR�EGXMZMXMIW�MW�
FEWIH� SRGSRXIRXW� SJ� XLI� I\XVESVHMREV]�
PIKMWPEXMSR� SR� VIGSRWXVYGXMSR�� MWWYIH� F]�
XLI�+SZIVRQIRX�ERH�XLI�'SQQMWWMSRIV�
(IPIKEXI�� XLSWI� EVI� XLI� 0E[� R�� ��� SJ��

��XL� .YRI� ����� ERH� XLI� (IGVII� R�� ��
SJ� �XL� 1EVGL� ������ VIWTIGXMZIP]�� -R�
TEVXMGYPEV�� XLIPE[� �������� MRXVSHYGIW�
EKEMRXLI6IGSRWXVYGXMSR� 4PEREW� ER�
MRWXVYQIRX�SJYVFER�TPERRMRK�F]�WIXXMRKMXW�
EMQW�� MRGPYHMRK�� XLI� � WSGMS�IGSRSQMG�
VIGSZIV]�SJ�XLIGMX]��XLI�YTKVEHMRK�SJ�XLI�
LSYWMRK�WXSGOERH�XLI�VIXYVRSJ�TISTPI�MRXS�
XLI�LSYWIW�HEQEKIH�F]�XLI�IEVXLUYEOI��
8LI6IGSRWXVYGXMSR� 4PERMW� HIƼRIH� EW�
XIGLRMGEP� MRWXVYQIRX�� [LMGL� YRMƼIW�
QSVI�ƈPIZIPW�SJ�TPERRMRKƉ�EWXLIWXVEXIKMG�
TPER�� XLI� KIRIVEPYVFER� IUYMTQIRXERH�
XLI� MQTPIQIRXMRK� TPERRMRK�� 8LSWI�
EVIGSQTVMWIH�MR�E�WMRKPI�ERH��EVXMGYPEXI�
TPERRMRK�TVSKVEQQMRKTVSGIWW�
8LI�EFSZI�QIRXMSRIH�HIGVIIWIXW�KSEPW�
ERH� TVSGIHYVIW� JSV� XLI� HVEJXMRK� SJ� XLI�
6IGSRWXVYGXMSR�4PER��-R�TEVXMGYPEV��[MXL�E�
ZMI[�XS�XLI�EVVERKIQIRX�SJ�XLIWXVEXIKMG�
KYMHIPMRIW�JSV�SPH�XS[RW�VIGSRWXVYGXMSR��
XLI� 1YRMGMTEPMX]� SJ� 0ƅ%UYMPE� HIƼRIH�
XLIFSYRHEVMIW� SJ� IEGLSPH� XS[R� MR�
XLI� GSYRX]� WIEX� ERH� MR� XLI� LEQPIXW��
F]MHIRXMJ]MRKVIGSRWXVYGXMSR� WIXXMRKW��
-RXS� XLSWI� WIXXMRKW�� MX� MW� JSVIGEWXIH� XLI�
TVIWIRXEXMSR� ERH� XLI� JSPPS[MRK� GLIGOSJ�
MRXIVZIRXMSR�TVSTSWEPWEJXIVTYFPMG�RSXMGIW�
MWWYIH� F]� XLI� 1E]SV�� 8LMW� ETTVSEGL�
JEZSVW� XLI� GYVVIRX� YVFERERH� XIVVMXSVMEP�
TVIƼKYVEXMSR�[LMPI� TYVWYMRK� XLI� HMVIGX�
ERH� JVIIVIGSZIV]� ERH� GSRWSPMHEXMSR�
QIEWYVIW�SJ�HEQEKIH�FYMPHMRKW�� XLMW� MW�
QEHI� XLVSYKLXLI� TSWWMFMPMX]XSTVSGIIH�
[MXL� XLI� VIGSRWXVYGXMSR� F]�
YWMRKTVSTSWMRK� TPERW�QEHI� F]WMRKPI�
EVIEW�SV�WIGXMSRW�SJ�EVIEW��MR�GSRJSVQMX]�
[MXLXLI� GYVVIRX� 0ERH�YWI� TPERRMRK�� &]�
JSPPS[MRK� XLMW� PMRI�SJ�EGXMSR�XLISPH� XS[R�
VIGSRWXVYGXMSRLEW�FIIR�PIJX�XS�GLERGI�XS�
XLI� MRHMZMHYEP� MRMXMEXMZI� ERH� [MXLSYX�
ER� SZIVZMI[� SJ� XLI� GMX]�� *SV� EPP� XLSWI�
VIEWSRW�� XLI� VIGSRWXVYGXMSR� TPER� XYVRW�
SYX� XS� FI� ER� MRIJJIGXMZI� MRWXVYQIRXJSV�
QEREKMRK�XLI�VIGSRWXVYGXMSR�SJ�0ƅ%UYMPE�
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;MXL� XLI� 4VSXSGSP� SJ� 9RHIVWXERHMRK�
GEPPIH� )QIVKIR^EWMWQE� %FVY^^S� ������
SJ� ��XL� 2SZIQFIV� ������ MXLEW� FIIR�
EKVIIH�SR�XLI�RIGIWWMX]�XS�STXMQM^IERH�
WEJIP]� QEREKIXLI� QYPXMXYHI� SJ�

XIQTSVEV]� SV� QSFMPI� GSRWXVYGXMSR�
WMXIWMR� XLI� SPH� XS[R� SJ� 0ƅ%UYMPE�� HYVMRK�
XLI� TLEWI� SJ� XLI� FYMPHMRKW� WIGYVMRK�� -X�
LEW�FIIR�WIX�YT�XLI�3ƾGI�JSV�XLI�7YTIV�
'SSVHMREXMSR� SJ� 7EJIX]� MR� 'SRWXVYGXMSR�
7MXIW�� -R� XLI� WEQI� TVSXSGSPMX� LEW� FIIR�
GSRWMHIVIH�� QSVISZIV�� XLI� I\XIRWMSRSJ�
XLI� SƾGIXEWOWEPWS� HYVMRK� XLI�
VIGSRWXVYGXMSR� TLEWI�� 8LI� 3ƾGI� JSV�
'SSVHMREXMSRVITVIWIRXWE� WYTTSVXJSV�
XLI� QYRMGMTEP� %HQMRMWXVEXMSRERH� MW�
QEMRP]GSQQMXXIH� XS� XLI� GSRXVSP� SJ�
IEGL7EJIX]'SSVHMREXSVƅW� XEWOWVIPEXMZIP]�
XS� TVSZMWMSRW� ERH� VIUYMVIQIRXW�
EMQIH� XS� XLI� VIWTIGX� SJ� XLI� GYVVIRX�
VIKYPEXMSR� SR� WEJIX]� MR� [SVO� TPEGIW��
(YVMRK� XLI� TLEWISJ� 0ƅ%UYMPE� SPH� XS[R�
VIGSRWXVYGXMSR�� XLI� QEMR� EGXMZMXMIW� SJ�
XLI� SƾGI� GSRGIVRXLI� HIƼRMXMSR� SJ� XLI�
WEJIX]� ERH� LIEPXL� VIUYMVIQIRXW� JSV� XLI�
PSKMWXMG� SJ� GSRWXVYGXMSR� WMXIWERH� XLI�
VIUYMVIQIRXW� JSV� XLI�FILEZMSV�SJ�7EJIX]�
'SSVHMREXSVW��MR�XLI�TLEWIW�SJ�TVSNIGXMRK�
ERH� MQTPIQIRXMRK� ERH� SJ� I\IGYXMRK�
GSQTERMIW�� -R� TEVXMGYPEV�XIGLRMGMERWSJ�
97'� GSQTPIQIRX� XLI� 'SSVHMREXSVW�
HYVMRK� XLI� TLEWI� SJ� MQTPIQIRXMRKXLI�
EGXMZMXMIWVIPEXIH� [MXLXLI� PSKMWXMG� SJ�
GSRWXVYGXMSR� WMXIWƅ� � GSQQSR� EVIEWERH�
XLI� QEREKMRKSJ� MRXIVJIVIRGIWEQSRK�
QER]� TVSGIWWMRK�F]� SVKERM^MRK�
TIVMSHMG� QIIXMRKWSJ� GSRWXVYGXMSR�
WMXIW� GSSVHMREXMSRERH� F]� IRGSYVEKMRK�
XVEMRMRK� � QIIXMRKWMR� SVHIV� XS� QEOI�
ORS[R� EPP� XLI� MWWYIW� GSRGIVRMRK� XLI�
VMWOW� MR� XLI� GSRWXVYGXMSR� WMXIW� JSV�
VIGSRWXVYGXMSR��%PXLSYKL�XLMW�VITVIWIRXW�
E� OI]� EWTIGXMR� XLI� ƼIPH� SJ� E� WYGL�
GSQTPI\�VIGSRWXVYGXMSR�XLI�SƾGI�JSV�XLI�
GSSVHMREXMSR�SJ�GSRWXVYGXMSR�WMXIWHVEJXW�
KYMHIPMRIW� PMQMXIH� SRP]� XS� XLI� MWWYISJ�
WEJIX]� MR� XLI� GSRWXVYGXMSR� WMXIW� ERH� XS�
XLI�GSRXVSPSJVIKYPEVMX]SJ� �[SVOIVWHYVMRK�
XLI�STIVEXMZI�TLEWI�SJ�XLI�GSRWXVYGXMSR�
WMXIW�
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&]� EREP]^MRKXLI� HMƾGYPXHIZIPSTQIRXSJ�
VIGSRWXVYGXMSR� SJ� 0ƅ%UYMPE� SPH� XS[R�� MX�
VIWYPXW� IWWIRXMEP� XLI� GSRXVMFYXMSR� KMZIR�
F]� XLI�QYRMGMTEPMX]� SJ� :MPPE� 7ERXƅ%RKIPS�
�%5�[MXL�XLI�HIZIPSTQIRX�SJ�XLI+IRIVEP�
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'SRWXVYGXMSR�7MXI�4PER�SJ�MXW�SPH�XS[R�ERH�
SH�XLI�LEQPIX�8YWWMPPS��8LI�TVSNIGX�WXEVXW�
[MXL� XLI�KSEP� XS�QIIX� XLI� VIUYMVIQIRXW�
SJ� GSQTERMIW� XLEX� EVI� KSMRK� XS[SVO�
WMQYPXERISYWP]� MR� XLI� LEQPIX� SPH� XS[R��
MR�SVHIV� XS� PIX� XLIQ�EZSMH�� JSV� I\EQTPI��
TVSFPIQWMR� XLI� MQTPIQIRXMRK� TLEWI� SJ�
XLI�GSRWXVYGXMSR�WMXI��VIPEXIH�XS�E�[VSRK�
TSWMXMSRMRK�SJ�XLI�GVERI�JSVQ�E�GSQTER]�
[LMGL� GSYPH� LMRHIV� XLI� MRWXEPPEXMSR� SJ�
IUYMTQIRX� MR� EHNEGIRX� GSRWXVYGXMSR�
WMXIW�6IPEXMRK� XS� XLMW�� MX� MW� GSRWMHIVIH�
XLEX� IEGL� 7EJIX]� 'SSVHMREXSV�� [LIR�
HVEJXMRK� XLI� 7EJIX]� ERH� 'SSVHMREXMSR�
4PERRMRK��WLSYPH�MRGPYHI�EPWS�XLI�GPEMQW�
GSRXEMRIH� MR� XLI� +IRIVEP� 'SRWXVYGXMSR�
7MXI�4PERSJ�XLI�VIPEXIH�GSRWXVYGXMSR�WMXI��
-R�TEVXMGYPEV��XLI�TPER�MRGPYHI�E�WIVMIW�SJ�
KVETLMGEP�HSGYQIRXW[LMGL�VIPEXI�XS��XLI�
TEVXMXMSR�MR�XVERWMX�EVIEW��[MXL�XLI�EMQ�XS�
FIXXIV�SVKERM^I�XLI�WTEGIW�QEREKIQIRX��
XLI�MHIRXMƼGEXMSR�SJ�ZILMGPI�EGGIWWIW�XS�
XLI� SPH� XS[RERH� XLI� QEMRZMEFPI� [E]W�
SJ� [LMGL� XLI� WQEPPIWX� HMQIRWMSRW� SJ�
VSEH[E]� EVI� KMZIR�� XLI� MHIRXMƼGEXMSR� SJ�
XLI� EPVIEH]� [SVOMRK� GSRWXVYGXMSR� WMXIW��
XLI�MRHMGEXMSR�SJ�WTEGIW�XS�FI�EPPSGEXIH�
XS�IEGL�GSRWXVYGXMSR�WMXI��GVERI��WXSVEKI�
EVIEW�� WGEJJSPHW�� XLI� EVVERKIQIRX� SJ�
ER� IQIVKIRG]� TPER�� E� QSVI� HIXEMPIH�
IZEPYEXMSR� VIJIVVMRK� XS� XLI� HMQIRWMSRW�
SJ� XLI�WXVIIXW�ERH� XLI� VIWYPXMRK�FMKKIWX�
HMQIRWMSR�SJ�XLI�WGEJJSPHMRK�XLEX�GSYPH�
FI� MRWXEPPIH�� MR� SVHIV� XS� TVIWIVZI� XLI�
ZMEFMPMX]�
-R� EPP� XLI� HSGYQIRXW�� XLI� EVIE� SJ� XLI�
1YRMGMTEPMX]� MW� EREP]^IH� EW� E� WMRKPI�
GSRWXVYGXMSR� WMXI�� [MXLSYX� GSRWMHIVMRK�
WTIGMEP�TVSZMWMSRWJSV�IEGL�FYMPX�YT�EVIE��
MX� MW� GSRWMHIVIH� XLI� [LSPI� SPH� XS[RF]�
EREP]^MRK� EPP� XLI� JIEXYVIWMR� SVHIV� XS�
IZEPYEXIXLI�TSWWMFPI�VMWO�WGIREVMSW�
8LI� KIRIVEP� GSRWXVYGXMSR� WMXI� TPER� SJ�
:MPPE� 7ERXƅ%RKIPS�� JSV� MXW� MQTSVXERGI�� MW�
GSRWMHIVIH�XS�FI�E�ƈTMPSX�TVSNIGXƉ�FIGEYWI�
MX�LEW�KSX�EPP�XLI�JIEXYVIW�XS�FI�TVIWIRXIH�
XS� XLI� SXLIV� QYRMGMTEP� EHQMRMWXVEXMSRW�
MR� XLI� EVIE� LMX� F]� XLI� IEVXLUYEOI�� EW�
E� TVEGXMGI� XS� FI� TVIJIVVIHMR� XLI� ƼIPH�
SJ� VIGSRWXVYGXMSR�� 2IZIVXLIPIWW�� XLI�
TVSNIGX� LEW� RIZIV� FIIR� XEOIR� MRXS�
GSRWMHIVEXMSR� F]� XLI� 1YRMGMTEPMX]� SJ�
0ƅ%UYMPE�ERH�MX� MW�RSX�GPIEV�XLI�VIEWSR�SJ�
MX�� -R� VIWTIGX� SJ� XLMW�� MX� MW� RIGIWWEV]� XS�

QEOI�WSQI�GSRWMHIVEXMSRW��XLI�[MHXLSJ�
XLI� WYVJEGI� EVIE� SJ� XLI�1YRMGMTEPMX]� SJ�
0ƅ%UYMPE�MW�EPQSWXLYRHVIH�XMQIW�FMKKIV�MR�
GSQTEVMWSR�[MXL�XLEX�SJ�:MPPE�7ERXƅ%RKIPS��
XLEX� MW� E� WQEPP� LEQPIX� [MXL� SRP]� ����
MRLEFMXERXW�� QSVISZIV�� XLI� SPH� XS[R� SJ�
0ƅ%UYMPE�MW�GLEVEGXIVM^IHF]�E�GSRWMHIVEFPI�

GYPXYVEPLIVMXEKIXLEXQEOIW� MXSRI� SJ� XLI�
QEMR� QIHMIZEP� GIRXIVSJ� GIRXVEP� -XEP]��
3R� XLI� FEWI� SJ� XLIWI� IZEPYEXMSRW�� XLI�
QYRMGMTEPMX]ƅW� GLSMGIRSX� XS� GSRWMHIV� E�
TPERRMRK�XSSPPMOI�XLEX�SJ�:MPPE�7ERXƅ%RKIPS�
GSYPH� WIIQ� RIEVP]� JSVGIH�� LS[IZIV� MX�
MW� WXMPP� YRNYWXMƼIH�� 8LI� VIWYPX� SJ� XLSWI�

Figure 2: Compartment 9 of the central axis

S. Di MarcoConstruction Site Planning for the Reconstruction of a 
Historic Earthquake City: the Case Study of L’Aquila
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*MKYVI����;E]�X]TSPSKMIW�MHIRXMƼIH�SR�XLI�FEWI�SJ�XLIMV�HMQIRWMSR

GLSMGIWMW� MR� JEGX� GPIEVMR� XLI� XVSYFPIH�
WMXYEXMSRWXLEX� GER� FI� JSYRH� MR� XLI� SPH�
XS[R� SJ� 0ƅ%UYMPE�� %� WXVMOMRK� I\EQTPI� SJ�
XLMW� MW� XLI� [IPP�ORS[R� TVSFPIQVIPEXIH�
XSXLI� QYPXMXYHISJ� [SVOMRK� GVERIWMR�
XLI� GMX]� SPH� XS[RERH� XLI� GSRRIGXIH�
TVSFPIQWHYI�XS�MRXIVJIVIRGIW��(Fig. 01)

+)2)6%0�'327869'8-32�7-8)�
40%2�-140)1)28%8-32��8,)�'%7)�
789(=�3*�0ƅ%59-0%

;MXLSYX� XLI� HVEJXMRK� SJ� E� KIRIVEP�
GSRWXVYGXMSR�WMXI�TPER��XLI�VIGSRWXVYGXMSR�
TVSGIWW� VMWOW� XS� FI� EFERHSRIH� XS� XLI�
TVMZEXI�MRMXMEXMZI��8LI�VIWYPX��EW�MX�EGXYEPP]�
LETTIRIH� MR� XLI�SPH� XS[R�SJ�0ƅ%UYMPE�� MW�

XLEX�XLI�GLSMGIW�SJ�XLI�FYMPHMRK�GSQTER]�
XLEX� VIGIMZIW�ƼVWX� XLI�KVERX� JSV� WXEVXMRK�
XLI�[SVOW��GSYPH�LMRHIV�XLI�SVKERM^EXMSR�
SJ� XLI� EHNEGIRX� GSRWXVYGXMSR� WMXIW��
QEOMRK� XLIQ� WXEVX� PEXIV� [MXL� XLI� [SVO�
MQTPIQIRXEXMSR�%W�MR�XLI�TPER�MWWYIH�F]�
XLI�1YRMGMTEPMX]�SJ�:MPPE�7ERXƅ%RKIPS��EPWS�
JSV�XLI�SPH�XS[R�SJ�0ƅ%UYMPE�MX�MW�TVSTSWIH�
XLI� IPEFSVEXMSR� SJ� E� QIXLSH� EMQIH� XS�
HIƼRI�XLI�XIGLRMGEP�KYMHIPMRIW�XS�GVIEXI�
E� WEJIV� ERH�QSVI�IƾGMIRX� GSRWXVYGXMSR�
WMXI�� 1SVI� WTIGMƼGEPP]�ER� I\EQTPI� SJ�
MQTPIQIRXEXMSR� MW� WYKKIWXJSV�E� WIGXMSR�
SJ� XLI�GIRXVEP� E\MW�SJ� XLI�GMX]�SPH� XS[R��
8LI�GIRXVEP�E\MW�MW�ER�EVIE�SJ�XLI�SPH�XS[R�
SJ� 0ƅ%UYMPE� XLEXWXVIXGLIW� EPSRKXLI�QEMR�
KYMHIPMRI� �'SVWS� :MXXSVMS� )QERYIPI��
8LMW�MW�XLI�GMX]�JYPGVYQ��FYX�EX�XLI�WEQI�

XMQI�MX�MW�EPWS�XLI�QSWX�TVSFPIQEXMG�EVIE��
FIGEYWI� MX�LEW�KSX�EPP� XLI�QEMR��YRMUYI�
JIEXYVIW� SJ� -XEPMER� SPH� XS[RW�� REVVS[�
EPPI]W�� WXVYGXYVEP� YRMXW� FIPSRKMRK� XS�
HMJJIVIRX�LMWXSVMGEP� TIVMSHW�� RSR�YRMJSVQ�
GSRWXVYGXMSR� XIGLRMUYIWIXG�� -R� EHHMXMSR�
XS� XLSWI� WMRKYPEV� JIEXYVIW�� XLIVI� EVI�
EPWS� SXLIV� JIEXYVIW� [LMGL� HMWXMRKYMWL�
ER� SPH� XS[R� LMX� F]� ER� IEVXLUYEOI�� XLI�
MQTPIQIRXEXMSR�SJ�GYQFIV�WSQI�WEJIX]�
[SVOW�� YRWXEFPI� FYMPHMRKW�� VYMRW� SR� XLI�
KVSYRH��VIWXVMGXIH�EVIEW��FYX�MR�TEVXMGYPEV�
XLI�GS�I\MWXIRGI�SJ�QER]�EGXMZMXMIW�ERH�
WYFNIGXW�SJ�E�HMJJIVIRX�OMRH��*MVIƼKLXIVW��
%VQ]�� GMXM^IRW�� XIGLRMGMERW�� HIWMKRIVW��
[SVOIVW�IXG���-R�SVHIV�XS�QEREKI�EX�FIWX�
XLI� VIGSRWXVYGXMSR� SJ� XLI� GIRXVEP� E\MW��
XLI� 1YRMGMTEPMX]� JSVIWIIR� XLI� TEVXMXMSR�
SJ�XLMW�EVIE�MRXS�GSQTEVXQIRXW��IEGL�SJ�
[LMGLLEW� KSX� HMJJIVIRX� HMQIRWMSRW� ERH�
JIEXYVIW�8LI� GSQTEVXQIRXW� XLEX� QEOI�
XLI�GIRXVEP�E\MW�EVI�����FYX�MXMW�XEOI�MRXS�
EGGSYRX�SRP]� XLI�GSQTEVXQIRX�RYQFIV�
���(Fig.02)

8LI� KIRIVEP� GSRWXVYGXMSR� WMXI� TPER��
FIWMHIW� KMZMRK� MRJSVQEXMSRSR� [E]WXS�
WXEVX� XLI� [SVO�� MRGPYHIW� XLI� TVSZMWMSR�
SJ� GVMXIVME� JSV� MRXIVZIRXMSR� TVMSVMX]��
1SVI� WTIGMƼGEPP]�� X[S� TVMSVMX]� PIZIPW�
EVI� HIƼRIH�� SRI� JSV� GSQTEVXQIRXW�XLI�
SXLIV� JSV� FYMPHMRK� EKKVIKEXIW�� *SV�
[LEX� GSRGIVRW� XLI� ƼVWX� PIZIP�� MX� MW� XEOI�
MRXS� EGGSYRX�� XLI� I\MWXIRGI� SJ� QEMR�
LSYWIWERH� GSQQIVGMEP� EGXMZMXMIW�� XLI�
WXVEXIKMG� TSWMXMSRMRK� VIJIVVIH� XS� XLI�
TVIWIRGI� SJ� [MHI� EVIEW� XLEX� GER� FI�
YWIHJSV� GSRWXVYGXMSR� WMXIW� ERH� XS� XLI�
TVIWIRGI� SJ� ER� EHIUYEXI� ZMEFMPMX]�� XLI�
I\MWXIRGI� SJ� GSPPETWIW� SVHIQSPMWLIH��
XLEX� LEZI� XS� FI� HIQSPMWLIH� FYMPHMRKW��
*SV� [LEX� GSRGIVRW� XLI� WIGSRH� TVMSVMX]�
PIZIP�[I�LEZI�XS�IZEPYEXI��XLI�LEFMXEFMPMX]�
VIWYPXW� SJ� IEGL� FYMPHMRK� EKKVIKEXI��
XLI� PSGEXMSR� SJ� XLI� MRXIVZIRXMSR�� [LMPI�
XEOMRK� MRXS� EGGSYRX� XLI� I\MWXIRGI� SJ�
[MHIRMRK�ERH�IEWMP]�ZMEFPI�WXVIIXW�RIEVF]�
XLI� FYMPHMRK� EKKVIKEXI�� XLI� MRXIRHIH�
YWI��F]�KMZMRK�TVMSVMX]� XS�LSYWIW�ERH� XS�
GSQQIVGMEP�EGXMZMXMIW��
1SVI� MR� HIXEMP�XLI� WYKKIWXIH� KIRIVEP�
GSRWXVYGXMSR� WMXI� TPERHIZIPSTW� MR�
X[S� TLEWIW�� I\TPSVEXSV]� TLEWI� ERH�
MQTPIQIRXMRK�TLEWI�
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Figure 4: Cranes plan, phase 1
Figure 5: Cranes plan, phase 2
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8LI� ƼVWX� WXIT� SJ� XLI� I\TPSVEXSV]�
TLEWIMRGPYHIW� XLIGSQTEVXQIRX�
JVEQMRKMRXS�XLI�SPH�XS[R�ERH�XLI�QETTMRK�
SJ�XLILEFMXEFMPMX]�VIWYPXW�SJ�IEGL�FYMPHMRK�
EKKVIKEXIXLEX�GSRWXMXYXIW� MX��%JXIV�XLMW�� MX�
QYWX�FI�MHIRXMƼIH�XLI�TSWWMFPI�EGGIWWIW�
XS� XLI�GSQTEVXQIRX�� HMVIGXMSRW�SJ� XVEZIP�
ERH� XLI� ZMEFPI� [E]W�� SJ� [LMGL�QYWX� FI�
VITSVXIH� XLI�WQEPPIWX�HMQIRWMSR�� -R� XLMW�
[E]� MX� MW� TSWWMFPI� XS� IWXEFPMWL[LMGL� SJ�
XLIQ�QYWX�FI�PMQMXIH�ERH�XS�[LEXOMRH�SJ�
QIERW�GER�GMVGYPEXI��-R�XLI�GSQTEVXQIRX�
��MX�MW�TSWWMFPI�XS�MHIRXMJ]�XLVII�X]TSPSKMIW�
SJ�[E]��[E]W�REVVS[IV�XLER�����Q��[LMGL�
GSYPH� RSX� GMVGYPEXI�� [E]W� [MXL� E� [MHXL�
FIX[IIR� ���� Q� ERH� ���� Q�� ƼREPP]�[E]W�
[MHIV�XLER�����Q��(Fig. 03)

3RGI� LEZMRK� EREP]^IH� XLI� ZMEFMPMX]� MX� MW�
TSWWMFPI� XS� IZEPYEXI� XLI� I\MWXIRGI� SJ�
EVIEWXLEX�� GSRWMHIVMRK� HMQIRWMSRW� ERH�
EGGIWWMFMPMX]�GER� FI� YWIH� EW� STIVEXMZI�
PSKMWXMG� GIRXIVWSJ� GSRWXVYGXMSR� WMXIW�
[MXLMR� E� GSQTEVXQIRX�-R� XLI� WEQI�
EREP]WMW� EVI� EPWS� XEOIR� MRXS� EGGSYRX� EPP�
XLSWI� WQEPPIV� EVIEW� EW�� JSV� I\EQTPI��
GSYVX]EVHW�� [MHIRMRK�� WQEPP� WUYEVIW�
XLEX� GER� FI� HIWXMRIH� XS� XLI� MRWXEPPEXMSR�
SJ� IUYMTQIRX� ERH� MRJVEWXVYGXYVIW� SJ�
GSRWXVYGXMSR�WMXIW��

8ǤȨ�ǣǟǜǠȨǟȨǞǘǣǞǥ�ǜǤȳǙȨ�ǝǦ�ǘǤȨ�ǜǠȳǞ

/RS[MRK� XLI� JVEQI� SJGSQTEVXQIRX�
JIEXYVIW��MR�XLMW�WXEKI�MX�MW�TSWWMFPI�XS�WIX��
XLI� VIUYMVIQIRX� GSRGIVRMRK� XLI� FYMPHMRK�
EKKVIKEXIW� GSRWXVYGXMSR� WMXIW�� *MVWXP]�� MX�
QYWX� FI� HIƼRIH� XLI� L]TSXLIXMGPSGEXMSR�
SJ� GVERIW� JSV� IEGL� FYMPHMRK� EKKVIKEXI��
GSRWMHIVMRK� XLSWI� EW� WMQYPXERISYWP]�
EGXMZI�� 8LIR�[I� TVSGIIH� [MXL� XLI�
MRXIVJIVIRGIW� IZEPYEXMSR�� MR� GEWI� XLSWI�
HS� RSX� EPPS[� XS� WEJIP]� GEVV]� SYX� XLI�
EGXMZMXMIW��[I�LEZI�XS�IZEPYEXI�XLI�TVMSVMX]�
SJ� MRXIVZIRXMSR� EQSRK� XLI� I\EQMRIH�
FYMPHMRK� EKKVIKEXIW�� F]� IWXEFPMWLMRK�
[LMGL� GSRWXVYGXMSR� WMXI� WLSYPH� GIEWI��
-R� XLMW� [E]� MX� MW� TSWWMFPI� XS� HIƼRI� X[S�
WXEKIW� SJ� GSRWXVYGXMSR� WMXIMR� [LMGL� XLI�
VIUYMVIQIRXW�EFSYX�XLI�WEJIX]�MR�XLI�YWI�
SJ� PMJXMRK�QEGLMRIVMIW� EVI�QIX�� (Fig. 04) 
(Fig. 05)

;MXL� VIJIVIRGI� SRP]� XS� XLI� TLEWI�
��� XLI� WGEJJSPHW� X]TSPSKMIW� XLEX�
KYEVERXII� ER� IEW]� ERH� WEJI� ZMEFMPMX]�
JSV� XLI� GSRWXVYGXMSR� WMXI� ERH� ƼVWX�EMH�
ZILMGPIW� EVI� HIƼRIH�� &IGEYWI� SJ� XLI�
I\MWXIRGI� SJ� WQEPP� [E]W�� MX� MW� TVIJIVVIH�

XLI� YWI� SJ� WGEJJSPH� [MXL� REVVS[� WXEVX��
8LI� GSRWXVYGXMSR� GSQTERMIW� WLSYPH�
VIWTIGX� XLI� QE\MQYQ� HMQIRWMSRW� SJ�
IRGYQFVERGI�XLEX�LEZI�FIIR�VITSVXIH�MR�
XLI�TPER� (Fig. 06)
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Figure 6: Typologies of considered scaffolds

3RGI� LEZMRK� HIƼRIH� XLI� WGEJJSPH�
X]TSPSKMIW�� MX� QYWX� FI� GEPGYPEXIH� XLI�
HMQIRWMSR� SJ� [E]W� I\GPYHMRK� XLIMV�
IRGYQFVERGI�� MR� SVHIV� XS� HIƼRIXLI�
X]TSPSK]� ERH� HMQIRWMSR� SJ�QIERW� XLEX�
GER�GMVGYPEXI�
3R� XLI�FEWI�SJ�EGGIWW�ZMEFMPMX]� XS�IEGL�
GSRWXVYGXMSR� WMXI� ERH� SJ� XLI� EVIEW�
HIWXMRIH� XS� XLI� WIXXMRK� YT� SJ� XLSWI�� MX�
MW� IWXEFPMWLIH� Ɓ� ETTVS\MQEXIP]� Ɓ� XLI�
X]TSPSK]� SJ� XIQTSVEV]� GSRXEMRIVW� JSV�
VYFFPI�
*MVWX� SJ� EPP�� MX� MW� RIGIWWEV]� XS� UYERXMJ]�
XLI� VYFFPI� KIRIVEXIH� JSV� IEGL� FYMPHMRK�
EKKVIKEXI�� 9RJSVXYREXIP]� MX� MW� RSX�
TSWWMFPI�� JSV� XLMW� OMRH� SJ� EREP]WMW�� XS�
EGGIWW� [LSPI� ERH� XVYXLJYP� HEXEXS�
UYERXMJ]�XLI�VYFFPI�TVSHYGXMSR��8S�SFXEMR�
ER�ETTVS\MQEXI�IWXIIQ��XLIR�EX�ƼVWX�MX�MW�

GEPGYPEXIH� XLI� IQTX]� ZSPYQI� XMQIW� JYPP�
ZSPYQI� SJ� FYMPHMRKW�� %JXIV� XLMW�� MX� QYWX�
HIXIVQMRIH�XLI�MRGMHIRGI�SJ�VYFFPI�SR�Qt�
SJ�E�FYMPHMRK��VIJIVVMRK�XS�XLI�TETIVEFSYX�
XLI�IWXIIQ�UYERXMJ]MRK�VYFFPI�HVEJXIH�MR�
����� F]� XLI� -RWXMXYXI� JSV� 'SRWXVYGXMSR�
8IGLRSPSKMIW� MR� GSSTIVEXMSR� [MXL�
XLI2EXMSREP� *MVI� (ITEVXQIRX�� -R� XLMW�
HSGYQIRX� MX� MW� VITSVXIH� XLI� MRGMHIRGI�
SJ� XLI� HEQEKI�I\XIRXPIZIP� SR� XLI� XSXEP�
VYFFPI�ZSPYQISR�XLI�KVSYRH��&IGEYWI�MX�
LEW�RSX�FIIR�TSWWMFPI�XS�HIƼRIXLI�PIZIP�
SJ� HEQEKISJ� IEGL� FYMPHMRK� MR� XLI� HEXE�
WLIIXW� %I()7�� MX� LEW� FIIR� GSRWMHIVIH�
XLI� [SVWX� GMVGYQWXERGI�� 8LIR�� MX� LEW�
FIIR� EWWSGMEXIH� XS� IEGL� FYMPHMRK�
EKKVIKEXI�IZEPYEXIH�EW�GSRHIQRIH�XLI�
LMKLIV�PIZIP�SJ�HEQEKI�8LMW��F]�JSPPS[MRK�
XLI� HMVIGXMZIW� SJ� XLI� EFSZI�QIRXMSRIH�

TETIV��EJJIGXW�XLI�ZSPYQI�SJ�VYFFPI�[MXL�
E� TIVGIRXEKI� SJ� ��� =SY� SFXEMR�� MR� XLMW�
[E]�� JSV� IEGL� FYMPHMRK�XLI� ETTVS\MQEXI�
VYFFPI� ZSPYQIXLEX� MX� MW� TSWWMFPI� XS�
KIRIVEXI��,EZMRK�SFXEMRIH�XLSWI�VIWYPXW��
[LMPI� GSRWMHIVMRK� XLI� HMQIRWMSR� SJ�
FYMPHIV� WOMTWEZEMPEFPI� SR� XLI� QEVOIX��
MX� GER� FI� IZEPYEXIHXLI� RIGIWWEV]�
EQSYRX�SJ�XLSWI�XS�FI�JSVIWIIR�MR�IEGL�
GSRWXVYGXMSR�WMXI��F]�XEOMRK�MRXS�EGGSYRX�
XLI� QIXIVW� WUYEVIWJSV� IEGL� FYMPHMRK�
EKKVIKEXI�ERH��MR�TEVXMGYPEV��SR�XLI�FEWI�
SJ� XLI� HMQIRWMSRSJ� XLI� EGGIWW� [E]�
XS� XLMW� EVIE�-X� MW� RIGIWWEV]XS� IZEPYEXI�
[LMGL�QIERW�GER�XVERWMX��F]�GSRWMHIVMRK�
XLIIRGYQFVERGISJ�WGEJJSPHWERH�RIIHIH�
QERIYZIV� WTEGIW� ERH�� F]� XEOMRK� XLMW�
MRXS�EGGSYRX��EPWS�XLI�WM^I�SJ�XLI�FYMPHIV�
WOMTXLEX�LEW�XS�FI�TSWMXMSRIH��(Fig. 07)

-RXIKVEP� IPIQIRX� SJ� XLI� KIRIVEP�
GSRWXVYGXMSR� WMXI� TPERMW� XLI� VYFFPI�
XVERWTSVX�TPER��*SV�XLI�VYFFPI�WXSVEKI�XLI�
1YRMGMTEPMX]� MHIRXMƼIHI\XIVREP� EVIEW� XS�
XLI� GSRWXVYGXMSR� WMXI� SJ� 0ƅ%UYMPE�� [LMGL�
LEZI� KSX� XLI� ETTVSTVMEXI� JIEXYVIW� JSV�
GSRXEMRMRK�E�KVIEX�UYERXMX]SJ�QEXIVMEPERH�
XLEX� [MPP� FI� XLI� ƈEXXVEGXMSR� TSMRXWƉ�
XS[EVHW� [LMGL� WQEPP� ZILMGPIW� GSQMRK�
JVSQ�QER]�[SVOMRK� � GSRWXVYGXMSR� WMXIW�
MR�XLI�SPH�XS[R�[MPP�LIEH�-R� PMKLX�SJ�XLMW��
MX�MW�RIGIWWEV]�XS�IZEPYEXI�XLI�XVEƾG�PIZIP�
SJ� XLI�ZILMGPIW� XLEX�IZIV]�HE]�[MPP�GEVV]�
XLI� VYFFPIJVSQ� XLI� GSRWXVYGXMSR� WMXI� XS�
XLI� WXSVEKI� TSMRXW�� SJXIR� PSGEXIH�QER]�
OMPSQIXIVW�E[E]�JVSQ�XLI�SPH�XS[R��*SV�
XLMW�VIEWSR�XLVII�WXVEXIKMG�GLSMGIW�LEZI�
FIIR�HIZIPSTIH�

1. -R� SVHIV� XS� PS[IV� EW� QYGL� EW�
TSWWMFPIXLI� [E]W� SZIVPSEH�� MX� MW�
TVSTSWIH� XLI� MHIRXMƼGEXMSR� SJ�
XIQTSVEV]�HIPMZIV]�TSMRXW��RIEV� XLI�
SPH�XS[R��YWIH�F]�E�ZEVMEFPI�RYQFIV�
SJ� GSQTEVXQIRXW�� 8LI� VYFFPI�
GSQMRK� JVSQ� QER]� GSRWXVYGXMSR�
WMXIW�[MPP�FI�HVST�SJJ�MR�XLSWI�EVIEW�
ERH� PEXIV�[MPP� FI� GEVVMIH� MR� WXSVEKI�
EVIEW�MHIRXMƼIH�F]�XLI�1YRMGMTEPMX]��
F]� FMKKIV� ZILMGPIW�� %JXIV� XLMW��
XLI� GIRXVEP� E\MW� MW� HMZMHIH� MRXS�
XVERWMX� EVIEWERH� JSV� IEGL� SRI� MX� MW�
HIXIVQMRIH� E� XIQTSVEV]� WXSVEKI�
TSMRX� ERH� IWXEFPMWLIH� XLI� WIVZMGI�
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ZMEFMPMX]�� -R�QEOMRK� XLMW� TEVXMXMSR�� MX�
LEW� FIIR� JSPPS[IH� XLI� WXEXIQIRX�
SJ�XLI�TVIWIRX�HMVIGXMSRW�SJ�QSXMSR��
1SVISZIV�� XLI� PSKMG� FILMRH� XLI�
MHIRXMƼGEXMSR� SJ� XLI� FSYRHEVMIWSJ�
IEGL� EVIE� FEWIH� SR� XLI� [MPPMRK�
XS� KYEVERXII� E� JEMV� HMWXVMFYXMSR� SJ�
VYFFPI� UYERXMX]� JSV� IEGL� HIPMZIV]�
TSMRX��(Fig. 08)
3RGI�LEZMRK�WIX�XLI�XVERWMX�EVIEW��MX�
MW�GEVVMIH�SYX�ER�EREP]WMW�SR�ZMEFMPMX]�
SJ� QIERW� SJ� XLI� GSQTEVXQIRX� Rq�
��� MRGPYHIH� MR� XLI� XVERWMX� EVIE� ���
1SVI� WTIGMƼGEPP]�� EX� XLMW� WXEKI� EVI�
EREP]^IH� XLI� EGGIWWMFPI� VSYXIW�
XLEX� GSRRIGX� XLI� GSRXIQTPEXIH�
GSQTEVXQIRX� [MXL� XLI� XIQTSVEV]�
HIPMZIV]� TSMRX�� 8LIR�� X[S� HMJJIVIRX�
[E]W�EVI� MHIRXMƼIH��SR� XLI�FEWI�SJ�
XLI� FYMPHMRK� EKKVIKEXI� PSGEXMSR��
8LSWI� EVI� XLI� SRP]� TSWWMFPI� [E]W�
XS�FI�XVERWMXIH��MR�SVHIV�XS�EPPS[�XLI�
VYFFPI�HMWTSWEP� (Fig. 09) (Fig. 10)

2. 8LI� WIGSRH� WXVEXIKMG� GLSMGI�
VIJIVW� XS� XLI� XVERWTSVX�QIERW�� MX� MW�
GSRWMHIVIH�� JSV� IEGL� GSRWXVYGXMSR�
WMXI��XLI�YWI�SJ�E�WMRKPI�QIER���-R�XLMW�
[E]�XLIVI�MW�XLI�[MPPMRK�XS�VIHYGI�XLI�
IRZMVSRQIRXEP�MQTEGX�GEYWIH�F]�XLI�
XVEƾGSJ� GSRWXVYGXMSR� WMXI� QIERW��
FYX�RSX�SRP]��8LI�ƼREP�EMQ�MW�XS�PS[IV�
XLI�RIKEXMZI�EWTIGXW�VIPEXIH�XS�XLI�
XVEƾG� SJ� XLSWI� OMRH� SJ� QIERW� MR�
YVFER�EVIEW�EW��JSV�I\EQTPI��XVEƾG�
NEQ�� XLI� RSMWI� ERH� EXQSWTLIVMG��
TSPPYXMSR� � ERH� GEV� EGGMHIRXW�� -X�
QYWX� FI� XEOIR� MRXS� EGGSYRX� XLEX�
SRP]� MR� XLI� GSQTEVXQIRX� �� MW�
GSRXIQTPEXIH�� MR� XLI� ƼVWX� TLEWI��
XLI�WMQYPXERIMX]�SJ����GSRWXVYGXMSR�
WMXIW� ERHGER� FI� ETTVS\MQEXIP]�
JSVIWIIR� XLI� WEQI� RYQFIV� JSV�
EPP� XLI� SXLIV� GSQTEVXQIRX� SJ� XLI�
GIRXVEP� E\MW�� -X� MW� GPIEV�� WS�XLEX� XLI�
MWWYI�SJ�VYFFPI�XVERWTSVXEXMSR�QYWX�
FI�JEGIHF]�LEZMRK�XLI�VIHYGXMSR�SJ�
WYGL�E�XVEƾG�EW�E�TVMSVMX]��MR�SVHIV�XS�
FIXXIV� QEREKI� XLI� VYFFPI� VIQSZEP�
ERH�XS�KYEVERXII�KVIEXIV�WEJIX]��

3. *MREPP]�� XLI� GLSMGI� GSRRIGXIH� [MXL�
XLI� TVSHYGXMSR� SJ� VYFFPI� MW� WXVMGXP]�
VIPEXIH� XS� XLI� SRI� -� QIRXMSRIH�
EFSZI��&]�GSRWMHIVMRK�XLI�XVERWMX�SJ�
E�WMRKPI�QIER�JSV�IEGL�GSRWXVYGXMSR�

Figure 7: Map of the builder skips
Figure 8: Three different transit area and temporary storage point
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Figure 9: Route A
Figure 10: Route B
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Figure 11: Flow chart
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WMXI�� MX� MW� RIGIWWEV]� XS� MHIRXMJ]ER�
YTTIV� PMQMX� SJ� VYFFPI� UYERXMX]�
XLEX� GER� FI� KIRIVEXIH�� MR� SVHIV�
XS� KYEVERXII� XLIMV� XVERWTSVXEXMSR�
[MXLMR�XLI�[SVOHE]��-X�MW�WIX�JSV�IEGL�
EKKVIKEXI��XLI�QIERW�X]TSPSK]�XLEX�
MW� TSWWMFPI� XS� YWI� JSV� XLI�QEXIVMEP�
XVERWTSVXEXMSR��XLI�TEXL�PIRKXL�JVSQ�
XLI� TSMRX� SJ� VYFFPI� PSEHMRKXS� XLI�
TSMRX�SJ�HIPMZIV]�ERH� JVSQ�XLMW� PEWX�
SRI� XS� XLI� WXEVXMRK� TSMRX�� XLI� XMQI�
WTIRX� JSV� PSEHMRK�HIPMZIVMRK� XLI�
QEXIVMEP�MW�XLI�WEQI�WTIRX�XS�GSZIV�
XLI� [LSPI� TEXL�� -R� XLMW� [E]� MX� MW�
TSWWMFPI�XS�HIXIVQMRIXLI�QE\MQYQ�
VYFFPI� UYERXMX]XLEX� GER� FI� GEVVMIH�
MR� E� [SVOHE]� ERH� HIXIVQMRMRK��
EGGSVHMRKP]��E�HIQSPMXMSR�XMQIPMRI�

 
8LSWI� HIGMWMSRW� PIX� YW� SFXEMR� SR� XLI�
SRI� LERH� EWEJIV� ZMEFMPMX]�� FSXL� EX� E�
GSRWXVYGXMSR� WMXI� PIZIP� ERH� EX� E� YVFER�
PIZIP�� GSRWMHIVMRK� EPWS� XLI� TVIWIRGI�
SJ� XIGLRMGMERW�� PE[� IRJSVGIQIRX� ERH�
7XEXI� QMPMXEV]� WTIGMEP� JSVGIW�� 3R� XLI�
SXLIV� LERH�XLSWI� GLSMGIW� ^GEYWI� ER�
I\XIRWMSR� SJ� XLI�[SVO� TLEWIW� FIGEYWI�
SJ�E�WPS[IV��[EWXI�HMWTSWEP��8LMW�VIWYPX��
LS[IZIV�� QYWX� FI� GSQTEVIH� [MXL� XLI�
WMXYEXMSR� MR� [LMGL� MX� MW� RSX� JSVIWIIR� E�
KIRIVEP� GSRWXVYGXMSR� WMXI� TPER�� ;MXLSYX�
MX�[SVOW�[SYPH� FI� JEWXIV�� FYX�[MXL� TSSV�
SVKERM^EXMSR� ERH� PIJX� XS� XLI� TVMZEXI�
MRMXMEXMZI�� [LMPI� GEYWMRK� LMKL� XVEƾGMR�
XLI� [E]W� SJ� XLI� SPH� XS[R� ERH� QSVI�
MRXIVJIVIRGIW� EQSRK� QER]� EHNEGIRX�
GSRWXVYGXMSR�WMXIW�

8LI� EGXMZMXMIW� MRGPYHIH� MR� XLI� TPER�
VITVIWIRX� E� WIUYIRGI� XLEX� GER� FI�
WXERHEVHM^IH�� 8LI� JSPPS[MRK� ƽS[�
GLEVXVIWYQIW� XLI� GLSMGIW�� XLI� EREP]WMW�
ERH�XLI�WXVEXIKMIW�HITMGXIH�MR�XLMW�[SVO��
WLS[MRK�XLEX�XLI�QIXLSH�GER�FI�ETTPMIH�
XS�EPP�XLI�SPH�XS[RW�LMX�F]�IEVXLUYEOIW�
-X�MW�RIGIWWEV]�XS�WXEXI�XLEX�HEXE�YWIH�MR�
XLMW�EREP]WMW�EVI�VSYKL�ERH�SJXIR�FEWIH�
SR�XLI�IZIRX�SJ�XLI�[SVWX�GSRHMXMSRW��*SV�
XLMW� ZIV]� VIEWSR�� XLI� TPER� VIEPM^IH� JSV�
XLI�GSQTEVXQIRX�R���GSYPH�FI�E�QSHIP�
XS� GVIEXI� E� VIEP� TPERRMRK� XSSP� XLEX� GER�
FI�ETTPMIH� �EW�E�ZEPMH�EPXIVREXMZI� XS� XLI�
QSHYW�STIVERHM�SJ�0ƅ%UYMPE���*MK������*MK��
��

'32'097-327

8LI� VIUYMVIQIRXW� WIX� JSV� XLI�
GSQTEVXQIRX� �� GER� FI� I\XIRHIH� ERH�
EGXIH� MR� EPP� XLI� GSQTEVXQIRXW� SJ� XLI�
GIRXVEP�E\MW�8LVSYKL�XLI�MQTPIQIRXEXMSR�
SJ� XLI�TVIPMQMREV]�WXYH]� MRGPYHIH� MR� XLI�
TPER�� MR� JEGX�� MX� MW� TSWWMFPI� XS� ORS[� XLI�
JIEXYVIW� SJ� TPEGIW�� XLI�QENSV� TVSFPIQW�
VIPEXIH� XS� XLI� GSRWXVYGXMSR� WMXI� ERH�
XS� SFXEMR� E� HIITIV� ORS[PIHKI� SJ� XLI�

[LSPI�EVIE��3R�XLI�FEWI�SJ�XLMW�M�X[MPP�FI�
TSWWMFPI� XS�WIX� XLI�KYMHIPMRIW��IWWIRXMEP�
JSV� XLI� GSRWXVYGXMSR� WMXI�� JSV� [SVOMRK�
WEJIP]� ERH� JSV� XLI� HMWTSWEP� SJ� [EWXI�
QEXIVMEPW�-X�[MPP� FI� MHIRXMƼIH�� MR� VIPEXMSR�
[MXL� TVMSVMX]� GVMXIVME�� E� ƼVWX� TLEWI� SJ�
GSRWXVYGXMSR� WMXI� SJ� XLI� [LSPI� GIRXVEP�
E\MW�MR� [LMGL� XLI� MRXIVJIVIRGI� EQSRK�
EHNEGIRX� GSRWXVYGXMSR� WMXIW[MPP� FI� JI[�
ERH�QEREKIH�IEWMP]��8LI�VIGSRWXVYGXMSR�
TVSGIWW� [MPP� FI� QSVI� IJJIGXMZI� ERH�� MR�
TEVXMGYPEV�� WYTIVZMWIH� F]� XLI� QYRMGMTEP�
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EYXLSVMXMIW�� [LS� XLVSYKL� XLI� KIRIVEP�
GSRWXVYGXMSR�WMXI�TPER[MPP�FI�EFPI�XS�LEZI�
E�KPSFEP�ZMWMSR�SR�EPP�XLI�EGXMZMXMIW�GEVVMIH�
SYX�MR�XLI�SPH�XS[R��;MXL�XLI�ETTPMGEXMSR�
SJ�XLI�KYMHIPMRIW�XLI�VIGSRWXVYGXMSR�WMXI�
[MPP� FI� GIVXEMRP]� FI� PSRKIV�� FYX� SR� XLI�
SXLIV�LERH�MX�GSYPH�FI�JSYRH�XS�VIWTSRH�
XS� SRI� SJ� XLI� QEMR� TVSFPIQ� SJ� XLI�
0ƅ%UYMPE�GEWI��XLEX�MW�XLI�VITSTYPEXMSR�SJ�
XLI�SPH� XS[R��9RXMP�RS[�XLIVI�EVI�QER]�
GEWI� MR� [LMGL� XLI� S[RIV� SJ� E� VIWXSVIH�
TVMZEXI�LSYWI�MW�LEZMRK�XS�PMZI�MR�E�TPEGI�
WYVVSYRHIH�F]�QER]�GSRWXVYGXMSR�WMXIW��
[MXLSYX� ER]� WIVZMGIW� ERH� GSRWIUYIRXP]�
MR�ER�YRMRLEFMXEFPI�TPEGI��*SV�XLMW�VIEWSR�
XLI�WXVEXIKMG�GLSMGIW�XLEX�HMWXMRKYMWL�XLI�
EREP]WMW�SJ�XLMW�TPER�EMQ�FSXL�XS�IRLERGI�
XLI�YWI�SJ�TYFPMG�WTEGIW�ERH�XS�QEOI�ER�
LSQSKIRISYW� VIGSRWXVYGXMSR� TVSGIWW��
[IPP� SVKERM^IH� ERH� WIX� F]� JSPPS[MRK�
SFNIGXMZI� GVMXIVME�� 4VSZMHMRK� JSV� XLI�
GSRXIQTSVERIMX]� SJ� EW� QER]� EGXMZMXMIW�
EW� TSWWMFPI�� XLI� TPER� EPPS[W� JSV� XLI�
VIGSRWXVYGXMSR�SJ�WIZIVEP�GSQTEVXQIRXW�
EX�XLI�WEQI�XMQI�
8LI� 0ƅ%UYMPE� I\TIVMIRGI� KMZIW� XLI�
TSWWMFMPMX]� XS� IQTPS]� RI[�QIXLSHW� JSV�
XLI�QEREKIQIRX�SJ� XLI� VIGSRWXVYGXMSR��
8LMW�MW�[L]�XLI�KIRIVEP�GSRWXVYGXMSR�WMXI�
TPER�VITVIWIRXW�ER�MRMXMEP�GSRXVMFYXMSR�XS�
MQTVSZI�XLI�TVSGIHYVIW�MQTPIQIRXIH�MR�
0ƅ%UYMPE��-X�GSYPH�FI�MRXIVIWXMRK�XS�I\XIRH�
XLMW� QIXLSH� JSV� EPP� XLI� QSWX� VIGIRX�
IEVXLUYEOI� WMXIW� ERH� WS� EW� XS� QEOI�
XLI� TPER� E� TVSGIHYVI� XS� FI� MRGPYHIH� MR�
XLI� GSQTIXIRX� EGXMZMXMIW� SJ� XLI� TYFPMG�
EHQMRMWXVEXMSRW�

Figure 12:�*PS[�GLEVX
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8LI�SFNIGXMZI�SJ�XLI�VIWIEVGL�MW�XS�HIITIR�XLI�MQTSVXERGI�SJ�XLI�YWI�SJ�XLI�0MJI�']GPI�
%WWIWWQIRX� ERH� 0MJI� ']GPI� 'SWX� QIXLSHSPSKMIW� EW� HIGMWMSR� WYTTSVX� XSSPW� MR� XLI�
TPERRMRK�TLEWI�SJ�MRXIVZIRXMSRW�SR�XLI�FYMPHMRK�LIVMXEKI��MR�SVHIV�XS�MHIRXMJ]�ERH�TPER�
WYWXEMREFPI� GLSMGIW� JSV� XLI� VIRSZEXMSR� SJ� XLI� FYMPX�� %R� MRMXMEP� XLISVIXMGEP� XVIEXQIRX�
EREP]^IW� XLI� GSRGITX� SJ� WYWXEMREFPI� HIZIPSTQIRX� WXEVXMRK� JVSQ� XLI� EREP]WMW� SJ�
XLI� GYVVIRX� IRZMVSRQIRXEP� TSPMGMIW� SJ� XLI� )YVSTIER� 9RMSR�� 0MJI� ']GPI� 8LMROMRK� MW� E�
WYWXEMREFPI�ETTVSEGL�XLEX�EPPS[W�]SY�XS�QSZI�JVSQ�XLI�XVEHMXMSREP�HIWMKR�TVSGIWW�XS�E�
KPSFEP�ZMWMSR�SJ�XLI�TVSHYGXMSR�W]WXIQ��[LMGL�MRGPYHIW�EPP�XLI�MQTEGXW�XLEX�XLI�TVSHYGX�
LEW�MR�MXW�PMJI�G]GPI�
-X� SJXIR�LETTIRW� XLEX� WYWXEMREFMPMX]� MW� VIHYGIH� XS� XLI�IRIVK]�EWTIGX�SRP]�� PIEHMRK� XS�
MHIRXMJ]MRK�XLI�I\MWXMRK�FYMPHMRK�LIVMXEKI�EW�E�WSYVGI�SJ�IRIVK]�[EWXI�ERH�GSRWIUYIRXP]�
SJ� TSPPYXMSR�� *VSQ� XLMW� TSMRX� SJ� ZMI[� [I� SJXIR� GSQI� XS� EHSTX� I\XVIQI� VIWSPYXMSRW�
VERKMRK� JVSQ� MRZEWMZI� VIHIZIPSTQIRX� MRXIVZIRXMSRW�� XS� EFERHSRQIRX� SV� HIQSPMXMSR�
ERH�WYFWIUYIRX�VIGSRWXVYGXMSR��&YX�MR�VIEPMX]�XLIWI�GLSMGIW��SZIVWM^MRK�XLI�PSEH�SJ�XLI�
MRXIVZIRXMSRW��GER�HIXIVQMRI�E�KVIEXIV�MQTEGX�KMZIR�XLI�LMKL�[EWXI�SJ�IRZMVSRQIRXEP�
ERH�IGSRSQMG�VIWSYVGIW��3R�XLI�GSRXVEV]�� XLI�TVIWIVZEXMSR�SJ�I\MWXMRK�FYMPHMRKW�GER�
PIEH�XS�PIWW�RIKEXMZI�GSRWIUYIRGIW��IWTIGMEPP]�MJ�EHHVIWWIH�MR�E�WYWXEMREFPI�[E]��
8LI�WIGSRH�TEVX�SJ� XLI�[SVO�GSRWMWXW� MR� XLI�YWI�SJ�0'%�ERH�0''�QIXLSHSPSKMIW� XS�
IZEPYEXI� ERH� GSQTEVI� XLI� IRZMVSRQIRXEP� ERH� IGSRSQMG� TVSƼPI� SJ� X[S� HMJJIVIRX�
MRXIVZIRXMSR�WXVEXIKMIW�SR�E�L]TSXLIXMGEP����Qs�GSRGVIXI�WPEF�VSSJ��MRXIVIWXIH�MR�I\XVEHSW�
JVSQ�ER�EHZERGIH�WXEXI�EKMRK�SJ�XLI�[EXIVTVSSƼRK�GSEX�ERH�XLI�MRXVEHSW�JVSQ�QSPH�
and moisture spots caused by condensation
WYVJEGI�� 8LI� VIWYPXW� SJ� XLI� EREP]^IW� TVSZMHI� WIZIVEP� MRXIVIWXMRK� MRHMGEXMSRW� SJ� ER�
IRZMVSRQIRXEP�ERH�IGSRSQMG�GLEVEGXIV��YWIJYP� JSV� XLI�GSRWGMSYW�EHSTXMSR�SJ�HIWMKR�
GLSMGIW�SVMIRXIH�XS�XLI�WYWXEMREFMPMX]�SJ�XLI�IRXMVI�PMJI�G]GPI�SJ�XLI�FYMPHMRK�IPIQIRX�

9
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+VS[MRK� JIEVW� EFSYX� XLI� JYXYVI� SJ�
XLI� EZEMPEFMPMX]� SJ� VE[� QEXIVMEPW�
ERH� SJ� IRIVK]� WYTTP]� �TYWL��

XS[EVHW�VETMH�GLERKI��XLI�XVERWMXMSR�JVSQ�
a society that sees a continuous and 
uncontrollable growth in consumption 
XS�E�QSHIP�SJ� WSGMIX]�SVMIRXIH� XS[EVHW�
sustainable consumption, in which 
KVS[XL� IGSRSQ]� MW� LEVQSRM^IH� [MXL�
environmental and social needs. This is 
XLI�RI[�GLEPPIRKI�SJ�XLI�JYXYVI��
%�JYRHEQIRXEP�XEWO�MR�XLI�MQTPIQIRXEXMSR�
SJ� E� WXSV]� FIPSRKW� XS� XLI� GSRWXVYGXMSR�
sector, that is responsible at European 
PIZIP� SJ� EFSYX� ��	� SJ� ƼREP� IRIVK]�
GSRWYQTXMSR�� SJ� ��	� GSRWYQTXMSR� SJ�
VE[�QEXIVMEPW��EFSYX���	�SJ�KVIIRLSYWI�
KEW�IQMWWMSRW�ERH�EFSYX���	�SJ�[EWXI�
TVSHYGXMSR�� -QTEGXW� EXXVMFYXEFPI�QEMRP]�
to the comparison residential (which 
VITVIWIRXW� EFSYX� ��	� SJ� XLI� XSXEP�
FYMPHMRK�WXSGO��ERH�MR�PIWWIV�QIEWYVI�XS�
XLI�RSR�VIWMHIRXMEP�WIGXSV����	�ERH�GMZMP�
IRKMRIIVMRK� ���	�� -R� XLMW� TIVWTIGXMZI��
XLI� JYRHEQIRXEP� HEXE� EVI� FEWIH� SR�
maintenance strategies and constructive 
XIGLRSPSKMIW�EFPI�XS�STXMQM^I�XLI�YWI�SJ�
environmental resources.
The present study is aimed at reiterating 
XLI� MQTSVXERGI� SJ� XLI� YWI� SJ� XLI� 0MJI�
']GPI� %WWIWWQIRX� ERH� 0MJI� ']GPI� 'SWX�
methodologies as decision support tools 
MR�XLI�TPERRMRK�TLEWI�SJ�MRXIVZIRXMSRW�SR�
XLI�FYMPHMRK�LIVMXEKI��MR�SVHIV�XS�MHIRXMJ]�
ERH� TPER� WYWXEMREFPI� GLSMGIW� JSV� XLI�
VIGSZIV]� SJ� XLI� FYMPX�� 7TIGMƼGEPP]�� MX�
HIWGVMFIW�XLI�ETTPMGEXMSR�SJ�XLI�0'%�ERH�
0''� QIXLSH� XS� IZEPYEXI� ERH� GSQTEVI�
the economic and environmental impact 

SJ� X[S� HMJJIVIRX� MRXIVZIRXMSR� WXVEXIKMIW�
XLEX� EJJIGX� E� LSVM^SRXEP� STEUYI� GPSWYVI�
building component. The objective is to 
MHIRXMJ]� XLI� PIWW� MQTEGXJYP� GSRWXVYGXMSR�
XIGLRSPSK]�XLVSYKL�ER�MRXIKVEP��GVEHPI�XS�
KVEZI��EREP]WMW�
-R�TEVXMGYPEV��IRZMVSRQIRXEP�EWWIWWQIRXW�
[IVI� GSRHYGXIH� [MXL� XLI� LIPT� SJ� XLI�
7MQE4VS� WSJX[EVI�� 8LI� MRXIVZIRXMSR�
SR� E� ��� Qs� PEXIVS�GSRGVIXI� VSSJ� WPEF��
without a thermal insulation system, was 
WYKKIWXIH�� MRXIVIWXIH� MR� XLI� I\XVEHSW�
JVSQ� ER� EHZERGIH� WXEXI� SJ� EKMRK� SJ� XLI�
[EXIVTVSSƼRK�PE]IV��ƼK���ERH�XLI�MRXVEHSW�
JVSQ�WTSXW�SJ�QSPH�ERH�QSMWXYVI��ƼK����

1%8)6-%07�%2(�1)8,3(7

0ǣǦȨ�'ǓȱǠȨ�%ǙǙȨǙǙǟȨǞǘ

2EMHFWLYH�DQG�VFRSH
To solve the problem described 
FVMIƽ]�� ER� I\XIVREP� XLIVQEP� GSEX� LEW�
FIIR� TVSZMHIH�� MI� XLI� MRWIVXMSR� SJ� XLI�
MRWYPEXMRK� PE]IV� MR� XLI� WXVEXMKVETL]� SJ�
XLI�WPEF��FSXL�EGGSVHMRK�XS�XLI��LSX�VSSJ��
W]WXIQ� ERH� XLI� �MRZIVXIH� VSSJ�� W]WXIQ��
EW�[IPP�EW� XLI� VIFYMPHMRK�SJ� XLI� MRXIVREP�
TPEWXIV��%R�MRXIVZIRXMSR�SR�PIWW�XLER���	�
SJ� XLI� KVSWW� HMWTIVWMRK� WYVJEGI� [EW�
hypothesised, thus returning, according 
XS�XLI�(�1��������������MR�XLI�GEXIKSV]�
SJ� MRXIVZIRXMSRW� IRIVK]� VIUYEPMƼGEXMSR�
JSV�[LMGL�XLI�ETTPMGEXMSR�SJ�XLI�QMRMQYQ�
VIUYMVIQIRXW� HIƼRIH� MR� %XXEGLQIRX� ��
�� %TTIRHM\� &� MW� QERHEXSV]�� 4EVEKVETL�
���� WLS[W� XLI� PMQMX� ZEPYIW� SJ� XLI�
GLEVEGXIVMWXMG�TEVEQIXIVW�SJ�XLI�FYMPHMRK�

IPIQIRXW� MR� XLI� I\MWXMRK� FYMPHMRKW�
WYFNIGX�XS�IRIVK]�VIUYEPMƼGEXMSR��-R�SVHIV�
XS�HIƼRI� XLI�GPMQEXI�^SRI�� XLI�EREP]WMW�
[EW� GSRXI\XYEPM^IH� F]� L]TSXLIWM^MRK�
XLI� PSGEXMSR� MR� XLI� 1YRMGMTEPMX]� SJ�
4SQMKPMERS� (�%VGS� �2ETPIW� �'PMQEXI�
^SRI�'�Ɓ�(IKVIIW�(E]�������,EZMRK�XS�
KYEVERXII�E�ƼREP�XLIVQEP�XVERWQMXXERGI�
SJ�PIWW�XLER�SV�IUYEP�XS������;�Qs/��XLI�
X[S� IRIVK]� VIUYEPMƼGEXMSR� MRXIVZIRXMSRW�
LEZI� FIIR� HIWMKRIH� WXEVXMRK� JVSQ�
XLI� YRMX� XLIVQEP� XVERWQMXXERGI� SJ� XLI�
I\MWXMRK� ƽSSV�� GEPGYPEXIH� XLVSYKL� XLI�
ORS[R�VIPEXMSR�

Figure 1: Old demaged sheath
*MKYVI����7YVJEGI�EJJIGXIH�F]�QSPH�ERH�QSMWXYVI
Figure 3: Original section

C. Scognamillo

-X� MW� SFXEMRIH� XLEX� XLI� YRMX� XLIVQEP�
XVERWQMXXERGI� SJ� XLI� VSSJ� WPEF� MW� IUYEP�
XS� ������ ;�Qs/�� 8LI� XLIVQS�TL]WMGEP�
parameters relating to the materials 
ERH� XLI� ƽSSV� LEZI� FIIR� SFXEMRIH� JVSQ�
XLI�92-�������ERH��������%X�XLMW�TSMRX�
MX�[EW� TSWWMFPI� XS� GLSSWI� ERH� WM^I� XLI�
insulating layer to be inserted in the two 
HMJJIVIRX�WXVEXMKVETL]�
8LI� TVSNIGX� EPXIVREXMZIW� [MPP� FI� HIƼRIH�
EW�JSPPS[W�
• %PXIVREXMZI�%��,SX�VSSJ�
• %PXIVREXMZI�&��-RZIVXIH�VSSJ�

$OWHUQDWLYH�$
-R� XLI�ƼIPH�SJ�ƽEX� VSSJW�� XLI� X]TI�SJ�LSX�
VSSJ� MW� GIVXEMRP]� XLI� QSWX� [MHIWTVIEH��
%W�JEV�EW�XLI�WXVEXMKVETL]� MW�GSRGIVRIH��
XLI� EPXIVREXMZI� %� �ƼK�� �� ƼVWX� MRZSPZIW�
placing on the cementitious support, 
F]� QIERW� SJ� WPYHKI�� ER� EVQSVIH�
IPEWXSTPEWXSQIVMG� [EXIVTVSSƼRK� ZETSV�
FEVVMIV�QIQFVERI�����XLIR�ER�MRWYPEXMRK�
PE]IV�������ERH�ƼREPP]�XLI�[EXIVTVSSƼRK�
WLIEXL�EPWS�ƽEXXIRIH�RIEV�XLI�ZIMP�KPEWW�
that covers the outer insulation panel 
���� 8LI� EHZERXEKI� SJ� XLMW� WSPYXMSR� PMIW�
MR� FIMRK� ORS[R� ERH� ETTPMIH� JSV� E� PSRK�
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 Alternative A
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:ETSV�FEVVMIV &MXYQIR� WIEPMRK� :%��� EX�
TPERX�6)7�9

Ecoinvent 
system process

���

Kg

Bituminouswaterproo-
ƼRK�QIQFVERI

&MXYQIR� WIEPMRK� :���� EX�
TPERX�6)7�9 ���

4SP]WX]VIRI�I\XVYHIH�<47 4SP]WX]VIRI� I\XVYHIH�
<47��EX�TPERX�6)6�9 ���

Acrylic varnish %GV]PMG� ZEVRMWL� ����	� MR�
,�3��EX�TPERX�6)6�9 ��

'IQIRX�TPEWXIV &EWI�TPEXIV��EX�TPERX�',�9 ����

 Alternative B

&ǗǣǠȰǣǞǥ�ǟȳǘȨǚǣȳǠ 7ǣǟȳǜǚǝ�ȱǝǚǚȨǙǜǝǞȰǣǞǥ 7ǝǗǚȱȨ 5ǗȳǞǘǣǘǓ 9Ǟǣǘ
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time, reducing in this way the possibility 
SJ� IVVSVW�� *YVXLIVQSVI�� XLI� MRWYPEXMSR��
TVSXIGXIH� F]� XLI� [EXIVTVSSƼRK�
layer, retains its characteristics and 
TIVJSVQERGI� JSV� PSRKIV� ERH� HSIW� RSX�
YRHIVKS� XLI� PIEGLMRK� IJJIGX�� -R� XLMW�
VIKEVH��XLI�YWI�SJ�I\TERHIH�TSP]WX]VIRI�
TERIPW�MW�JSVIWIIR�I\XVYHIH�<47�GSYTPIH�
XS�IEGL�SXLIV� JSV�E� XSXEP� XLMGORIWW�SJ���
GQ�� QEXIVMEP� GLSWIR� FSXL� JSV� MXW� LMKL�
insulating capacity and because it is able 
XS� VIWTSRH� XS� LMKLIV� VIUYMVIQIRXW� SJ�
resistance to compression and humidity. 
-XW� TSWMXMSR� YRHIV� XLI� QERXPI� QEOIW�
MX� RIGIWWEV]� XS� YWI�� JSV� XLI� SYXIVQSWX�
PE]IV�� E� TVI�GSYTPIH� <47� TERIP� [MXL� E�
bituminous membrane. The decision 
not to use a single panel is dictated by 
maintenance and economic issues that 
will be dealt with later. Moreover, given 
XLI� EFWIRGI� SJ� LIEZ]� TVSXIGXMSR�� E�
QIGLERMGEP�Ƽ\MRK�MW�TVSZMHIH��QEHI�[MXL�
��I\TERWMSR�FPSGOW�TIV�TERIP��SRI�MR�XLI�
middle and the others in the corners, at a 
HMWXERGI�SJ����QQ�JVSQ�XLI�IHKIW�

EP[E]W� QEHI� SJ� I\XVYHIH� TSP]WX]VIRI�
TERIPW� SJ� �� GQ�� FYX� XLMW� XMQI� PEMH� HV]��
This stratigraphy allows to protect 
XLI� [EXIVTVSSƼRK� PE]IV� JVSQ� XLIVQEP�
changes, keeping it at temperatures 
GPSWI� XS� XLSWI� SJ� XLI� GEVVMIV�� ERH� EPWS�
EPPS[W�XLI�IPMQMREXMSR�SJ�XLI�ZETSV�FEVVMIV��
[LSWI�JYRGXMSR�MW�HMVIGXP]�TIVJSVQIH�F]�
the sealing layer. To protect the insulating 
TERIPW�� E� W]RXLIXMG� JIPX� MW� MRWXEPPIH� ERH�
then a heavy protection in washed round 
gravel, which also allows access to the 
VSSJ�JSV�QEMRXIRERGI�[SVO�
The thermophysical parameters relating 
XS�XLI�QEXIVMEPW�ERH�XLI�ƽSSV�LEZI�FIIR�
SFXEMRIH�JVSQ�XLI�92-������ERH��������
;I�SFXEMR�9RMX�XLIVQEP�XVERWQMXXERGI�9!�
������;�Qs/��9limit�!�������;�Qs/�
8LI� HIƼRMXMSR� SJ� XLI� FSYRHEVMIW� SJ�
XLI� EREP]^IH� W]WXIQW� GSRWMWXW� SJ� E�
necessary step to be able to construct 
XLI� IRZMVSRQIRXEP� FEPERGIW�SJ� XLI� 0'%�
EREP]^IW�
8LIVIJSVI� MX� [EW� RIGIWWEV]� XS� HMZMHI�
XLI� PMJI� G]GPI�TLEWIW�SJ� XLI� X[S�HIWMKR�
EPXIVREXMZIW�MRXS�JSYV�KVSYTW�
• 4VSHYGXMSR��[LMGL� MRGPYHIW� XLI�SJJ�

TVSHYGXMSR�TLEWIW�
• )\IGYXMSR�� [LMGL� MRGPYHIW� XLI�

TLEWIW�SJ�I\IGYXMSR�MR�[SVO�
• Maintenance, which includes the 

TLEWIW� SJ� I\IGYXMSR� XVMKKIVIH� F]�
TSWWMFPI�QEMRXIRERGI�MRXIVZIRXMSRW�

• Decommissioning, which includes 
EPP�XLI�IRH�SJ�PMJI�TLEWIW�

,QYHQWRU\�DQDO\VLV
8LI� WIGSRH� TLEWI� SJ� XLI� 0MJI� ']GPI�
%WWIWWQIRX� JSVQW� XLI� GSVI� SJ� XLI�
analysis and consists in the quantitative 
ERH� UYEPMXEXMZI� GSPPIGXMSR� SJ� HEXE�
VIKEVHMRK�XLI�ƽS[W�SJ�QEXXIV�ERH�IRIVK]�
entering and leaving the two systems.
For this reason it was necessary to 
associate the materials and processes, 
MRZSPZIH�MR�XLI�HMJJIVIRX�TLEWIW�EREP]^IH��
to the data present in the databases 
EZEMPEFPI�MR�7MQE4VS�

3KDVH�RI�SURGXFWLRQ
8LI� JSPPS[MRK� XEFPIW� MRHMGEXI� JSV� IEGL�
material the correspondence with the 
HEXEFEWIW� YWIH� F]� XLI� WSJX[EVI�� XLI�
source and the quantity required.

The thermophysical parameters relating 
XS�XLI�QEXIVMEPW�ERH�XLI�ƽSSV�LEZI�FIIR�
SFXEMRIH�JVSQ�XLI�92-������ERH��������
We obtain Unit thermal transmittance U 
!�������;�Qs/��9limit�!�������;�Qs/�

$OWHUQDWLYH�%
-R� GSRXVEWX� XS� XLI� [EVQ� VSSJ�� MR� XLI�
MRZIVXIH� VSSJ� �ƼK�� �� XLI� FMXYQMRSYW�
QERXPI����MW�PEMH�YRHIV�XLI�MRWYPEXMSR�����

Figure 4: Alternative A
Figure 5: Alternative B
8EFPI����7MQETVS�GSVVIWTSRHMRK�JSV�XLI�FYMPHMRK�QEXIVMEPW
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:ETSV�FEVVMIV

8VERWTSVX�ZER� ���X�
RES U

76,6 Km 4VIFMX &EXXMTEKPME��7%
Bituminous 
[EXIVTVSSƼRK�
membrane

4SP]WX]VIRI�I\XVYHIH�
<47

Acrylic varnish �����/Q Malvin +VMGMKRERS�HM�
%ZIVWE��')

'IQIRX�TPEWXIV �����/Q 'EH 'EMZERS��2%

Alternative B
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Bituminous 
[EXIVTVSSƼRK�
membrane

8VERWTSVX�ZER� ���X�
RES U 76,6 Km 4VIFMX &EXXMTEKPME��7%

4SP]WX]VIRI�I\XVYHIH�<47

+VEZIP Transport, lorry 3,5-
���X��)YVS���6)7�9 15,5 Km Semac Roccarainola 

�2%

'IQIRX�TPEWXIV 8VERWTSVX�ZER� ���X�
RES U �����/Q 'EH 'EMZERS��2%
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3KDVH�RI�H[HFXWLRQ
To reduce the environmental impacts 
due to transport, the materials used 
JSV� XLI� MRXIVZIRXMSRW� GSQI� JVSQ� PSGEP�
JEGXSVMIW��%�GLSMGI�XLEX�VIGEPPW�TEVEKVETL�
�������(MWXERGI�SJ�WYTTP]�SJ�GSRWXVYGXMSR�
TVSHYGXW��SJ�XLI�(�1��.ERYEV]�����������
[LIVI� MX� MW� VIUYMVIH�� JSV� XLI� E[EVH� SJ�
XLI� VI[EVHMRK� WGSVI�� XLEX� EX� PIEWX� ��	�
F]�[IMKLX�SJ� XLI�QEXIVMEPW�YWIH� JSV� XLI�
MRXIVZIRXMSR� EVI� I\XVEGXIH�� GSPPIGXIH� SV�
recovered, as well as processed, within 
����OQ�SJ� XLI�WLMT]EVH�[LIVI� XLI]�EVI�
put in place.
-R� XLI� JSPPS[MRK� XEFPIW�� XLI� HMWXERGI� SJ�
XLI� TVSHYGXMSR� WMXIW� JVSQ� XLI� WMXI� ERH�
XLI�X]TI�SJ�XVERWTSVX�MW�HIƼRIH�JSV�IEGL�
QEXIVMEP��8EFPI���

Furthermore, the energy consumption 
VIWYPXMRK� JVSQ� XLI� YWI� SJ� XLI� TPEWXIV�
demolition equipment and the 
QIGLERMGEP� Ƽ\MRK� SJ� XLI� <47� TERIPW�
JSV� XLI� LSX� VSSJ� LEZI� FIIR� IWXMQEXIH�
�WGVI[HVMZIV� HVMPP� ����� O;L�� HIQSPMXMSR�
LEQQIV�������O;L�
%W�[IPP�EW�XLI�GSRWYQTXMSR�SJ�[EXIV�JSV�
XLI� VIGSRWXVYGXMSR� SJ� XLI� TPEWXIV� IUYEP�
XS� ���� PMXIVW�� ERH� XLI� GSRWYQTXMSR� SJ�
TVSTERI� KEW� JSV� XLI� PE]MRK� SJ� E� WMRKPI�
PE]IV�SJ�FMXYQMRSYW�QIQFVERI��TVSTERI�
KEW�XSVGL���/K�

3KDVH�RI�PDLQWHQDQFH
*SV�XLI�MQTEGX�EREP]WMW��E�YWIJYP�PMJI�SJ����
]IEVW�[EW�GSRWMHIVIH�� JSV�[LMGL� MX�[EW�
TSWWMFPI�XS�HIƼRI�XLI�XIQTSVEP�GEHIRGIW�
SJ� XLI� QEMRXIRERGI� MRXIVZIRXMSRW�
IRZMWEKIH�JSV�IEGL�MRXIVZIRXMSR�WXVEXIK]�
The investigations carried out to date, 
SR� I\MWXMRK� VSSJW�� LEZI� WLS[R� XLEX� XLI�
GSRGITX�SJ�HYVEFMPMX]�SJ�ER�MQTIVQIEFPI�
QERXPI� WLSYPH� RSX� FI� WITEVEXIH� JVSQ�
XLI�W]WXIQ� MR�[LMGL� MX� MW� MRWIVXIH�� JVSQ�
MRXIVEGXMSRW�[MXL� SXLIV� PE]IVW� ERH� JVSQ�
XLI� TVIWIRGI� SV� EFWIRGI� SJ� E� LIEZ]�
TVSXIGXMSR�EFPI�XS�TVSXIGX�MX�JVSQ�MRGMHIRX�
WSPEV� VEHMEXMSR�� JVSQ� XIQTIVEXYVI�
GLERKIW�� JVSQ�[MRH� ERH� LEMP� ERH� SXLIV�
QIGLERMGEP�WXVIWWIW��8LI�HYVEXMSR�SJ�XLI�
[EXIVTVSSƼRK�PE]IV�MW�WXVMGXP]�GSRRIGXIH�
to the stratigraphy in which it is inserted 
ERH�XS�XLI�GSVVIGX�HIWMKR�SJ�XLI�PEXXIV�
-R� ������ EVGLMXIGX� ERH� TL]WMGMWX� .SR�

(YVM�:MXEG�GSQTPIXIH�E����]IEV�VIWIEVGL�
SR� XLI� ƽEX� VSSJ�[EXIVTVSSƼRK� W]WXIQW�
FYMPX� MR� 7[MX^IVPERH�� %GGSVHMRK� XS� XLI�
EYXLSV�� [MXL� VIKEVH� XS� XLI� TVSFPIQ� SJ�
durability, the best results were obtained 
with the systems where the mantle 
MW� TVSXIGXIH�� IWXMQEXMRK� JSV� WSPYXMSRW�
WYGL� EW� XLI� MRZIVXIH� VSSJ� E� HYVEXMSR�
SJ���� ]IEVW��;LMPI� MR�ƽEX� VSSJW�GSZIVIH�
with traditional stratigraphy and without 
protection, where the mantle is made 
SJ� TSP]QIV� FMXYQIR� QIQFVERIW�� XLI�
IWXMQEXIH� HYVEXMSR� MW� ��� ]IEVW� [MXL�
TSSV� HIJIGXW�� 8LI� ƼRHMRKW� TYFPMWLIH�
F]� XLI� &VMXMWL� *PEX�6SSƼRK� 'SYRGMP� MR�
1995 include the results published by 
XLI� &VMXMWL� *PEX�6SSƼRK� 'SYRGMP� MR� E�
VIWIEVGL�GSRHYGXIH�F]�2ETMIV�9RMZIVWMX]�
SJ� )HMFYVK� SR� XLI� HYVEFMPMX]� SJ� XLI�
ƽEX� VSSJW�� 8LI� VITSVX� IWXMQEXIW� E� ���
]IEV� HYVEXMSR� JSV� XVEHMXMSREP� QYPXMPE]IV�
FMXYQMRSYW� W]WXIQW� MJ� VIMRJSVGIH� [MXL�
RSR�[SZIR� TSP]IWXIV� JEFVMG� ERH� E� ���
]IEV� WLIPJ� PMJI� JSV�QIQFVERIW�QEHI� SJ�
TSP]QIV� FMXYQIR� QIQFVERI�� -R� FSXL�
cases, according to the report, there are 
no protection systems.

-R� GSRGPYWMSR�� XLI� PMJI� WTER� SJ� E�
FMXYQMRSYW�QERXPI�MW�������]IEVW�[LIR�
MX� MW� TPEGIH� MRWMHI� E� LSX� VSSJ� W]WXIQ�
[MXLSYX�TVSXIGXMSR��SJ�������]IEVW�[LIR�
MRWXIEH�MX�MW�ER�MRZIVXIH�VSSJ�WSPYXMSR�
*SV� XLI� X[S� EPXIVREXMZIW� EREP]^IH�� MX�
[EW� IRZMWEKIH� XLI� YWI� SJ� RSR�WIPJ�
protected bituminous membranes, ie 
[MXLSYX� XLI� TVSXIGXMZI� PE]IV�� QEHI� JSV�
I\EQTPI�[MXL�WPEXI�SV�KVMX�WGEPIW��-RWXIEH�
XLI]� EVI� ƼRMWLIH� [MXL� XEPGYQ� SV� WERH��
WS� WMRGI� [MXL� XLI� WSPYXMSR� SJ� XLI� LSX�
VSSJ� XLI]� EVI� I\TSWIH� XS� HMVIGX� WSPEV�
radiations and to the consequent high 
XIQTIVEXYVIW� SJ� XLI� LSX� QSRXLW�� XLI]�
must be protected with acrylic paints. 
8LI� HYVEXMSR� SJ� XLI� TVSXIGXMZI� TEMRX�
IƾGMIRG]� LEW� FIIR� IWXMQEXIH� XS� FI�
EVSYRH� �� ]IEVW�� 8LI� VIGSRWXVYGXMSR� SJ�
XLI� MRXIVREP� TPEWXIV� LEW� FIIR� JSVIWIIR�
IZIV]� ��� ]IEVW�� [LMPI� MR� XLI� ��� ]IEVW�
no maintenance intervention has been 
JSVIWIIR� XS� XLI� MRWYPEXMRK� PE]IV� I\GITX�
JSV� XLI� VITPEGIQIRX� SJ� XLI� TVI�GSYTPIH�
<47�TERIP�XS�XLI�FMXYQMRSYW�QIQFVERI��
TVIWIRX� MR� XLI�WXVEXMKVETL]�SJ� XLI�[EVQ�
VSSJ�� 3TIVEXMSR� RIGIWWEV]� XS� EPPS[� XLI�

C. ScognamilloLCA and LCC Analysis for the Programming of 
Sustainable Interventions on Building Heritage



��

&ǗǣǠȰǣǞǥ�ǟȳǘȨǚǣȳǠ 8ǓǜȨ�ǝǦ�ǘǚȳǞǙǜǝǚǘ (ǣǙǘȳǞȱȨ 'ǝǟǜȳǞǓ 1ǗǞǣȱǣǜȳǠǣǘǓ

Bituminous 
[EXIVTVSSƼRK�
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VIGSRWXVYGXMSR�SJ�XLI�FMXYQMRSYW�QERXPI��
-X�MW�XLIVIJSVI�IZMHIRX�XLI�IGSRSQMG�ERH�
environmental savings obtained with the 
GLSMGI� SJ� YWMRK� SZIVPETTMRK� I\XVYHIH�
TSP]WX]VIRI�TERIPW�MR�XLI�[EVQ�VSSJ�
-R�WYQQEV]�� XLI� JSPPS[MRK� MRXIVZIRXMSRW�
were planned during the maintenance 
TLEWI�SJ�%PXIVREXMZI�%����,SX�VSSJ��
• XLI�VIGSRWXVYGXMSR�SJ�XLI�FMXYQMRSYW�

QERXPI�IZIV]����]IEVW�
• XLI� VIGSRWXVYGXMSR� SJ� XLI� TPEWXIV�

IZIV]����]IEVW�
• TEMRXMRK�SJ� XLI�FMXYQMRSYW�WYVJEGI�

IZIV]���]IEVW�
;LMPI�JSV�XLI�%PXIVREXMZI�&��MRZIVXIH�VSSJ��
• XLI�VIGSRWXVYGXMSR�SJ�XLI�FMXYQMRSYW�

QERXPI�IZIV]����]IEVW�
• XLI� VIGSRWXVYGXMSR� SJ� XLI� TPEWXIV�

IZIV]����]IEVW�

8LI�QEXIVMEPW�HIQSPMWLIH�EW�E�VIWYPX�SJ�
maintenance work were considered sent 
XS� VIG]GPMRK�SV� PERHƼPP�� EGGSVHMRK� XS� XLI�
JSPPS[MRK�TIVGIRXEKIW�
• MRIVX��TPEWXIV�����	�VIG]GPI�
• FMXYQMRSYW�WLIEXL�����	�PERHƼPP�
• <47� TERIP� �TVI�GSYTPIH� XS� XLI�

FMXYQMRSYW�WLIEXL�����	�PERHƼPP�

'HFRPPLVVLRQLQJ�SKDVH
For the decommissioning phase a 
manual and mechanical demolition 
was considered, with the consequent 
WITEVEXMSR�SJ�XLI�QEXIVMEPW�ERH�XLIMV�PSEH�
on the trucks.
The materials were sent to recycling 
SV� PERHƼPP�� EGGSVHMRK� XS� XLI� JSPPS[MRK�

TIVGIRXEKIW�
• EKKVIKEXIW� �TPEWXIV�� KVEZIP�� ���	�

VIG]GPI�
• FMXYQMRSYW�WLIEXL�����	�PERHƼPP�
• ZETSV�FEVVMIV�����	�PERHƼPP�
• <47� TERIP� �EPXIVREXMZI� &�� ���	�

VIG]GPMRK�
• <47� TERIP� �EPXIVREXMZI� %�� ��	�

VIG]GPMRK����	�PERHƼPP�

-R� XLMW� ƼVWX� TEVX�� XLI� GSRWYQTXMSR�
SJ� VIWSYVGIW� ERH� IRIVK]� VIPEXIH� XS�
XLI� IRXMVI� PMJI� G]GPI� SJ� FSXL� WSPYXMSRW�
I\EQMRIH� �MRTYX� [IVI� MHIRXMƼIH� ERH�
UYERXMƼIH�� EVVMZMRK� XLIR� XS� WXVYGXYVI� E�
real environmental balance with the help 
SJ� XLI� HEXE� TVSZMHIH� F]� XLI� 7MQE4VS�
WSJX[EVI� HEXEFEWI�� WYGL� EW� IQMWWMSRW�
MRXS�EMV��[EXIV�ERH�WSMP��SYXTYX��

(YDOXDWLRQ�RI�,PSDFWV
-R� XLMW� TLEWI� XLI� I\XIRX� SJ� XLI�
environmental impacts caused by the 
two intervention alternatives studied 
was assessed. This evaluation starts 
JVSQ� XLI� RYQIVMGEP� HEXE� GEPGYPEXIH� MR�
the inventory phase and allows, through 
XLI� YWI� SJ� EKKVIKEXIH� MRHMGEXSVW�� JSV�
MRXIVREXMSREP�YWI��XS�UYERXMJ]�XLI�MQTEGXW�
ERH� XS� MHIRXMJ]� XLI� IRZMVSRQIRXEP�
GVMXMGEPMXMIW�� ;I� XLIR� QSZI� JVSQ� XLI�
RYQIVMGEP� HEXE� XS� XLI� NYHKQIRX� SJ�
danger.
With the Eco-indicator 99 evaluation 
QIXLSH�TVIWIRX�MR�XLI�7MQE4VS�WSJX[EVI��
it was possible to quantitatively associate 
EPP� GSRWYQTXMSR� SJ� VIWSYVGIW� ERH�

environmental releases to certain impact 
GEXIKSVMIW��JSVQEXMSR�SJ�TLSXSGLIQMGEP�
WQSK�� WXVEXSWTLIVMG� S^SRI� HITPIXMSR��
IXG�� EXXVMFYXEFPI� XS� XLIQ� EMQIH� EX�
XLVII�QENSV�EVIEW�SJ�KIRIVEP�TVSXIGXMSR��
,YQER� ,IEPXL�� )GSW]WXIQ� 5YEPMX]� ERH�
6IWSYVGIW�� 8LI� VIWYPXW� SFXEMRIH� JVSQ�
XLI� [IMKLMRK� SJ� XLIWI� XLVII� GEXIKSVMIW�
SJ� HEQEKI� [IVI� EHHIH� XSKIXLIV� �JVSQ�
)GSMRHMGEXSV���MR�E�WMRKPI�WGSVI��GEPPIH�
IGS�MRHMGEXSV��4SMRX�SV�1MPPMTSMRX��[LMGL�
EPPS[IH� XS� UYERXMJ]� XLI� IRZMVSRQIRXEP�
impact associated with the systems 
studied.

&DWHJRULHV�RI�HQYLURQPHQWDO�LPSDFW
*SV� IEGL� TLEWI� SJ� XLI� PMJI� G]GPI� SJ� XLI�
X[S� HIWMKR� EPXIVREXMZIW�� XLI� EQSYRX� SJ�
IRZMVSRQIRXEP� HEQEKI� [EW� XLIVIJSVI�
IWXMQEXIH�JSV�IEGL�MQTEGX�GEXIKSV]�XLEX�
belongs to the materials used.

Alternative A
-R� XLI�TVSHYGXMSR� ERH� I\IGYXMSR�TLEWI��
the insulating panel determined the 
highest impact values, in particular with 
VIKEVH�XS�XLI�S^SRI�PE]IV�VIHYGXMSR�
During the maintenance phase, the 
greatest damage was generated by the 
VIRSZEXMSR� SJ� XLI� [EXIVTVSSJ� GSZIVMRK�
ERH�JSPPS[IH�F]�XLI�TEMRXMRK�MRXIVZIRXMSR�
with the protective acrylic paint.
-R� XLI� HIGSQQMWWMSRMRK� TLEWI� XLI�
MQTEGX�GEXIKSVMIW�LEZI�FIIR�WMKRMƼGERXP]�
GSQTVSQMWIH� F]� XLI� HMWTSWEP� SJ� RSR�
recyclable materials.

Alternative B
-R�XLI�TLEWI�SJ�TVSHYGXMSR�ERH�I\IGYXMSR�
SJ�XLI�MRZIVXIH�VSSJ��XLI�KVIEXIWX�HEQEKI�
was determined by the insulating 
TERIP� MR� I\XVYHIH� TSP]WX]VIRI� JSEQ�
ERH� F]� XLI� [EXIVTVSSƼRK� QIQFVERI��
7TIGMƼGEPP]�� XLI� MRWYPEXMSR� [EW�
VIWTSRWMFPI� MR� TEVXMGYPEV� JSV� HEQEKI�
VIPEXIH�XS�XLI�S^SRI�PE]IV�VIHYGXMSR�ERH�
GPMQEXI�GLERKI��[LMPI�XLI�QIQFVERI�SJ�
carcinogenic damage to humans and 
XLI�YWI�SJ�WSMP�ERH�QMRIVEPW�
%W� JSV� XLI� [EVQ� VSSJ�� HYVMRK� XLI�
maintenance phase the greatest 
HEQEKI� MW� HYI� XS� XLI� VIFYMPHMRK� SJ� XLI�
[EXIVTVSSJ�GSZIVMRK�
-R� XLI� HIGSQQMWWMSRMRK� TLEWI� EPP�
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,YQER�LIEPXL

4X

���� 19,9

Ecosystem quality ���� ����

Resources ���� ����

TOTAL 123,45 105,04

'ȳǘȨǥǝǚǓ�ǝǦ�ȰȳǟȳǥȨ 9Ǟǣǘ %ǠǘȨǚǞȳǘǣǖȨ�% %ǠǘȨǚǞȳǘǣǖȨ�&

,YQER�LIEPXL

4X

���� ����

Ecosystem quality 7,67 6,61

Resources ��� ����

TOTAL 136,37 118,31

'ȳǘȨǥǝǚǓ�ǝǦ�ȰȳǟȳǥȨ 9Ǟǣǘ %ǠǘȨǚǞȳǘǣǖȨ�% %ǠǘȨǚǞȳǘǣǖȨ�&

,YQER�LIEPXL

4X

73,373 ������

Ecosystem quality ������ 35,751

Resources ������� 139,57

TOTAL 318,05 222,123

8EFPI����4LEWI�SJ�TVSHYGXMSR��'EXIKSV]�SJ�HEQEKI�WGSVI
8EFPI����4LEWI�SJ�I\IGYXMSR��'EXIKSV]�SJ�HEQEKI�WGSVI
8EFPI����4LEWI�SJ�QEMRXIRERGI��'EXIKSV]�SJ�HEQEKI�WGSVI

in_bo

the impact categories have been 
GSQTVSQMWIH� F]� XLI� [EXIVTVSSƼRK�
membrane, since it is the only non-
VIG]GPEFPI� GSQTSRIRX� SJ� XLI� MRZIVXIH�
VSSJ�WXVEXMKVETL]�

&DWHJRULHV�RI�HQYLURQPHQWDO�GDPDJH
Subsequently, the environmental 
impacts that compete with the two 
design alternatives have been traced 
FEGO�XS�XLI�XLVII�GEXIKSVMIW�SJ�HEQEKI�
• ,YQER�,IEPXL��QIEWYVIH�MR�(%0=�
• Ecosystem Quality, measured in 

4(*���Q�]�
• Resources, measured in MJsurplus.
• The results are shown as a single 

WGSVI��4SMRX���4X�

Alternative A
-R�XLI�TVSHYGXMSR�ERH�I\IGYXMSR�TLEWIW��
XLI�I\TPSMXEXMSR�SJ�VIWSYVGIW�VITVIWIRXIH�
XLI�QSWX�WMKRMƼGERX�GEXIKSV]�SJ�HEQEKI��
QEMRP]� GEYWIH� F]� XLI� <47� MRWYPEXMSR�
TERIP��XLI�[EXIVTVSSƼRK�QIQFVERI�ERH�
the vapor barrier.
8LI� VIFYMPHMRK� ERH� TEMRXMRK� SJ� XLI�
[EXIVTVSSƼRK� QERXPI� [IVI� XLI�
maintenance interventions responsible 
JSV�XLI�KVIEXIV�GSRWYQTXMSR�SJ�VIWSYVGIW�
and the greater damage to human health 
ERH� XS� XLI� UYEPMX]� SJ� XLI� IGSW]WXIQ��
%QSRK�XLI�GEYWIW��XLI�RIIH�XS�EPWS�LEZI�
to replace the pre-bitumed insulating 
<47�TERIP��XLI�MQTSWWMFMPMX]�SJ�VIG]GPMRK�
ERH�XLI�LMKL�JVIUYIRG]�MR�LEZMRK�XS�YWI�
acrylic paint.
During the decommissioning phase, the 
QSWX� WMKRMƼGERX� HEQEKI� GEXIKSVMIW�
[IVI� XLI� UYEPMX]� SJ� XLI� IGSW]WXIQ� ERH�
LYQER� LIEPXL�� -QTEGXW� HIXIVQMRIH� F]�
XLI�JEGX�XLEX�QSWX�SJ�XLI�QEXIVMEPW�YWIH�
MR�XLI�WXVEXMKVETL]�SJ�XLI�[EVQ�VSSJ�IRHW�
YT�MR�PERHƼPPW�

Alternative B
8LI� [EXIVTVSSƼRK� QIQFVERI� ERH� XLI�
<47� MRWYPEXMRK� TERIP� [IVI� VIWTSRWMFPI�
JSV� XLI� KVIEXIWX� HEQEKI� MR� XLI�
TVSHYGXMSR� ERH� I\IGYXMSR� TLEWIW�� -R�
particular, Resources was the most 
GSQTVSQMWIH� GEXIKSV]� SJ� HEQEKI�� %W�
JSV� XLI� EPXIVREXMZI� %�� XLI� VIFYMPHMRK� SJ�
XLI� [EXIVTVSSJ� GSZIVMRK� VITVIWIRXIH�
the maintenance intervention with the 

greatest environmental impact.
-R� XLI� TLEWI� SJ� HIGSQQMWWMSRMRK� XLI�
MQTSWWMFMPMX]�SJ�VIG]GPMRK�XLI�[EXIVTVSSƼRK�
membrane has determined damage to the 
UYEPMX]� SJ� XLI� IGSW]WXIQ� ERH� XS� LYQER�
LIEPXL��3R�XLI�SXLIV�LERH��XLI�MQTEGXW�SJ�XLI�
remaining materials were negligible.

-ǞǘȨǚǜǚȨǘȳǘǣǝǞ

3KDVH�RI�SURGXFWLRQ
-R� XLMW� PEWX� TLEWI� SJ� XLI� 0'%� EREP]WMW��
a comparative assessment was made 
between the two design alternatives 
according to the environmental impacts 

UYERXMƼIH� MR� XLI� TVIZMSYW� TLEWIW�� -R�
the production phase, the alternative A 
presented the largest environmental load in 
EPP�XLVII�GEXIKSVMIW�SJ�HEQEKI��[MXL�E�XSXEP�
MQTEGX�SJ�����TSMRXW��8LI�QSWX�WMKRMƼGERX�
KET�SGGYVVIH�[MXL�VIKEVH�XS�XLI�I\TPSMXEXMSR�
SJ� VIWSYVGIW�� ����� 4X� JVSQ� %PXIVREXMZI� &�
EKEMRWX������4X�JVSQ�%PXIVREXMZI�%�
8LI� GEXIKSV]� SJ� MQTEGX� XLEX� MRHMGEXIH�
XLI� KVIEXIWX� HMJJIVIRGI� FIX[IIR� XLI� X[S�
design solutions and at the same time 
XLI�QENSV� IRZMVSRQIRXEP� GVMXMGEPMX]� SJ� XLI�
EPXIVREXMZI�%��VIKEVHMRK�XLI�I\TPSMXEXMSR�SJ�
VIWSYVGIW��[EW�XLEX�GSRGIVRMRK�XLI�YWI�SJ�
minerals.

3KDVH�RI�H[HFXWLRQ
%PWS� MR� XLI� I\IGYXMSR� TLEWI�� XLI�
alternative A was the design solution 

VIWTSRWMFPI�JSV� XLI�QENSV�HEQEKI��[MXL�
E� XSXEP� IRZMVSRQIRXEP� MQTEGX�SJ� ����4X�
ZIVWYW�����4X�SJ�XLI�EPXIVREXMZI�&�

3KDVH�RI�PDLQWHQDQFH
%� WMQMPEV� WTIIGL� JSV� XLI� QEMRXIRERGI�
phase, where the gap between the two 
alternatives was more pronounced not 
SRP]� MR� XLI� GEXIKSV]�SJ� HEQEKI� VIPEXIH�

to resources but also in that relating to 
human health.
-R� XLMW� GEWI�� XLI� XSXEP� IRZMVSRQIRXEP�
MQTEGX�SJ�XLI�LSX�VSSJ�WSPYXMSR�[EW���	�
LMKLIV� XLER� XLI� MRZIVXIH� VSSJ� WSPYXMSR��

C. ScognamilloLCA and LCC Analysis for the Programming of 
Sustainable Interventions on Building Heritage
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,YQER�LIEPXL

4X

11,1 ����

Ecosystem quality ����� ����

Resources ���� ����

TOTAL 24,04 17,91

Alternative A

'ǝǙǘǙ

'ǝǞǙǘǚǗȱǘǣǝǞ ]IEV�� �Ɲ�����������

1ȳǣǞǘȨǞȳǞȱȨ   

acrylic paint ER]���]IEVW �Ɲ�����������

VIQEOI�[EXIVTVSSJ�QERXPI ER]����]IEVW �Ɲ�����������

remake plaster ER]����]IEVW �Ɲ�����������

(ȨȱǝǟǟǣǙǙǣǝǞǣǞǥ ]IEV��� �Ɲ�����������

Alternative B

'ǝǙǘǙ

'ǝǞǙǘǚǗȱǘǣǝǞ ]IEV�� �Ɲ�����������

1ȳǣǞǘȨǞȳǞȱȨ   

VIQEOI�[EXIVTVSSJ�QERXPI ER]����]IEVW �Ɲ�����������

remake plaster ER]����]IEVW �Ɲ�����������

(ȨȱǝǟǟǣǙǙǣǝǞǣǞǥ ]IEV��� �Ɲ�����������
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8EFPI����4LEWI�SJ�HIGSQQMWWMSRMRK��'EXIKSV]�SJ�HEQEKI�WGSVI
Table 8: Phases costs

because alternative A needs more 
MRXIRWMZI� QEMRXIRERGI� HYVMRK� MXW� PMJI�
G]GPI�� -R� JEGX�� WMRGI� XLI� [EVQ� VSSJ�
W]WXIQ�KYEVERXIIW�E�LEPJ�PMJI�GSQTEVIH�
XS� XLI� MRZIVXIH� VSSJ�� SZIV� XLI� ���]IEV�
WIVZMGI� PMJI�� MX� MW�RIGIWWEV]�XS�GEVV]�SYX�
two restoring works on the bituminous 
WYVJEGI�� XS� [LMGL� EHHMXMSREPP]� XLI�
painting operations must be added with 
acrylic protective paint. two years.

3KDVH�RI�GHFRPPLVVLRQLQJ
Even in the decommissioning phase the 
alternative B was the most sustainable 
solution, with a total environmental 

MQTEGX� ZEPYI�SJ� ������4X� GSQTEVIH� XS�
������4X�SJ�XLI�EPXIVREXMZI�%��8LMW�XMQI��
LS[IZIV�� XLI� GEXIKSVMIW� SJ� HEQEKI�
that they presented the main problems 
were those related to human health and 
XLI� UYEPMX]� SJ� XLI� IGSW]WXIQ��(EQEKI�
GEYWIH�F]�XLI�MQTSWWMFMPMX]�SJ�FIMRK�EFPI�
to recycle the bitumen-based material, 
[LMGL�MR�XLI�GEWI�SJ�XLI�WXVEXMKVETL]�SJ�
XLI�LSX�VSSJ�W]WXIQ�QEOI�YT���	�[LMPI�
MR�XLI�MRZIVXIH�VSSJ�W]WXIQ�EFSYX���	�
8LI� MRXIVTVIXEXMSR� SJ� XLI� VIWYPXW�
SFXEMRIH� GSRWMHIVMRK� XLI� [LSPI� PMJI�
G]GPI��VIJIV�XS�TEVEKVETL�����

0ǣǦȨ�'ǓȱǠȨ�'ǝǙǘǣǞǥ

%W� JSV� XLI� 0MJI� ']GPI� %WWIWWQIRX�
QIXLSHSPSK]�� EPWS� JSV� 0MJI� ']GPI� 'SWX�
%REP]WMW� XLI�TLEWIW�SJ� XLI� PMJI� G]GPI�SJ�
the two alternatives have been divided 
MRXS�HMJJIVIRX�KVSYTMRKW�
• 'SRWXVYGXMSR�� [LMGL� MRGPYHIW�

XLI� GSWXW� HYI� XS� XLI� TLEWIW� SJ�
I\IGYXMSR�MR�[SVO�

• Maintenance, which includes the 
costs triggered by maintenance 
EGXMZMXMIW�

• Decommissioning, which includes 
XLI� GSWXW� HYI� XS� XLI� IRH� SJ� PMJI�
phases.

;MXL� XLI� LIPT� SJ� XLI� 4VMGI� 0MWX� SJ�
'EQTERME�6IKMSR�ERH�I\XIVREP�WSYVGIW��
MJ� RIGIWWEV]�� E�QIXVMG� IWXMQEXI� ���[EW�
HVE[R� YT� JSV� XLI� HMJJIVIRX� TLEWIW� SJ�
each intervention, thus obtaining the 
VIPEXIH�GSWXW��8EFPI���
8S�XLIWI�GSWXW��MX�[EW�RIGIWWEV]�XS�EHH�
• costs related to energy consumption 

JSV�XLI�VIQSZEP�SJ�TPEWXIV��XS�QM\�XLI�
ƼRI�QSVXEV�MR�XLI�GIQIRX�QM\IV�ERH�
JSV�XLI�QIGLERMGEP�Ƽ\MRK�SJ�XLI�<47�
TERIPW�JSVIWIIR�JSV�XLI�LSX�VSSJ�

• the cost related to the consumption 
SJ� ���� PMXIVW� SJ� [EXIV� JSV� XLI�
VIQEOMRK�SJ�XLI�TPEWXIV��������Ɲ�

• the cost related to the consumption 
SJ� ���� PMXIVW� SJ� [EXIV� JSV� XLI� GSR-
WXVYGXMSR�SJ�XLI�WYFXPI�FEWI�WGVIIH��
Ɲ�������

• XLI� GSWX� SJ� TVSTERI� KEW�� YWIH� JSV�
XLI�PE]MRK�SJ�E�WMRKPI�PE]IV�SJ�FMXYQM-
RSYW�QIQFVERI�Ɲ����

8S�IWXMQEXI�XLI�0MJI�']GPI�'SWX�SJ�IEGL�
SJ�XLI�X[S�MWSPEXMSR�W]WXIQW��MX�MW�RIGIW-
sary to proceed with the discounting 
SJ� XLI�XEFYPEXIH�GSWXW��WS�EW�XS�IWXEFPM-
WL� XLI�GYVVIRX�ZEPYI�SJ�E�GETMXEP�[LSWI�
REXYVEP�I\TMV]�HEXI� MW�E�JYXYVI�HEXI�� -X� MW�
XLIVIJSVI�TSWWMFPI�XS�MHIRXMJ]��F]�ETTP]MRK�
E� HMWGSYRX� VEXI�� E� ƼRERGMEP� IUYMZEPIRGI�
FIX[IIR�XLI�X[S�GETMXEPW�XLEX�LEZI�HMJJI-
rent maturities over time.
8S� �GSVVIGX�� XLI�GEWL�ƽS[W�[I�QYPXMTP]�
IEGL� SJ� XLIQ� F]� E� HMWGSYRXMRK� JEGXSV�
�EGXYEP�ZEPYI�SJ�XLI�GEWL�ƽS[�
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%ǠǘȨǚǞȳǘǣǖȨ�% %ǠǘȨǚǞȳǘǣǖȨ�&

'SRWXVYGXMSR  €       5.636,75 �Ɲ���������������

Maintenance �Ɲ���������������� �Ɲ���������������

Decommissioning �Ɲ����������������� �Ɲ�����������������
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,YQER�LIEPXL

4X

����� �����

Ecosystem quality ����� 56,53

Resources ����� ������
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*MKYVI����0MJI�']GPI�'SWXW
Table 9: Phases costs
*MKYVI����0MJI�']GPI�%WWIWWQIRX��MR�KVIIR�XLI�EPXIVREXMZI�%��MR�FPYI�XLI�EPXIVREXMZI�&
8EFPI�����'EXIKSV]�SJ�HEQEKI�WGSVI

8LI�KVETL�MR�*MKYVI���WLS[W�XLI�XVIRH�SJ�
HMWGSYRXIH�GSWXW� XLVSYKLSYX� XLI�YWIJYP�
PMJI�SJ�XLI�X[S�TVSNIGX�WSPYXMSRW��MR�KVIIR�
the alternative A, in blue the alternative 
&�
Taking also into consideration the 
GSRWXVYGXMSR� GSWX�� XLI� WYQ� SJ� XLI�

HMWGSYRXIH� GSWXW� VIJIVVMRK� XS� XLI�
maintenance phase and the discounted 
GSWX�SJ�XLI�HIGSQQMWWMSRMRK�TLEWI��[I�
obtained the global costs.
8LI�JSPPS[MRK�XEFPI�WLS[W�XLI�HMWGSYRXIH�
GSWXW�VIJIVVIH�XS�IEGL�TLEWI�SJ�XLI�X[S�
interventions.

RESULTS 

8LI� ETTPMGEXMSR� SJ� XLI� 0MJI� ']GPI�
%WWIWWQIRX� ERH� 0MJI� ']GPI� 'SWX�
methodologies to the present study 
has made it possible to evaluate 
and compare the environmental and 
IGSRSQMG� MQTEGX�SJ� XLI� X[S�TVSTSWIH�
TVSNIGX� EPXIVREXMZIW�� ERH� XLIVIJSVI� XS�
MHIRXMJ]�XLI�QSWX�WYWXEMREFPI�WSPYXMSR�
8LI�VIWYPXW�SJ�XLI�0MJI�']GPI�%WWIWWQIRX�
analysis showed that alternative B 
represents the least impacting choice 
MR�IEGL�TLEWI�SJ�XLI�PMJI�G]GPI�EREP]^IH��
SFXEMRMRK� MR� TEVXMGYPEV� E� VIHYGXMSR� SJ�
environmental damage related to the 
YWI�SJ� VIWSYVGIW�ERH�LYQER�LIEPXL�SJ�
EVSYRH���	�GSQTEVIH�XS�XLI�EPXIVREXMZI�
%��*MKYVI���
The greater environmental criticality 
SJ� XLI� EPXIVREXMZI� %�� MR� XLI� HMJJIVIRX�

GEXIKSVMIW� SJ� HEQEKI�� MW� HIXIVQMRIH�
FSXL�F]�XLI�RIIH�XS�TVSZMHI�JSV�E�QSVI�
intensive maintenance activity and by 
XLI�LMKLIV�TIVGIRXEKI�SJ�RSR�VIG]GPEFPI�
materials.
-R� XLMW� VIKEVH�� GSRWMHIVMRK� SRP]� XLI�
[EWXI� TVSHYGIH� F]� XLI� WXVEXMKVETL]� SJ�
XLI�X[S�VSSJW��MX�MW�GPIEV�XLEX�XLI�MRZIVXIH�
VSSJ� W]WXIQ� VITVIWIRXW� XLI� GPSWIWX�
solution to the European purposes 
VIKEVHMRK� XLI�VIG]GPMRK�SJ�GSRWXVYGXMSR�

ERH�HIQSPMXMSR�[EWXI��*MKYVI���
8LI� KVIEXIV� WYWXEMREFMPMX]� SJ� XLI� &�
EPXIVREXMZI�[EW�EPWS�GSRƼVQIH�JVSQ�XLI�
IGSRSQMG� TSMRX� SJ� ZMI[� XLEROW� XS� XLI�
0MJI�']GPI�'SWX�EREP]WMW�
-R� JEGX�� HIWTMXI� XLI� LMKLIV� MRMXMEP� GSWX��
this alternative constitutes the most 
economically advantageous solution 
[MXL�E�HMWGSYRXIH�KPSFEP�GSWX�SJ���������
IYVSW�GSQTEVIH�XS�XLI����������IYVSW�
SJ�XLI�EPXIVREXMZI�%�
8LI�MRGVIEWI�MR�XLI�I\TIRWIW�JSVIWIIR�JSV�
XLI�LSX�VSSJ�[EW�HYI�XS�XLI�QEMRXIRERGI�
TLEWI�� SFXEMRMRK� E� HMJJIVIRGI� MR� XLI�

maintenance costs, between the two 
HIWMKR�WSPYXMSRW��SJ���	��*MKYVI���
*YVXLIVQSVI�� [MXL� VIJIVIRGI� XS� XLI�
EZIVEKI�TVMGIW� MHIRXMƼIH� JSV� XLI�')6���
GSHIW��)YVSTIER�;EWXI�'SHI��XLI�GSWXW�
SJ�XVIEXQIRX��HMWTSWEP�ERH�VIG]GPMRK�SJ�
[EWXI� [IVI� IWXMQEXIH� JSV� FSXL� HIWMKR�
WSPYXMSRW��SFXEMRMRK�
• %08)62%8-:)�%���8SXEP�GSWX�!�Ɲ����
• %08)62%8-:)�&���8SXEP�GSWX�!�Ɲ����

(-7'977-327�%2(�'32'097-327

:IV]� SJXIR� XLI� GSQTEVMWSR� MR� XIVQW�
SJ� IGSRSQMG� GSRZIRMIRGI� FIX[IIR�
HMJJIVIRX�HIWMKR�WSPYXMSRW� MW�GEVVMIH�SYX�
IVVSRISYWP]�SR� XLI�FEWMW�SJ� XLI�GSWX�SJ�
VIEPM^EXMSR�EPSRI�
3R�XLI�SXLIV�LERH��JSVKIXXMRK�XLEX�MR�XLI�

C. ScognamilloLCA and LCC Analysis for the Programming of 
Sustainable Interventions on Building Heritage



���

in_bo New Frontiers of Construction Management Workshop 2018, vol. 09 n° 13

*MKYVI����6IG]GPI�ERH�0ERHƼPP�TIVGIRXEKI
Figure 9: Global costs

PMJI�SJ�E�FYMPHMRK�GSQTSRIRX� MW� XLI� VEXI�
SJ�QEMRXIRERGI�GSWXW�KIRIVEPP]�LEZMRK�E�
higher weight.
7S� XLI� MHIRXMƼGEXMSR� SJ� XLI� QSWX�
economically advantageous solution 
GER� RSX� MKRSVI� XLI� YWI� SJ� E� 0MJI� ']GPI�
approach that allows you to have an 
SZIVEPP�IGSRSQMG�ZMWMSR���JVSQ�XLI�GVEHPI�
XS�XLI�KVEZI��
8LMW� RIIH� MW� GPEVMƼIH� F]� XLI� VIWYPXW� SJ�
XLI�0''�EREP]WMW�GEVVMIH�SYX��WMRGI�XLI]�
WLS[�LS[�[VSRK�XLI�YWYEP�FIPMIJ�SJ�XLI�
GSRWXVYGXSVW� SJ� GSRWMHIVMRK� XLI� PE]IV�
SJ� TVSXIGXMSR� MR� KVEZIP� ER� YRRIGIWWEV]�
IGSRSQMG� FYVHIR�� 8LI� PEXXIV�� MR� JEGX��
KYEVERXIIMRK� E� PSRK� HYVEXMSR� SJ� XLI�
[EXIVTVSSJ� PE]IV� SJ� XLI� EPXIVREXMZI� &��
allows to limit the maintenance costs 
XS� XLI� TSMRX� SJ� VIZIVWMRK� XLI� VIWYPX� SJ�
IGSRSQMG�GSRZIRMIRGI�MHIRXMƼIH�MRMXMEPP]�
in the construction phase.
Added to this is the need to make the 
HIWMKRIV� VIWTSRWMFPI� EPWS� JVSQ� ER�
IRZMVSRQIRXEP�TSMRX�SJ�ZMI[��WS�XLEX�LI���
she is aware that a certain design choice 
MRZSPZIW� MQTPMGEXMSRW� MR� XIVQW� SJ� XLI�
impact on the environment associated 
[MXL� MXW� TLEWI� SJ� VIEPM^EXMSR�� YWI� ERH�
HMWTSWEP�� XLI� ƼREP�� *SV� XLMW� VIEWSR�� XLI�
TEVEQIXIV� �IRZMVSRQIRXEP� MQTEGX��
HIXIVQMRIH� [MXL� XLI� 0'%� EREP]WMW� [EW�
included in the comparative evaluation 
conducted, with which it was possible to 
GSRƼVQ�SRGI�EKEMR�XLI�WYWXEMREFMPMX]�SJ�
XLI�EPXIVREXMZI�&��-R�JEGX��XLEROW�XS�MXW�HV]�
WXVEXMƼGEXMSR�� [LMGL� KYEVERXIIW� KVIEXIV�
VIYWEFMPMX]� SJ� XLI� GSQTSRIRXW�� ERH� XLI�
HYVEXMSR� SJ� MXW� FMXYQMRSYW�QERXPI�� MX� MW�

TSWWMFPI� XS� QIIX� XLI� I\TIGXEXMSRW� SJ�
VIHYGXMSR�SJ�XLI�IRZMVSRQIRXEP�MQTEGX�SJ�
XLI�PMJI�G]GPI�SJ�XLI�FYMPHMRK�MRXIVZIRXMSR�
Moreover, the decision to intervene on 
the building envelope with a thermal 
GSEX� ERH� XLIVIJSVI� [MXL� ER� IRIVK]�
redevelopment intervention, involves 
E� JYVXLIV� VIHYGXMSR� SJ� XLI� MQTEGX� SR�
the environment, since decreasing 
XLI� IRIVK]� VIUYMVIQIRX� RIGIWWEV]� JSV�
LIEXMRK� HIGVIEWIW� XLI� EQSYRX� SJ� '3��
that is emitted into the atmosphere.
-R�GSRGPYWMSR��MX�GER�FI�WEMH�XLEX��TPERRMRK�
QEMRXIRERGI��[MXL� XLI� LIPT� SJ� HIGMWMSR�
WYTTSVX�XSSPW��WYGL�EW�XLI�0''�ERH�0'%�
QIXLSHSPSKMIW��MW�IUYMZEPIRX�XS��TPERRMRK�
WYWXEMREFMPMX]��� 8LI� QEMRXIRERGI�
XLIVIJSVI� I\GIIHW� XLI� HIƼRMXMSR� SJ�
�QEMRXIRERGI� SJ� XLI� IƾGMIRG]� SJ� XLI�
WIVZMGIW� SJJIVIH�� XS� I\XIRH� XS� E� QYGL�
broader science based on the reduction 
SJ� VIWSYVGI� GSRWYQTXMSR� ERH� XLI�
EGGSYRXEFMPMX]�SJ�FILEZMSVW�
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%ǠǠǣǝǞȨ�'��0ȳǞǒȳǖȨȱȱǤǣȳ�'���������'DOO̵HFRGHVLJQ�
DOO̵DUFKLWHWWXUD��8SVMRS��5YEHIVRM�HM�HIWMKR�

%ǚȰȨǞǘȨ�*�IX�EP��������/̵DQDOLVL�GHO�FLFOR�GL�YLWD�
DSSOLFDWD�DJOL�HGLͤFL�UHVLGHQ]LDOL��1MPERS��0E�
Termotecnica.

'ȳǘǘȳǞȨǝ�1���������0DQXWHQ]LRQH��XQD�VSHUDQ]D�
SHU�LO�IXWXUR�GHO�PRQGR��1MPERS��)H��*VERGS�%RKIPM�

(�0KW�����ETVMPI�������R����Codice dei contratti 
SXEEOLFL.

(�1�����KIRREMS�������$GR]LRQH�GHL�FULWHUL�
DPELHQWDOL�PLQLPL�SHU�JOL�DUUHGL�SHU�LQWHUQL��SHU�
O̵HGLOL]LD�H�SHU�L�SURGRWWL�WHVVLOL.

-78%8��$QQXDULR�VWDWLVWLFR�LWDOLDQR�����, dicembre 
������GET���

0ǗȱȱǤǣǞǣ�%��6ǣǒǒǣ�*���������m'MGPS�HM�ZMXE|��MR�%%�::���
&RVWUXLUH�6RVWHQLELOH��*MVIR^I��)H��%PMRIE�

0ȨǥȳǟȲǣȨǞǘȨ��������5HF\FOH�̰�/D�VͤGD�QHO�VHWWRUH�
GHOOH�FRVWUX]LRQL���q�6ETTSVXS�HIPPƅ3WWIVZEXSVMS�
Recycle.

3ȲȨǚǘǣ�-��������3URGRWWL�HGLOL]L�SHU�HGLͤFL�
FRPSDWLELOL��7ERXEVGERKIPS�HM�6SQEKRE��1EKKMSPM�
Editore. 

4ǣǞǘǝ�1�6��������m4VSGIHYVI�I�WXVYQIRXM�MRRSZEXMZM�
TIV�PE�KIWXMSRI�I�PE�QERYXIR^MSRI�HIKPM�IHMƼGM|��MR�6��
0ȳǞȰǝǠǦǝ, M. 0ǝǙȳǙǙǝ, M. R. 4ǣǞǘǝ���E�GYVE�HM��
,QQRYD]LRQH�H�VRVWHQLELOLW¢�QHJOL�LQWHUYHQWL�GL�
ULTXDOLͤFD]LRQH�HGLOL]LD��*MVIR^I��)H��%PMRIE�

7ǦȨǚǚȳ�%�7��������2ELHWWLYR�̸TXDVL�]HUR̹��8Q�
SHUFRUVR�YHUVR�OD�VRVWHQLELOLW¢�DPELHQWDOH��1MPERS��
Ed. Franco Angeli.

8ȳȱȱǝǞǣ�+��������6RVWHQLELOLW¢�LQ�HGLOL]LD�̰�
3URQWXDULR�GHOOH�QRUPH�H�GHOOH�OLQHH�JXLGD�HXURSHH��
QD]LRQDOL�H�UHJLRQDOL��1MPERS��;SPXIVW�/PY[IV�

m'VIWQI��ʢ�MP�ƈVIGYTIVSƉ�MP�QSXSVI�HIPPƅIHMPM^ME|��MR�7LOH�
,WDOLD��Rq���������TT�������

m1ERYXIR^MSRI�I�7SWXIRMFMPMXʚ|��MR�La Chimica & 
/̵,QGXVWULD��2q���������TT�������

%ǙǜǚǝǞȨ�(��4ǚǝǘȳ�%��1ȳǞǦǚȨȰǣ�+�IX�EP���������La 
YDOXWD]LRQH�GHOOD�VRVWHQLELOLW¢�LQ�HGLOL]LD, (available 
SRPMRI�LXXT���[[[�MRKIRMS�[IF�MX�%VXMGSPS����
0ECZEPYXE^MSRICHIPPEC�WSWXIRMFMPMXECMRCIHMPM^ME�LXQP�

&ǝȱȱǣȳ�0���������/D�'HPROL]LRQH�(FRORJLFD�SHU�LO�
UHFXSHUR�GHL�PDWHULDOL�HGLOL��EZEMPEFPI�SRPMRI�LXXT���
[[[�TVIJEFFVMGEXMWYP[IF�MX�KYMHE�PE�HIQSPM^MSRI�
IGSPSKMGE�TIV�MP�VIGYTIVS�HIM�QEXIVMEPM�IHMPM�LXQP�

&ǝǞǝǠǣ�%���������,�PDWHULDOL�ULFLFODWL�̸GULYHU̹�
GHOO̵HGLOL]LD�VRVWHQLELOH��EZEMPEFPI�SRPMRI�LXXTW���
[[[�MRKIRMS�[IF�MX������M�QEXIVMEPM�VMGMGPEXM�
HVMZIVHIPPIHMPM^ME�WSWXIRMFMPI�LXQP�

'ǣǞǣȨǚǣ�:���>ȳǟǜȨǚǣǞǣ�)���������5LTXDOLͤFD]LRQH�
VRVWHQLELOH�GHJOL�HGLͤFL�HVLVWHQWL�UHVLGHQ]LDOL�
�EZEMPEFPI�SRPMRI�LXXT���[[[�MRKIRMS�[IF�MX�

%LEOLRJUDSK\
%LEOLRJUDD

%VXMGSPS������6MUYEPMƼGE^MSRICWSWXIRMFMPICHIKPMC
IHMƼGMCIWMWXIRXMCVIWMHIR^MEPM�LXQP�

*ȳǠǝȱȱǝ�7���������/D�PHWRGRORJLD�GHOO̵DQDOLVL�
GHO�FLFOR�GL�YLWD��/LIH�&\FOH�$VVHVVPHQW� (available 
SRPMRI�LXXT���[[[�SVHMRIMRKIKRIVMGW�MX�WTE[��
YTPSEHW�ƼPIW�FMSIHMPM^ME��C��THJ�

1ȳǙȱǣǝǠǣ�%���6ǣǦǣȱǣ�'��������$SSDOWL�YHUGL��
QRYLW¢�JLXULGLFKH��RSSRUWXQLW¢�H�SURVSHWWLYH�
�EZEMPEFPI�SRPMRI�LXXT���JSVYQTE�����IZIRXMJTE�
MX�MX������������ETTEPXM�ZIVHM�RSZMXEKMYVMHMGLI�
STTSVXYRMXE�TVSWTIXXMZI�RI�TEVPIVIQS�JSVYQ�
TE�������

4ȨǥǤǣǞǣ�%��������/LQHH�JXLGD�$UFD�SHU�OD�̸/LIH�
&\FOH�$VVHVVPHQW̹��$5&$��EZEMPEFPI�SRPMRI�LXXT���
[[[�EVGEGIVX�GSQ�WMXIW�HIJEYPX�ƼPIW�0+�0'%	��
%6'%C6IZ������THJ�

7ȳǜǝǞȳǚǝ�6��������$SSDOWL��FRVD�FDPELD�FRQ�
O̵LQWURGX]LRQH�GHL�FULWHUL�DPELHQWDOL�PLQLPL (available 
SRPMRI�LXXTW���[[[�GEWEWQEVX�FPSK�ETTEPXM�GSWE�
GEQFME�GSR�PMRXVSHY^MSRI�HIMGVMXIVM�EQFMIRXEPM�
QMRMQM��

%2')��������2VVHUYDWRULR�FRQJLXQWXUDOH�
VXOO̵LQGXVWULD�GHOOH�FRVWUX]LRQL (available 
SRPMRI�LXXT���[[[�GEWETSVXEPI�GSQ�TYFPMG�
YTPSEHW�������SWWIVZEXSVMSERGI�����THJ�

%2')�������$XGL]LRQH�VXOOH�SURSRVWH�8H�
VXOO̵HFRQRPLD�FLUFRODUH��EZEMPEFPI�SRPMRI�LXXT���[[[�
GEQIVE�MX�XIQMET������������3'(���������THJ�

,O�3LDQR�G̵D]LRQH�QD]LRQDOH�SHU�LO�*33��4%2�+44�
�������EZEMPEFPI�SRPMRI�LXXT���[[[�QMREQFMIRXI�MX�
TEKMRE�MP�TMERS�HE^MSRI�RE^MSREPI�MP�KTT�TERKTT�

/LIH�&\FOH�7KLQNLQJ��������EZEMPEFPI�SRPMRI��LXXT���
[[[�IGSQEPY�MX�PMJI�G]GPI�XLMROMRK��

/̵LWHU�GL�FHUWLͤFD]LRQH���������EZEMPEFPI�SRPMRI�LXXT���
[[[�QMREQFMIRXI�MX�TEKMRE�PMXIV�HM�GIVXMƼGE^MSRI�

3URJHWWDUH�OD�GXUDELOLW¢���������EZEMPEFPI�SRPMRI�
LXXT���[[[�KVYTTSVMTEFMERGE�MX�VITSWMXSV]��IHMXSVC
ƼPIW�RI[W�TVSKIXXEVI	��PE	��HYVEFMPMX	'�	%��
4VSKIXXEVI	��PE	��HYVEFMPMX	'�	%��THJ�

7ǓǟȲǝǠȳ��������8QD�QXRYD�HGLOL]LD�FRQWUR�OD�FULVL�
��,O�SULPR�FLFOR�GHOO̵DPELHQWH�FRVWUXLWR��LQQRYD]LRQH��
ULVSDUPLR��VLFXUH]]D��TXDOLW¢��EZEMPEFPI�SRPMRI�LXXT���
[[[�GVIWQI�MX�HSG�VETTSVXM�VETTSVXS�GVIWQI�
W]QFSPE������THJ�

C. ScognamilloLCA and LCC Analysis for the Programming of 
Sustainable Interventions on Building Heritage
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&-1� XSSPW� EPWS� EPPS[� XS� GSRHYGX� ZEVMSYW� MQTEGX� EREP]WMW� ERH�� [MXL� VIKEVH� XS� XLI�
growing concern about environmental issues, they embody a valuable mean to 
analyse buildings process consequences thus guiding designers towards better and 
more aware choices.
8LI�GETEGMX]�SJ�&-1�ETTPMGEXMSRW�XS�IZEPYEXI�IRZMVSRQIRXEP�MWWYIW�[SYPH�FI�IRLERGIH�
MJ� MRXIKVEXIH�[MXL�0MJI��']GPI�%WWIWWQIRX� �0'%� XSSPW�GSRWMHIVIH�EQSRK� XLI�QSWX�
WYMXEFPI�QIXLSHW�JSV�IZEPYEXMRK�WYGL�MQTEGXW��
,S[IZIV��E�X]TMGEP�FEVVMIV�MR�TIVJSVQMRK�0'%�HYVMRK�XLI�IEVP]�HIWMKR�WXEKIW��M�I��XLI�
QSQIRX�XLEX�MRƽYIRGI�XLI�QSWX�XLI�TVSNIGX�SYXTYXW��MW�XLI�PEGO�SJ�TVSNIGX�MRJSVQEXMSR��
9WYEPP]�� XLMW� MQTPMIW� 0'%� XS� FI� TIVJSVQIH� EJXIV� XLI� HIWMKR� TLEWI�� [LIR� EPP� XLI�
WMKRMƼGERX�HIGMWMSRW�EVI�EPVIEH]�XEOIR�
8LI�MQTPIQIRXEXMSR�SJ�0'%�[MXLMR�XLI�IEVP]�WXEKIW�SJ�XLI�HIWMKR�TVSGIWW��TSWWMFP]�
XLVSYKL�ER�EYXSQEXIH�QIXLSH��GER�IRLERGI�XLI�GSRXVSP�SJ�IRZMVSRQIRXEP�ZEVMEFPIW�
LIRGI��XLI�MRXIKVEXMSR�SJ�&-1�ERH�0'%��ETTIEVW�XS�FI�E�WYMXEFPI�STTSVXYRMX]�
8LI� TEVEQIXVMG� ETTVSEGL� EPPS[W�&-1�FEWIH� WSJX[EVI� XS� GSPPIGX� HEXE� ERH� GSRRIGX�
XLIQ�[MXL�QSHIP�IPIQIRXW��-R�SVHIV�XS�EZSMH�QERYEP�GSQTMPEXMSR�SJ�GSQTPI\�VIGSVHW��
:MWYEP� 4VSKVEQQMRK� XSSPW� GER� GSSTIVEXI� [MXL� XLI� EYXLSVMRK� &-1� WSJX[EVI� ERH�
MRXIVVIPEXI�XLI�QSHIP�[MXL�I\XIVREP�WSYVGIW�WYGL�EW�QEXIVMEPW�IRZMVSRQIRXEP�MQTEGX�
HEXEFEWIW��1SVISZIV�� XLI]�GER�FI�GSRƼKYVIH� XS�TIVJSVQ�GSQTPI\�0'%�GEPGYPEXMSR�
and automatically update the outcomes when something in the model changes. 
8LI�KSEP�SJ�XLMW�TETIV�MW�XS�TVSTSWI�E�WEQTPI�[SVOƽS[�ETTPMIH�XS�E�GEWI�WXYH]�� MR�
SVHIV� XS� TVSZMHI� %)'� WXEOILSPHIVW�[MXL� E� WMQTPMƼIH� &-1�FEWIH�QIXLSH� JSV� IEWMP]�
HIXIGXMRK�XLI�TSXIRXMEP�GSRWIUYIRGI�SJ�YRHIVXEOMRK�GIVXEMR�HIWMKR�GLSMGIW�EX�MRMXMEP�
TVSNIGX�WXEKIW�SV��EX� PIEWX��EX� XLSWI�TLEWIW�[LIR�HIƼRMXMZI�QEXIVMEPW�ERH�TVSHYGXW�
selection occurs.

LCA Analysis Through a Visual 
3URJUDPPLQJ�7RRO��:RUNࢾRZ
on a BIM Model Case Study
/)=;36(7��0'%��&-1��:ǣǙǗȳǠ�4ǚǝǥǚȳǟǟǣǞǥ��)ǞǖǣǚǝǞǟȨǞǘȳǠ�-ǟǜȳȱǘ��&ǗǣǠȰǣǞǥ�1ȳǘȨǚǣȳǠǙ

10

Stefano Politi 
*LDFRPR�%HUJRQ]RQL�
,YDQ�:DOWHU�-XQLRU�&LQFRWWD�
Fabrizio Sampietro
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LCA Analysis Through a Visual Programming Tool: 
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ETTVSEGLIW�� LS[IZIV�� MW� WXMPP� WGEVGI��
HIWTMXI� WTIGMƼG� XSSPW� LEZI� VIEGLIH�
E� KSSH� PIZIP� SJ� QEXYVMX]�� WIZIVEP�
TVEGXMGI� I\TIVMIRGIW� SJ� EWWIWWMRK�
the environmental impacts related to 
construction materials and products 
EW�TEVX�SJ�XLI�HIWMKR�TVSGIWW��LMKLPMKLX�
XLEX� JYVXLIV� HIZIPSTQIRXW� EVI� RIIHIH�
XS� IQTS[IV� ER� STXMQM^IH� MRXIKVEXMSR�
�2ENNEV�IX�EP��������
8LI� [SVOƽS[� TVSTSWIH� MR� XLMW� TETIV�
[EW� HIZIPSTIH� �[MXL� XLI� WYTTSVX� SJ�
3TIR� 4VSNIGX� W�V�P��� ER� IRKMRIIVMRK� ERH�
EVGLMXIGXYVI�ƼVQ�PSGEXIH�MR�&SPSKRE��EW�
TEVX� SJ� E� 4L(� VIWIEVGL� MR� EVGLMXIGXYVI�
XIGLRSPSK]� EX� XLI� 9RMZIVWMX]� SJ�
&SPSKRE��[MXL�XLI�EMQ�SJ�TVSQSXMRK�XLI�
IRZMVSRQIRXEP�EWWIWWQIRX�SJ�FYMPHMRKW�
within the common design practice, 
trying to overcome some critical issues 
XLEX� WXMPP� LMRHIV� E� [MHIWTVIEH� 0'%�
application. 
%PXLSYKL� 0'%� MW� E� GYVVIRX� MWWYI��
considering both the recent European 
regulations on construction materials 
�'46� ���������� (MVIGXMZIW� ��������
)9�� ��������)9� ERH� ��������)9�
�4EGLIKS�8SVKEP�� ������ ERH� XLI�
VIUYMVIQIRXW� SJ� QER]� KVIIR� FYMPHMRK�
rating systems such as LEED, BREEAM 
ERH� (+2&�� WXMPP� QER]� TVEGXMXMSRIVW� HS�
not consider environmental analysis 
during the design process. 
The reasons usually concern the high 
PIZIP� SJ� I\TIVXMWI� VIUYMVIH�� ERH� XLI�
WMKRMƼGERX� GSWX� SJ� WSQI� ETTPMGEXMSRW�
XLEX�� HIWTMXI� XLI� GETEFMPMX]� SJ�
MRXIVSTIVEXMRK�[MXL�&-1�ETTPMGEXMSRW� MR�
E� WMQTPMƼIH� [E]�� HS� RSX� QSXMZEXI� XLI�
investment.
8LI� TVSTSWIH� [SVOƽS[�� EPXLSYKL� MR� E�
TVIXX]�WMQTPMƼIH�[E]��EMQW�EX�TVSZMHMRK�
E�FEWMW�JSV�E�WXVIEQPMRIH�ERH�GSRZIRMIRX�
MQTPIQIRXEXMSR� SJ� XLI� 0'%� EREP]WMW�
WXEVXMRK�JVSQ�XLI�IEVP]�HIWMKR�WXEKIW�EW�
E�KYMHI�JSV�QEOMRK�QSVI�E[EVI�HIWMKR�
choices.

-2863(9'8-32�

'onstructions today represent 
SRI� SJ� XLI� QMRSV� WYWXEMREFPI�
WIGXSVW��FYMPHMRKW�EVI�GSRWMHIVIH�

VIWTSRWMFPI� JSV� XLI� GSRWYQTXMSR� SJ�
EPQSWX� ��	� SJ� IRIVK]�� ��	� SJ� JVIWL�
[EXIV�� XLI� HITPIXMSR� SJ� EVSYRH� ��	� SJ�
EKVMGYPXYVEP� WSMP� ERH� ��	� SJ� QEXIVMEPW�
JSV� FYMPHMRKW� ERH� MRJVEWXVYGXYVIW� �F]�
FYPO� �)H[EVHW�� ������ 1ERYJEGXYVMRK�
FYMPHMRK�QEXIVMEPW��MRHIIH��EGGSYRXW�JSV�
��	�SJ�EPP�KPSFEP�IRIVK]�IRH�YWI��9RMXIH�
2EXMSRW� )RZMVSRQIRX� 4VSKVEQQI��
�����
Furthermore, buildings contribution to 
global pollution is estimated to reach 
RIEVP]� ��	� MR� +,+� IQMWWMSR�� ��	� MR�
HVMROMRK� [EXIV� TSPPYXMSR� ERH� ��	� MR�
PERHƼPP� [EWXI� ERH� S^SRI� HITPIXMSR�
�)H[EVHW�������
%MQMRK�EX�QMRMQM^MRK�XLI�MQTEGX�VIPEXIH�
to building sector, several Sustainable 
Development strategies have been 
YRHIVXEOIR�MR�XLI�PEWX�HIGEHIW��3VXM^�IX�
EP����������4SPMGMIW��VIKYPEXMSRW�XSKIXLIV�
with tools and methods were developed 
to implement sustainability in the built 
IRZMVSRQIRX��/ERK�������
For a long period, main attention has 
FIIR� KMZIR� XS� XLI� MQTVSZIQIRX� SJ�
buildings operation, thus to energy 
TIVJSVQERGI�� MR�TEVXMGYPEV�[MXL�VIWTIGX�
to heating and cooling aspects (Röck et 
EP���������
-R�SVHIV�XS�EWGIVXEMR�XLI�EGXYEP� PIZIP�SJ�
buildings sustainability and to achieve 
FIXXIV�WYWXEMREFPI�TIVJSVQERGI��WIZIVEP�
approaches and technologies have 
FIIR�EHSTXIH��'LSRK�IX�EP��������[MXL�
XLI� KSEP� XS� TIVJSVQ� EWWIWWQIRXW� ERH�
comparisons. 
Such tools should evaluate buildings 
EXXVMFYXIW� JVSQ� HMJJIVIRX� TIVWTIGXMZI��
VIP]MRK� SR� ZEVMSYW� GVMXIVME� ERH�� JVSQ�
the assessment outcomes, provide 
IJJIGXMZI�MRJSVQEXMSR�XS�FI�MQTPIQIRXIH�
in the design process allowing 
XLI� GSQTEVMWSR� FIX[IIR� HMJJIVIRX�
alternatives. Among the already 
I\MWXMRK� XSSPW� ERH� QIXLSHSPSKMIW�
two in particular are able to enhance 
XLIWI� OMRHW� SJ� IZEPYEXMSR�� &YMPHMRK�
-RJSVQEXMSR� 1SHIPPMRK� �&-1� ERH� 0MJI�
']GPI�%WWIWWQIRX��0'%�
8LI� GSQFMRIH� YWI� SJ� XLIWI� X[S�

S. Politi, G. Bergonzoni, 
I. W. J. Cincotta, F. Sampietro



���

in_bo New Frontiers of Construction Management Workshop 2018, vol. 09 n° 13

at the same time, the entire buildings 
PMJI�G]GPI��%RXʬR�ERH�(ME^�������
%R][E]��0'%�EREP]WMW�GER�FI�TIVJSVQIH�
JSPPS[MRK� HMJJIVIRX� PIZIPW� SJ� HIXEMP� ERH�
GSQTPI\MX]�� 8LI� )I&� +YMHI� ,ERHFSSO�
������� JSV� MRWXERGI�� MHIRXMƼIW� XLVII�
X]TI� SJ� WXYH]�� WGVIIRMRK�� WMQTPMƼIH�
ERH� GSQTPIXI�� %� WGVIIRMRK� 0'%� QE]�
FI�GSRWMHIVIH�JSV�ER�MRMXMEP�SZIVZMI[�SJ�
XLI�IRZMVSRQIRXEP�MQTEGXW�SJ�E�FYMPHMRK�
SV� E� TVSHYGX�� E� WMQTPMƼIH� SRI� GER� FI�
TIVJSVQIH� JSV� E� UYMGO� EWWIWWQIRX��
[LMPI�XLI�GSQTPIXI�0'%�JYPP]�VIƽIGXW�XLI�
-73� ������������ ETTVSEGL�� 8LI� +SEP�
ERH� 7GSTI� HIƼRMXMSR� FIGSQIW� QYGL�
QSVI�MRGPYWMZI�EW�XLI�PIZIP�SJ�XLI�WXYH]�
approaches the complete method. 

0'%�*36�&9-0(-2+7�

8LI� 0MJI� ']GPI� %WWIWWQIRX� �0'%�
method is considered a valuable means 
to evaluate the environmental impact 
VIPEXIH� XS� FYMPHMRKW� JVSQ� I\XVEGXMSR�
SJ� VE[� QEXIVMEPW�� XS� TVSHYGXMSR��
EWWIQFPMRK�� VIJYVFMWLQIRX� ERH� XS�
TSWWMFPI� IRH� SJ� PMJI� WGIREVMSW�� 8LI�
PMXIVEXYVI� VIGSKRM^IW� MX� EW� E� WXVEXIK]�
to reduce environmental impacts and 
IRIVK]�GSRWYQTXMSR�VIPEXIH�XS�XLI�%)'�
MRHYWXV]��3VXM^�IX�EP����������
0'%� MW� YWYEPP]� IQTPS]IH� MR� SVHIV� XS�
report several impacts throughout 
E� WIPIGXMSR� SJ� IRZMVSRQIRXEP� MWWYIW�
involving air, water and soil quality, thus 
MRGPYHMRK�XS\MGMX]�XS�LYQER
PMJI� ERH� XS� IGSW]WXIQ�� GPMQEXI�
EPXIVEXMSRW�ERH�XLI�HITPIXMSR�SJ�VIWSYVGI�
�VIRI[EFPI�ERH�RSR�VIRI[EFPI�
water and energy (Anderson and 
8LSVRFEGO�������
7XERHEVHM^IH� [MXL� XLI� -73� ������ ERH�
-73��������0'%�JVEQI[SVO�MW�GSQTSWIH�
F]� JSYV� TLEWIW�� KSEP� ERH� WGSTI�� PMJI�
G]GPI� MRZIRXSV]� �0'-�� PMJI� G]GPI� MQTEGX�
EWWIWWQIRX��0'-%�ERH�MRXIVTVIXEXMSR�
)WTIGMEPP]� JSV� XLI� FYMPHMRK� WIGXSV��
0'%� MW� GSRWMHIVIH� E� HEXE� MRXIRWMZI�
methodology, requiring a great amount 
SJ� MRJSVQEXMSR�� MR� TEVXMGYPEV� XLSWI�
EWWSGMEXIH� [MXL� IQFSHMIH� MQTEGXW� SJ�
FYMPHMRKW�QEXIVMEPW�� -R� XLI�IEVP]�HIWMKR�
WXEKIW�� XLI� YWI� SJ� 0'%� MW� PMQMXIH� F]�
YRGIVXEMRXMIW�VIKEVHMRK�XLI�HIƼRMXMZI�PMWX�
SJ� GSQTSRIRXW� ERH� XLI� EGXYEP� WIVZMGI�
PMJI�SJ�IPIQIRXW��6ʯGO�IX�EP��������
*SV�XLMW�VIEWSR��0MJI�']GPI�%WWIWWQIRX�
EVI�YWYEPP]�TIVJSVQIH�EX�XLI�IRH�SJ�XLI�
TVSGIWW��WSQIXMQI�NYWX�JSV�GIVXMƼGEXMSR�
purposes, once the building is close 
XS� GSQTPIXMSR� �[LIR� I\XVE� GLERKIW�
[SYPH� VIWYPX� MR� WMKRMƼGERX� EHHMXMSREP�
GSWXW�ERH�EPP� XLI� VIUYMVIH� MRJSVQEXMSR�
EVI� EGGIWWMFPI�� -R� XLMW� [E]�� 0'%�
GERRSX� TVSZMHI� VIPIZERX� JIIHFEGOW�
able to guide the design process and 
XLI� MQTVSZIQIRX� SJ� XLI� WYWXEMREFPI�
EWTIGXW��&EWFEKMPP�IX�EP�������
Despite being more challenging, the 
MQTPIQIRXEXMSR� SJ� WYWXEMREFPI� HIWMKR�
has to occur in the early phases when 
XLI�QSWX� MRƽYIRGMRK� HIGMWMSRW� JSV� XLI�
IRZMVSRQIRXEP�EWTIGXW�SJ�XLI�TVSNIGX�EVI�
XEOIR��LEZMRK�XLI�GEYXMSR�SJ�GSRWMHIVMRK��

&9-0(-2+�-2*361%8-32�13()00-2+�
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8LI� %)'� WIGXSV� LEW� [MXRIWWIH�� SZIV�
the last decades, crucial changes in the 
design and management approaches 
EW� E� VIWYPX� SJ� XLI� HIZIPSTQIRX� SJ�
GSQTYXIV�EMHIH�HIWMKR��'%(�WSJX[EVI�
ERH�� PEXIP]�� EJXIV� XLI� MRXVSHYGXMSR�
SJ� FYMPHMRK� MRJSVQEXMSR� QSHIPPMRK�
�&-1� TPEXJSVQW�� %GGSVHMRK� XS� XLI� 97�
2EXMSREP� &YMPHMRK� -RJSVQEXMSR� 1SHIP�
7XERHEVH� 4VSNIGX� 'SQQMXXII�� &-1� MW�
HIƼRIH� EW� ƈE� HMKMXEP� VITVIWIRXEXMSR� SJ�
TL]WMGEP� ERH� JYRGXMSREP� GLEVEGXIVMWXMGW�
SJ� E� JEGMPMX]Ɖ� ERH� VITVIWIRX� ƈE� WLEVIH�
ORS[PIHKI� VIWSYVGI� JSV� MRJSVQEXMSR�
EFSYX� E� JEGMPMX]� JSVQMRK� E� VIPMEFPI�
FEWMW� JSV� HIGMWMSRW� HYVMRK� MXW� PMJI�
cycle” (nationalbimstandard.org, 
VIXVMIZIH� (IGIQFIV� ������ ;SRK� ERH�
>LSY� ������ HIƼRIH� XLMW� XIGLRSPSK]�
EW� E� WIX� SJ� MRXIVVIPEXMRK� TSPMGMIW��
processes and technologies able to 
endorse a systematic approach to 
XLI� QEREKIQIRX� SJ� TVSNIGXW� GVYGMEP�
MRJSVQEXMSR� MR� E� HMKMXEP� JSVQEX�� HYVMRK�
XLI� [LSPI� PMJI� G]GPI� SJ� E� FYMPHMRK��
7MQMPEVP]�� XLI� )YVSTIER� 'SQQMXXII� JSV�
7XERHEVHM^EXMSR��')2�HIƼRIW�MX�EW�XLI�
ƈYWI� SJ� E� WLEVIH� HMKMXEP� VITVIWIRXEXMSR�
SJ� E� FYMPX� SFNIGXƏXS� JEGMPMXEXI� HIWMKR��
construction and operation processes 
XS� JSVQ� E� VIPMEFPI� FEWMW� JSV� HIGMWMSRWƉ�
�)2�-73��������������

When employed to achieve sustainable 
purposes in buildings projects, this 
XIGLRSPSK]� QIIXW� XLI� HIƼRMXMSR� SJ�
+VIIR�&-1�� ƈE�QSHIP�FEWIH�TVSGIWW�SJ�
generating and managing coordinated 
and consistent building data during its 
TVSNIGX� PMJIG]GPI� XLEX� IRLERGI� FYMPHMRK�
IRIVK]�IƾGMIRG]� TIVJSVQERGI� ERH�
JEGMPMXEXI� XLI� EGGSQTPMWLQIRX� SJ�
established sustainability goals” (Wong 
ERH�>LSY�������
%W� JSV� IRIVK]� EWTIGXW�� JSV� [LMGL� &-1�
TPEXJSVQW� GER� IREFPI� XLI� MRXIKVEXMSR�
SJ� IRIVK]� IƾGMIRG]� HIWMKR� [MXL�
energy consumption assessment 
SZIV� XLI� FYMPHMRKƅW� PMJI� G]GPI� �=YER�
ERH� =YER�� ������ GSRRIGXMRK� &-1�
model to sustainability indicators 
and metrics, can enhance detailed 
WYWXEMREFMPMX]�XVEHI�SJJ�EREP]WMW�MR�SVHIV�
to undertake more aware decisions in 
the early projects phases. At the same 
time, this approach can stimulate 
WMQMPEV� HIGMWMSRW� EPWS� JSV� STIVEXMSR��
QEMRXIRERGI�ERH�IRH�SJ� PMJI�WGIREVMSW�
�;SRK�ERH�>LSY���������
&-1�TVSGIWWIW�EVI�GETEFPI�SJ�FVMRKMRK�
KEXLIV� XLI� HMZIVWI� WIXW� SJ� MRJSVQEXMSR�
used in construction into a common 
MRJSVQEXMSR� IRZMVSRQIRX� �)2� -73�
������������� XLYW� TSXIRXMEPP]� TVSZMRK�
XLI�SZIVEPP�MRJSVQEXMSR�ƽS[��IRGSYVEKMRK�
transparency and interoperability 
between the stakeholders thus 
enhancing communication and 
VIHYGMRK� [EWXI� ERH� IVVSVW� �1EG+VE[�
,MPP�'SRWXVYGXMSR�������
&-1� XSSPW�� XLIVIJSVI�� MRZSPZIW� XLI�
TVSHYGXMSR� SJ� E� HMKMXEP� �(� QSHIP� SJ�
the building that includes a variety 
SJ� TL]WMGEP� ERH� JYRGXMSREP� HEXE� SJ�
QEXIVMEPW�ERH�GSQTSRIRXW�� -R�SVHIV� XS�
HIƼRI�XLI�IRXMX]�ERH�XLI�UYERXMX]�SJ�XLI�
MRJSVQEXMSR��WSQI�MRWXMXYXMSRW��WYGL�EW�
XLI� %QIVMGER� -RWXMXYXI� SJ� %VGLMXIGXYVI�
�%-%�� LEZI� HIZIPSTIH� E� WTIGMƼGEXMSR�
VIJIVIRGI� JSV� IREFPMRK� TVEGXMXMSRIVW�
XS� GPIEVP]� WTIGMJ]� ERH� EVXMGYPEXI� XLI�
GSRXIRX�ERH�XLI�GSRWMWXIRG]�SJ�&YMPHMRK�
-RJSVQEXMSR� 1SHIPW�� GEPPIH� 0IZIP� SJ�
(IZIPSTQIRX� �03(� �FMQJSVYQ�SVK��
VIXVMIZIH�.YP]������
03(�� LIRGI�� ƈHIWGVMFIW� XLI� QMRMQYQ�
dimensional, spatial, quantitative, 
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(YI� XS� XLI� GSQTPI\� WXVYGXYVI� SJ�
GSRWXVYGXMSRW�� QEHI� YT� SJ� E� [MHI�
ZEVMIX]� SJ� TVSHYGXW�� GSQTSWIH� MR� XYVR�
SJ� HMJJIVIRX� QEXIVMEPW�� TIVJSVQMRK� ER�
IRZMVSRQIRXEP� EWWIWWQIRX� SJ� E�[LSPI�
building becomes a complicated task.
)EGL� TVSHYGX�� MR� JEGX�� LEW� MXW� S[R�
EXXVMFYXIW� ERH� WIVZMGI� PMJI�� VIWYPXMRK�
in heterogeneous environmental 
TVSƼPIW��&IWMHI�XLI�WGEVGMX]�SJ�TVSHYGXW�
MRJSVQEXMSR� MR� XLI� IEVP]� HIWMKR� WXEKI��
0'%� MW� EPWS� EJJIGXIH� JVSQ� YRGIVXEMRX]�
EFSYX� STIVEXMRK� TIVJSVQERGI� ERH�
decommissioning circumstances 
along with transportation issues 
�GLEVEGXIVM^IH� F]� E� VIPIZERX� MQTEGX�
SR� XLI� IRZMVSRQIRX� XLYW� KVS[MRK� XLI�
PIZIP�SJ� MRMXMEP� EWWIWWQIRXW� MREGGYVEG]�
�&Y]PI�IX�EP���������
2IZIVXLIPIWW�� 0MJI�']GPI� %WWIWWQIRX�
tools, are still considered among the 
QSWX� WYMXEFPI� QIXLSHW� JSV� IZEPYEXMRK�
WYGL�MQTEGXW��6ʯGO�IX�EP��������FYX��MR�
XLI�QENSVMX]�SJ� GEWIW�� XLI�EWWIWWQIRX�
MW�TIVJSVQIH�EX�XLI�IRH�SJ�XLI�TVSGIWW�
Anyway, as previously stated, the stages 
[MXL�XLI�FMKKIWX�MRƽYIRGI�SR�XLI�TVSNIGX�
are the early ones, when the project 
HIZIPSTQIRX� MW� QSVI� ƽI\MFPI� ERH� MX� MW�
IEWMIV� XS� EREP]^I� HMJJIVIRX� EPXIVREXMZIW�
JSV� MQTVSZMRK� XLI� TIVJSVQERGI�� %W� E�
QEXXIV�SJ�JEGX��QERYEP�QEREKIQIRX�SJ�
TVSNIGX� MRJSVQEXMSR� XLVSYKL� 0'%� XSSPW�
represents a key issue as it involves 
redundant and potentially error-ridden 
EGXMZMXMIW��%RXʬR�ERH�(ME^�������
*YVXLIVQSVI�� XLI� IQTPS]QIRX� SJ� XLI�
0'%� QIXLSH� JSV� E� FYMPHMRK� GERRSX� FI�
TIVJSVQIH� [MXL� XLI� WEQI� TVIGMWMSR�
ERH�EGGYVEG]�EW�JSV�SXLIV�WIGXSVW��)I&�
+YMHI�4VSNIGX�������
For these reasons, integration between 
&-1�ERH� 0'%� MW� GSRWMHIVIH� E� TSWWMFPI�
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qualitative, and other data included in a 
1SHIP�)PIQIRXƉ�ERH��XEOMRK�EW�VIJIVIRGI�
XLI�%-%� KYMHI�� MX� MW� TSWWMFPI� XS� MHIRXMJ]�
ƼZI� PIZIPW�� JVSQ� 03(� ���� XS� 03(� �����
GLEVEGXIVM^IH� F]� MRGVIEWMRK� EGGYVEG]�
MR� HIWGVMFMRK� XLI� QSHIP� GSRXIRX� �%-%��
�����

WSPYXMSR��WMRGI�XLI�0'%�XSSPW�
[SYPH� LEZI� HMVIGX� EGGIWW� XS� XLI� &-1�
data.
*SV�XLMW�TYVTSWI��&-1�LEW�FIIR�QEMRP]�
IQTPS]IH� JSV� I\XVEGXMRK� UYERXMXMIW� MR�
SVHIV� XS�GSQTMPI�0MJI�']GPI� -RZIRXSVMIW�
�0'-� JSV� 0'%� �%RXʬR� ERH� (ME^�� �����
WMRGI� &-1� QSHIPW� GER� GSRXEMR� ERH�
TVSZMHI� EPP� XLI� RIGIWWEV]� MRJSVQEXMSR�
sorted per building materials, 
components or assemblies. 
8LI� MQTSVXERGI� SJ� VYRRMRK� WMQTPMƼIH�
0'%�ETTPMGEXMSRW�JSV�FYMPHMRKW�LEW�FIIR�
VIGSKRM^IH�MR�XLI�PMXIVEXYVI��/IPPIRFIVKIV�
ERH�%PXLEYW�������ERH� XLI� MRXIKVEXMSR�
SJ�&-1�ERH�0'%�LEW�FIIR� MHIRXMƼIH�EW�
E� TSWWMFPI� ERH� ZEPYEFPI� STXMQM^EXMSR�
JSV� GEVV]MRK� SYX� IRZMVSRQIRXEP�
EWWIWWQIRXW� �7SYWX�:IVHEKYIV� IX� EP���
�����
-R� XLMW� HMVIGXMSR�� MX� MW� TSWWMFPI� XS� ƼRH�
WSQI� I\EQTPI� SJ� MRXIKVEXMSR�� WYGL� EW�
ƈ8EPP]Ɖ�� ER� %YXSHIWO� 6IZMX� I\XIRWMSR�
XLEX�IREFPIW�0'%�GEPGYPEXMSR�SJ�XLI�&-1�
QSHIP� FYX�� GYVVIRXP]�� XLMW� WSJX[EVI� MW�
EHETXIH�XS�XLI�97�GSRXI\X�
8LI� &-1�0'%� MRXIKVEXMSR�� WXMPP� VMWIW�
WSQI� TIVTPI\MXMIW� VIKEVHMRK� XLI�
ZIVMƼGEXMSR�SJ�XLI�JYXYVI�WGIREVMSW�WMRGI�
it involves assumptions about materials 
ERH�TVSHYGXW�IRH�SJ� PMJI�� MRHMGEXMRK�XLI�
MRGSRZIRMIRG]� SJ� MRGPYHMRK� EPP� XLI� PMJI�
cycle phases and conducting complete 
ƈGVEHPI�XS�GVEHPIƉ� &-1�FEWIH� EREP]WMW�
�4IRK��������

S. Politi, G. Bergonzoni, 
I. W. J. Cincotta, F. Sampietro

LCA Analysis Through a Visual Programming Tool: 
:RUNࢾRZ�RQ�D�%,0�0RGHO�&DVH�6WXG\
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XLMW� VIEWSR�� JSPPS[MRK� XLI�QSHYPEV�
ETTVSEGL�SJ�EKKVIKEXMSR�TVSTSWIH�
F]�8VMKEY\�IX�EP�� �������*MK���� XLMW�
study will consider the building 
QEXIVMEPW� ERH� JYVXLIV� EKKVIKEXMSR�
EW�SFNIGXW�SJ� XLI�EREP]WMW�� MR�SVHIV�
XS� TVSHYGI� SYXTYXW� VIJIVVIH� XS� XLI�
FYMPHMRK�IPIQIRXW�� -R�TEVXMGYPEV�� XLI�
investigation will be limited to the 
I\XIVREP� STEUYI� IRZIPSTI�� WMRGI� MX�
represents a key element in shaping 
XLIVQEP� ERH� IRIVK]� TIVJSVQERGI�
and it covers a considerable portion 
SJ� XLI� XSXEP�FYMPHMRK�WYVJEGI� �%^EVM��
������

• *SV� XLI� 0'%� EREP]WMW�� XEOMRK�
EW� VIJIVIRGI� XLI� GPEWWMƼGEXMSR�
WYKKIWXIH� MR� XLI� )I&� +YMHI�
,ERHFSSO� �)I&� +YMHI� 4VSNIGX��
������ XLMW� WXYH]� [MPP� VIEGL�
ER� I\XIRX� GSQTEVEFPI� XS� XLI�
ƈWMQTPMƼIHƉ� SRI�� XLYW� GSRWMHIVMRK�
WTIGMƼG��UYERXMXEXMZI�IRZMVSRQIRXEP�

7'34)� 3*� 8,)� %440-'%8-32� 32� %�
'%7)�789(=�

8LI� &-1�FEWIH� IRZMVSRQIRXEP�
assessment techniques currently 
EZEMPEFPI�� MR� XLI�QENSVMX]�SJ�GEWIW�RIIH�
I\XIVREP�XSSPW��[LMGL�GER�LMRHIV�E�ƽYIRX�
MRXIVSTIVEFMPMX]��IWTIGMEPP]�[LIR�E�PEGO�SJ�
data compatibility occurs, thus resulting 
MR�E�XMQI�GSRWYQMRK�JSVQEX�GSRZIVWMSR�
�0II�IX�EP��������
-R� SVHIV� XS� SZIVGSQI� XLMW� MWWYI�� KMZMRK�
XS�YWIVW��EX�XLI�WEQI�XMQI��XLI�JVIIHSQ�
XS� GYWXSQM^I� XLI� FSYRHEVMIW� SJ� XLI�
applications, this paper provides a 
WMQTPMƼIH� [SVOƽS[� SJ� E� &-1�FEWIH�
0'%� EREP]WMW�� XLEX� VIPMIW� SR� E� :MWYEP�
4VSKVEQQMRK� XSSP�� REQIP]� %YXSHIWO�
Dynamo, which can interoperate between 
ER� EYXLSVMRK� &-1� WSJX[EVI�� WYGL� EW�
%YXSHIWO�6IZMX�� ERH�ER�I\XIVREP� WSYVGI�
SJ�MRJSVQEXMSR��0'%�HEXEWIX�IRGPSWIH�MR�
E�WTVIEHWLIIX��I�K��1MGVSWSJX�)\GIP��
-R� XLMW�[E]�� XLI�EREP]WMW�GER�FI�GEVVMIH�
SYX� HMVIGXP]� [MXLMR� XLI� &-1� TPEXJSVQ��
XLVSYKL�E�GYWXSQM^IH�WIX�SJ�TEVEQIXIVW�
related to buildings materials.
8LI� KSEP� SJ� XLMW� TETIV� MW� XS� TVSTSWI� E�
WEQTPI�[SVOƽS[�ETTPMIH�XS�E�GEWI�WXYH]��
MR�SVHIV�XS�TVSZMHI�%)'�WXEOILSPHIVW�[MXL�
E�WMQTPMƼIH�&-1�FEWIH�QIXLSH�JSV�IEWMP]�
HIXIGXMRK� XLI� TSXIRXMEP� GSRWIUYIRGI�SJ�
undertaking certain design choices at 
initial project stages or, at least, at those 
TLEWIW� [LIR� HIƼRMXMZI� QEXIVMEPW� ERH�
products selection occurs. 
8LI�FSYRHEVMIW�SJ�XLI�WXYH]�EVI�MHIRXMƼIH�
GSRWMHIVMRK�XLI�JSPPS[MRK�OI]�EWTIGXW��
• 8LI� GEWI� WXYH]� WIPIGXIH� JSV� XLI�

ETTPMGEXMSR�SJ�XLI�[SVOƽS[��E�QSHIP�
ƽSSVTPER� SJ� E� QYPXM�WXSVI]� WXYHIRX�
residence, has been developed with 
03(� ����� F]� [LMGL� XLI� IPIQIRXW�
EVI� YWYEPP]� HIXEMPIH� [MXL� WTIGMƼG�
assemblies and attributes such as 
UYERXMX]�� WM^I�� WLETI�� PSGEXMSR� ERH�
SVMIRXEXMSR� EVI� TVIGMWIP]� MHIRXMƼIH��
%GGSVHMRK�XS�7SYWX�:IVHEKYIV�IX�EP��
�������XLMW�MW�XLI�QSWX�WYMXEFPI�03(�
JSV� E� GSVVIGX� QEREKIQIRX� SJ� XLI�
environmental implications at initial 
stages.

• 8LMW� GMVGYQWXERGI� EPPS[W� XS� JSGYW�
TEVXMGYPEVP]�SR�XLI�WXYH]�SJ�FYMPHMRKW�
materials and products alternatives, 
since preliminary characteristics 
LEZI� FIIR� EPVIEH]� HIƼRIH�� *SV�

MRJSVQEXMSR� SR� FYMPHMRK� IPIQIRXW��
products, materials and 
components but not including 
EPP� XLI� -73� ������������ ERH� )2�
������TVIWGVMTXMSRW��8LI�WMQTPMƼIH�
scheme adopted is shown in Table 
1. 

• )YVSTIER� WXERHEVHW� HIƼRMRK� XLI�
IRZMVSRQIRXEP� TIVJSVQERGI� SJ�
FYMPHMRKW��WYGL�EW�)2�������������
)2� �������������� )2� ������
������� ERH� )2� ������������ LEZI�
FIIR� EPWS� XEOIR� EW� VIJIVIRGI�
FYX�� IZIR� MJ� IRIVK]� ERH� [EXIV�
consumption during the use phase 
are listed as element to be included 
in the assessment, this study 
has been limited to the impacts 
associated with materials and 
TVSHYGXW�HYVMRK�FYMPHMRKW�PMJI�G]GPI��
EW� VIGSKRM^IH�F]�1EPQUZMWX� IX� EP��
������ EW� XLI� WMQTPIWX� FYMPHMRK�
related application.

8EFPI����&SYRHEVMIW�SJ�XLI�0'%�JVEQI[SVO�EHSTXIH�MR�XLI�WXYH]
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Data acquisition is the most 
conspicuous issue since buildings 
GSRXEMR� KVIEX� UYERXMXMIW� SJ� HMJJIVIRX�
QEXIVMEPW� ERH� XLI� EZEMPEFMPMX]� SJ� VIPMEFPI�
HEXE� MW� PMQMXIH�� -R� SVHIV� XS� WMQTPMJ]� XLI�
0'%� TVSGIWW�� MX� MW� MQTSVXERX� XS� WIPIGX�
the most representative data related 
XS� JI[� GLEVEGXIVMWXMG� PMJI� G]GPI� WXEKIW�
�1EPQUZMWX�IX�EP��������
-R� SVHIV� XS� QEREKI� XLI� HEXE� MR� ER�
STXMQM^IH� ERH� VITPMGEFPI� QERRIV�� E�
“common language” based on data 
WXVYGXYVI� ERH� GPEWWMƼGEXMSR� GSRZIRXMSR��
MW� SRI�SJ� XLI� ƼVWX� XEWO�SJ� XLI�[SVOƽS[�
development. This convention is 
RIGIWWEV]� XS� MRXIVVIPEXI� 0'%� HEXEFEWI�
[MXL�XLI�&-1�QSHIP��6ʯGO�IX�EP��������
-RWTMVIH� F]� XLI� IWWIRXMEP� WXITW� SJ� 0'%�
(IWMKR� MPPYWXVEXIH� F]� 7IS� IX� EP�� �������
[LS� TVSTSWIH� ER� MRJSVQEXMSR� ƽS[�
HMZMHIH� MRXS�� ƈ-RTYXƉ�� ƈ%REP]WMWƉ� ERH�
“Solution”, this study relies on a similar 
WXVYGXYVI��*MK���MR�[LMGL�
• XLI�-RTYX�WXIT�MRGPYHIW��XLI�HIƼRMXMSR�

SJ� ER� EVGLIX]TEP� I\XIVREP� IRZIPSTI�
GSRƼKYVEXMSR� GSQTPMERX� [MXL� XLI�
REXMSREP� XLIVQEP� TIVJSVQERGI�

*MKYVI����1SHYPEV�ETTVSEGL�SJ�EKKVIKEXMSR�JSV�0'%�HEXE�TVSGIWWMRK��8VMKEY\�IX�EP��������
*MKYVI����7XITW�SJ�&-1�FEWIH�0'%�(IWMKR��EHETXIH�JVSQ�7IS�IX�EP�������

VIKYPEXMSR��XLI�UYERXMƼGEXMSR�SJ�XLI�
envelope materials and products 
I\XIRX� XLVSYKL� %YXSHIWO� 6IZMX��
XLI� GSPPIGXMSR� SJ� XLI� 0'%� HEXE�
JVSQ� )4(W� ERH� KIRIVMG� HEXEFEWI��
XLI� TVSHYGXMSR� SJ� E� WXVYGXYVIH�
spreadsheet containing all the 
GPEWWMƼIH� QEXIVMEPW� ERH� TVSHYGXW�
IRZMVSRQIRXEP�MQTEGXW�MRJSVQEXMSR�

• XLI� %REP]WMW� WXIT� MRZSPZIW�� XLI�
IZIPSTQIRX� SJ� E� WGVMTX� [MXL�
the Autodesk Dynamo visual 
programming tool, able to associate 
the environmental impacts 
contained in the spreadsheet to 
the related materials and products 
SJ� XLI� &-1� QSHIP�� XLI� HIƼRMXMSR�
SJ� WTIGMƼG� WGLIHYPIW� MR� XLI� &-1�
TPEXJSVQ�� EFPI� XS� WLS[� XLI� SZIVEPP�
IRZMVSRQIRXEP� MQTEGXW�� SVKERM^IH�
TIV� MRHMGEXSV� ERH� PMJI� G]GPI� TLEWI�
and sorted per singular material or 
TIV�EKKVIKEXI�GSQTSRIRXW�

• XLI�3YXTYX��7SPYXMSR�WXIT�GSRWMWXW�
MR�� XLI� HMWGYWWMSR� SJ� XLI� TSXIRXMEP�
YWIW� ERH� HIZIPSTQIRXW� SJ� XLMW�
application.
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8LI�SFNIGX�SJ� XLI�WXYH]� MW� XLI�I\XIVREP�
STEUYI� IRZIPSTI� �XLYW� I\GPYHMRK�
[MRHS[W� SJ� E� QYPXM�WXSVI]� WXYHIRX�
VIWMHIRGI�QSHIP� ƽSSVTPER�� XLEX�[MPP� FI�
PSGEXIH� MR�&SPSKRE� �-XEP]��8LI�FYMPHMRK�
WXVYGXYVI� MW� E� VIMRJSVGIH� GSRGVIXI�
JVEQI��ERH�XLI�I\XIVREP�[EPPW�EVI�QSWXP]�
composed by plasterboard structures 
MRWYPEXIH� [MXL� HMJJIVIRX� X]TIW� SJ�
Rockwool panels, enclosed in calcium-
WMPMGEXI� WLIIXW� ERH� ƼRMWLIH�[MXL� WOMQ�
coat layers.

8LI� I\XIVREP� IRZIPSTI� LEW� FIIR�
designed in compliance with the 
-XEPMER� VIKYPEXMSR� SR� FYMPHMRKW� XLIVQEP�
TIVJSVQERGI��(�1�������������
8LI� &-1�QSHIP� SJ� XLI� FYMPHMRK�� EX� XLI�
XMQI� SJ� XLI� WXYH]�� VIEGLIH� XLI� 03(�
����� LIRGI� MRGPYHMRK� XLI� HIƼRMXMZI�
GSRƼKYVEXMSR� SJ� XLI� IRZIPSTI�
WXVEXMKVETL]��*MK�����
With Autodesk Revit, it was possible 
XS�GSQTYXI� XLI�I\EGX�UYERXMXMIW�SJ� XLI�
building materials generating a “wall 

schedule”.
*SV� XLI� UYERXMƼGEXMSR� SJ� XLI�
IRZMVSRQIRXEP� MQTEGXW�� WTIGMƼG�
ERH� PSGEP� )RZMVSRQIRXEP� 4VSHYGX�
(IGPEVEXMSRW��)4(�)2�������GSQTPMERX�
have been collected, thus assuming the 
GSRWMWXIRG]�[MXL�XLI�)YVSTIER�GSRXI\X�
and with the latest environmental 
management standards. When the 
VMKLX� )4(� [EW� RSX� EZEMPEFPI�� KIRIVMG�
0'%� HEXEFEWIW� �)2� ������ GSQTPMERX�
were used as a secondary data source.

*MKYVI�����(�ZMI[�SJ�XLI�GEWI�WXYH]�&-1�QSHIP��HIWMKRIH�[MXL�%YXSHIWO�6IZMX
*MKYVI����4SVXMSR�SJ�XLI�WTVIEHWLIIX�GSRXEMRMRK�QEXIVMEPW�IRZMVSRQIRXEP�MQTEGXW
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8LI� ƼVWX� TEVX� SJ� XLI� 0'%� EREP]WMW�
consisted in the generation, within 
XLI� 6IZMX� ƼPI�� SJ� E� RYQFIV� SJ� GYWXSQ�
parameters able to contain the 
IRZMVSRQIRXEP� MRJSVQEXMSR� XS� IQFSH]�
MR�XLI�&-1�QSHIP�
This was accomplished through the 
GVIEXMSR�SJ�WTIGMƼG�ƈWLEVIH�TEVEQIXIVWƉ�
�*MK�� �� XS� EWWSGMEXI� [MXL� XLI� TVSNIGX�
QEXIVMEPW�JSV�E�XSXEP�SJ�����3RI�JSV�IEGL�
MRHMGEXSV�JSV�EPP�XLI�0MJI�']GPI�TLEWIW��

8LI�QSWX�HIPMGEXI�TEVX�SJ� XLI�EREP]WMW��
FIWMHIW�� VIKEVHIH� XLI� IPEFSVEXMSR� SJ� E�
script through the visual programming 
tool Autodesk Dynamo, in order to 
VIPEXI� XLI� IRZMVSRQIRXEP� MRJSVQEXMSR�
contained in the spreadsheet to the 
&-1� QSHIP� TEVEQIXIVW�� WTIGMƼGEPP]�
GYWXSQM^IH�XS�LSWX�WYGL�HEXE�
8LI�WGVMTX��*MK�������LEW�FIIR�HIZIPSTIH�
XS�EGGSQTPMWL�XLI�JSPPS[MRK�XEWO�

• Detecting the spreadsheet within a 
HIƼRIH�HMVIGXSV]�

Eventually, a structured spreadsheet 
�*MK�� �� GSRXEMRMRK� EPP� XLI� GPEWWMƼIH�
materials and products environmental 
MQTEGXW�MRJSVQEXMSR�LEW�FIIR�TVSHYGIW�
JSPPS[MRK� VSFYWX� GPEWWMƼGEXMSR� VYPIW�
WYGL�EW�

• SVKERM^MRK� EPP� XLI� FYMPHMRKW�
materials per category and per 
X]TI�

• GSHMJ]MRK� ERH� MRHI\MRK� IEGL�
QEXIVMEP� [MXL� WTIGMƼG� X]TI�
mark considering the previous 
SVKERM^EXMSR�

• HIƼRMRK� E� RYQFIV� SJ� GSPYQRW�
IUYEP� XS� XLI� RYQFIV� SJ�
environmental indicators included 
MR� XLI�EREP]WMW� JSV�IEGL�0MJI�']GPI�
TLEWI�GSRWMHIVIH�JSV�E�XSXEP�SJ���1  

ZEVMEFPIW�
• assigning unique tags to each 

column in order not to create 
ambiguities with the Revit model 
GSHMƼGEXMSR�

*MKYVI����%YXSHIWO�6IZMX�WLEVIH�TEVEQIXIVW�JSV�XLI�IRZMVSRQIRXEP�MRHMGEXSVW
*MKYVI����%YXSHIWO�(]REQS�WGVMTX�ZMI[
1�8LI�TLEWIW�GSRWMHIVIH�EVI�XLVII�EW�XLI�%��%��%��ERH�XLI�%��%��TLEWIW�LEZI�FIIR�EKKVIKEXI�
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• 6IEHMRK�XLI�GSRXIRX�SJ�XLI�GIPPW�TIV�
GSPYQR��I\GPYHMRK�XLI�LIEHIVW�EX�
WTIGMƼIH�TSWMXMSRW��MRHI\IW�MR�XLI�
WTVIEHWLIIX�

• 'VIEXMRK� PMWXW� SJ� IPIQIRXW� ƼPPIH�
[MXL�XLI�GSRXIRX�SJ�XLI�GIPPW�

• 6IGSKRM^MRK� XLI� 6IZMX� QEXIVMEPW�
PMWXIH� MR� XLI� WTVIEHWLIIX� ƼPI� [MXL�
XLI�WEQI�HIWMKREXMSR��

• 6IGSKRM^MRK� XLI� 6IZMX� TEVEQIXIVW�
�WLEVIH� TEVEQIXIVW� PMWXIH� MR� XLI�
WTVIEHWLIIX� ƼPI� [MXL� XLI� WEQI�
HIWMKREXMSR�

• Assigning the lists content 
incorporating the spreadsheet 
data, to Revit detected parameters 
JSV�IEGL�WTIGMƼG�QEXIVMEP�

• %R� I\EQTPI� SJ� XLI� GSVVIGX� VYR� SJ�
XLI�WGVMTX�JSV�E�QEXIVMEP�MW�WLS[R�MR�
ƼKYVI���

%X� XLMW� TSMRX� MX� [EW� TSWWMFPI� XS� HIƼRI�
WTIGMƼG� WGLIHYPIW� MR� 6IZMX�� MR� SVHIV�
XS� ZMWYEPM^I� XLI� SZIVEPP� IRZMVSRQIRXEP�
MQTEGXW�� SVKERM^IH� TIV� MRHMGEXSV�
ERH� PMJI� G]GPI� TLEWI� ERH� WSVXIH� TIV�
singular material and per aggregate 
components. Revit schedules, actually, 
EGX�EW�WMQTPMƼIH�WTVIEHWLIIX��EPPS[MRK�
to run easy operation between the cells. 
8LMW� EXXVMFYXI� IREFPIH� XLI� GVIEXMSR� SJ�
other custom parameters intended 
XS� GEPGYPEXI� XLI� 0'%� SYXGSQIW� F]�
QYPXMTP]MRK� XLI�YRMXEV]� MQTEGXW� JSV� XLI�
EGXYEP�QEXIVMEPW�UYERXMXMIW� �*MK���������
%PWS� XLI� KVERH� XSXEP� SJ� IEGL� MQTEGX�
indicator was calculated through the 
Revit schedules.

78)4����398498

8LI�ETTPMGEXMSR�SJ�E�GYWXSQ�WGVMTX�[MXL�
E� :MWYEP� 4VSKVEQQMRK� XSSP� WYGL� EW�
Autodesk Dynamo in order to interrelate 
HEXE�GSRXEMRIH�MR�I\XIVREP�WTVIEHWLIIX�
[MXL� XLI�&-1�QSHIP� IPIQIRXW�� TIVQMXW�
E�JYPP�GYWXSQM^EXMSR�SJ�XLI�0'%�EREP]WMW�
HITIRHMRK� SR� XLI� KSEP�� -X� GER� FI�
IQTPS]IH�JSV�HIWMKR�TYVTSWIW�MR�SVHIV�
to compare and select the materials 
with the lower environmental loads or 
MX�GER�FI�YWIH�XS�JYPƼP�XLI�VIUYMVIQIRXW�
SJ� XLSWI� 7YWXEMREFMPMX]� 6EXMRK� 8SSPW�
MRGPYHMRK� 0'%� GVIHMXW�� WYGL� EW� 0))(��

*MKYVI����4SVXMSR�SJ�XLI�WGVMTX�WLS[MRK�XLI�RSHIW�JSV�EWWMKRMRK�XLI�ZEPYIW�XS�XLI�TEVEQIXIVW
*MKYVI����*MPPIH�TEVEQIXIVW�[MXL�0'%�HEXE�JSV�E�QEXIVMEP�MR�6IZMX
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*MKYVI����4SVXMSR�SJ�6IZMX�WGLIHYPI�MRHMGEXMRK�XLI�0'%�SYXTYXW�JSV�XLI�I\XIVREP�IRZIPSTI�[EPP�X]TIW
*MKYVI�����4SVXMSR�SJ�6IZMX�WGLIHYPI�MRHMGEXMRK�XLI�0'%�SYXTYXW�JSV�XLI�QEXIVMEPW�GSQTSWMRK�XLI�I\XIVREP�IRZIPSTI

(+2&�SV�+VIIR�7XEV�
8LI� WGLIHYPIW� EVI� GYWXSQM^EFPI��
EPPS[MRK� TVEGXMXMSRIVW� XS� ZMWYEPM^I�
XLI� MRJSVQEXMSR� MR� XLI� TVIJIVVIH� [E]�
HITIRHMRK�SR�XLI�KSEP�SJ�XLI�EREP]WMW���
&IMRK� E� TMPSX� WXYH]�� XLI� [SVOƽS[� WXMPP�
WYJJIVW� JVSQ� GSQTPI\MX]� MR� VYRRMRK�
some step, as it requires manual data 
IRXV]� JSV� XLI� WTVIEHWLIIX� ERH� XLI�
QERYEP�GVIEXMSR�SJ�GYWXSQ�TEVEQIXIVW�
MR�6IZMX�XS�LSWX�XLI�I\XIVREP�HEXE��
Further development could boost the 
GSRZIRMIRGI� SJ� WYGL� ER� ETTVSEGL��
leading to innovative, comprehensive 
and reliable applications. 

(-7'977-32�

3RI� SJ� XLI� GVYGMEP� XEWO� SJ� MRXIKVEXMRK�
0'%�ERH�&-1��MW�SFXEMRMRK�E�GSRZIRMIRX�
HIGMWMSR�QEOMRK�QIXLSH�WYMXEFPI�JSV�XLI�
designers on a day-to-day basis without 
LEZMRK� E� TEVXMGYPEV� 0'%� I\TIVXMWI�
�%RXʬR�ERH�(ME^��������4IVJSVQMRK�0'%�
ETTPMGEXMSRW� [MXL� VIEWSREFPI� IJJSVX� MW�
an ambition to provide design guidance 
[LMPI�QSRMXSVMRK� XLI� GSRWIUYIRGIW� SJ�
HIWMKR�HIGMWMSRW��6ʯGO�IX�EP��������
'YVVIRXP]��WIZIVEP�EWWIWWQIRX�XSSPW�JSV�
construction process are available and 
can be considered a reliable opportunity 
IWTIGMEPP]� JSV� XLI� IEW]� EGGIWW�
provided to several environmental 

impact databases but, when data 
MRGSQTEXMFMPMX]� FIX[IIR� HMJJIVIRX� XSSPW�
occurs, they might not allow universal 
IZEPYEXMSRW� �%RXʬR� ERH� (ME^�� ������
VIWYPXMRK� MR� E� XMQI�GSRWYQMRK� JSVQEX�
GSRZIVWMSR� �0II� IX� EP�� ������ [MXL�
XLI� VMWO� SJ� LMRHIVMRK� XLI� TSWWMFMPMX]� SJ�
JEMV� GSQTEVMWSRW� FIX[IIR� FYMPHMRK�
materials and products as well as 
FIX[IIR�HMJJIVIRX�HIWMKR�STXMSRW��
-R� PMXIVEXYVI�� MX� MW� PMOIP]� XS� ƼRH� E�
RYQFIV� SJ� TSWWMFPI� WSPYXMSRW� MR�
order to conduct reliable and, within 
certain circumstances, comparable 
EWWIWWQIRXW�� -R� XLI� QENSVMX]� SJ�
GEWIW�� XLIWI�WSPYXMSRW� MQTP]�WMQTPMƼIH�
QIXLSHW� XLEX� JEGMPMXEXI� HEXE� GSPPIGXMSR�
and analysis completion. 
8LI�YWI�SJ�&-1�MW�WTVIEHMRK�VETMHP]�ERH��
JSV�HIWMKRIVW�ERH�HIGMWMSR�QEOIVW��XLMW�
technology can represent a valid means 
XS� JEGMPMXEXI� 0'%� EREP]WMW� EX� HMJJIVIRX�
scales. 
)ZIR� MJ� EX� IEVP]� HIWMKR� WXEKIW� &-1�
models usually reach only a low 
0IZIP� SJ� (IZIPSTQIRX� �03(� XLYW�
RSX� TVSZMHMRK� WYƾGMIRX� HEXE� XS� FI�
YWIH� MR� E� GSQTVILIRWMZI� 0'%� �4IRK��
������ EW� WYKKIWXIH� F]� 6ʯGO� IX� EP���
������� EKKVIKEXMRK� XLI� IRZMVSRQIRXEP�
database at a building element level can 
EPPS[� XS� GSRHYGX� VIPMEFPI� 0'%� EPWS� EX�
initial phases. 
1SVISZIV�� XLI�GETEGMX]�SJ�&-1� XSSPW� XS�
IEWMP]�TVSHYGI��ERH�TVSZMHI�EGGIWW�XS�
XLI�FMPP�SJ�QEXIVMEPW�UYERXMXMIW��EPPS[W�E�
GSRXMRYSYW�VIEP�XMQI�YTHEXI�SJ�XLI�0'%�
evaluation, as the project acquires a 
KVIEXIV� PIZIP� SJ� HIXEMPW�� LIRGI�E� LMKLIV�
03(��
-R� PMRI�[MXL�SXLIV�I\TIVMIRGIW� JSYRH� MR�
literature (Shadram and Mukkavaara, 
����� IRHSVWMRK� XLI� YWI� SJ� ZMWYEP�
WGVMTXMRK� XSSPW�� XLI� TVSTSWIH�[SVOƽS[�
IQTPS]IH� %YXSHIWO� (]REQS� JSV� XLI�
MRXIKVEXMSR� FIX[IIR� XLI� &-1� WSJX[EVI�
ERH� XLI� I\XIVREP� HEXE� WSYVGIW�� XLYW�
allowing progressive assessment 
updates. 
3XLIV� OI]� EWTIGXW� GSRWMHIVIH� MR� SVHIV�
to obtain comparable assessments, 
[IVI��WIXXMRK�E�RYQFIV�SJ�KVSYRH�VYPIW�
and conventions to adopt, both in the 
WTVIEHWLIIX� WXVYGXYVI� ERH� MR� XLI� &-1�
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8LMW�TETIV�TVSTSWIH�E�WEQTPI�[SVOƽS[�
SJ� E� WMQTPMƼIH� &-1�0'%� MRXIKVEXMSR�
XLVSYKL� XLI� IQTPS]QIRX� SJ� E� :MWYEP�
7GVMTXMRK� XSSP�� EHHVIWWMRK� WSQI�SJ� XLI�
VIUYMVIQIRXW�I\TVIWWIH�MR�XLI�PMXIVEXYVI�
[MXL� VIJIVIRGI� XS� IRZMVSRQIRXEP�
assessment at initial stages and 
WMQTPMƼGEXMSR� ETTVSEGLIW� XS� 0'%��
aiming at providing a reliable overview 
SJ� HMJJIVIRX� QEXIVMEPW� ERH� TVSHYGXW�
alternatives.
Such an approach has shown to imply 
WSQI� FIRIƼXW� MR� TIVJSVQMRK� 0'%�
EREP]WMW�[MXLMR�E�&-1�IRZMVSRQIRX��[MXL�
VIWTIGX� XS� STIVEXMSREP� JIEWMFMPMX]� ERH�
economic convenience, as well as some 
HVE[FEGOW� VIWYPXMRK� JVSQ� YRVIWSPZIH�
0'%� MWWYIW� ERH� QIXLSHSPSKMGEP�
limitations.
-R� PMRI�[MXL�SXLIV�I\TIVMIRGIW� JSYRH� MR�
PMXIVEXYVI��HIEPMRK�[MXL�I\MWXMRK�QIXLSHW�
ERH� XSSPW� JSV� IJJIGXMZIP]� MRXIKVEXI� &-1�
ERH� 0'%� EREP]WMW� �%RXʬR� ERH� (ME^��
������XLMW�TETIV�VIGSKRM^I�XLEX�JYVXLIV�
HIZIPSTQIRXW�EVI�VIUYMVIH�MR�XLMW�ƼIPH�
-RXIVSTIVEFMPMX]� FIX[IIR� &-1� QSHIPW�
ERH� 0'%� XSSPW� RIIHW� MQTVSZIQIRXW�
ERH� HEXE� I\GLERKI� JSV� EYXSQEXMG�
EWWSGMEXMSR� SJ� IEGL� FYMPHMRK� QEXIVMEP�
and products with the unit processes 
HYVMRK� XLI� PMJI� G]GPI� MW� WXMPP� E� VIPIZERX�
GLEPPIRKI� �7SYWX�:IVHEKYIV� IX� EP���
�����
&YMPHMRK� -RJSVQEXMSR� 1SHIPPMRK� �&-1�
is providing a great improvement in 
XLI� SZIVEPP� MRJSVQEXMSR� QEREKIQIRX�
VIKEVHMRK� IZIV]� TLEWI� SJ� XLI� FYMPHMRK�
TVSGIWW�� JSWXIVMRK� XLI� EGLMIZIQIRX� SJ�
FIXXIV�TVSNIGX�TIVJSVQERGI�ERH�UYEPMX]��
Further developing the interoperability 
FIX[IIR�&-1�HIWMKRW�ERH�0'%�EREP]WMW��
can concur to the improvement and the 
IEWI� SJ� MRXIKVEXIH� HIWMKR� [LMGL� GER�
FI� WIIR� EW� E� OI]� JEGXSV� MR� EGLMIZMRK�
WYWXEMREFMPMX]��%RXʬR�ERH�(ME^�������

XSSP�� FEWMRK� SR� XLI� KSEP� ERH� WGSTI� SJ�
XLI�EREP]WMW��ERH�VIJIVVMRK�XS�XLI�WEQI�
standards and regulations depending 
SR�XLI�GSRXI\X�SJ�XLI�WXYH]��
8LI� FIRIƼX� SJ� TIVJSVQMRK� WYGL� ER�
integration employing the proposed 
QIXLSH�EVI�
• easy access to the actual quantities 

ERH� EXXVMFYXIW� SJ� GSRWXVYGXMSR�
QEXIVMEPW� ERH� TVSHYGXW� SJ� XLI�
building, thus avoiding manual 
HEXE�IRXV]�

• EYXSRSQ]� SJ� EHETXMRK� XLI�
assessment variables (e.g. 
study boundaries, environmental 
MRHMGEXSVW� XS� HMJJIVIRX� EREP]WMW�
scopes, depending on personal 
I\TIVXMWI�ERH�IZEPYEXMSR�KSEPW�

• STTSVXYRMX]�SJ�GSQTEVMRK�HMJJIVIRX�
design alternatives, especially with 
regard to materials and products, 
VIWYPXMRK� MR� ER� IJJIGXMZI� HIGMWMSR�
QEOMRK�XSSP�

• GETEGMX]� SJ� VIEP�XMQI� EWWIWWQIRX�
EW�XLI�TVSNIGX�PIZIP�SJ�HIXEMP�IZSPZIW��
JVSQ� XLI� IEVP]� HIWMKR� WXEKIW� XS�
the conclusive ones, without re-
MQTSVXMRK� XLI� &-1� QSHIP� MRXS�
I\XIVREP� 0'%� TPEXJSVQ� IZIV]� XMQI�
XLI�QSHIP�GLERKIW�

• STTSVXYRMX]� SJ� XEOMRK� EHZERXEKI�
SJ� E� WXVYGXYVIH� WTVIEHWLIIX� JSV�
materials and product that can be 
updated with new elements and 
IRZMVSRQIRXEP� MRJSVQEXMSR� ERH��
XLIVIJSVI�� MX�GER�FI�VI�IQTPS]IH�MR�
JYVXLIV�EREP]WMW�

This paper also evidences certain 
MRGSRZIRMIRGMIW�WYGL�EW�
• producing a spreadsheet implies 

a robust structure in naming 
ERH� GPEWWMJ]MRK� QEXIVMEPW� ERH�
environmental impacts, resulting 
in an accurate but time-consuming 
manual data entry since is still not 
achievable to obtain an automatic 
HEXE� MQTSVX� JVSQ� )4(W� SV� SXLIV�
0'%� HEXEFEWIW� MRXS� XLI� &-1�
QSHIPW�

• GSPPIGXMRK� VIPMEFPI� HEXE� JVSQ�
GIVXMƼIH�WSYVGIW��WYGL�EW�)4(W��MW�
still a delicate step since it depends 
SR�XLI�EZEMPEFMPMX]�SJ�HEXE�JSV�EPP�XLI�

TVSNIGX�QEXIVMEPW�ERH�TVSHYGXW�
• XLI�EGGYVEG]�MR�TIVJSVQMRK�XLI�0'%�

ERH� XLI� VITVIWIRXEXMZIRIWW� SJ� XLI�
outcomes, depends greatly on the 
UYEPMX]�SJ�XLI�&-1�QSHIP�

• XLI� MWWYI� SJ� GEPGYPEXMRK� ERH�
automatically including aspects 
WYGL�EW�XVERWTSVXEXMSR�MRJSVQEXMSR��
construction techniques, materials 
and product maintenance, is still 
TVSFPIQEXMG� HYI� XS� XLI� HMJJIVIRX�
JIEXYVIW� ERH� PSGEXMSRW� SJ� IEGL�
TVSNIGX�

8LMW� WEQTPI� [SVOƽS[�� IZIR� MJ� ETTPMIH�
on just one case study does not 
PMQMX� XLI� ZEPMHEXMSR� SJ� XLI� QIXLSH��
WMRGI� XLI� KVSYRH� TVSGIHYVIW� JSV� XLI�
environmental data processing and its 
MRXIKVEXMSR� MRXS� XLI� &-1� IRZMVSRQIRX�
HS� RSX� HITIRH� SR� HMJJIVIRX� FYMPHMRKW�
HIWMKR� TVSGIWW� ERH� HMJJIVIRX� FYMPHMRKW�
X]TSPSKMIW��6ʯGO�IX�EP��������
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�)UHTXHQWO\�$VNHG�4XHVWLRQV�$ERXW�WKH�1DWLRQDO�
%,0�6WDQGDUG��8QLWHG�6WDWHV̹��2EXMSREP�&-1�
7XERHEVH���9RMXIH�7XEXIW��%ZEMPEFPI�EX��LXXTW���[[[�
REXMSREPFMQWXERHEVH�SVK�JEU��6IXVMIZIH�(IGIQFIV�
�����

̸/HYHO�RI�'HYHORSPHQW�6SHFLͤFDWLRQ̹��&-1�*SVYQ��
%ZEMPEFPI�EX��LXXTW���FMQJSVYQ�SVK�PSH���6IXVMIZIH�
.YP]������

%-%������. *XLGH��,QVWUXFWLRQV�DQG�&RPPHQWDU\�
WR�WKH������$,$�'LJLWDO�3UDFWLFH�'RFXPHQWV��

%ǞȰȨǚǙǝǞ��.���ɱ�8ǤǝǚǞȲȳȱǡ��.�������. A guide 
WR�XQGHUVWDQGLQJ�WKH�HPERGLHG�LPSDFWV�RI�
FRQVWUXFWLRQ�SURGXFWV��'SRWXVYGXMSR�4VSHYGXW�
%WWSGMEXMSR����������

%Ǟǘ̈́Ǟ��0��ʀ���ɱ�(ǣȳǒ��.�������. ,QWHJUDWLRQ�RI�OLIH�
F\FOH�DVVHVVPHQW�LQ�D�%,0�HQYLURQPHQW��4VSGIHME�
)RKMRIIVMRK������������

%ǒȳǚǣ��6�������. ,QWHJUDWHG�HQHUJ\�DQG�
HQYLURQPHQWDO�OLIH�F\FOH�DVVHVVPHQW�RI�RIͤFH�
EXLOGLQJ�HQYHORSHV��)RIVK]�ERH�&YMPHMRKW������
�������

&ȳǙȲȳǥǣǠǠ��.���*ǠȳǥȨǚ��*���0ȨǜȨȱǤ��1���ɱ�*ǣǙȱǤȨǚ��
1�������. $SSOLFDWLRQ�RI�OLIH�F\FOH�DVVHVVPHQW�WR�
HDUO\�VWDJH�EXLOGLQJ�GHVLJQ�IRU�UHGXFHG�HPERGLHG�
HQYLURQPHQWDO�LPSDFWV� Building and Environment, 
����������

&ǗǓǠȨ��1���&ǚȳȨǘ��.���ɱ�%ǗȰȨǞȳȨǚǘ��%�������. /LIH�
F\FOH�DVVHVVPHQW�LQ�WKH�FRQVWUXFWLRQ�VHFWRU��
$�UHYLHZ� Renewable and Sustainable Energy 
6IZMI[W��������������

'ǤǝǞǥ��;��/���/Ǘǟȳǚ��7���,ȳȳǙ��'��8���&ȨǤȨǣǚǓ��7��1���
'ǝǜǠȨǞ��0���ɱ�3ȨǓ��1�������. Understanding and 
LQWHUSUHWLQJ�EDVHOLQH�SHUFHSWLRQV�RI�VXVWDLQDELOLW\�
LQ�FRQVWUXFWLRQ�DPRQJ�FLYLO�HQJLQHHUV�LQ�WKH�8QLWHG�
6WDWHV��.SYVREP�SJ�QEREKIQIRX�MR�IRKMRIIVMRK��
��������������

)ȰǕȳǚȰǙ��&�������. Rough guide to sustainability.

)Ȩ&�+ǗǣȰȨ�4ǚǝǢȨȱǘ�������3TIVEXMSREP�+YMHERGI�
JSV�0MJI�']GPI�%WWIWWQIRX�7XYHMIW�SJ�XLI�)RIVK]�
)ƾGMIRX�&YMPHMRKW�-RMXMEXMZI��%ZEMPEFPI�EX�LXXT���
[[[�IIFKYMHI�IY���VIXVMIZIH�SR�.YP]������

)2�-73�������������������, %XLOGLQJ�LQIRUPDWLRQ�
PRGHOV���,QIRUPDWLRQ�GHOLYHU\�PDQXDO�3DUW����
0HWKRGRORJ\�DQG�IRUPDW��)YVSTIER�'SQQMXXII�JSV�
7XERHEVHM^EXMSR��')2�

)2�-73�������������������, %XLOGLQJ�LQIRUPDWLRQ�
PRGHOV���,QIRUPDWLRQ�GHOLYHU\�PDQXDO�3DUW����
,QWHUDFWLRQ�IUDPHZRUN��)YVSTIER�'SQQMXXII�JSV�
7XERHEVHM^EXMSR��')2�

,�.��/ȳǞǥ������. 'HYHORSPHQW�RI�D�V\VWHPDWLF�
PRGHO�IRU�DQ�DVVHVVPHQW�WRRO�IRU�VXVWDLQDEOH�
EXLOGLQJV�EDVHG�RQ�D�VWUXFWXUDO�IUDPHZRUN� Energy 
&YMPH�������

/ȨǠǠȨǞȲȨǚǥȨǚ��(���ɱ�%ǠǘǤȳǗǙ��,��.�������. 
5HOHYDQFH�RI�VLPSOLͤFDWLRQV�LQ�/&$�RI�EXLOGLQJ�

FRPSRQHQWV��&YMPHMRK�ERH�)RZMVSRQIRX��������
��������

0ȨȨ��7���8ȳȨ��7���6ǝǤ��7���ɱ�/ǣǟ��8�������. Green 
WHPSODWH�IRU�OLIH�F\FOH�DVVHVVPHQW�RI�EXLOGLQJV�
EDVHG�RQ�EXLOGLQJ�LQIRUPDWLRQ�PRGHOLQJ��IRFXV�RQ�
HPERGLHG�HQYLURQPHQWDO�LPSDFW� Sustainability, 
������������������

0ǝȲȳȱȱȳǚǝ��+���;ǣȲȨǚǥ��%��,���'Ȩȱǣ��+���1ȳǞǞǣ��1���
0ǝǠǠǣ��2���ɱ�&ȨǚȳǚȰǣ��9�������. 3DUDPHWULF�GHVLJQ�
WR�PLQLPL]H�WKH�HPERGLHG�*+*�HPLVVLRQV�LQ�D�
=(%��)RIVK]�ERH�&YMPHMRKW���������������

1ȳȱ+ǚȳǕ�,ǣǠǠ�'ǝǞǙǘǚǗȱǘǣǝǞ������. 
6PDUW0DUNHW�5HSRUW��*UHHQ�%,0��+RZ�%XLOGLQJ�
,QIRUPDWLRQ�0RGHOLQJ�LV�&RQWULEXWLQJ�WR�*UHHQ�
'HVLJQ�DQG�&RQVWUXFWLRQ�

1ȳǠǟǛǖǣǙǘ��8���+ǠȳǗǟȳǞǞ��1���7ȱȳǚǜȨǠǠǣǞǣ��7���
>ȳȲȳǠǒȳ��-���%ǚȳǞȰȳ��%���0ǠȨǚȳ��)���ɱ�(̿ȳǒ��7�������. 
/LIH�F\FOH�DVVHVVPHQW�LQ�EXLOGLQJV��7KH�(16/,&�
VLPSOLͤHG�PHWKRG�DQG�JXLGHOLQHV��)RIVK]��������
����������

2ȳǢǢȳǚ��1���*ǣǥǗȨǣǚȨȰǝ��/���4ȳǠǗǟȲǝ��1���ɱ�
,ȳȰȰȳȰ��%�������� ,QWHJUDWLRQ�RI�%,0�DQG�/&$��
(YDOXDWLQJ�WKH�HQYLURQPHQWDO�LPSDFWV�RI�EXLOGLQJ�
PDWHULDOV�DW�DQ�HDUO\�VWDJH�RI�GHVLJQLQJ�D�W\SLFDO�
RIͤFH�EXLOGLQJ��.SYVREP�SJ�&YMPHMRK�)RKMRIIVMRK������
��������

3ǚǘǣǒ��*��'ȳǙǘȨǠǠǙ��+��7ǝǞǞȨǟȳǞǞ��������
6XVWDLQDELOLW\�LQ�WKH�FRQVWUXFWLRQ�LQGXVWU\��D�UHYLHZ�
RI�UHFHQW�GHYHORSPHQWV�EDVHG�RQ�/&$��'SRWXV��
&YMPH��1EXIV��������Ɓ���

4ȳȱǤȨǥǝ�8ǝǚǥȳǠ������, Introduction to the 
HQYLURQPHQWDO�LPSDFW�RI�FRQVWUXFWLRQ�DQG�EXLOGLQJ�
PDWHULDOV��,Q��)��3DFKHFR�7RUJDO��/��)��&DEH]D��-��
/DEULQFKD�DQG�$��GH�0DJDOKLLHV��(GV��(FR�(IͤFLHQW�
&RQVWUXFWLRQ�DQG�%XLOGLQJ�0DWHULDOV��/LIH�&\FOH�
$VVHVVPHQW��/&$���)GS��0E�FIPPMRK�ERH�'EWI�
7XYHMIW�������

4ȨǞǥ��'�������� &DOFXODWLRQ�RI�D�EXLOGLQJ
V�OLIH�
F\FOH�FDUERQ�HPLVVLRQV�EDVHG�RQ�(FRWHFW�DQG�
EXLOGLQJ�LQIRUPDWLRQ�PRGHOLQJ��.SYVREP�SJ�'PIERIV�
4VSHYGXMSR���������������

6͇ȱǡ��1���,ǝǠǠȲȨǚǥ��%���,ȳȲȨǚǘ��+���ɱ�4ȳǙǙȨǚ��
%�������� /&$�DQG�%,0��9LVXDOL]DWLRQ�RI�
HQYLURQPHQWDO�SRWHQWLDOV�LQ�EXLOGLQJ�FRQVWUXFWLRQ�
DW�HDUO\�GHVLJQ�VWDJHV� Building and Environment, 
�������������

7Ȩǝ��7���8ǗȱǡȨǚ��7���ɱ�2ȨǕǘǝǞ��4�������. 
$XWRPDWHG�PDWHULDO�VHOHFWLRQ�DQG�HQYLURQPHQWDO�
DVVHVVPHQW�LQ�WKH�FRQWH[W�RI��'�EXLOGLQJ�
PRGHOOLQJ��.SYVREP�3J�+VIIR�&YMPHMRK�������������

7ǝǗǙǘ�:ȨǚȰȳǥǗȨǚ��&���0ǠȳǘȳǙ��'���ɱ�+ȳǚȱ̿ȳ�
1ȳǚǘ̿ǞȨǒ��%�������� 6LPSOLͤFDWLRQ�LQ�OLIH�F\FOH�
DVVHVVPHQW�RI�VLQJOH�IDPLO\�KRXVHV��$�UHYLHZ�RI�
UHFHQW�GHYHORSPHQWV� Building and Environment, 
�������������

8ǚǣǥȳǗǔ��(���%ǠǠȳȱǡȨǚ��/���ɱ�(Ȩ�8ǚǝǓȨǚ��*�������� 
0RGHO�IRU�WKH�HQYLURQPHQWDO�LPSDFW�DVVHVVPHQW�

%LEOLRJUDSK\
%LEOLRJUDD

RI�QHLJKERXUKRRGV��;-8�8VERWEGXMSRW�SR�)GSPSK]�
ERH�XLI�)RZMVSRQIRX���������������

9ǞǣǘȨȰ�2ȳǘǣǝǞǙ�)ǞǖǣǚǝǞǟȨǞǘ�4ǚǝǥǚȳǟǟȨ�
������ %XLOGLQJV�LQYHVWLQJ�LQ�HQHUJ\�DQG�
UHVRXUFH�HIͤFLHQF\��8QLWHG�1DWLRQV�(QYLURQPHQW�
3URJUDPPH��6XVWDLQDEOH�%XLOGLQJV�DQG�
&RQVWUXFWLRQ�,QLWLDWLYH�DQG�WKH�&HQWUDO�(XURSHDQ�
8QLYHUVLW\�

;ǝǞǥ��.��/��;���ɱ�>ǤǝǗ��.�������� Enhancing 
HQYLURQPHQWDO�VXVWDLQDELOLW\�RYHU�EXLOGLQJ�OLIH�
F\FOHV�WKURXJK�JUHHQ�%,0��$�UHYLHZ. Automation in 
'SRWXVYGXMSR��������������

=ǗȳǞ��=���ɱ�=ǗȳǞ��.�������� 7KH�WKHRU\�DQG�
IUDPHZRUN�RI�LQWHJUDWLRQ�GHVLJQ�RI�EXLOGLQJ�
FRQVXPSWLRQ�HIͤFLHQF\�EDVHG�RQ�%,0��4VSGIHME�
)RKMRIIVMRK����������������

S. Politi, G. Bergonzoni, 
I. W. J. Cincotta, F. Sampietro

LCA Analysis Through a Visual Programming Tool: 
:RUNࢾRZ�RQ�D�%,0�0RGHO�&DVH�6WXG\
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8LI� -XEPMER� GSRWXVYGXMSR� WIGXSV� WYJJIVIH�QSVI� XLER� XLI� SXLIV� MRHYWXVMEP� WIGXSV� XLI�
RIKEXMZI�IJJIGXW�SJ�XLI�[SVPH�IGSRSQMG�GVMWMW��%�GSRWIUYIRGI�LEW�FIIR�E�GLERKI�MR�
MXW�SVKERM^EXMSR�GSRGIVRMRK� PEFSYV�ERH�QEREKIRX�SR� XLI�LIEPXL�ERH�WEJIX]� MWWYIW��
)ZMHIRGI� SJ� XLMW� GER� FI� JSYRH� MR� ER� MRGVIEWI� SJ� JEXEP� EGGMHIRXW� ERH� SGGYTEXMSREP�
HMWIEWIW��-R�TEVXMGYPEV�SGGYTEXMSREP�HMWIEWIW�FIGEQI�E�LIEPXL�GSRGIVR�MR�GSRWXVYGXMSR�
8LI�EMQ�SJ�XLI�TVIWIRXIH�VIWIEVGL�[SVO�MW�XS�EWWIWW�XLI�LE^EVH�SJ�EWFIWXSW�ƼFVIW�
MRLEPEXMSR�HYI�XS�HIGSQQMWWMRK�SJ�SPH�MRHYWXVMEP�TVSQMWIW�[MXL�VSSƼRK�SJ�EWFIWXSW��
8LI�HIZIPSTIH�ETTVSEGL�WXEVXW�JVSQ�E�TVSFEFMPMWXMG�EWWIWWQIRX�SJ�XLI�VMWO��YWMRK�XLI�
6MWO�%REP]WMW� XSSPW�� XLI�*EYPX�8VII�%REP]WMW� �*8%�ERH� XLI�*EMPYVI�1SHI�ERH�)JJIGX�
%REP]WMW��*1)%��6MWO�EWWIWWQIRX�XLVSYKL�XLI�*8%�MW�FEWIH�SR�E�FEGO[EVH�ETTVSEGL��
MX�WXEVXW�JVSQ�XLI�QEPJYRGXMSR�SJ�XLI�W]WXIQ��GEPPIH�8ST�)ZIRX��MR�SVHIV�XS�PSSO�JSV�XLI�
XVMKKIVMRK�GEYWIW��IZIRXW��SR�XLI�GSRXVEV]��XLI�*1)%�EREP]WMW�MW�FEWIH�SR�E�JSV[EVH�
ETTVSEGL��XLI]�WXEVX�JVSQ�E�WIX�SJ�IZIRXW�ERH�KS�SR�MR�SVHIV�XS�EREP]WI�[LEX�OMRH�SJ�
QEPJYRGXMSRMRK�XLIWI�GER�KIRIVEXI� MR�XLI�W]WXIQ��&SXL�XLI�*8%�ERH�XLI�*1)%�EVI�
ETTPMIH�XS�XLVII�ETTVSZIH�HIGSRXEQMREXMSR�XIGLRMUYIW��IRGETWYPEXMSR��GSRƼRIQIRX�
ERH�VIQSZEP��ERH�JSV�IEGL�SJ�XLIQ�STIVEXMSREP�TLEWIW��IUYMTQIRX��FYMPHMRK�TVSHYGXW�
ERH�44)��4IVWSREP�4VSXIGXMZI�)UYMTQIRX�EVI�IZEPYEXIH�LMKLPMKLXMRK�XLI�TVSGIHYVIW�
RIIHIH�XS�STIVEXI�MR�GSQTPIXI�WEJIX]�
;MXL� XLMW� ETTVSEGL� XLI�QEMR� JEGXSVW� XLEX� GSRXVMFYXI� XS� XLI� MRGVIEWI� SJ� XLI� VMWO� SJ�
EWFIWXSW� ƼFVIW� MRLEPEXMSR� EVI� HIXIGXIH�� TVIPMQMREV]� EREP]WMW� ERH� EWWIWWQIRX� SJ�
XLI�WXEXI�SJ�FYMPHMRK�HIGE]�� XLI�YWI�ERH�QEMRXIRGI�SJ�44)�ERH�QEGLMRIV]��ERH�XLI�
supervision during main working phases.

Asbestos Hazards Analysis in 
Construction Projects With the Fault 
Tree Analysis and the Failure Mode and 
HFW�$QDO\VLVࢼ)
/)=;36(7��ǤȨȳǠǘǤ�ȳǞȰ�ǙȳǦȨǘǓ�ȳǘ�Ǖǝǚǡ��ǚǣǙǡ�ȳǞȳǠǓǙǣǙ��ȳǙȲȨǙǘǝǙ�ǚǣǙǡ��ǦȳǗǠǘ�ǘǚȨȨ�ȳǞȳǠǓǙǣǙ��ǦȳǣǠǗǚȨ�ǟǝȰȨ�

ȳǞȰ�ȨǦǦȨȱǘ�ȳǞȳǠǓǙǣǙ��
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S. Marchello

JEPPMRK� ERH� [SVOIVW� QYWX� FI� TVSZMHIH�
[MXL� WYMXEFPI� QIERW� SJ� TVSXIGXMSR� SJ�
respiratory tract and protective clothing.
8LI�EMQ�SJ� XLI�TVIWIRX� WXYH]�GSRWMWXW�
MR� XLI� EREP]WMW� ERH� EWWIWWQIRX� SJ�
VMWOW�MR�XLI�VIQIHMEXMSR�STIVEXMSRW�SJ�E�
GIQIRX�EWFIWXSW� VSSJ�� WTIGMƼGEPP]� XLI�
VMWO�SJ�MRLEPEXMSR�SJ�EWFIWXSW�ƼFIVW��;I�
intend to proceed with a probabilistic 
VMWO� EWWIWWQIRX�� YWMRK� XLI� XSSPW� SJ�
FTA - Fault Tree Analysis, based on a 
backward approach, and the FMEA 
�� *EMPYVI� 1SHI� ERH� )JJIGX� %REP]WMW��
FEWIH� SR� E� JSV[EVH�X]TI� ETTVSEGL��
[LMGL� VITVIWIRX�W]WXIQW�SJ� MRRSZEXMZI�
EREP]WMW� JSV� XLI� FYMPHMRK� WIGXSV�� FYX�
EPVIEH]� TVSZIR� MR� SXLIV� EVIEW�� JSV�
I\EQTPI� MR� XLI� EIVSWTEGI�QMWWMSRW� SJ�
2%7%�� MR� XLI� VSFSXMGW�� GLIQMGEP� ERH�
automobile industries. The analysis 
is carried out on the three techniques 
SJ� VIQIHMEXMSR� �IRGETWYPEXMSR��
GSRƼRIQIRX�ERH�VIQSZEP�EREP]^MRK�JSV�
IEGL� XLI� STIVEXMSRW� XS� FI� TIVJSVQIH��
the materials and the products to be 
used, the individual protection devices 
XS�[IEV�GEVIJYPP]�EWWIWWMRK�[LEX�RIIHW�
to be done to operate in complete 
WEJIX]�

-2863(9'8-32�

The construction sector has 
WYJJIVIH� QSVI� XLER� XLI� SXLIVW�
JVSQ� XLI� RIKEXMZI� IJJIGXW� SJ� XLI�

IGSRSQMG� GVMWMW�� -78%8� HEXE� �-78%8��
����� WLS[� XLEX� WMRGI� ����� E� XSXEP� SJ�
�������� NSF� TSWMXMSRW� LEZI� FIIR� PSWX��
-R� VIGIRX� ]IEVW�� XLI� FYMPHMRK� WMXI� LEW�
GLERKIH� TVSJSYRHP]� ERH� EW� E� VIWYPX�
XLI� SVKERM^EXMSR� SJ� [SVO� [MXLMR� MX� LEW�
changed.
%JXIV� WSQI� ]IEVW� SJ� VIHYGXMSR� SJ� FSXL�
EGGMHIRXW� ERH� JEXEP� EGGMHIRXW�� [I�
are witnessing a worrying increase in 
SGGYTEXMSREP�HMWIEWIW�FIGEYWI�SJ� PIWW�
WEJIX]� EX� [SVO�� -R� XLI� ƼZI�]IEV� TIVMSH�
����� �� ������ EGGSVHMRK� XS� XLI� -2%-0�
SFWIVZEXSV]� HEXE�� �-2%-0�� ����� �� �����
ER� MRGVIEWI�SJ� ��	�SJ� XLI� HMWIEWIW�SJ�
WYWTIGXIH�TVSJIWWMSREP�REXYVI�MW�JSYRH�
The occupational diseases caused 
F]� I\TSWYVI� XS� EWFIWXSW� MW� XLI� EMQ�SJ�
XLMW� VIWIEVGL� [SVO�� 8LI� ƼJXL� 6)2%1�
�2EXMSREP� VIKMWXV]� SJ� QIWSXLIPMSQEW�
VITSVX� TYFPMWLIH� F]� -2%-0� VITSVXW� XLI�
data related to Mesothelioma cases 
HIXIGXIH� F]� XLI� 6IKMSREP� 3TIVEXMZI�
'IRXIVW�� *VSQ� XLI� HEXE� I\EQMRIH�
ERH� VIPEXIH� SRP]� XS� XLSWI� EJJIGXIH� F]�
TVSJIWWMSREP� GEYWIW�� XLI� WIGXSV� QSWX�
EJJIGXIH� F]� XLMW� HVEQEXMG� VIGSVH� MW�
XLEX� SJ� GSRWXVYGXMSR� [MXL� ����	� SJ�
cases. About occupational cancers, 
construction workers are the most 
I\TSWIH� XS� PYRK�GERGIV��TVIGMWIP]�� XLI]�
EVI� ��	� QSVI� PMOIP]� XS� HIZIPST� PYRK�
cancer than all other workers.
8LI�[MHIWTVIEH�TVIWIRGI�SJ�%WFIWXSW�
'IQIRX� 1EXIVMEPW� �1'%� MR� XLI�
construction industry determines a 
VMWO�SJ�I\TSWYVI�XS�EWFIWXSW��IWTIGMEPP]�
JSV� XLSWI� [LS� GEVV]� SYX� FYMPHMRK�
VIRSZEXMSRW�� IZIR� MJ� HIGSRXEQMREXMSR�
is normally carried out by specialists 
with dedicated training. The 
HIGSRXEQMREXMSR�ERH� VIQSZEP�SJ�WPEFW�
SJ�GIQIRX���EWFIWXSW�YWIH�MR�FYMPHMRKW�
JSV� XLI� VSSƼRK� MW� E� X]TMGEP� GEWI� SJ�
building intervention where laborers 
I\TSWIH�XS�EWFIWXSW��&YMPHMRK�STIVEXMSR�
MRZSPZIW� E� WTIGMƼG� VMWO� SJ� JEPPMRK�� [MXL�
or without breaking the slabs, and 
HMWTIVWMSR�SJ�EWFIWXSW�ƼFIVW��JSV�XLIWI�
reasons suitable temporary works must 
FI�GVIEXIH�XS�TVSXIGX�EKEMRWX�XLI�VMWO�SJ�
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ERH� XIGLRMGEP� QIXLSHW� SJ� ETTPMGEXMSR�
SJ�EVX�����TEVEKVETL����ERH�SJ�XLI�EVX������
TEVEKVETL����SJ�XLI�PE[�1EVGL�����������
R�������GSRGIVRMRK�XLI�GIWWEXMSR�SJ�XLI�
YWI�SJ�EWFIWXSW� ���8LI�HIGVII�HMGXEXIW�
XLI� WEJIX]� QIEWYVIW� XS� FI� JSPPS[IH�
during the remediation interventions, 
XLI�GVMXIVME�ERH� XLI� PMQMX�ZEPYIW� JSV� XLI�
VIWXSVEXMSR�SJ�XLI�IRZMVSRQIRXW�EJXIV�XLI�
remediation and describes the technical 
QIXLSHW� SJ� GYWXSH]� SJ� XLI� QEXIVMEPW�
ERH� XLI�STIVEXMSREP�TVSGIHYVIW� JSV� XLI�
VIQIHMEXMSR�SJ�XLI�WEQI�
*SV� XLI� VIQSZEP� ERH� QEMRXIRERGI� SJ�
materials containing asbestos, the 
WTIGMƼG�TVSZMWMSRW�VIPEXMRK�XS�XIQTSVEV]�
or mobile construction sites provided 
JSV� F]� 8MXPI� -:� SJ� 0IKMWPEXMZI� (IGVII�
���������MR�EHHMXMSR�XS�XLSWI�PEMH�HS[R�
F]�'LETXIV�---�SJ�8MXPI�-<��GSRGIVRMRK�XLI�
��4VSXIGXMSR�SJ�VMWOW�VIPEXIH�XS�EWFIWXSW�
I\TSWYVI���
Remediation   can be achieved by three 
XIGLRMUYIW�

• IRGETWYPEXMSR� �� XVIEXQIRX� SJ� XLI�
plates with products that cover the 
QEXIVMEP� TVIZIRXMRK� XLI� VIPIEWI� SJ�
XLI�ƼFIVW�

• GSRƼRIQIRX� �� MRWXEPPEXMSR� SJ� E�
RI[� VSSJ� SZIV� XLI� I\MWXMRK� SRI� MR�
GIQIRX���EWFIWXSW�

• removal-elimination and 
GSRWIUYIRX� HMWTSWEP� SJ� XLI�
material containing asbestos.

)EGL�SJ�XLIWI�QIXLSHW�SJ�VIQIHMEXMSR��
MJ�RSX�GEVVMIH�SYX�GSVVIGXP]�ERH�[MXLSYX�
the appropriate protection devices, 
GER�TSWI�WIVMSYW�VMWOW�XS�XLI�LIEPXL�SJ�
workers.
0IKMWPEXMZI� (IGVII� �������� TVSZMHIW�
JSV� ER� SƾGMEP� GSQQYRMGEXMSR� XS� XLI�
0SGEP� ,IEPXL� %YXLSVMX]� VIWTSRWMFPI�
JSV� XLI� XIVVMXSV]� MR� GEWI� SJ� ER]� EGXMZMX]�
concerning materials containing 
EWFIWXSW�

• RSXMƼGEXMSR� MR� GEWI� SJ�
IRGETWYPEXMSR�SV�GSRƼRIQIRX���EVX��
����SJ�0IKMWPEXMZI�(IGVII������

• MR�GEWI�SJ� VIQSZEP��E�[SVO�TPER� MW�
VIUYMVIH� �� EVX�� ���� SJ� 0IKMWPEXMZI�
(IGVII������

%7&)7837�,%>%6(7�

Asbestos is a natural mineral with a 
QMGVSGV]WXEPPMRI�WXVYGXYVI�ERH�E�ƼFVSYW�
ETTIEVERGI�� 8LI� ƼFVSYW� WXVYGXYVI�
gives the asbestos a remarkable 
mechanical resistance and a high 
HIKVII� SJ� ƽI\MFMPMX]�� MX� VIWMWXW� ZIV]�[IPP�
XS�ƼVI��LIEX��XLI�EGXMSR�SJ�GLIQMGEP�ERH�
biological agents, abrasion and thermal 
and mechanical wear, it also has 
sound-absorbing and heat-insulating 
properties and easily binds with building 
QEXIVMEPW� �PMQI�� K]TWYQ� ERH� GIQIRX�
ERH�WSQI�TSP]QIVW��VYFFIV��4:'��8LI�
GLEVEGXIVMWXMGW� SJ� XLI�QEXIVMEP� ERH� XLI�
PS[� GSWX� LEZI� JEZSVIH� E� [MHI� YWI� MR�
XLI� WIGXSVW� SJ� MRHYWXV]�� GSRWXVYGXMSR�
ERH� XVERWTSVX�� -J�� SR� XLI�SRI�LERH�� XLI�
ƼFVSYW�WXVYGXYVI�LEW�FVSYKLX�EWFIWXSW�
XS� LEZI� �TSWMXMZI�� GLEVEGXIVMWXMGW� MR� MXW�
ƽI\MFMPMX]�SJ�YWI��SR�XLI�SXLIV�LERH�XLIWI�
ƼFIVW�SJ�[LMGL�MX�MW�GSQTSWIH�LEZI�XLI�
characteristic to divide longitudinally, 
whereby the material maintains the 
ƼFVSYW�ETTIEVERGI�YT� XS� XLI�WM^I�SJ�E�
JI[�LYRHVIHXLW�SJ�E�QMGVSR�ERH�JSV�XLMW�
VIEWSR� MX� MW� WS� HERKIVSYW� FIGEYWI�� MJ�
inhaled, it can penetrate deep into the 
pulmonary alveoli and be carcinogenic.
;MXL�XLI�MWWYI�SJ�PE[�R�������������[LMGL�
TVSLMFMXW� XLI� I\XVEGXMSR�� MQTSVXEXMSR��
I\TSVXEXMSR�� QEVOIXMRK� ERH� TVSHYGXMSR�
SJ�EWFIWXSW���LEW�WXEVXIH�ER�MQTSVXERX�
remediation work. The importance 
SJ� TPERRMRK� ERH� MQTPIQIRXMRK� XLI�
VIQSZEP� SJ� QEXIVMEPW� GSRXEMRMRK�
EWFIWXSW�[EW�EPWS�VIGSKRM^IH�XLVSYKL�
XLI� IWXEFPMWLQIRX� SJ� MRGIRXMZIW� F]� XLI�
+SZIVRQIRX�
0E[� ���� SJ� ��� 1EVGL� ����� MW�
considered the Framework Law on 
asbestos as it was intended to regulate 
XLI� TVSGIWW� SJ� EWFIWXSW� HMWTSWEP� F]�
HIƼRMRK�TVIGMWI�GVMXIVME�� -X�TVSZMHIW� JSV�
XLI� MWWYERGI�SJ�E�WIVMIW�SJ�HIGVIIW�F]�
XLI� 1MRMWXV]� SJ� LIEPXL� SJ� E� XIGLRMGEP�
nature through which the intervention 
criteria have been established, the 
operating procedures to be adopted 
JSV�XLI�LERHPMRK�SJ�QEXIVMEPW�GSRXEMRMRK�
EWFIWXSW�� XLI� QIXLSHW� JSV� EWWIWWMRK�
XLI� VMWO� ERH� WEJIX]� TVSGIHYVIW� XS� FI�
taken in materials removal work.
8LI�ƼVWX�SJ�XLIWI�QMRMWXIVMEP�HIGVIIW�MW�
(�� 1�� �� 7ITXIQFIV� ����� �6IKYPEXMSRW�

These mandatory communications are 
preventive, ie they concern activities 
that have not yet been carried out.
To arrive at an assessment on the 
RIIH� ERH� YVKIRG]� SJ� VIQIHMEXMSR�
STIVEXMSRW� JSV� EWFIWXSW�GIQIRX�
VSSƼRK� �'%�� EPKSVMXLQW� LEZI� FIIR�
developed over time to obtain objective 
ERH� VITVSHYGMFPI� VIWYPXW�� )\EQTPIW�
SJ� EPKSVMXLQW� GYVVIRXP]� MR� YWI� EVI� XLI�
JSPPS[MRK�

• -RHI\�)4%
• -RHI\�*)66-7
• -RHI\�:)67%6
• %10)83� Ɓ� 1SHIP� JSV� XLI�

EWWIWWQIRX� SJ� XLI� WXEXI� SJ� XLI�
'%�VSSƼRK�SJ�XLI�)QMPME�6SQEKRE�
�� 8YWGER]� �� 0SQFEVH]� �� %FVY^^S�
Regions.

%10)83�MW�ER�EPKSVMXLQ�FEWIH�SR�E�X[S�
dimensional model that has the purpose 
SJ�TVSZMHMRK�ER�STIVEXMZI�XSSP�XS�SFXEMR�
indications on the actions that must 
be taken towards cement materials 
GSRXEMRMRK��I\TSWIH��EWFIWXSW�
8LI� MRHMGEXSVW� GSRWMHIVIH� VIJIV� XS� X[S�
TEVEQIXIV�JEQMPMIW�

• 8LI�GSRXI\X�MR�[LMGL�XLI�FYMPHMRK�MW�
inserted

• 8LI� WXEXI� SJ� GSRWIVZEXMSR� SJ� XLI�
material

The calculation is made by adding the 
scores assigned to the parameters 
XLEX� HIWGVMFI� XLI� GSRXI\X� MR�[LMGL� XLI�
GSZIVEKI� MW� PSGEXIH�� SJ�[LMGL� XLI� XSXEP�
MW� WLS[R� SR� XLI� EFWGMWWE� E\MW� SJ� XLI�
graph, and the scores attributed to the 
TEVEQIXIVW� XLEX� HIWGVMFI� XLI� WXEXI� SJ�
GSRWIVZEXMSR� SJ� XLI� GSZIVEKI�� XEOMRK�
EGGSYRX� SJ� XLI� WGSVI� SR� XLI� [SVWX�
WMHI��[LSWI� XSXEP� MW�WLS[R�SR� XLI�E\MW�
SJ� XLI� GLEVX�W� SVHMREXIW�� 8LI� TEMV� SJ�
ZEPYIW� XLYW� SFXEMRIH� MHIRXMƼIW� E� TSMRX�
SR�XLI�'EVXIWMER�TPERI� MRGPYHIH� MR�SRI�
SJ� XLI�JSYV�EVIEW� MR�[LMGL�XLI�KVETL� MW�
WYFHMZMHIH� ERH� XS� [LMGL� XLI� HMJJIVIRX�
actions to be undertaken correspond.
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%R� IJJIGXMZI� QEREKIQIRX� SJ� LIEPXL�
ERH� WEJIX]� MR� XLI� [SVOTPEGI� EVMWIW�
JVSQ� E� TVIZIRXMZI� ERH� EGGYVEXI�
analysis, assessment and subsequent 
VMWO� QEREKIQIRX�� ,IRGI� XLI� RIIH�
to have methodologies and support 
tools that, through the acquisition 
ERH� QEREKIQIRX� SJ� HEXE�� EPPS[� XLI�
VIGSKRMXMSR� ERH� GLEVEGXIVM^EXMSR� SJ�
XLI� VMWOW� XLEX� [I� MRXIRH� XS� EREP]^I��
evaluate and manage in scenarios 
ERH� STIVEXMSREP� GSRXI\XW�� ;MXL�
XLMW� MR� QMRH�� -2%-0�� XLI� 2EXMSREP�
-RWXMXYXI� JSV� ;SVOTPEGI� %GGMHIRX�
-RWYVERGI�� XLVSYKL� XLI� (ITEVXQIRX� SJ�
8IGLRSPSKMGEP� -RRSZEXMSRW� ERH� 7EJIX]�
SJ� 4PERXW�� 4VSHYGXW� ERH� %RXLVSTMG�
7IXXPIQIRXW�� MW� GSQQMXXIH� XS� EREP]^I�
the risk assessment process, to provide 
QSHIPW� SJ� WMQTPMƼIH� ERH� WXERHEVHM^IH�
risk analysis and management and 
SVKERM^EXMSREP� QSHIPW� HIHMGEXIH� XS�
small business types where the risk 
underestimation could be greater, 
MHIRXMJ]MRK� XLI� [IEOIWX� TLEWIW�
�QEXIVMEPW�� TVSGIHYVIW�� SVKERM^EXMSR��
ERH� HIZIPSTMRK� WYFWMHM^IH� TVSGIHYVIW�
HIVMZIH� JVSQ� VMWO� EREP]WMW� QIXLSHW��
FMEA and FTA, already used in reality 
SJ� WMKRMƼGERX� WM^I� ERH� GLEVEGXIVM^IH�
by greater risks. The research activity 
MW� SVMIRXIH� XS� XLI� HIZIPSTQIRX� SJ�
I\TIVMQIRXEP� TVSGIHYVIW� XS� ZIVMJ]� XLI�
WXVYGXYVEP� MRXIKVMX]� ERH� VIPMEFMPMX]� SJ�
GSQTSRIRXW� SV� IPIQIRXW� SJ� TVIWWYVI�
IUYMTQIRX�ERH�PMJXMRK�W]WXIQW��FEWIH�SR�
JEMPYVI�EREP]WMW�ERH�JVEGXYVI�QIGLERMGW�
With this study we intend to proceed 
with a probabilistic risk assessment, 
using the Risk Analysis tools.
8S� IZEPYEXI� XLI� VMWO� SJ� E� W]WXIQ� X[S�
ETTVSEGLIW�GER�FI�YWIH�

• *SV[EVH� EREP]WMW�� [I� WXEVX� JVSQ�
E� WIX� SJ� IZIRXW� ERH� [I� TVSGIIH�
JSV[EVH� XS� EREP]^I� [LEX� OMRH� SJ�
QEPJYRGXMSRMRK� XLI]� GER� KIRIVEXI�
MR� XLI� W]WXIQ�� -X� MW� XLIVIJSVI�
a preventive study aimed at 
eliminating critical system issues 
FIJSVI� XLI� MRGMHIRX� SGGYVW�� 8LI�
EREP]WMW�QIXLSHW� SJ� XLMW� X]TI� EVI�
EW�JSPPS[W�
• -()*� �� -RXIKVEXMSR� (IƼRMXMSR�

Language
• 7,)00� �� 7SJX[EVI� �RSVQI��
,EVH[EVI��WXVYQIRXM��)RZMVSRQIRX�
�EQFMIRXI�� 0MZI[MVI� �TIVWSRE� MR�
EXXMZMXʚ
• *1)%� Ɓ� *EMPYVI� 1SHI� ERH�
)JJIGX�%REP]WMW

• &EGO[EVH� EREP]WMW�� MX� WXEVXW� JVSQ�
XLI� QEPJYRGXMSRMRK� SJ� XLI� W]WXIQ�
ERH�[I�KS�XS�PSSO�JSV�XLI�TSWWMFPI�
XVMKKIVMRK� GEYWIW� �IZIRXW�� 8LI�
EREP]WMW�QIXLSHW� SJ� XLMW� X]TI� EVI�
EW�JSPPS[W�
• -6�Ɓ�-RGMHIRX�6ITSVXMRK
• 6'%�Ɓ�6SSX�'EYWIW�%REP]WMW�
• *8%�Ɓ�*EYPX�8VII�%REP]WMW

6IKEVHPIWW� SJ� XLI� QIXLSHSPSK]�
YWIH�� XLI� TVMSVMX]� GSRHMXMSRW� JSV� XLI�
GSVVIGX� MQTPIQIRXEXMSR� SJ� E� 6MWO�
Analysis system are the correct initial 
GPEWWMƼGEXMSR� SJ� XLI� TSXIRXMEP� IVVSV�
ERH� XLI� GSVVIGX� HIGSQTSWMXMSR� SJ� XLI�
TVSGIWW� JSV� XLI� MHIRXMƼGEXMSR� SJ� XLI�
microactivity in which the error resides.
-R� XLMW� TETIV�� [I� GLSSWI� XS� YWI� XLI�
JSPPS[MRK�6MWO�%REP]WMW�XSSPW�

• *EYPX�8VII�%REP]WMW� �*8%�S�%PFIVS�
dei guasti

• *EMPYVI� 1SHI� ERH� )JJIGX� %REP]WMW�
�*1)%� S� %REPMWM� HIM�QSHM� I� HIKPM�
IJJIXXM�HIM�KYEWXM�
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8LI� *EYPX� 8VII� %REP]WMW� �*8%� MW� E�
HIHYGXMZI� QIXLSH�� MX� WXEVXW� JVSQ� ER�
undesired event to determine (or rather 
HIHYGI� XLI� RIGIWWEV]� ERH� WYƾGMIRX�
causes in a systematic way, through 
E� FEGO[EVH� TVSGIHYVI� JSV� WYGGIWWMZI�
steps. 
The Fault Tree Analysis was developed 
JSV� XLI� ƼVWX� XMQI� MR� ����� EX� XLI� &IPP�
0EFSVEXSVMIW� SJ� ,%� ;EXWSR�� EW� TEVX�
SJ� E� GSRXVEGX� SJ� XLI� �97� %MV� *SVGI�
&EPPMWXMGW�7]WXIQW�(MZMWMSR��XS�IZEPYEXI�
XLI� �1MRYXIQER� 0EYRGL� 'SRXVSP�
7]WXIQ���(EZI�,EEWP��XLIR�EX�XLI�&SIMRK�
'SQTER]�� VIGSKRM^IH� XLI� ZEPYI�SJ� XLMW�
MRWXVYQIRX� ERH�� MR� ����������� PIH� E�
XIEQ� MR� XLI� ETTPMGEXMSR� SJ� XLI� *8%� JSV�
ER� IRXMVI� �1MRYXIQER� 1MWWMPI� 7]WXIQ��
�MI�MX�I\XIRHIH�XLI�WGSTI�SJ�XLI�EREP]WMW�
to the universal system, not just to the 
GSRXVSP� W]WXIQ�� 3XLIV� GSQTEVXQIRXW�
within the same company noted the 
results that this program was able 
to provide and began to use the FTA 
EPWS� MR� XLI� HIWMKR� SJ� GMZMPMER� EMVGVEJX��
-R� ����� &SIMRK� ERH� XLI� 9RMZIVWMX]� SJ�
;EWLMRKXSR�TVSQSXIH�XLI�ƼVWX�7IGYVMX]�
7]WXIQW�'SRJIVIRGI��[LMGL�WE[�QER]�
*8%� QEKE^MRIW� TVIWIRX�� QEVOMRK� XLI�
FIKMRRMRK�SJ�MXW�[SVPH[MHI�VIPIEWI�
Failure tree analysis was, in the mid-
WIZIRXMIW�� SRI� SJ� XLI� QSWX� TSTYPEV�
TVSFEFMPMWXMG� XIGLRMUYIW� MR� 46%� ��
4VSFEFMPMWXMG� 6MWO� %WWIWWQIRX�� 8LYW��
EX� XLI� FIKMRRMRK� SJ� XLI� %TSPPS� TVSNIGX��
it was used to evaluate the probability 
SJ�WYGGIWW�MR�WIRHMRK�EWXVSREYXW�XS�XLI�
Moon and their return to Earth in good 
condition. The result was a probability 
SJ� WYGGIWW� SJ� XLI� QMWWMSR� XLEX� [EW�
unacceptably low, against the decidedly 
TSWMXMZI� SYXGSQI� SJ� XLI� VIEP� QMWWMSR��
8LMW� VIWYPX� LEW� XLIVIJSVI� HMWGSYVEKIH�
2%7%� JVSQ�YWMRK� XLMW� X]TI�SJ� EREP]WMW�
YRXMP�XLI������7TEGI�7LYXXPI�'LEPPIRKIV�
EGGMHIRX��%JXIV�XLEX�WEH�ITMWSHI��2%7%�
HIGMHIH�EKEMR�XS�VIP]�SR�XLI�YWI�SJ�JEYPX�
EREP]WMW� �*8%� ERH� IJJIGXW� EREP]WMW�
�*1)%� XSKIXLIV� [MXL� SXLIV� UYEPMXEXMZI�
QIXLSHW�JSV�XLI�IZEPYEXMSR�SJ�XLI�WEJIX]�
system.
-R� EHHMXMSR�� XLI� *8%� LEW� IEVRIH� MXW�
TPEGI� SZIV� XLI� ]IEVW� EW� E� XSSP� JSV�
WEJIX]� EWWIWWQIRX�� VMWO� EWWIWWQIRX��

MRZIWXMKEXMSR�SJ�EGGMHIRXW�ERH�VIPMEFMPMX]��
8LI� RYQFIV� SJ� XVII� HMEKVEQW� GVIEXIH�
over time shows that the interest in 
the FTA is not declined, but currently 
remains constant over time. As with 
any new discovery, there have been 
criticisms over the years, but the 
YRIUYMZSGEP� FIRIƼXW� ERH� WXVIRKXL� SJ�
the FTA have discredited the arguments 
against it. Thus the FTA has become 
XSHE]� ER� MRWXVYQIRX� VIGSKRM^IH� ERH�
used internationally.
8LI� GVIEXMSR� SJ� E� *8%� MRZSPZIW� XLI�
JSPPS[MRK�WXITW�

1. -HIRXMJ]�XLI�SFNIGXMZI�SJ�XLI�*8%�
2. (IƼRI�XLI�*8%�XST�IZIRX�
3. (IƼRI�XLI�TYVTSWI�SJ�XLI�*8%�
4. (IƼRI�XLI�VIWSPYXMSR�SJ�XLI�*8%�
5. (IƼRI�XLI�FEWMG�VYPIW�SJ�XLI�*8%�
6. &YMPHMRK�XLI�*8�
7. )ZEPYEXI�XLI�*8�
8. -RXIVTVIX�ERH�TVIWIRX�XLI�VIWYPXW�

The basic concept that drives the 
HIZIPSTQIRX� SJ� XLI� *8� MW� �XLMROMRK�
WQEPP��� -R� JEGX�� WXEVXMRK� JVSQ� XLI�
XST� IZIRX� HIƼRIH�� MX� MW� RIGIWWEV]� XS�
MHIRXMJ]� SRP]� XLSWI� GEYWIW�� RIGIWWEV]�
ERH� WYƾGMIRX�� [LMGL� EVI� MQQIHMEXIP]�
preceding.  That is, you should not jump 
directly to the root causes, but you 
LEZI� XS� TVSGIIH� JSV� WQEPP� WYGGIWWMZI�
steps through the causes immediately 
TVIGIHMRK� XLI� IZIRX� EREP]^IH�� 8LMW�
FEGO[EVH�TVSGIHYVI��SRP]�EJXIV�WIZIVEP�
steps, will end with the basic causes 
XLEX� GSRWXMXYXI� XLI� VIWSPYXMSR� SJ� XLI�
analysis.
The FT is presented as a graphical 
VIHYGXMSR� SJ� XLI� PSKMGEP� VIPEXMSRWLMTW�
FIX[IIR� JEYPX� IZIRXW� XLEX�� [MXL� XLIMV�
SGGYVVIRGI�� PIEH� XS� XLI� GVIEXMSR� SJ�
ER� MRMXMEXSV� IZIRX� �SV� XST� IZIRX�� 8LI�
IZIRXW� XLEX� GER� FI� JSYRH� MR� SRI� SJ�
these diagrams can be grouped into 5 
GEXIKSVMIW�� FEWMG� IZIRX�� MRXIVQIHMEXI�
event, top event, undeveloped event 
and conditioning event. The events 
are located in the tree with a precise 
LMIVEVGLMGEP� SVHIV�� HIƼRIH� F]� XLI�
WXVYGXYVI� SJ� XLI� W]WXIQ� ERH� XLI�
PSKMG� SJ� GSVVIPEXMSR�� 8LI]� EVI� EPWS�
[IPP� MHIRXMƼEFPI� F]� E� GSRZIRXMSREP�

symbology, as are the logical gates that 
connect events to one another.  There 
EVI�X[S�QEMR�X]TIW�SJ�PSKMGEP�KEXIW��XLI�
36�KEXI� ERH� XLI� %2(�KEXI�� %PP� SXLIV�
X]TIW�EVI�WYFWTIGMIW�SJ�XLIWI�X[S�

5ǗȳǠǣǘȳǘǣǖȨ� ȨǖȳǠǗȳǘǣǝǞ� ǝǦ� ǘǤȨ� ǦȳǗǠǘ�
ǘǚȨȨ�

3RGI� XLI� JEYPX� XVII� LEW� FIIR� HVE[R��
its characteristics can be evaluated 
using the Boolean equations. The 
events correspond to the variables 
ERH�XLI�PSKMGEP�KEXIW�XS�XLI�STIVEXMSRW��
XLI� 36�+EXI�� VITVIWIRXMRK� XLI� YRMSR�
between the events, corresponds to the 
WYQ� ERH� XLI� %2(�+EXI�� VITVIWIRXMRK�
the intersection between the events, 
corresponds to the product.

� 8LMW� HIƼRIW� XLI� 8ST� )ZIRX� MR� XIVQW�
SJ� 1MRMQEP� 'YX� 7IXW�� SV� XLI� WQEPPIWX�
GSQFMREXMSR�SJ�IZIRXW�XLEX��MJ�EPP�ZIVMƼIH��
GEYWI�XLI�SGGYVVIRGI�SJ�XLI�8ST�)ZIRX�

5ǗȳǞǘǣǘȳǘǣǖȨ� ȨǖȳǠǗȳǘǣǝǞ� ǝǦ� ǘǤȨ� ǘǝǜ�
ȨǖȨǞǘ�

When the Top Event equation is 
I\TVIWWIH�MR�XIVQW�SJ�1MRMQEP�'YX�7IXW��
XLI�TVSFEFMPMX]�SJ�SGGYVVIRGI�SJ�XLI�8ST�
)ZIRX�GER�FI�ETTVS\MQEXIH�EW�XLI�WYQ�
SJ�XLI�TVSFEFMPMXMIW�SJ�IEGL�QMRMQEP�GYX�
set.

8LI� TVSFEFMPMX]� SJ� SGGYVVIRGI� SJ� ER�
IZIRX�MW�HIƼRIH�F]�XLI�TVSHYGX�FIX[IIR�
XLI�JEMPYVI�VEXI��Ä�ERH�XLI�VIPIZERX�XMQI�
MRXIVZEP��X�

8LI� JEMPYVI� VEXI� GSVVIWTSRHW� XS� XLI�
JVIUYIRG]� SJ� SGGYVVIRGI� SJ� ER� IZIRX��
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*MKYVI����7XVYGXYVI�SJ�XLI�JEYPX�XVII�JSV�XLI�IUYEXMSR�(�!�%����&���'�

*1)%� �� *%-096)�13()�%2(�)**)'8�
%2%0=7-7�

*EMPYVI� 1SHI� ERH� )JJIGX� %REP]WMW� MW� E�
XIGLRMUYI� JSV� EWWIWWMRK� XLI� VIPMEFMPMX]�
SJ� E� TVSNIGX� F]� GSRWMHIVMRK� TSXIRXMEP�
JEMPYVIW�ERH�XLIMV�IJJIGXW�SR�XLI�W]WXIQ��
-X� EMQW� XS� HIƼRI� GSVVIGXMZI� EGXMSRW� XS�
QMRMQM^I� XLI� IJJIGXW� SJ� JEMPYVI�QSHIW��
+IRIVEPP]�� FYX� RSX� RIGIWWEVMP]�� XLI�
EREP]WMW�MW�TIVJSVQIH�MR�EHZERGI�ERH�MW�
XLIVIJSVI�FEWIH�SR�XLISVIXMGEP�ERH�RSR�
I\TIVMQIRXEP� GSRWMHIVEXMSRW�� *1)%�
EREP]WMW�GER�EPWS�FI�YWIH�EW�E�FEWMW�JSV�
XLI�IZEPYEXMSR�SJ�E�VIHIWMKR��E�TVSTSWIH�
VITPEGIQIRX� HYVMRK� QERYJEGXYVMRK��
assembly, installation and control 
phases. 
The FMEA originated in the United 
7XEXIW� SR�2SZIQFIV� ��� ������[MXL� XLI�
MRXVSHYGXMSR� SJ� XLI� QMPMXEV]� TVSGIHYVI�
�1-0�4������� �4VSGIHYVIW� JSV�
4IVQMWWMSRMRK� XS�*EMPYVI�1SHI��)JJIGXW�
ERH�'VMXMGEPMX]�%REP]WMW��[MXL�XLI�EMQ�SJ�
GPEWWMJ]MRK�JEMPYVIW�FEWIH�SR�XLI�MQTEGX�
SR� XLI� WYGGIWW�SJ� XLI�QMWWMSR�ERH�SR�
XLI�WEJIX]�SJ�TIVWSRRIP�ERH�IUYMTQIRX�
-R� XLI� ��W� MX� [EW� ETTPMIH� JSV� %TSPPS�
space missions.
7YFWIUYIRXP]��MR�XLI���W��MX�[EW�YWIH�F]�
the automaker Ford to reduce the risks 
SR�E�GEV�QSHIP��XLI�4MRXS��XLMW�GEV�LEH�E�
VITIXMXMZI�TVSFPIQ�SJ�FVIEOMRK�XLI�XERO�
[LMGL�GEYWIH�ƼVIW�MR�GEWI�SJ�EGGMHIRXW�
-R� ������ 'LV]WPIV�� *SVH� ERH� +IRIVEP�
1SXSVW�� WTSRWSVIH� F]� XLI� 97'%6�
�9RMXIH� 7XEXIW� 'SYRGMP� JSV� %YXSQSXMZI�
6IWIEVGL�� JSVQEPM^IH� E� GSQQSR�
TVSGIHYVI�JSV�XLI�MQTPIQIRXEXMSR�SJ�XLI�
FMEA. 
8S�HEXI��XLI�YWI�SJ�XLI�*1)%�MW�JSVIWIIR�
by various quality management 
W]WXIQW�� 8LMW� EREP]WMW� MW� SRI� SJ�
XLI� QEMR� GSQTSRIRXW� SJ� XLI� 44%4�
�4VSHYGXMSR� 4EVX� %TTVSZEP� 4VSGIWW�
ERH�MW�EPWS�ETTPMIH�[MXLMR�XLI�7M\�7MKQE�

HIƼRIH� EW� XLI� VEXMS� FIX[IIR� XLI�
RYQFIV� SJ� MRNYVMIW� ERH� XLI� RYQFIV� SJ�
hours worked. The relevant time interval 
considered corresponds to the duration 
SJ� XLI� [SVO� MR� LSYVW�� VIPEXMZI� XS� XLI�
WTIGMƼG�GSRWXVYGXMSR�WMXI�

Asbestos Hazards Analysis in Construction Projects With the 
)DXOW�7UHH�$QDO\VLV�DQG�WKH�)DLOXUH�0RGH�DQG�(ࢼHFW�$QDO\VLV

S. Marchello
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*8%�%2(�*1)%�*36�,%>%6(�
%77)771)28�3*�%7&)7837��
633*-2+�6)13:%0�463')(96)7��
'%7)�789(=�

The developed approach involves a 
probabilistic risk assessment, using the 
XSSPW� SJ� XLI� *8%� �� *EYPX� 8VII� %REP]WMW�
ERH�XLI�*1)%���*EMPYVI�1SHI�ERH�)JJIGX�
Analysis. The analysis is carried out 
on the three remediation techniques, 
EREP]^MRK�JSV�IEGL�XLI�STIVEXMSRW�XS�FI�
carried out, the products to be used, the 
individual protection devices to wear 
ERH� XLI�STIVEXMSR�[SVO�TVSGIHYVIW� JSV�
WEJIX]�
To carry out the analysis, a work carried 
SYX�F]�E�GSQTER]�SJ�&SPSKRE��PIEHIV�MR�
XLI� ƼIPH� SJ� HIGSRXEQMREXMSR�QEXIVMEPW�
GSRXEMRMRK� EWFIWXSW�� [EW� I\EQMREXIH�
SR� ER� )XIVRMX� VSSJ� SJ� ER� EKVMGYPXYVEP�
building located in Minerbio, in the 
TVSZMRGI�JVSQ�&SPSKRE�
*SV�XLI�TYVTSWIW�SJ�XLMW�WXYH]�XLI�-2%-0��
-78%8� ERH� 'SRJEVXMKMEREXS� VITSVXW��
WTIGMƼG� SJ� GSRWXVYGXMSR� WIGXSV�� [IVI�
GSRWYPXIH� XS� SFXEMR� ZEPYIW� SJ� JEMPYVI�
rate and relevant time interval. The 
MRNYV]� MW� XLI� VIWYPX� SJ� WYGGIWWMSR� SJ�
WIZIVEP� HMJJIVIRX� IZIRXW� GSRRIGXIH� XS�
each other, whose study represents 
ER� MQTSVXERX� WXIT� MR� XLI� MHIRXMƼGEXMSR�
SJ� QEMR� VMWO� JEGXSVW� ERH� GSRWIUYIRX�
HIZIPSTQIRX� SJ� IJJIGXMZI� TVIZIRXMSR�
strategies. Knowing how accidents 
SGGYVVIH� MW� XLI� FEWMW� JSV� E� GSVVIGX�
prevention and protection action, but 
E� LSQSKIRISYW� MRJSVQEXMSR� W]WXIQ�
QYWX�FI�YWIH�JSV�VIGSVHMRK�HEXE�VIPEXIH�
to accidents in order to make them 
GSQTEVEFPI��7MRGI�XLI�����W��XLMW�RIIH�
LEW�PIH�XS�XLI�HIZIPSTQIRX�SJ�E�TVSNIGX�
GEPPIH�)7%;��ER�EGVSR]Q�JSV�)YVSTIER�
7XEXMWXMG�SJ�%GGMHIRXW�EX�;SVO�� GVIEXIH�
[MXL� XLI� EMQ� SJ� YWMRK� VIGSKRM^IH� ERH�
HIƼRIH�GSHIW�EX�)YVSTIER�PIZIP�JSV�XLI�
GEXEPSKMRK�SJ�EGGMHIRXW�� -2%-0� XLVSYKL�
XLI� )7%;� ZEVMEFPIW� GSHMƼIW� EGGMHIRX�
VITSVXW�� GEYWIW� ERH� GMVGYQWXERGIW�
reported in the individual complaints 
are traced to codes and constitute an 
MRHMWTIRWEFPI�HEXEFEWI�JSV�TVIZIRXEXMZI�
analysis. Within its database, which can 
FI� GSRWYPXIH� SRPMRI�� -2%-0� TVSZMHIW�
HEXE�SR� MRNYVMIW� VITSVXIH� JSV�IEGL� X]TI�
SJ�EGXMZMX]�ERH�MX�MW�TSWWMFPI�XS�ƼPXIV�XLI�
WIEVGL�XLVSYKL�XLI�ZEVMEFPIW�SJ�WTIGMƼG�
MRXIVIWX�� *VSQ� XLI� GSQFMREXMSR� SJ� XLI�
ZEVMEFPIW� [I� SFXEMRIH� XLI� RYQFIV� SJ�

methodology, a quality management 
TVSKVEQ� FEWIH� SR� XLI� GSRXVSP� SJ� XLI�
average square deviation (indicated 
[MXL�XLI�+VIIO�PIXXIV�WMKQE�XLEX�LEW�XLI�
EMQ�SJ�FVMRKMRK�XLI�UYEPMX]�SJ�E�TVSHYGX�
or service to a certain level, particularly 
JEZSVEFPI�XS�XLI�GSRWYQIV�
%REP]WMW�GSRWMWXW�MR�MHIRXMJ]MRK�XLI�JEYPX�
QSHIW�� ER� IPIQIRX� SV� TVSGIWW� SJ� XLI�
W]WXIQ��ERH� JSV� IEGL� JEMPYVI�QSHI� XLI�
TSWWMFPI�IJJIGXW�ERH�EPP�TSXIRXMEP�GEYWIW�
are determined.
3RGI�XLIWI�EWTIGXW�LEZI�FIIR�HIƼRIH��
JSV� IEGL� MHIRXMƼIH� GEYWI�� XLI� 6MWO�
4VMSVMX]� -RHI\� MW� GEPGYPEXIH�� HIƼRIH� F]�
XLI�TVSHYGX�SJ�XLVII�JEGXSVW�
3� Ɓ� 3GGYVVIRGI� Ɓ� 4VSFEFMPMX]SJ�
occurring the cause.
7Ɓ�7IZIVMX]�SJ�XLI�TSXIRXMEP�IJJIGX�
(Ɓ�(IXIGXEFMPMX]� SJ� XLI� GEYWI�� MX� MW� XLI�
TVSFEFMPMX]� SJ� MHIRXMJ]MRK� XLI� GEYWI�
through the controls normally used in 
the process.
These indices are evaluated with a 
WGEPI�JVSQ���XS�����[LIVI���VITVIWIRXW�
XLI�QMRMQYQ�VMWO�ERH����XLI�QE\MQYQ��
8LYW�� E� ZEPYI� SJ� 6MWO� 4VMSVMX]� 2YQFIV�
�642�FIX[IIR���ERH������MW�SFXEMRIH��
[LMGL� LMKLPMKLXW� XLI� WIVMSYWRIWW� SJ�
XLI� TVSFPIQ� XS� IWXEFPMWL� E� TVMSVMX]� SJ�
MRXIVZIRXMSR�� XLI� TVSFPIQW� [MXL� QENSV�
642�[MPP�FI�GPIEVP]�EHHVIWWIH��JSV�[LMGL�
corrective actions must be decided 
XS� EPPS[� KVIEXIV� GSRXVSP� SJ� XLI� GEWIW�
I\EQMRIH�
8S� VIHYGI�3GGYVVIRGI� JEGXSVMX� EGXW� SR�
prevention, through adequate training 
ERH�STIVEXMSREP�SVKERM^EXMSR��XS�VIHYGI�
XLI� 7IZIVMX]� JEGXSV�� SR� XLI� SXLIV� LERH��
TVSXIGXMSR� MW� ETTPMIH�� ERH� XLIVIJSVI�
YWMRK�44)�ERH�(4'��4VIZIRXMZI�GSRXVSPW�
GER�FI�QEHI� XS�HIGVIEWI� XLI� MRHI\�SJ�
Detectability.
*1)%� GER� FI� VITIEXIH� JSPPS[MRK� XLI�
MQTVSZIQIRX� EGXMSRW� XS� GLIGO� MJ� XLI�
ZEPYIW�SJ�XLI�642�MRHI\�LEZI�HIGVIEWIH��
8LIVIJSVI�� E� RI[� L]TSXLIXMGEP� 642�
MRHI\� ZEPYI� MW� SFXEMRIH� XS� IWXMQEXI�
XLI� IJJIGX� SJ� XLI� MRXIVZIRXMSRW� ETTPMIH�
and to highlight the items on which to 
intervene subsequently.
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8LI� VIQIHMEXMSR� SJ� ER� )XIVRMX� VSSƼRK�
with the encapsulation technique 
MRZSPZIW�XLI�JSPPS[MRK�STIVEXMSREP�WXITW�

• 4VIPMQMREV]� EWWIWWQIRX� SJ� XLI�
GSZIVEKI�WXEXYW�

• 7MXI�GSRWXVYGXMSR�
• 'PIERMRK� ERH� TVITEVEXMSR� SJ� XLI�

WYTTSVX�
• )RGETWYPEXMSR�
• +EVFEKI�GSPPIGXMSR�
• 9RHVIWWMRK�
• Maintenance and control.

�0IX�W�RS[�PSSO�EX�XLI�ETTPMGEXMSR�SJ�XLI�
Fault Tree Analysis to remediation by 
encapsulation.

EGGMHIRXW�JSV�XLI�TYVTSWIW�SJ�VIWIEVGL��
3R�XLI�FEWMW�SJ�-2%-0�HEXEFEWI��JSV�XLI�
TYVTSWIW�SJ�E�QSVI�VETMH�ERH�GSQTPIXI�
MHIRXMƼGEXMSR�SJ�MRNYVMIW��E�HEXEFEWI�[EW�
prepared containing all the possible 
events that cause the injury and the 
material agents involved in such events. 
8LMW�IPEFSVEXMSR�[EW�GEVVMIH�SYX�JSV�XLI�
GSRWXVYGXMSR�WIGXSV��XLI�EVIE�SJ�MRXIVIWX�
JSV� XLMW� WXYH]�� *VSQ� XLI� GSQFMREXMSR�
SJ� HIZMEXMSR�� SV� VEXLIV� XLI� EGXMSR� XLEX�
PIH� XS� XLI� SGGYVVIRGI� SJ� XLI� EGGMHIRX��
and the material agent involved in the 
HIZMEXMSR�� XLI� RYQFIV� SJ� EGGMHIRXW� SJ�
MRXIVIWX�JSV�XLI�TYVTSWIW�SJ�TVSFEFMPMWXMG�
calculations is obtained.
-RWXIEH�XLI�RYQFIV�SJ�[SVO�LSYVW�[EW�
SFXEMRIH�JVSQ�XLI�'SRJEVXMKMEREXS�WMXI��
in the construction report based on 
-78%8�WXEXMWXMGW�

The Top Event is represented by the 
VMWO� XLEX� MW� FIMRK� EREP]^IH�� XLEX� MW� XLI�
MRLEPEXMSR�SJ�XLI�EWFIWXSW�ƼFIVW��[LMGL�
VITVIWIRXW� XLI� JEMPYVI� SJ� XLI� TVSGIWW��
%W� XLI� ƼVWX� MRXIVQIHMEXI� IZIRXW�� XLI�
operating phases during which the Top 
)ZIRX�GSYPH�SGGYV�� ERH� XLI�ƼVWX� PSKMGEP�
KEXI�YWIH�MW�XLEX�SJ�XLI�36�+EXI��WMRGI�
we want to impose that the TE occurs 
MJ� IZIR� SRI� SJ� XLI� MRTYXW� MW� SGGYV�� %PP�
MRTYXW� EVI� WIGSRHEV]� JEMPYVIW� SJ� E�
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*MKYVI����4LEWI���SJ�GSRWXVYGXMSR�SJ�XLI�*8�
*MKYVI����4LEWI���SJ�XLI�GSRWXVYGXMSR�SJ�XLI�*8�

system component, so they must be 
JYVXLIV�HIZIPSTIH� XLVSYKL�ERSXLIV�36�
+EXI�
*SV�I\EQTPI��XLI��4VIPMQMREV]�GPIERMRK��
IZIRX� MW� HIZIPSTIH�� 8LI� JEMPYVI� HYVMRK�
XLMW� TLEWI� SGGYVW� MJ�� JSV� I\EQTPI�� E�
QEGLMRI�VIPEXIH�JEYPX�SGGYVW��SV�MJ�XLIVI�
MW� E� PIWMSR� MR� XLI�GSZIV�� SV� MJ� XLIVI� MW� E�
JEYPX�VIPEXIH�XS�XLI�44)��
*SV�I\EQTPI�� XLI�IZIRX� MW�HIZIPSTIH�XS�
XLI�QEGLMRIV]��-X�GER�SGGYV�MJ�XLIVI�MW�E�
QEPJYRGXMSR�SV�MJ�MX�MW�QMWYWIH�
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8LI�QEPJYRGXMSR�GER�MR�XYVR�FI�GEYWIH�
F]� ER� IPIGXVMGEP� JEYPX�� FYX� XLMW� JEMPYVI�
could be avoided through preventive 
QEMRXIRERGI� SV� GSRXVSP�� 8LIVIJSVI� XLI�
�*EMPIH� QEMRXIRERGI�� IZIRX� FIGSQIW�
E� GSRHMXMSR� XS� FI� MQTSWIH� JSV� XLI�
SGGYVVIRGI� SJ� XLI�QEPJYRGXMSR��3R� XLI�
SXLIV� LERH�� XLI� IZIRX� �1MWYWIH�� GER�
LETTIR� MJ� XLI�[SVOIV�� JSV�I\EQTPI��LEW�
RSX� VIGIMZIH� EHIUYEXI� XVEMRMRK� ERH� MJ�
there is no control during the work, 
otherwise the error could be noticed. 
This proceeds with the construction 
SJ�XLI�JEYPX�XVII�YRXMP�XLI�GEYWIW�EVI�EPP�
represented by basic events that can 
RSX�FI�JYVXLIV�HIZIPSTIH�
3RGI� XLI� *EYPX� 8VII� LEW� FIIR� FYMPX�� MR�
SVHIV� XS�TVSGIIH�[MXL�ER�IZEPYEXMSR�SJ�
the Top Event, the event descriptions are 
replaced with the corresponding codes. 
-R� XLI� TVIWIRX� WXYH]� XLI� MRXIVQIHMEXI�
events were indicated with the letter E, 

ƼFIVW� HYVMRK� XLI� VIQIHMEXMSR� [SVO� MW�
����ƍ������WS�ETTVS\MQEXIP]���]EVHW�TIV�
million.
%W�MX�GER�FI�WIIR�JVSQ�XLI�KVETLW�� XLI�
VMWOMIWX�TLEWIW�EVI��+EVFEKI�GSPPIGXMSR��
ERH��4VIPMQMREV]�GPIERMRKƉ��[LMGL�EJJIGX�
XLI�8)�JSV���	�ERH���	�VIWTIGXMZIP]�

%W� JSV� TVMQEV]� IZIRXW�� XLI� QSWX�
MRƽYIRXMEP� EVI� VIPEXIH� XS� XVEMRMRK� ERH�
GSRXVSP�� [LMGL� EVI� XLI� FEWMW� SJ� E� WEJI�
construction site.
8LI� VIWYPXW� LEZI� GSQI� XS� PMKLX� JVSQ�
*8%� LEZI� FIIR� GSRƼVQIH� F]� *EMPYVI�
1SHIW�ERH�)JJIGXW�%REP]WMW��MRHIIH�XLI�
GEYWIW�[MXL� LMKLIV�642�EVI� VIPEXIH� XS�
TVIPMQMREV]� GPIERMRK� ERH� GSPPIGXMSR� SJ�
waste. 
8LI�QEPJYRGXMSR�GER�MR�XYVR�FI�GEYWIH�
F]� ER� IPIGXVMGEP� JEYPX�� FYX� XLMW� JEMPYVI�
could be avoided through preventive 
maintenance or control. 

with the B the basic events and with the 
'�XLI�GSRHMXMSRMRK�IZIRXW�
Then it proceeds  with the qualitative 
evaluation using the Boolean equations, 

*MKYVI����4LEWI��E�SJ�XLI�GSRWXVYGXMSR�SJ�XLI�*8�
*MKYVI����%PXIVREXMZI�VITVIWIRXEXMSR�SJ�XLI�*8�[MXL�XLI�GSHIW�

EJXIV� XLEX� XLI�IUYEXMSR�QYWX�FI�WSPZIH��
MR� XIVQW� SJ� TVSFEFMPMX]� SJ� SGGYVVIRGI��
XS� LEZI� E�QSVI� GSRGVIXI� ZMWMSR� SJ� XLI�
results obtained.For the encapsulation, 
XLI� TVSFEFMPMX]� SJ� MRLEPMRK� EWFIWXSW�
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8LIVIJSVI� XLI� �*EMPIH� QEMRXIRERGI��
event becomes a condition to be 
MQTSWIH� JSV� XLI� SGGYVVIRGI� SJ� XLI�
QEPJYRGXMSR�� 3R� XLI� SXLIV� LERH�� XLI�
IZIRX� �1MWYWIH�� GER� LETTIR� MJ� XLI�
[SVOIV�� JSV� I\EQTPI�� LEW� RSX� VIGIMZIH�
EHIUYEXI� XVEMRMRK� ERH� MJ� XLIVI� MW� RS�
control during the work, otherwise the 
error could be noticed. This proceeds 
[MXL� XLI� GSRWXVYGXMSR� SJ� XLI� JEYPX� XVII�
until the causes are all represented by 
FEWMG� IZIRXW� XLEX� GER� RSX� FI� JYVXLIV�
developed.
3RGI� XLI� *EYPX� 8VII� LEW� FIIR� FYMPX�� MR�
SVHIV� XS�TVSGIIH�[MXL�ER�IZEPYEXMSR�SJ�
the Top Event, the event descriptions are 
replaced with the corresponding codes. 
-R� XLI� TVIWIRX� WXYH]� XLI� MRXIVQIHMEXI�
events were indicated with the letter E, 
with the B the basic events and with the 
'�XLI�GSRHMXMSRMRK�IZIRXW�
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8LI�VIQIHMEXMSR�SJ�ER�)XIVRMX�GSZIV�F]�
QIERW� SJ� XLI� GSRƼRIQIRX� XIGLRMUYI�
JSVIWIIW� XLI� JSPPS[MRK� STIVEXMSREP�
TLEWIW�

• 4VIPMQMREV]� EWWIWWQIRX� SJ� XLI�
WXEXI�SJ�XLI�GSZIVEKI�

• 7MXI�GSRWXVYGXMSR�
• 'PIERMRK� ERH� TVITEVEXMSR� SJ� XLI�

WYTTSVX�
• )RGETWYPEXMSR�
• 'SRƼRIQIRX�
• +EVFEKI�GSPPIGXMSR�
• 9RHVIWWMRK�
• 3ZIV�Ɓ�VSSƼRK�QEMRXIRERGI�

The same analysis procedure was 
GEVVMIH� SYX� JSV� XLI� VIQIHMEXMSR� F]�
GSRƼRIQIRX�� [LIVI� XLI� TVSFEFMPMX]� SJ�
MRLEPEXMSR�SJ�XLI�EWFIWXSW�ƼFIVW�MW�IUYEP�
XS� ����ƍ������ EFSYX� X[MGI� XLI� TVIZMSYW�
GEWI��-R�XLMW�TVSGIWW��XLI�VMWOMIWX�TLEWI�
MW�TVIGMWIP]�XLI��'SRƼRIQIRX��TLEWI�SJ�
the coverage, which represents about 
��	� SJ� XLI� XSXEP� VMWO� ERH� XLI� QSWX�
MRƽYIRXMEP� TVMQEV]� IZIRXW� EVI� �;SVOIV�
KSIW�HS[R�JVSQ�XLI�FEWOIX�ERH�[EPOW�
SR� XLI� GSZIV� MW� RSX� JIEWMFPI�� ERH�
�-QTVSTIV�YWI�SJ�XLI�XSSPW���

*MKYVI����6MWO�EWWIWWQIRX�SJ�[SVOW�WXITW�
*MKYVI����)\EQTPI�SJ�EREP]WMW�*1)%�)RGETWYPEXMSR�
*MKYVI����6MWO�EWWIWWQIRX�SJ�[SVOW�WXITW�

%ǙȲȨǙǘǝǙ� ǙǠȳȲǙ� ǙȨǟȨȰǣȳǘǣǝǞ� ǘǤǚǝǗǥǤ�
ǚȨǟǝǖȳǠ�

8LI� VIQIHMEXMSR� SJ� ER� )XIVRMX� GSZIV�
using the removal technique involves 
XLI�JSPPS[MRK�STIVEXMSREP�WXITW�

• 4VIPMQMREV]� EWWIWWQIRX� SJ� XLI�
WXEXI�SJ�XLI�VSSƼRK�

• 7MXI�GSRWXVYGXMSR�
• 'PIERMRK� ERH� TVITEVEXMSR� SJ� XLI�

WYTTSVX�
• )RGETWYPEXMSR�

• 6IQSZEP�SJ�1'%�TS[HIVW�JVSQ�XLI�
IEZIW�

• (MWQERXPMRK�SJ�)XIVRMX�WPEFW�
• 4PEXI�QSZIQIRX�
• 4EGOEKMRK�SJ�XLI�VIQSZIH�TPEXIW�
• +EVFEKI�GSPPIGXMSR�
• Undressing.

During the remediation through 
Removal the most risky phase is the 
�(MWQEPXMRK�SJ�)XIVRMX�WPEFW���EW�MX�GSYPH�
FI� I\TIGXIH�� ERH� MX� VITVIWIRXW� EFSYX�
��	�SJ�XLI�XSXEP�VMWO��IUYEP�XS�����ƍ������

Asbestos Hazards Analysis in Construction Projects With the 
)DXOW�7UHH�$QDO\VLV�DQG�WKH�)DLOXUH�0RGH�DQG�(ࢼHFW�$QDO\VLV

S. Marchello
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8LI� EREP]WMW� ERH� EWWIWWQIRX� SJ� VMWO�
XLVSYKL� XLI� ETTPMGEXMSR� SJ� *EYPX� 8VII�
%REP]WMW� ERH� *EMPYVI� 1SHI� ERH� )JJIGX�
Analysis techniques is a valid choice to 
make critical and reasoned choices in 
SVHIV� XS�STXMQM^I�VIWSYVGIW�ERH�EX� XLI�
WEQI�XMQI�IRWYVI�E�LMKL�PIZIP�SJ�WIGY-
VMX]�� XLIWI�QIXLSHW� EPPS[� XLI� EREP]WMW�
SJ�XLI�TVSGIWW�XS�FI�HIEPX�[MXL�MR�HIXEMP��
thus allowing a meticulous evaluation 
SJ� EPP� XLI� TSWWMFPI� GEYWIW� XLEX� PIEH� XS�
XLI�SGGYVVIRGI�SJ� XLI� EGGMHIRX� TLIRS-
QIRSR��-X�MW�XLIVIJSVI�TSWWMFPI�XS�MRXIV-
vene on individual events by making 
preventive changes.
8LI�NSMRX�YWI�SJ�XLI�X[S�XIGLRMUYIW� PI-
ads to an accurate analysis because the 
FTA method, which represents the most 
GSRWMWXIRX�ERH�GSQTPI\�TEVX��EPPS[W�XS�
VIEGL�E�HIƼRMXMSR�ERH�UYERXMƼGEXMSR�SJ�
the risk and its causes, while the FMEA 
QIXLSH� GSRXVMFYXIW� XS� E� FIXXIV� HIƼRM-
XMSR�SJ�XLI�UYERXMƼGEXMSR�SJ�XLI�VMWO�ERH�
its consequences.
3RI�SJ�XLI�JYRHEQIRXEP�EWTIGXW�XS�XEOI�
into consideration when doing an analy-
WMW�SJ�XLMW�X]TI�MW�XLI�WYFNIGXMZI�REXYVI�SJ�
XLI�VMWO�MXWIPJ��[LMGL�PIEHW�XS�SFXEMR�HMJ-
JIVIRX�VIWYPXW�JSV�XLI�WEQI�SFNIGX�YRHIV�
EREP]WMW�HITIRHMRK�SR� XLI�GSRXI\X�� XLI�
HEXE�ERH�XLI�PIZIP�SJ�HIXEMP��XLEX�[LSIZIV�

makes the analysis chooses to take into 
consideration. Another consideration 
to make is that the preponderant com-
ponent is the worker and is associated 
[MXL�XLI�YRGIVXEMRX]�SJ�LYQER�IVVSV��HMJ-
ƼGYPX� XS�HIƼRI� MR�E�WXEXMWXMGEP�[E]��8LI�
TVSFEFMPMX]� SJ� SGGYVVIRGI� SJ� XLI� 8ST�
)ZIRX�� XLIVIJSVI�� FIMRK� XLI� VIWYPX� SJ� E�
product between probabilities related to 
QYPXMTPI�ZEVMEFPIW�SJ�LYQER�IVVSVW��[MPP�
FI�MRƽYIRGIH�F]�E�LMKL�HIKVII�SJ�YRGIV-
XEMRX]�� 8LI� VIWYPXW� SFXEMRIH� EVI� YWIJYP�
EW�MRHMGEXSVW�SJ�XLI�VMWO�EWWSGMEXIH�[MXL�
XLI� WTIGMƼG� TVSNIGX� EREP]^IH�� FYX� XLI]�
EVI�WYFNIGXMZI�ERH�XLIVIJSVI�EJJIGXIH�F]�
numerous uncertainties.
8S� MQTVSZI� XLI� IƾGMIRG]� SJ� *8%� ERH�
FMEA analysis techniques, a more de-
XEMPIH�HEXEFEWI�GSPPIGXMSR�SJ�XLI�WTIGM-
ƼG� TVSGIWWIW� [SYPH� FI� VIUYMVIH�� XLYW�
ensuring the most precise and objective 
VIWYPXW��*SV�I\EQTPI��JSV�XLI�[SVO�HSRI�
MR� XLMW� WXYH]�� E� HEXEFEWI� SJ� MRNYVMIW� SJ�

*MKYVI����6MWO�EWWIWWQIRX�SJ�[SVOW�WXITW�
*MKYVI�����6MWO�EWWIWWQIRX�SJ�%WFIWXSW�ƼFVIW�MRLEPEXMSR�

8LI� QSWX� MRƽYIRXMEP� TVMQEV]� IZIRXW�
[IVI� JSYRH� XS� FI� PMROIH� XS� E� LEVHP]�
TVIHMGXEFPI�JEGXSV��LYQER�IVVSV�
'SQTEVMRK� XLI� VIWYPXW� SFXEMRIH�
the remediation through Removal 
MW� YRHSYFXIHP]� XLI� VMWOMIWX�� -X� QYWX�
however be considered that the 
Encapsulation phase is present in all 
GEWIW�� EW� MX� VITVIWIRXW� XLI� FEWMW� JSV�
carrying out the work, so it was obvious 
XLEX� XLI� 'SRƼRIQIRX� ERH� 6IQSZEP� SJ�
XLI�VSSƼRK�[IVI�VMWOMIV�XLER�XLI�SXLIV�

8LI� VIWYPXW�SJ� XLMW� VIWIEVGL� VIƽIGX� XLI�
statistical data and the data collected 
MR�XLI�PMXIVEXYVI�� MR�JEGX�XLI�VIQIHMEXMSR�
by removal turns out to be the riskiest 
JSV� XLI� X]TI� SJ� TVSGIWWMRK�� LEZMRK� XS�
manipulate the asbestos-cement slabs.

companies carrying out remediation 
work on materials containing asbestos 
GSYPH�FI�YWIJYP��MR�XLMW�[E]�XLI�EREP]WMW�
would lead to even more detailed and 
precise results.
Finally, it is important to underline that, 
however precise a risk analysis may 
FI�� E� ^IVS� SV� ZIV]� WQEPP� JEMPYVI� VEXI� MW�
almost impossible to obtain because it 
VIJIVW� XS� VIEP�WMXYEXMSRW� MR�[LMGL�QER]�
WIZIVEP� JEGXSVW� GSQI� MRXS�TPE]�� MRXIVJI-
VIRGIW� EVI� SJXIR� HMƾGYPX� XS� TVIHMGX� SV�
keep under control.
8LI�HEXE�SFXEMRIH�VIƽIGX�XLI�WXEXMWXMGEP�
data and the data collected in the litera-
XYVI��MR�JEGX�XLI�VIQIHMEXMSR�F]�VIQSZEP�
XYVRW�SYX�XS�FI�XLI�VMWOMIWX�JSV�XLI�X]TI�
SJ�TVSGIWWMRK��LEZMRK�XS�QERMTYPEXI�XLI�
asbestos-cement slabs.
-X� LEW� XLIVIJSVI� FIIR� WLS[R� XLEX� XLI�
QIXLSHW� SJ� EREP]WMW� YWIH� TVSZI� XS� FI�
IJJIGXMZI� F]� VIXYVRMRK� ZEPYIW� XLEX� EVI�
like reality.
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8LI�WGMIRXMƼG�PMXIVEXYVI�VIPEXIH�XS�XLI�EHSTXMSR�SJ�XLI�&YMPHMRK�-RJSVQEXMSR�1SHIPMRK�
LEW� MRGVIHMFP]� KVS[R� YT� MR� VIGIRX� ]IEVW�� EPXLSYKL� MX� MW� WXMPP� PEGOMRK� SJ� JSVQEP� ERH�
IJJIGXMZI� KIRIVEP�[SVOƽS[W� I\TPMGMXP]� HIHMGEXIH� XS� XLI� FYMPX� HSQEMR�� 8LI�QIERMRK�
SJ� XLI� XIVQ� ,&-1� MXWIPJ�� SJXIR� QMWYWIH� XS� SYXPMRI� XLI� HMKMXEP� TVSGIWW� ETTPMIH� XS�
I\MWXMRK�GSRWXVYGXMSRW��MW�IVVSRISYWP]�QMWGSRGIMZIH��EW�MX�MW�TVMQEVMP]�E�GSQTEVEXMZI�
methodology between digital surveys and their derivative 3D abstractions, not a 
KIRIVMG� EGVSR]Q� XS�FI�YWIH�[LIR� VIJIVVMRK� XS� XLI�[LSPI�HMKMXEPM^EXMSR�SJ� XLI�FYMPX�
IRZMVSRQIRX�� 8LI� E[EVI� EGGITXERGI� SJ� HMKMXEP�QIXLSHSPSKMIW� ERH� TVSGIHYVIW� JSV�
I\MWXMRK�FYMPHMRKW��RSX�RIGIWWEVMP]�QSRYQIRXW�SV�EVGLEISPSKMGEP�WMXIW�EW�[IPP�EW�XLI�
&-1�PMJIG]GPI�ETTVSEGL�EHSTXMSR�SR�RI[�GSRWXVYGXMSRW�� MW�E�WXVEXIKMG�HIGMWMSR�XLEX��
LS[IZIV�� RIIHW� XS� FI�TVSTIVP]� IZEPYEXIH�[LIR�GSRWMHIVMRK� XLI�STXMQEP�[SVOƽS[W�
XS�FI�TVIJIVVIH� JVSQ�XMQI� XS� XMQI��%PWS�� XLI� MRXIVZIRXMSR�SR�GSRWSPMHEXIH�FYMPHMRKW�
SV�JEGMPMXMIW�LEW�XS�JSPPS[�E�TEXL�QEHI�SJ�TVSGIHYVIW�ERH�MRXIVX[MRIH�HMKMXEP�QSHIPW��
JSPPS[MRK�TEXXIVRW�SJ�MRGVIEWMRK�GSQTPI\MX]��8LI�X[S�IPIQIRXW��TVSGIWW�ERH�QSHIPW��
EVI� HIITP]� MRXIVX[MRIH� IZIR� XLSYKL� XLI� JSVQIV� MW� WXMPP� RSX� I\TPMGMXIH� JSV� XLI� PEXXIV��
HYI� XS� E� WXERHEVHM^EXMSR� EX� ER� IQFV]SRMG� WXEKI� ERH�� TIVLETW�� WIVMSYWP]� GSRJYWIH�
F]�WSQISRI�[MXL�TSPMXMGW��*VSQ�XLI�WSJX[EVI�TIVWTIGXMZI��MRXIVSTIVEFPI�ƼPI�JSVQEXW�
ERH� HEXE� WXVYGXYVIW� GSRWMHIVMRK� MRJSVQEXMSR� JSV� VIWXSVEXMSRW� ERH� VIRSZEXMSRW�
are in development all over the European countries. Thus, this paper delves into 
GSRWMHIVEXMSRW�� MQTPMGEXMSRW�ERH�IJJIGXW�SJ�E�TSWWMFPI�QEXYVI�ERH�E[EVI�EHSTXMSR�
SJ�-8�ERH�HMKMXEP�XIGLRSPSKMIW�JSV�VIWXSVEXMSR��VIRSZEXMSR�ERH�HSGYQIRXEXMSR�HIWMKR�
MRXIRXW�� -RXVSHYGMRK� WSQI� VIƽIGXMSRW� [LSWI� SYXGSQIW� EVI� VITVIWIRXIH� F]� XLI�
ETTPMGEXMSR� SJ� RSZIP� HIHMGEXIH� WXVEXIKMIW� ƼXXIH� SR� EHZERGIH� IUYMTQIRX� XS� FIXXIV�
YRHIVWXERH� XLI� I\MWXMRK� VIEPQ� �TVS\MQMX]� 807� ERH� 9%:W� WYVZI]W�� YWI� SJ� WIRWSVW��
IXG��� XLI� TETIV� FVMRKW� MRXS� XLI� HMWGYWWMSR� WSQI� JYXYVI� WGIREVMSW� SR� XLI� YWIW� SJ�
more and more interconnected semantic technologies, proposing a consolidated 
XIGLRMUYI�QIERX�XS�WYVZI]��EREP]^I�ERH�VITPMGEXI�I\MWXMRK�FYMPHMRKW�MRXS�WIQERXMG�&-1�
models. Moreover, the data interpretation operated by machines could be the most 
TVSQMWMRK�WGIREVMS�JSV�XLI�HMKMXEP�XVERWMXMSR�MR�XLI�FYMPX�IRZMVSRQIRX��[LIR�QSWX�SJ�
the knowledge contents about buildings and monuments will be no longer intelligible 
SRP]� XS� XLI�LYQER�TIVGITXMSR��FYX� XLI]�[MPP�FI�I\XIRHIH�XS� XLI�QEGLMRI� XLVSYKL�E�
WLEVIH�HMKMXEP�PERKYEKI��EREP]WMW��IWXMQEXMSRW��ERH�HMJJIVIRX�STIVEXMSREP�WGLIQIW�[MPP�
TVSFEFP]�EPPS[�XLI�GLSMGI�SJ�XLI�VMKLX�MRXIVZIRXMSR�XLVSYKL�QER]�EPXIVREXMZIW��PIEHMRK�
XS�ER�MRGVIEWIH�UYEPMX]�JSV�VIWXSVEXMSRW�ERH�VIRSZEXMSRW�

Digital Renovation: BIM for the Built 
Environment
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8LI� &YMPHMRK� -RJSVQEXMSR� 1SHIPMRK� MW�
a data management process actually 
EHSTXIH�JSV�HIGEHIW�MR�XLI�%)'�HSQEMR��
especially all over the north American 
GSYRXVMIW�� 2IZIVXLIPIWW�� IWTIGMEPP]�
in Europe, its real potential has been 
JSGYWIH� SRP]� MR� VIGIRX� ]IEVW� MR� XIVQW�
SJ� MRXIVSTIVEFMPMX]� ERH� HEXE� I\GLERKI��
JIEXYVIW� [LSWI� MRXIVEGXMZI� PERKYEKI�
QEHI� SJ� HMKMXEP�QSHIPW� LEW� WXEVXIH� XS�
be backed by today’s computational 
LEVH[EVI� ERH� WSJX[EVI� MRGVIEWMRK�
TIVJSVQERGI�
,S[IZIV�� XLI� ETTPMGEXMSR� SJ� &-1�
TVSGIWWIW� ERH� XSSPW� XS� I\MWXMRK�
buildings is still challenging, since 
XLI� GSQTPI\MX]� SJ� XLI� FYMPX� HSQEMR� MW�
SJXIR� [E]� HMƾGYPX� XS� QEREKI� [LIR�
compared to new construction tasks, 
HYI� XS� XLI� JVIUYIRX� PEGO� SJ� HEXE�
sources on techniques adopted and 
QEXIVMEPW� ETTPMIH�� EW� UYSXIH� F]� :SPO��
7XIRKIP� ERH� 7GLYPXQER� ������� %PWS��
WXERHEVH�[SVOƽS[W�ERH�FIWX�TVEGXMGIW�
dedicated to the built environment, in 
XIVQW� SJ� GSHIW�� PE[W� ERH� VIKYPEXMSRW��
are almost missing or unshared across 
HMJJIVIRX� GSYRXVMIW�� XLMW� GSRXI\X� PIEHW�
XS� [MHI� &-1� I\TIVMQIRXEXMSR� GYVVIRXP]�
in progress all over Europe, particularly 
on monumental sites or consolidated 
urban areas.
2SZIP� XIGLRSPSKMIW� MR� EVGLMXIGXYVEP�
survey and digital representation, in 
JEGX�� JSWXIV� XLI� XVERWMXMSR� XS[EVHW�
XLI� HMKMXEPM^EXMSR�� IZIR� MJ� WSQI�
misunderstandings in terms and 
I\TVIWWMSRW� WXMPP� FVMRK� GSRJYWMSR� XS�
the actors involved in the process. The 
XIVQ�,&-1�� JSV� I\EQTPI�� MW�[MHIP]� ERH�
YRGSRWGMSYWP]� YWIH� [LIR� VIJIVVMRK� XS�
ER]�OMRH�SJ� MRXIVZIRXMSR�SR�ER�I\MWXMRK�
building, where perhaps 3D parametric 
QSHIPW� EVI� MRZSPZIH� EW� [IPP�� ,&-1�
MW� FIGSQMRK� XLMW� [E]� E� W]RSR]Q� JSV�
ƈ&-1�XIGLRSPSK]�ETTPMIH�XS�XLI�I\MWXMRK�
FYMPHMRKWƉ�� 3R� XLI� GSRXVEV]�� XLI� XIVQ�
GSQIW� JVSQ� XLI� WGMIRXMƼG� PMXIVEXYVI��
[LIVI� MX� MW� I\TPMGMXP]� HIGPEVIH� XLEX� XLI�
ƈ,MWXSVMG�&YMPHMRK�-RJSVQEXMSR�1SHIPPMRK�
�,&-1� MW� E� RSZIP� TVSXSX]TI� PMFVEV]� SJ�
parametric objects, based on historic 
architectural data, in addition to a 
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QETTMRK�W]WXIQ�JSV�TPSXXMRK�XLI�PMFVEV]�
objects onto laser scan survey data” as 
I\TVIWWIH�F]�1EYVMGI�1YVTL]�MR�������
,&-1� MW� EGXYEPP]� WSQI� WSVX� SJ� JSVQ�
ƼXXMRK� FIX[IIR� LMKL� HIƼRMXMSR� WYVZI]W�
and man-made digital abstractions 
QEHI� SJ� EVGLMXIGXYVEP� GSQTSRIRXW��
I\MWXMRK� FYMPHMRKW�� VIKEVHPIWW� SJ� XLIMV�
JYRGXMSR��EVI�IEWMP]�ERH�UYMGOP]�HIXIGXIH�
using accurate tools and consolidated 
[SVOƽS[W� WYGL� EW� 807� �XIVVIWXVMEP�
laser scanning, as suggested by 
+VYWWIRQI]IV� ERH� ,EROI�� �����
or digital photogrammetry (whose 
JIEWMFMPMX]� [EW� TVSZIH� F]� .IER� %RKIPS�
&IVEPHMR�� ������ EQSRK�SXLIVW�� WS� XLEX�
the point clouds produced are then 
GSQTEVIH� XS� WSJX[EVI� PMFVEVMIW� QEHI�
SJ�SFNIGXW�XLEX�EVI�TPEGIH�SR�XLI�XST�SJ�
XLI�GPSYH�YRXMP� XLI� VIWIQFPERGI�SJ� XLI�
QSHIP�SFXEMRIH�MW�WEXMWJEGXSV]�
-X� MW� IEW]� XS� YRHIVWXERH� XLEX� XLMW�
process aims at a general abstraction 
JSV� KISQIXVMIW� SRP]�� [MXL� XLI� TYVTSWI�
to author lean models whose elements 
EVI� QIERX� XS� I\TVIWW� ER� MRXVMRWMG�
architectural meaning related to their 
WLETIW� ERH� VIPEXMSRWLMTW� �WIQERXMGW��
[LMPI� XLI� HEXE� GSPPIGXMSR� JVSQ�
documentation or numerical sources 
IQFIHHMRK�MRJSVQEXMSR�MRXS�KISQIXVMIW�
GSQIW�SRP]� EX� E� PEXIV� XMQI�� XS� I\TVIWW�
EPP�XLI�&-1�HEXE�QEREKIQIRX�TSXIRXMEP��
,&-1�MW�EGXYEPP]�E�XIGLRMUYI��[LMPI�&-1�
is more in general a process whose 
PERKYEKI� MW� QEHI� SJ� HMKMXEP� QSHIPW��
as reported by Eastman, Sacks, 
8IMGLSP^� ERH� 0MWXSR� ������� 7MQMPEVP]��
XLI� XIVQ� 7GER�XS�&-1� MW� JVIUYIRXP]�
misinterpreted, improperly used to 
MHIRXMJ]� XLI�QSWXP]� LERHQEHI�TVSGIWW�
SJ� XVERWPEXMSR� SJ� HEXE� WYVZI]� MRXS� �(�
QSHIPW��SR�XLI�GSRXVEV]� MX� MW� MQTSVXERX�
XS� YRHIVWXERH� LS[� E� &-1� QSHIP� MW�
primarily a database in which the 
QSVTLSPSK]�MW�SRP]�SRI�SJ�XLI�EZEMPEFPI�
HEXE��IZIR�XLSYKL�I\XVIQIP]�YWIJYP�EW�E�
JVMIRHP]�YWIV� MRXIVJEGI�XS�FVS[WI�IEWMP]�
I\XIRHIH�QIXEHEXE� EW� HIƼRIH� F]�1MPP��
%PX�ERH�0MMEW��������8LMW�[E]��XIVQW�PMOI�
&-1�� ,&-1� �[MXL� MXW� ƈƽEZSVWƉ� ,IVMXEKI�
&-1� ERH� ,MWXSVMG� &-1� SV� 7GER�XS�&-1�
EVI� FIGSQMRK� WSVX� SJ� LSQSKIRISYW�

W]RSR]QW� QIERX� XS� KIRIVEPP]� MHIRXMJ]�
interventions on constructions. Many 
WGMIRXMƼG� GSRXVMFYXMSRW� HMWGYWWMRK�
XLIWI� XLIQIW�� MR� JEGX�� GER� FI� JSYRH�
SR� 7GSTYW�� 7GMIRGI(MVIGX�� ERH� +SSKPI�
7GLSPEV� EW� QIRXMSRIH� F]� 0STI^��
0IVSRIW�� 0PEQEW�� +EVGME� &IVQINS� ERH�
>EPEQE� ������� [LS� GSYRXIH� E� XSXEP�
SJ� ���� TETIVW� XLEX� [IVI� TYFPMWLIH�
FIX[IIR������ERH������
,S[IZIV�� MR� XLMW� IZSPZMRK� GSRXI\X��
XLI� MRXIVIWX� MR� MRJSVQEXMSR� QSHIPMRK�
techniques applied to the already built 
EVGLMXIGXYVIW� MW� GPIEVP]� MRGVIEWMRK��
XLI� EHZERXEKIW� MR� &-1�SVMIRXIH�
restorations and renovations lead to a 
FIXXIV� YRHIVWXERHMRK� SJ� GSRWXVYGXMSRW��
E� GSLIVIRX� GSPPIGXMSR� SJ� HSGYQIRXW�
TIVXEMRMRK� FYMPHMRKW� ERH� JEGMPMXMIW��
and better estimations on costs and 
resources.
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2SXSVMSYWP]�� PERKYEKI� MW� XLI� LYQER�
JEGYPX]� XS� I\TVIWW� ERH� GSQQYRMGEXI��
MR� [VMXXIR� SV� WTSOIR� JSVQ�� EVXMGYPEXIH�
GSRGITXW� XLVSYKL� W]RXE\� ERH�
KVEQQEXMGEP� VYPIW�� 8LI� EHZIRX� SJ�
HMKMXEP� JVEQI[SVOW�� LS[IZIV�� LEW�
introduced considerable changes in 
GSQQYRMGEXMSRW�� EVSYWMRK� XLI� JIEV�
SJ� XVEHMXMSREP� MHMSQW� XS� HMWETTIEV� SR�
SRI� LERH�� [LMPI� TYWLMRK� XLI� YWI� SJ�
WXERHEVHM^IH� GSQQSR� PERKYEKIW�
on the other. Technical English, as a 
X]TMGEP� I\EQTPI�� LEW� FIIR� IPIGXIH� EW�
E� VIJIVIRGI� JSV� XLI� KPSFEP� WLEVMRK� SJ�
WGMIRXMƼG� MRJSVQEXMSR� JSV� WSJX[EVI�
TVSKVEQQMRK� GSQQIRXW�� JEZSVMRK� XLI�
KIRIWMW� SJ� -8� RISPSKMWQW� MR� HMJJIVIRX�
languages.
8LI� HMKMXEPM^EXMSR� SJ� XLI� FYMPX�
IRZMVSRQIRX� MW� XLIVIJSVI� E� JSVQ�
SJ� QYXEFPI�� ƽYMH� ERH� W]RIVKMWXMG�
I\TVIWWMSR�� [LMGL� MW� EVXMGYPEXIH� SR�
several levels to combine the initial 
XLSYKLX� XS� XLI� ƼREP� VIWYPX�� XLI� HMKMXEP�
model to the real built architecture. 
,S[IZIV�� MX� MW�RIGIWWEV]�XS�YRHIVWXERH�
GSVVIGXP]� EX� [LEX� PIZIP� SJ� �WTSOIR�
HMKMXEPM^EXMSR�� XS� EWTMVI�� EX� PIEWX� MR� MXW�

QEMR� GSRXI\XW�� EW� .EWSR� &PSSQFIVK�
������[VSXI�� HMKMXM^EXMSR�� HMKMXEPM^EXMSR�
ERH� HMKMXEP� XVERWJSVQEXMSR� EVI� XIVQW�
XLEX�I\TVIWW�QIERMRKW�ZIV]�HMJJIVIRX�MR�
XLI�PERKYEKI�SJ�XLI�HMKMXEP�XVERWMXMSR�
-J� XLI� HMKMXM^EXMSR� MW� WSQI� OMRH� SJ�
XVERWPEXMSR� JVSQ� XVEHMXMSREP� WSYVGIW�
(paper documents, photographs, 
RIKEXMZIW� ERH� TL]WMGEP� QSHIPW� XS�
GSQTYXIV�VIEHEFPI� HMKMXEP� JSVQEXW�
GSQTSWIH� SJ� FMXW� �ER� STXMGEP� WGER� SJ�
E� TETIV� WLIIX� MW� ER� I\EQTPI�� MX� LEW�
RSX� XS� FI� GSRJYWIH�� EW� SJXIR� LETTIRW��
[MXL� XLI� HMKMXEPM^EXMSR�� [LMGL� MW� VEXLIV�
the process that can be implemented 
at an industrial level through which 
XVEHMXMSREP� MRXIVEGXMSRW� ERH� I\GLERKIW�
are assisted by digital technologies (in 
XLI� JSVQ� SJ� HEXE� QSHIPW�� PIEHMRK� XS�
QER]�FIRIƼXW�MR�XIVQW�SJ�STXMQM^EXMSR�
ERH�FVSEHGEWXMRK��(MKMXEPM^EXMSR�MW�QSVI�
GSQTEVEFPI� XS� E� TVSGIWW� SJ� GLERKI�
that must be designed and that can 
WXEVX�XIQTSVEVMP]�JVSQ�HMKMXM^EXMSR��FSXL�
socially and productively.
3R� XLI� GSRXVEV]�� XLI� HMKMXEP�
XVERWJSVQEXMSR� MW� WSQIXLMRK� XLEX�
individual industries cannot approach 

F]�XLIQWIPZIW��WMRGI�MX�VIJIVW�XS�E�HIIT�
VIZSPYXMSR� MR� XLI� FYWMRIWW� QSHIP� SJ�
XLI� [LSPI� %)'� W]WXIQ� PIZIP�� MX� MW� EFPI�
XS� MRƽYIRGI� XLI� TVSHYGXMZI� GLEMRƅW�
behaviors over the long term.
�*MKYVI��
These words are paramount in the 
ETTPMGEXMSR�SJ�XLI�&-1�TEVEHMKQ�XS�XLI�
built environment, since they represent 
HMJJIVIRX� WXEKIW� SJ� XLI� HIZIPSTQIRX�
SJ� TVSTIV� QIXLSHSPSKMIW� XS� JEGI� XLI�
many issues connected to the maturity 
PIZIP� SJ� TVSJIWWMSREPW� ERH� WGLSPEVW�
MRZSPZIH�� -J� ETTVSEGLIW� WYGL� EW� ,&-1�
SV� 7GER�XS�&-1� EVI� TVSTIV� HMKMXM^EXMSR�
JSV� EVGLMXIGXYVI�� RSX� RIGIWWEVMP]�
monumental or placed in historical 
GSRXI\XW�� XLI� HMKMXEPM^EXMSR� MW� XLI� WXIT�
where all the data pertaining to the 
subject, its development, its inner 
historic essence and the evolutions 
that occurred over time can be shared 
EQSRK� WGLSPEVW�� TVSJIWWMSREPW� ERH�
practitioners using the common 
PERKYEKI�QEHI� SJ� &-1�QSHIPW�� [LMGL�
FIGSQI� XLI� I\TVIWWMSR� SJ� E� TVSGIWW��
[LIVI� EPP� XLI� &-1� TSWMXMZI� MRGSQIW� MR�
XIVQW� SJ� VIPMEFMPMX]�� STXMQM^EXMSR� ERH�
SVKERM^EXMSR�GER�FI�I\XIRHIH�XS�I\MWXMRK�
constructions, considering the digital 
XVERWJSVQEXMSR�EW�E�JEV�TIVWTIGXMZI�JSV�
XLI�[LSPI�%)'�MRHYWXVMEP�GLEMR�
-R� SXLIV� [SVHW�� XLI� HMKMXEP�
XVERWJSVQEXMSR� GLERKIW� EPP� XLI� [E]W�
in which the building process is 
traditionally conceived by the involved 
ƼKYVIW�� JIVV]MRK� XLIQ� JVSQ� XVEHMXMSREP�
operational practices towards original 
ones, implemented with advanced tools 
able to relate to each other through 
E� PERKYEKI� QEHI� SJ� HMKMXEP� WIQERXMG�
relationships.
From a commercial perspective, the 
HMKMXEP� XVERWJSVQEXMSR� [MPP� FI� E� OI]�
asset initially in the public procurement 
SJ�QER]� GSYRXVMIW�� FYX� MX� [MPP� FI� WSSR�
adopted also in the private sector.

*MKYVI����8LI�X]TMGEP�EYXLSVMRK�[SVOƽS[�XS�KIX�HMKMXEP�&-1�IPIQIRXW�SYX�JVSQ�XIVVIWXVMEP�PEWIV�WGERRMRK��8LI�VIEP�EVGLMXIGXYVEP�GSQTSRIRX��E��XLI�VIKMWXIVIH�ERH�
WIKQIRXIH�TSMRX�GPSYH��F��XLI�&-1�EFWXVEGXMSR�EYXLSVIH�XVERWPEXMRK�XLI�TSMRX�GPSYH�MRXS�WIQERXMG�SFNIGXW��G��8LI�KISQIXVMG�IPIQIRX�MW�RS[�EFPI�XS�LSWX�PMROIH�
MRJSVQEXMSR�VIPEXIH�XS�QEXIVMEPW��FYMPHMRK�XIGLRSPSKMIW��QEMRXIRERGI�SV�XIGLRMGEP�WTIGMƼGEXMSRW��7YVZI]�GEQTEMKR��HEXE�TVSGIWWMRK�ERH�&-1�QSHIP�SJ�E�XVEHMXMSREP�
Italian building by S. Garagnani, 2015).
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-X� MW� WSQILS[� NYWXMƼEFPI� XLI� TEXL[E]�
QEHI�SJ�EPP�XLI�VIEWSRW�XLEX�RS[EHE]W�
are pushing survey technologies in 
XLI� VYWL� XS� XLI� HMKMXEP� XVERWMXMSR�� IZIR�
MJ� HIHMGEXIH� WSJX[EVI� HS� RSX� WXMPP� JYPP]�
EPPS[�E�GSQTPIXI�EYXSQEXMG�[SVOƽS[�MR�
XLI� JIEXYVIW� I\XVEGXMSR� ERH� XVERWPEXMSR�
SJ� HMKMXEP� WYVZI]W� MRXS� &-1�VIEH]� EPP�
inclusive data models, progresses 
are encouraging, as written by Xiong 
������ SV� GSRWMHIVMRK� XLI� VIWIEVGL�
[SVO� F]� >LERK� ERH� >EOLSV� �������
The continuous data browsing and 
MRJSVQEXMSR� IQFIHHMRK� MRXS� QSHIPW�
KIRIVEXIH� JVSQ� HMKMXEP� WYVZI]W� MW�
TEVEQSYRX� RIZIV� XLER� FIJSVI�� WMRGI�
XLI� HSGYQIRXEXMSR� EYXLSVIH� MR� E� &-1�
TVSGIWW� MW� QEHI� ƼVWX� SJ� EPP� [MXL� XLI�
ƼREP� KSEP� SJ� WSJX[EVI� MRXIVSTIVEFMPMX]�
and data sharing in mind as quoted 
F]� 5YEXXVMRM�� 1EPMRZIVRM�� 'PMRM�� 2IWTIGE�
ERH� 3VPMIXXM� ������� 8LMW� MW� ZIV]�
MQTSVXERX� MR� SVHIV� XS� JSWXIV� E� HMKMXEP�
transition as pointed out accordingly 
by many European best practices and 
regulations, which are introducing data 
ƼIPHW� MR� XLI� -8� PERKYEKI� JVEQI[SVOW�
ERH� TVSTIV� 0IZIPW� SJ� (IZIPSTQIRXW�
�0S(� HIHMGEXIH� XS� VIWXSVEXMSRW� ERH�
VIRSZEXMSRW�� ;LMPI� XLI� HMKMXM^EXMSR�
GEVVMIH� SYX� [MXL� MRGVIEWMRKP]� JIEWMFPI�
WSJX[EVI�MW�TVIPYHMRK�XS�E�HMKMXEPM^EXMSR�
QEHI� SJ� QSVI� SV� PIWW� FMRHMRK�
VIKYPEXMSRW�� WSQI� WXERHEVHM^EXMSR� SJ�
the whole process is necessary.
)ZIR�MJ�XLI�0S(�GSRGITX�MRXVSHYGIH�XLI�
EQSYRX� SJ� MRJSVQEXMSR� RIGIWWEV]� JSV�
XLI�HMJJIVIRX�WXEKIW�SJ�XLI�GSRWXVYGXMSR�
process among operators, when 
HIEPMRK� [MXL� I\MWXMRK� FYMPHMRKW� MW� ZIV]�
hard to comply with predetermined 
XLVIWLSPHW�� 3R� XLI� SXLIV� LERH�� MX�
[SYPH� FI� HMƾGYPX� XS� PE]� WXERHEVHW� SYX�
[MXLSYX� E� GSQQSR� PIZIP� SJ� ORS[PIHKI�
IQFIHHIH� MRXS� HMKMXEP� QSHIPW� JSV�
HMJJIVIRX� TYVTSWIW�� 8LMW� MW� XLI� VIEWSR�
[L]� XLI� HMKMXEP� XVERWJSVQEXMSR� JSV�
MRXIVZIRXMSRW�SR�I\MWXMRK�FYMPHMRKW� MW� E�
QEXXIV�SJ�EVFMXVEXMSR��WMRGI�IZIV]�WMRKPI�
GEWI�WXYH]�MW�HMJJIVIRX�ERH�TVSJIWWMSREP�
ƼKYVIW� GEPPIH� XS� HIWMKR� VIRSZEXMSRW�
or restorations have to be prepared 
XS� IZEPYEXI� XLI� MQTSVXERGI� SJ� HEXE�
sources. 

*MKYVI� ���8LI�QSWX� GSQQSR�EYXLSVMRK�[SVOƽS[� XS� KIX� HMKMXEP� &-1�QSHIPW� JVSQ�9%:�HMKMXEP� TLSXSKVEQQIXV]��8LI� VIEP� FYMPHMRK� �E�� XLI� VIKMWXIVIH� TSMRX� GPSYH�
TVSGIWWIH�JVSQ�EIVMEP�TMGXYVIW��F��XLI�&-1�EFWXVEGXMSR�EYXLSVIH�XVERWPEXMRK�XLI�TSMRX�GPSYH�MRXS�E�WIQERXMG�SFNIGX�XEOMRK�EHZERXEKI�SJ�E�&-1�WSJX[EVI�IRZMVSRQIRX�
�G��XLI�ƼREP�HMKMXEP�QSHIP�QIERX�XS�MRHI\�IQFIHHIH�HEXE�EFSYX�TVIWIVZEXMSR�SJ�QEXIVMEPW��EW�FYMPX�HSGYQIRXW��WXVYGXYVEP�WMQYPEXMSR�VIWYPXW�ERH�WS�JSVXL��H��7YVZI]�
GEQTEMKR��HEXE�TVSGIWWMRK�ERH�&-1�QSHIP�SJ�E�FYMPX�WPYMGI�GPSWI�XS�XLI�4S�VMZIV�F]�7��+EVEKRERM�������
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*MKYVI����%�GLIET�ERH�JIEWMFPI�XIGLRSPSK]�QIERX�XS�I\TIVMIRGI�HMKMXEP�QSHIPW�MRXS�E�:MVXYEP�6IEPMX]�IRZMVSRQIRX��%�WMQTPI�:6�ETT�JSV�WQEVXTLSRIW�MW�EFPI�XS�VITPMGEXI�
MRXS�E�H]REQMG�WXIVISWGSTMG�ZMI[�XLI�&-1�QSHIP��H��QEHI�SJ�EKKVIKEXIH�WIQERXMG�GSQTSRIRXW��G��EYXLSVIH�JVSQ�E�WYTIVMQTSWIH�807�TSMRX�GPSYH��E��F��8LI�
smartphone’s sensors detect all the head movements, so the model view is changed accordingly (Survey campaign, data processing, app development and BIM 
QSHIP�SJ�&SPSKRE�*MIVIƅW�4EZMPPMSR�RS�����F]�7��+EVEKRERM�������

,S[IZIV�� WSQI� GSQQSR� KVSYRH� GER�
FI�MHIRXMƼIH�MR�HMKMXEP�QSHIPPMRK�JSV�XLI�
EW�FYMPX� WGIREVMS�� [LMPI� EVGLMXIGXYVEP�
components and their preservation are 
variable parameters, their semantics 
can be similar. This way, components’ 
FILEZMSVW�FIGSQI�E�HMWGIVRMRK�JIEXYVI�
in data layouts. Many case studies were 
ETTVSEGLIH� JSPPS[MRK� XLMW� TVSGIWW��
PIEHMRK� XS� E� JVEQI[SVO� XLEX� GER� FI�
ETTPMIH�EPWS�XS�XLI�EVGLEISPSKMGEP�ƼIPH��
&YMPHMRK�-RJSVQEXMSR�1SHIPMRK�VIPMIW�SR�E�
TEVEQSYRX�JIEXYVI��[LMGL�MW�VITVIWIRXIH�
by “smart objects”, architectural 
GSQTSRIRXW�WIPJ�E[EVI�SJ�XLIMV�MHIRXMX]�
ERH� GSRWGMSYW� SJ� XLIMV� MRXIVEGXMSRW�
with each other. Smart objects are 
LEVH� GSHIH� MR� &-1� ETTPMGEXMSRW� ERH�
they contain not only a morphological 
HIƼRMXMSR�� YWYEPP]� VYPIH� F]� RYQIVMGEP�
parameters, but interaction routines as 
well (e.g., doors and windows belong 
XS� [EPPW�� ƽSSV� WPEFW� EVI� TIVTIRHMGYPEV�

to walls, trusses distribute their loads 
SR� TMPPEVW�� ERH� WS� JSVXL�� 8S� XVERWPEXI�
I\MWXMRK� FYMPHMRKW� MRXS� HMKMXEP� QSHIPW�
just like the ones used to design new 
GSRWXVYGXMSRW��JEQMPMIW�SJ�WQEVX�SFNIGXW�
representing real elements are needed. 
Again, components have to be acquired 
and prepared. As a consequence, three 
OMRHW� SJ� ORS[PIHKI� EFSYX� XLIQ� RIIH�
GLEVEGXIVM^EXMSR�� ORS[PIHKI� EFSYX�
the object shapes, knowledge about 
their identities and knowledge about 
the relationships between elements. 
While the last two aspects are generally 
SFXEMRIH� F]� XLI� MRZIWXMKEXMSR� SJ�
semantics and undergoing analysis and 
XVMEPW��XLI�ƼVWX�SRI�GER�WYGGIWWJYPP]�XEOI�
EHZERXEKI�SJ�HMKMXM^EXMSR�XIGLRMUYIW�
8LI� ETTPMGEXMSR� SJ� XLMW� TVSGIWW� XS� XLI�
built environment is although very 
HMJJIVIRX� JVSQ� XVEHMXMSREP� �(�QSHIPMRK��
E�&-1�QSHIP�MW�LMIVEVGLMGEPP]�WXVYGXYVIH��
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MX� GER� FI� YWIH� XS� ƼPXIV� MRJSVQEXMSR� JSV�
various stakeholders (maybe interested 
MR� VIWXSVEXMSR� SV� TVIWIVZEXMSR��
XLIRGI� MX� GER� FI� QEHI� SJ� TEVEQIXVMG�
“smart” components, slightly lighter in 
computer’s memory and much more 
editable than point clouds or polygonal 
QSHIPW�KSX�JVSQ�XLI�WYVZI]W�
Following a methodology aimed 
XS� XVERWPEXI� HMKMXM^IH� HEXE� WIXW�
into segmented elements , many 
I\TIVMIRGIW�GEVVMIH�SYX�SR� WSQI�GEWI�
studies during last years on historic 
buildings can be proposed as a 
VIJIVIRGI� MR� SVHIV� XS� I\TVIWW� E� TVSTIV�
HMKMXEPM^EXMSR� JSV� XLI� I\MWXMRK� HSQEMR��
The applied and severely tested pipeline 
FEWMGEPP]�GSRWMWXW�SJ�JSYV�WXEKIW�HYVMRK�
which architectural monuments are 
WYVZI]IH�[MXL�LMKL�HIƼRMXMSR�XIGLRMUYIW��
XLIR� TVSTIVP]� WIKQIRXIH� ERH� ƼREPP]�
VITPMGEXIH� MR� XLIMV� GSQTPI\MXMIW� YWMRK�
WSQI�WSJX[EVI�WTIGMƼGEPP]�HIZIPSTIH�
8LI� ƼVWX� WXEKI� SJ� XLI� TVSGIWW� MW� XLI�
survey, in which architecture is captured 
in its morphology, where materials, 
colors and shapes are documented 
YWMRK� HMKMXEP� XIGLRMUYIW� XLEX� SJXIR�
TVSHYGI� TSMRX� GPSYHW�� 1SHIVR� &-1�
ETTPMGEXMSRW� EVI� RSX� HIWMKRIH� JSV� XLMW�
task and, generally, they can import 
YRVIJIVIRGIH� TVI�TVSGIWWIH� TSMRXW�
EW� I\TPMGMX� ƈWRETWƉ�� )HKI� HIXIGXMSR�
on registered point clouds has to be 
SJXIR� ETTPMIH� XS� MHIRXMJ]� GSQTSRIRXWƅ�
FSYRHEVMIW�ERH�WITEVEXI�XLIQ�JVSQ�XLI�
heterogeneous, unsorted data set. 
During this stage, points belonging to 
HMJJIVIRX� IPIQIRXW� GER� FI� WMQTPMƼIH�

JSPPS[MRK� ER� EPQSWX� QERYEP� WIQERXMG�
EXXMXYHI��IZIR�MJ�XSTSPSKMIW��VIPEXMSRWLMTW�
with other components, materials and 
EWWIQFPMRK� XIGLRMUYIW� MRJIVVIH� F]�
human operators cannot be directly 
XVERWJIVVIH�MR�&-1�QSHIPIVW��
-R� XLI� XLMVH� WXEKI� SJ� XLI� TVSGIWW��
registered and divided objects can be 
studied along with their relationships, 
XLIMV� JIEXYVIW� ERH� QEXIVMEPW� EW�
these aspects represent important 
TIGYPMEVMXMIW� SJ� GSQTSRIRXW�� -R� E�
consolidated approach, segmented 
TSMRX� GPSYHW� GER� FI� YWIH� EW� WSVX� SJ�
KISQIXVMG� WGEJJSPHMRK� YWIJYP� XS� XVEGI�
regular parametric elements on the 
TSMRX� GPSYH�� XLMW� TVSGIWW� MW� QSWXP]�
done by hand, then heavily subjective, 
time-wasting and almost inaccurate. To 
F]TEWW�XLIWI�GVMXMGEPMXMIW��XLI�ƼREP�WXEKI�
SJ�XLI�TVSGIWW�MRZSPZIH�XLVII�XEWOW��XLI�
KISQIXV]�QSHIPMRK�SJ�XLI�GSQTSRIRXW�
MR� &-1� WSJX[EVI�� XLI� EWWMKRQIRX� XS�
WLETIW� SJ� XLIMV� GEXIKSV]� ERH�QEXIVMEP�
TVSTIVXMIW� ERH� XLI� HIGPEVEXMSR� SJ�
relationships between components, as 
VIUYIWXIH�F]�&-1�WIQERXMGW��

0EXIWX� HIZIPSTQIRXW� SJ� WSJX[EVI�
applications by commercial houses 
will probably make this approach 
IEWMIV� XS�FI�ETTPMIH� MR� XLI�RIEV� JYXYVI��
LS[IZIV�� XLI�&-1�TVSGIWW� �PSRK�FIJSVI�
XLI� &-1� WSJX[EVI� EPVIEH]� VITVIWIRXW�
E� TEVEHMKQ� WLMJX� JSV� XLI� EVGLMXIGXYVEP�
documentation and investigation.

S. GaragnaniDigital Renovation: BIM for the Built Environment
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-J� XLI� HMKMXEP� XVERWJSVQEXMSR� LEW� E�
TS[IVJYP�HIZIPSTQIRX�HVMZIV�MR�XLI�&-1�
process, the common language that 
would allow data sharing becomes 
I\XVIQIP]� MQTSVXERX� HIEPMRK� [MXL� XLI�
FYMPX� WGIREVMS�� MX� MW� EPWS� VIQEVOEFPI�
XLI� MHIE�� EPVIEH]� I\TVIWWIH� F]�1EVZMR�
1MRWO]� MR� ������ XLEX� MRJSVQEXMSR�
collected on the as-built constructions 
could be processed by machines 
XLIQWIPZIW�� JSPPS[MRK� WIPJ�PIEVRMRK�
principles able to aggregate and 
EREP]^I� HEXE� EGGSVHMRK� XS� TVIGMWI�
QEXLIQEXMGEP� VYPIW�� 7MQYPEXMSRW� SJ�
TSWWMFPI� WGIREVMSW� WXEVXMRK� JVSQ� MRMXMEP�
ZEVMEFPIW� EVI� NYWX� WSQI� SJ� XLI� YWIW�
XLEX�EVI�JYIPMRK�I\TIGXEXMSRW�ERH�JIEVW�
XS[EVHW� XLI� QSWX� VIGIRX� I\TVIWWMSRW�
SJ� EVXMƼGMEP� MRXIPPMKIRGI�� 8IVQW� PMOI�
:MVXYEP� 6IEPMX]� �:6� SV� %YKQIRXIH�
6IEPMX]� �%6� EVI� EPVIEH]� TEVX� SJ� QER]�
WSJX[EVI� LSYWIW� GSQQIVGMEP� SJJIVW��
XS� LMKLPMKLX� XLI� MQTSVXERGI� SJ� VIEP�
time digital simulations that are a 
HMVIGX� GSRWIUYIRGI� SJ� WTEGI� TPERRMRK�
and architectural intents, as widely 
HMWGYWWIH� F]� 4EVO�� 0II�� /[SR�� ERH�
;ERK�������
&YX�XLI�QSWX�TVSQMWMRK�WGIREVMS�JSV�XLI�
digital transition in the built environment 
is perhaps the data interpretation as 
a prerogative meant to be a human 
I\GPYWMZI� RS� QSVI�� [LIR� QSWX� SJ� XLI�
knowledge contents about buildings 
and monuments will be no longer 
intelligible only to the human perception, 
FYX�XLI]�[MPP�FI�I\XIRHIH�XS�XLI�QEGLMRI�
through a shared digital language, 
EREP]WMW�� IWXMQEXMSRW�� HMJJIVIRX� MRXIRXW�
ERH� HMJJIVIRX� STIVEXMSREP� WGLIQIW�[MPP�
TVSFEFP]� EPPS[� XLI� GLSMGI� SJ� XLI� VMKLX�
intervention through many alternatives, 
PIEHMRK� XS� ER� MRGVIEWIH� UYEPMX]� JSV�
restorations and renovations.

%'/23;0)(+)1)287

The author would like to thank 
TVSJIWWMSREPW� ERH� MRWXMXYXMSRW� [LS�
participated and collaborated over 
the years on many digital modeling 
I\TIVMIRGIW�EMQIH�EX� XLI�HMKMXEPM^EXMSR�
SJ� WIZIVEP� LMWXSVMGEP� ERH� QSRYQIRXEP�
GSRXI\XW�� WSQI� SJ� XLIQ� QIRXMSRIH�
MR� XLMW� TETIV� WYGL� EW� %VGL�� 'EXIVMRE�
4SKKMSPM�� JSV� XLI� GSPPEFSVEXMSR� MR� XLI�
9%:� WYVZI]� SJ� WSQI� LMWXSVMG� FYMPHMRKW�
and churches (just like the sluice 
presented in some pictures along this 
GSRXVMFYXMSR��ERH�2EZ:MW�ERH�(MKMX%VGE�
JSV�XLI�TSMRX�GPSYH�WYVZI]�SJ�XLI�4EZMPPMSR�
no.31 in BolognaFiere (presented at the 
(MKMXEP
&-1�IZIRX�MR������
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&ȨǚȳǠȰǣǞ�.%������ ̸,QWHJUDWLRQ�RI�/DVHU�6FDQQLQJ�
DQG�&ORVH��5DQJH�3KRWRJUDPPHWU\���/DVW�'HFDGH�
DQG�%H\RQG̹�<<XL�-RXIVREXMSREP�7SGMIX]�JSV�
4LSXSKVEQQIXV]�ERH�6IQSXI�7IRWMRK��-7467�
'SRKVIWW�-WXERFYP��8YVOI]��.YP]����������������

&ǠǝǝǟȲȨǚǥ�.������ 'LJLWL]DWLRQ��'LJLWDOL]DWLRQ��
$QG�'LJLWDO�7UDQVIRUPDWLRQ��&RQIXVH�7KHP�$W�
<RXU�3HULO��EZEMPEFPI�����SRPMRI�����LXXTW���[[[�
JSVFIW�GSQ�WMXIW�NEWSRFPSSQFIVK������������
HMKMXM^EXMSR�HMKMXEPM^EXMSR�ERH�HMKMXEP�
XVERWJSVQEXMSR�GSRJYWI�XLIQ�EX�]SYV�
TIVMP����II�H���J�G�?EGGIWWIH�SR�����������A�

)ȳǙǘǟȳǞ�'��8ȨǣȱǤǝǠǒ�4��7ȳȱǡǙ�6�ȳǞȰ�0ǣǙǘǝǞ�
/������ ̸%,0�+DQGERRN���$�JXLGH�WR�EXLOGLQJ�
LQIRUPDWLRQ�PRGHOLQJ�IRU�RZQHUV��PDQDJHUV��
GHVLJQHUV��HQJLQHHUV�DQG�FRQWUDFWRUV̹�John Wiley 

�7SRW��-RG��97%

+ǚǗǙǙȨǞǟȨǓȨǚ�4�ȳǞȰ�,ȳǞǡȨ�/������ ̸&XOWXUDO�
+HULWDJH�$SSOLFDWLRQV̹��MR�1EEW��+�:�E�,��+���IH��
%MVFSVRI�ERH�8IVVIWXVMEP�0EWIV�7GERRMRK��;MXXPIW�
4YFPMWLMRK����������

0̈́ǜȨǒ�*.��0ȨǚǝǞȨǙ�41��0ǠȳǟȳǙ�.��+̈́ǟȨǒ�+ȳǚȱ̿ȳ�
&ȨǚǟȨǢǝ�.��>ȳǠȳǟȳ�)������ ̸$�5HYLHZ�RI�
+HULWDJH�%XLOGLQJ�,QIRUPDWLRQ�0RGHOLQJ��+�%,0�̹. 
1YPXMQSHEP�8IGLRSPSKMIW�-RXIVEGX��������

1ǣǠǠ�8��%Ǡǘ�%�ȳǞȰ�0ǣǣȳǙ�6������ ̸&RPELQHG��'�
EXLOGLQJ�VXUYH\LQJ�WHFKQLTXHV���WHUUHVWULDO�ODVHU�
VFDQQLQJ��7/6��DQG�WRWDO�VWDWLRQ�VXUYH\LQJ�IRU�%,0�
GDWD�PDQDJHPHQW�SXUSRVHV̹��.SYVREP�SJ�'MZ��)RK��
1EREKIQIRX��M*MVWX������

1ǣǞǙǡǓ�1������ ̸7KH�HPRWLRQ�PDFKLQH��
&RPPRQVHQVH�WKLQNLQJ��DUWLͤFLDO�LQWHOOLJHQFH��DQG�
WKH�IXWXUH�RI�WKH�KXPDQ�PLQG̹��7MQSR�
�7GLYWXIV��
2I[�=SVO�

1ǗǚǜǤǓ�1��1ȱ+ǝǖȨǚǞ�)��ȳǞȰ�4ȳǖǣȳ�7������� 
̸+LVWRULF�EXLOGLQJ�LQIRUPDWLRQ�PRGHOOLQJ��+%,0�̹, 
(YFPMR�-RWXMXYXI�SJ�8IGLRSPSK]��(YFPMR��-VIPERH�
�
8VMRMX]�'SPPIKI��(YFPMR�

4ȳǚǡ�'�7��0ȨȨ�(�=��/ǕǝǞ�3�7�ȳǞȰ�;ȳǞǥ�<������ 
̸$�IUDPHZRUN�IRU�SURDFWLYH�FRQVWUXFWLRQ�GHIHFW�
PDQDJHPHQW�XVLQJ�%,0��DXJPHQWHG�UHDOLW\�
DQG�RQWRORJ\�EDVHG�GDWD�FROOHFWLRQ�WHPSODWH̹. 
%YXSQEXMSR�MR�'SRWXVYGXMSR������������

5ǗȳǘǘǚǣǞǣ�6��1ȳǠǣǞǖȨǚǞǣ�)7��'ǠǣǞǣ�4��2ȨǙǜȨȱȳ�
6�ȳǞȰ�3ǚǠǣȨǘǘǣ�)������ ̸)URP�7/6�WR�+%,0��
+LJK�4XDOLW\�6HPDQWLFDOO\�$ZDUH��'�0RGHOLQJ�RI�
&RPSOH[�$UFKLWHFWXUH̹��-RX��%VGL��4LSXSKVEQQ��
6IQSXI�7IRW��7TEXMEP�-RJ��7GM���<0���;�����������

:ǝǠǡ�6��7ǘȨǞǥȨǠ�.��7ȱǤǗǠǘǟȳǞ�*������� ̸%XLOGLQJ�
,QIRUPDWLRQ�0RGHOOLQJ��%,0��IRU�H[LVWLQJ�EXLOGLQJV�
̰�/LWHUDWXUH�UHYLHZ�DQG�IXWXUH�QHHGV̹, Elsevier, 
��������

<ǣǝǞǥ�<��%ȰȳǞ�%��%ǡǣǞȱǣ�&�ȳǞȰ�,ǗȲȨǚ�(������ 
̸$XWRPDWLF�FUHDWLRQ�RI�VHPDQWLFDOO\�ULFK��'�
EXLOGLQJ�PRGHOV�IURP�ODVHU�VFDQQHU�GDWD̹, 
%YXSQEXMSR�MR�'SRWXVYGXMSR����������������

>ǤȳǞǥ�6�ȳǞȰ�>ȳǡǤǝǚ�%������ ̸$XWRPDWLF�
LGHQWLͤFDWLRQ�RI�ZLQGRZ�UHJLRQV�RQ�LQGRRU�SRLQW�
FORXGV�XVLQJ�/L'$5�DQG�FDPHUDV̹. Applications 
SJ�'SQTYXIV�:MWMSR��;%':�������-)))�;MRXIV�
'SRJIVIRGI����������

%LEOLRJUDSK\
%LEOLRJUDD
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&-1�FEWIH�XIGLRSPSKMIW�GER�FI�WXVSRKP]�FIRIƼGMEP�JSV�GSRWXVYGXMSR�WMXIW�QEREKIQIRX�
XLVSYKL� TPEXJSVQW� GSPPIGXMRK� HEXE� ERH� TVSZMHMRK� EREP]XMGW�� 8LIWI� GER� FI� YWIH� XS�
QEREKI�ERH�GSRXVSP�XLI�TISTPI��QEXIVMEPW�ERH�ZILMGPIW�ƽS[W�[LMGL�GVIEXI�XLI�GSQTPI\�
SVKERM^EXMSR�SJ�E�QIHMYQ�ERH�FMK�GSRWXVYGXMSR�WMXI��-S8�IREFPIW�QSRMXSVMRK��GSRXVSPPMRK�
ERH�EGXYEXMRK�HIZMGIW�XLEX�EVI�GVYGMEP�XS�QEREKI�XLI�WMXI��(MJJIVIRX�X]TSPSKMIW�SJ�WIRWSVW�
EVI�EZEMPEFPI�ERH�WSQI�I\TIVMQIRXEXMSRW�EFSYX�LS[�XS�WMQYPEXI�ERH�XLYW�TVIHMGX�GVMXMGEP�
MWWYIW�MR�XLI�GSRWXVYGXMSR�WMXI�LEZI�FIIR�GSRHYGXIH��8LI�I\TIVMQIRXEXMSRW��XLEX�EVI�RSX�
TVIWYQMRK�XS�FI�I\LEYWXMZI��GSRWMHIV�FSXL� MRHSSV�GSRHMXMSRW�ERH�I\XIVREP�WMXYEXMSRW�
ZIVMƼEFPI�XLVSYKL�WXERHEVH�TVSGIHYVIW��-R�XLI�TETIV��JSYV�XIWXW��HIZIPSTIH�MR�XLI�ZMVXYEP�
IRZMVSRQIRX�� 8LI� EHSTXIH� [SVOƽS[� EWWYQIW� XLI� GSRRIGXMSR� SJ� XLI� &-1� �&YMPHMRK�
-RJSVQEXMSR�1SHIPMRK�EYXLSVMRK�XSSP�XLVSYKL�E�:40��:MWYEP�4VSKVEQQMRK�0ERKYEKI�
XS�E�HEXEFEWI�[LIVI�HEXE�GSQMRK�JVSQ�XLI�WIRWSVW�EVI�WXSVIH��8LI�WMQYPEXMSRW�WLS[W�
XLI�TSWWMFPI�EGXYEXMSR�SJ�WTIGMƼG�HIZMGIW�XS�GSVVIGX�TSWWMFPI�GVMXMGEP�WMXYEXMSRW�XLEX�EVI�
commonly recurrent in construction sites and in the advanced one are implemented. The 
ZMVXYEP�I\TIVMQIRXEP�WIXYTW�EVI�WLS[�LS[�XS�EGGSQTPMWL�XLI�[SVO�WXITW�SVKERM^EXMSR�
ERH�LS[�XS�ZMWYEPM^I�EPIVXW�ERH�WMKREPW�IREFPMRK�XLI�STXMQM^EXMSR�ERH�GSRXVSP�SJ� XLI�
GSRWXVYGXMSR�WMXI�MR�E�&-1�IRZMVSRQIRX��8LI�EHZERXEKIW�SJ�XLMW�ETTVSEGL�EVI�WXVSRKP]�
GSRRIGXIH�XS�VMWO�ERH�GPEWL�VIHYGXMSR�MR�XLI�GSRWXVYGXMSR�WMXI��MRGVIEWIH�WEJIX]�JSV�XLI�
workmen and environmental quality. Moreover, the possibility to control the warehouse 
GSRHMXMSRW� MW� LMKLP]� FIRIƼGMEP� XS� VIHYGI� XLI� RYQFIV� SJ� HIXIVMSVEXIH�QEXIVMEPW� [MXL�
economic gains.

A BIM-Based IoT Approach to the 
Construction Site Management
/)=;36(7��&-1�ȲȳǙȨȰ�ǘȨȱǤǞǝǠǝǥǣȨǙ��-ǝ8��ȱǝǞǙǘǚǗȱǘǣǝǞ�ǙǣǘȨ�ǟȳǞȳǥȨǟȨǞǘ��ǙȨǞǙǝǚǣǒȳǘǣǝǞ��ȳȱǘǗȳǘǝǚǙ
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8LI� &-1� �&YMPHMRK� -RJSVQEXMSR�
1SHIPMRK�QIXLSHSPSK]�MW�VEHMGEPP]�ERH�
MVVIZSGEFP]� GLERKMRK� XLI� 'SRWXVYGXMSR�
sector, since it allows a coherent and 
LSPMWXMG�ZMWMSR�SJ�XLI�TVSNIGX�XLVSYKLSYX�
MXW�WYTTP]�GLEMR�� -R� XLMW�WIRWI�� XLIVI� MW�
ER� MRGVIEWMRK� E[EVIRIWW� SJ� LS[� XLI�
MRJSVQEXMSR� GSQTSRIRX� MW� XLI� VIEP� VIH�
XLVIEH�XLEX�GSRRIGXW�XLI�TLEWIW�SJ�XLI�
PMJI�G]GPI�SJ�ER�EWWIX� JVSQ�XLI�WXEVXMRK�
TLEWI� SJ� TVSKVEQQEXMG� HIƼRMXMSR� XS�
XLI� HMWTSWEP�� 8LI� IQIVKIRGI� SJ� XLMW�
E[EVIRIWW� MW� XLI� (MWVYTXMZI� *SVGI� SJ�
(MKMXEP�8VERWMXMSR�JSV�XLI�%)'�MRHYWXV]��
At this very important moment in 
LMWXSV]�JSV�-S8��-RXIVRIX�SJ�8LMRKW��HEXE�
is essential to support decision-making. 
-R� XLMW� WIRWI�� XLI� TEVXMEP� EYXSQEXMSR�
SJ� TVSGIWWIW� MW� E� OI]� JIEXYVI� SJ� XLI�
GSRGITX�SJ�-RHYWXV]������8LI�YWI�SJ�&-1�
in construction processes provides 
stakeholders with the opportunity to 
understand and support decisions 
through a computational approach. 
The most recent legal provisions also 
MQTSWI� E� RI[�[E]�SJ� STIVEXMRK� MR� XLI�
FYMPHMRK� WIGXSV�� JSV� I\EQTPI�� )YVSTIER�
(MVIGXMZI� �������� WYKKIWXW� ER�
EWWIWWQIRX�SJ�TYFPMG�[SVOW�RS� PSRKIV�
limited to the design and construction 
TLEWI�� FYX� I\XIRHIH� XS� XLI� IRXMVI�
YWIJYP� PMJI�� JEZSYVMRK� XLI� EHSTXMSR�
SJ� MRJSVQEXMSR� QSHIPPMRK�� WMRGI� MX�
SJJIVW� XLI� TSWWMFMPMX]� SJ� GSRXVSPPMRK� XLI�
SZIVEPP� TVSKVIWW� SJ� XLI� TVSNIGX�� %JXIV�
transposing European legislation, the 
-XEPMER� PIKMWPEXSV� [IRX� JYVXLIV� [MXL�
1MRMWXIVMEP� (IGVII� ���������� [LMGL�
IWXEFPMWLIH� XLI� XVERWMXMSR� XS� E� &-1�
approach in public procurement, 
XLVSYKL�E�KVEHYEP�WSJX�PERHMRK�TVSGIWW�
SJ�XVERWMXMSR�XS�HMKMXEP��WXEVXMRK�[MXL�XLI�
most important and strategic works 
[MXL�XLI�SFNIGXMZI��F]�������XS�I\XIRH�MX�
XS�EPP�XLI�GSRXVEGXW��-R�SVHIV�XS�WXEVX�[MXL�
this process, it is necessary to enable 
XLI�HMVIGX�GSRXEGX�SJ�XLI�GPMIRX�[MXL�XLI�
&-1�QIXLSHSPSK]��
This crucial operational change is also 
impacting the construction companies, 
called upon to change their structure 
ERH�TVSHYGI�YWIJYP�HEXE�JSV�XLI�FYMPHMRK�
QEREKIQIRX�� ,S[IZIV�� MR� SVHIV� XS�
EGLMIZI� E� VIEP� GLERKI� SJ� ETTVSEGL��
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XLI� EZEMPEFPI� HEXE� WLSYPH� FI� YWIH� JSV�
tangible processes innovation and 
TIVJSVQERGI� GSRXVSP�� [LMGL� QIERW�
E� RSX� X]TMGEP� QIXLSH� JSV� XLI� %)'�
WIGXSV�GSQTERMIW�� -R� JEGX�� XLI]�YWYEPP]�
GEVV]� SYX� SRP]� XLI� ƼREP� EWWIWWQIRXW��
This paper aims at highlighting the 
FIRIƼXW� XLEX� XLI� GSRWXVYGXMSR� WMXI�
GER� KEMR� JVSQ� XLI� EHSTXMSR� SJ� XLI�
&-1� QIXLSHSPSK]� ERH� XLI� &-1�FEWIH�
XIGLRSPSKMIW��KIXXMRK�XLI�HIƼRMXMSR�ERH�
QEMRP]� XLI�QEREKIQIRX�SJ�WQEVX�WMXI��
-R�TEVXMGYPEV��XLI�JSPPS[MRK�WIGXMSRW�[MPP�
IQTLEWM^I� XLI� FIRIƼXW� SJ� MRXIKVEXMRK�
HIXIGXMSR� XIGLRSPSKMIW� �M�I��WIRWSVW� MR�
SVHIV� XS� MQTPIQIRX� XLI� HMKMXM^EXMSR� SJ�
XLI� WMXI� ERH� VIPEXIH� TVSGIWWIW�� -R� XLI�
JSPPS[MRK� TEVEKVETLW� WSQI� WMQYPEXMSR�
I\TIVMIRGIW� GSRHYGXIH� HYVMRK� XLI�
IHYGEXMSREP� TVSKVEQQI� SJ� XLI� GSYVWI�
'SRWXVYGXMSR� 7MXI� 3VKERM^EXMSR� EX� XLI�
9RMZIVWMX]�SJ�&VIWGME�EVI�HIWGVMFIH�ERH�
some critical aspects are also unveiled 
and suggested.

(ǣǥǣǘȳǠ� ǘǚȳǞǙǣǘǣǝǞ�� Ǧǚǝǟ� ǜǚǝǢȨȱǘǙ� ǘǝ�
ǣǞȱǚȨȳǙǣǞǥǠǓ� ȱǝǚǚȨȱǘ� ȱǝǞǙǘǚǗȱǘǣǝǞ�
ǙǣǘȨǙ

-R� VIGIRX� ]IEVW�� FYMPHMRKW� ERH�
construction sites in general reveal a 
GSQQSR� HIRSQMREXSV�� FIMRK� QSVI�
ERH�QSVI�GSQTPI\��-X�MW�HMƾGYPX�XS�LEZI�
JSV�IEGL�SJ�XLIQ�ER�SZIVEPP�ZMI[�SJ�XLI�
processes, their relationships and the 
TEVXMGYPEV� WTEXMEP�XIQTSVEP� GSRXI\X� MR�
[LMGL� XLI]� XEOI�TPEGI��8LMW�GSQTPI\MX]�
also increases the probability and 
TVSTEKEXMSR�SJ�IVVSVW�HYVMRK� XLI�[LSPI�
TVSGIWW� JVSQ� HIWMKR� XS� GSRWXVYGXMSR�
phases. Although many studies 
MRZIWXMKEXIH�XLI�GEYWIW�SJ�IVVSVW��PIWW�MW�
known about the real costs associated 
[MXL�XLIQ��MX�MW�HMƾGYPX�XS�IWXEFPMWL�LS[�
to estimate and measure these costs 
ERH� XLIMV� IJJIGXW� SZIV� XLI� PMJI� G]GPI� SJ�
XLI�[SVO��&MNIR�������WXEXIW�XLEX�IVVSVW�
in the construction sector account 
JSV� YT� XS� ��	� SJ� XLI� XSXEP� MRZIWXQIRX�
JSV� XLI� GSRWXVYGXMSR� SJ� E� [SVO�� 0STI^�
������ GPEMQW� XLEX� IVVSVW� MR� XIRHIV�
HSGYQIRXW� EPSRI� GER� EJJIGX� YT� XS� �	�
SJ� XLI�GSRXVEGX�ZEPYI��%GGSVHMRK� XS� XLI�
Building Research Establishment, in 

XLI� 9RMXIH� /MRKHSQ�� EX� PIEWX� ��	� SJ�
IVVSVW� MR� XLI� GSRWXVYGXMSR� ERH� PMJI� SJ�
the asset are attributable to design. 
&]� YWMRK� &-1�� SR� XLI� SXLIV� LERH�� MX�
is possible to considerably reduce 
these errors, thanks to the continuous 
GSRXVSP� SJ� MRXIVHMWGMTPMREV]� HIWMKR�
MRXIVJIVIRGIW�� IRWYVMRK� E� GSRWMWXIRX�
VIWYPX�� 8VEHMXMSREPP]�� HIWMKRIVW� SJXIR�
[SVO�RIEVP]�MRHITIRHIRXP]�SJ�IEGL�SXLIV��
making decisions without considering 
their impact on the other disciplines.
'SRXVEGXSVW� SJXIR� VIGIMZI� MRGSQTPIXI�
or incorrect documentation, especially 
when there are tight deadlines to 
EGGSQTPMWL��%PWS�XLI�GSRXVEGXYEP�JSVQW�
ERH�XLI�QIXLSHW�SJ�E[EVHMRK�XLI�[SVOW�
LEZI� E� WMKRMƼGERX� MRƽYIRGI� SR� XLI�
PIZIP� SJ� GSSVHMREXMSR�� GSQQYRMGEXMSR�
ERH� ƽS[� SJ� MRJSVQEXMSR� FIX[IIR�
HIWMKRIVW�� 0SZI� ������ RSXIW� XLEX� XLI�
separation in use between design and 
construction has led to an ongoing lack 
SJ� GSPPEFSVEXMSR� FIX[IIR� XLSWI� [LS�
HIEP� [MXL� XLI� [SVO� EX� HMJJIVIRX� XMQIW��
-R�GSRXVEWX� XS� XLMW� XVIRH��&-1�WYTTSVXW�
E� JYPP� ERH� YRMRXIVVYTXIH� GSPPEFSVEXMSR�
FIX[IIR� EPP� XLI� MRZSPZIH� ƼKYVIW� �M�I��
GPMIRXW�� HIWMKRIVW�� ERH�� MJ� HIWMVIH��
contractors and others still called 
YTSR� XS� KMZI� XLIMV� GSRXVMFYXMSR�� &-1�
requires a unique strategy (Love et al., 
������ [LMGL� VIZSPZIW� EVSYRH� WLEVIH�
MRJSVQEXMSR�GSRXIRX��JVSQ�XLI�FIKMRRMRK�
XS� XLI� IRH� SJ� XLI� GSPPEFSVEXMSR�� 8LI�
digital transition pushed by regulations 
ERH� SVKERM^IH� EW� HIWGVMFIH� EFSZI��
PIEHW�XS�E�GSQFMREXMSR�SJ�HMKMXEP�TVSNIGX�
and reality. This merge is constantly 
increasing, thanks to the development 
SJ� XIGLRSPSKMIW� XS� WYTTSVX� XLI� &-1�
methodology in this regard. Many 
VIWIEVGLIW� EVI� MR� JEGX� IZSPZMRK�
applications to convey the project to the 
WIZIVEP�WXEOILSPHIVW��8LMW�QIERW�EW�ƼVWX�
SJ�EPP��EQSRK�XLI�HIWMKRIVW��JSV�I\EQTPI�
MR�XLI�JSVQ�SJ�ZMWYEPM^EXMSRW�HIWMKRIH�XS�
JEGMPMXEXI� XLI� GSQQYRMGEXMSR� FIX[IIR�
themselves and other actors involved 
MR�XLI�[SVO��LIPTMRK�XLI�WLEVI�SJ�HIWMKR�
UYIWXMSRW�ERH�SV�I\IGYXMZI�HIXEMPW�XS�FI�
discussed and approved. 
-R�ER]�GEWI��IZIR�HYVMRK� XLI�I\IGYXMSR�
phase, the project developed by means 
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-J� XLI�TVSNIGX�STIVEXSVW�EVI�RS[�E[EVI�
SJ� XLI�YVKIRG]�SJ� XLI�HMKMXEP� XVERWMXMSR��
M�I�� SJ� XLI� EHSTXMSR� SJ� XLI� &-1�� XLI�
construction managers are also 
I\TIVMQIRXMRK�MXW�EHZERXEKIW�MR�ZEVMSYW�
[E]W�� -R� TEVXMGYPEV�� QSVI� ERH� QSVI�
WGMIRXMƼG� I\TIVMQIRXW� EVI� HIHMGEXIH�
XS� XLI� QEREKIQIRX� SJ� QEXIVMEPW��
time, equipment and employees. The 
EHSTXMSR� SJ� E� &-1�QSHIP� WLEVIH� [MXL�
EPP� XLI� EGXSVW� SJ� XLI� [SVO�� SR� XLI� SRI�
LERH� IRGSYVEKIW� XLI� I\GLERKI� SJ�
MRJSVQEXMSR�� GVIEXMRK� ER� YRMRXIVVYTXIH�
ƽS[� FIX[IIR� XLI�[SVPH� SJ� HIWMKR� ERH�
XLEX� SJ� GSQTERMIW�� GSRWXVYGXMSR� ERH� ��
SV�QEREKIQIRX��[MXLSYX�I\GPYHMRK� XLI�
customer, on the other hand creates the 
GSRHMXMSRW�JSV�SFXEMRMRK�E�PIER�TVSGIWW�
�0IER� �;SQEGO� IX� EP��� ������ -R� SVHIV�
XS� XVERWJIV� XLMW� TVSHYGXMSR� QSHIP�
JVSQ� XLI� QERYJEGXYVMRK� WIGXSV� XS� XLI�
construction sector, which has remained 
EX�E�WXERHWXMPP� JSV� XSS�QER]�]IEVW�� MX� MW�
RIIHIH�XS�EGX�SR�XLI�MRJSVQEXMSR�WMHI�SJ�
XLI�&-1�QIXLSHSPSK]��ER�EWTIGX�XLEX�MW�
SJXIR� PIJX� MR� XLI�FEGOKVSYRH�GSQTEVIH�
to the graphic one. 
&IMRK�EFPI�XS�QEREKI�E�PEVKI�EQSYRX�SJ�
data allows us to develop increasingly 
GSQTPI\� VIEWSRMRK� SR� XLI� TVSHYGX��
[LMGL� SJXIR� KS� FI]SRH� XLI� MRHMZMHYEP�
HMWGMTPMRIW�MRZSPZIH�ERH�ƼRH�E�W]RXLIWMW�
MR�XLI�FIWX�EPPSGEXMSR�SJ�TVSGIWWMRK�XMQI�
and overall costs, which means the 
WYQ� SJ� XLSWI� RIGIWWEV]� JSV� WYTTPMIW��
equipment and employees. Through 
XLMW�ETTVSEGL���M�ER�STXMQEP�TPERRMRK�SJ�
the activities, inside and outside the site, 
EW�E�VIWYPX�SJ�XLI�EREP]WMW�SJ�EPXIVREXMZI�
procedures, is now possible mostly as 
E�TVIZIRXMZI�QIEWYVI���MM�E�VIHYGXMSR�MR�
[EWXI��FSXL�MR�XIVQW�SJ�TVSGIWWMRK�XMQI�
ERH�GSWXW��MRGPYHMRK�XLSWI�JSV�WEJIX]���MZ�
E�GSRXMRYSYW�QSRMXSVMRK�SJ�XLI�GYVVIRX�
WMXYEXMSR�� [LMGL�� MJ� RIGIWWEV]�� GER� FI�
gradually corrected to respect time 
and costs. These issues are becoming 
MRGVIEWMRKP]�GSQTPI\�EW�XLI�WM^I�SJ�XLI�
project grows, requiring a systematic 
ETTVSEGL� XS� MRJSVQEXMSR� SR�WMXI�� 8LI�
smart site is a connected site through 
HIZMGIW�ERH�EGXYEXSVW�XLEX�GER�STXMQM^I��
speed up and increase the productivity 
ERH� WEJIX]� SJ� XLI� TVSGIHYVIW�� 8LI�

SJ� MRJSVQEXMSR� QSHIPPMRK� TIVQMXW��
SR� XLI� SRI� LERH�� KVIEXIV� GSRXVSP� SJ�
the works and, on the other hand, it 
JEGMPMXEXIW�XLI�WYTIVZMWMSR�SJ�XLI�WMXI�F]�
XLI�[SVOW�QEREKIQIRX� SƾGI� �;13��
the operational managers, the site 
inspectors and the works manager. 
-R� XLMW� [E]�� MX� MW� TSWWMFPI� XS� EGLMIZI� E�
JVII� SJ� IVVSVW� GSRWXVYGXMSR� HIWMKR�� SV�
EPQSWX��8LI�ZEPMHEXMSR�SJ�XLIWI�QSHIPW��
LS[IZIV�� MW� ZIV]� GSQTPI\�� IWTIGMEPP]� MJ�
RS�WSPMH� VYPIW�SJ�QSHIPPMRK�EVI�WLEVIH��
3XLIV[MWI�� IZIV]� HIWMKR� WXVYGXYVI�� EW�
SJXIR� LETTIRW�� TVSHYGIW� QSHIPW� XLEX�
are not able to provide added value 
JSV� XLI� GPMIRX�� FYX� SRP]� X[S�� SV� XLVII�
dimensional representations. Although 
XLI� QIXLSHSPSK]� JEZSYVW� E� KVIEXIV�
congruence between the documents, 
the projects drawn up may contain 
IVVSVW� ERH�� XLIVIJSVI�� QYWX� FI� WYFNIGX�
XS� XLVII�HMJJIVIRX� TLEWIW�SJ� GSRXVSP�� �M�
ZEPMHEXMSR�SJ�XLI�&-1�QSHIP���MM�EREP]WMW�
SJ� MRXIVJIVIRGI� F]� GPEWL� HIXIGXMSR� ERH�
�MMM� GSRXVSP� SJ� GSQTPMERGI� F]� GSHI�
GLIGOMRK�� 3RGI� XLI� TVSNIGX� LEW� FIIR�
validated through these three phases, it 
can be placed on a competitive basis. 
The represented design is used by 
the selected company to carry out an 
IZEPYEXMSR�SJ�XLI�GSRWXVYGXMSR�QIXLSHW�
that is most suited to the realisation 
SJ� XLI� [SVO�� 8LI]� EVI� VIWTSRWMFPI� JSV�
checking the materials used on-site 
to ensure that they meet the design 
VIUYMVIQIRXW� ERH� JSV� GEVV]MRK� SYX� XLI�
[SVO� GSVVIGXP]�� 8LI� HMJJIVIRX� HIWMKR�
ZIVMƼGEXMSRW�EVI�SRP]�TSWWMFPI�MJ�XLI�YWI�
SJ�MRJSVQEXMSR�QSHIPMRK�MW�EGGSQTERMIH�
F]�E�W]WXIQEXM^EXMSR�SJ�XLI�HEXE��[LMGL�
MW�� GSVVIPEXMRK� XLI� TEVEQIXIVW� SJ� XLI�
TVSNIGX� [MXL� XLI� MRXIRHIH� YWI� SJ� XLI�
QIXLSHSPSK]��8LMW�QIERW�XLEX��EW�4%7�
������������ EVKYIW�� MR� WXVYGXYVMRK� E�
TVSGIWW��MX�MW�MR�JEGX�RIGIWWEV]�XS��WXEVX�
[MXL� XLI� IRH� MR� QMRH��� XLMW� WXEXIQIRX�
MRHMGEXIW� XLEX�� HYVMRK� XLI� ƼVWX� TLEWI�
SJ� XLI� TVSNIGX�� XLI� SFNIGXMZIW� SJ� XLI�
project and, consequently, the contents 
SJ� XLI� WTIGMƼG� MRJSVQEXMSR� QSHIPMRK�
QYWX�FI�HIƼRIH��-R�XLMW�WIRWI��XLI�YWI�
SJ� XLMW� QIXLSHSPSK]� SR� WMXI� MW� SRP]�
TSWWMFPI� MJ� MX� LEW� FIIR� IWXEFPMWLIH� MR�
XLI� TVITEVEXMSR� SJ� XLI� TVSGIWW� XLEX�

XLI� MRJSVQEXMSR� QSHIPMRK� WLSYPH� EPWS�
be used in the construction phase. 
8LIVIJSVI��XLI�IZSPYXMSR�SJ�XLI�[SVOWMXI�
towards the smart, or beyond, towards 
the cognitive worksite requires a 
robust methodological basis, a greater 
attention to the management and 
JSVQEPMWEXMSR� SJ� MRJSVQEXMSR� F]� EPP� XLI�
actors involved in the process.
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cognitive site goes beyond and applying 
machine learning algorithms could 
learn by the data and predict issues 
and propose solutions increasing to a 
LMKLIV� PIZIP� XLI� EYXSRSQM^EXMSR� SJ� XLI�
procedures.

4ǠȳǘǦǝǚǟ�ȳǞȰ�ǘȨȱǤǞǝǠǝǥǣȨǙ

8LI�QEREKIQIRX� SJ� XLI� GSKRMXMZI� WMXI�
MW� E� GSQTPI\� STIVEXMSR� XLEX� QYWX� FI�
regulated in order to keep under control 
all the processes that take place in situ. 
-R� SVHIV� XS� GSRXVSP� XLI� IRXMVI� TVSGIWW��
E� TPEXJSVQ�QYWX� FI� YWIH� �&IREQQEV��
�����XLEX�EPPS[W�HMJJIVIRX�WXEOILSPHIVW�
XS� EGGIWW� MX� [MXL� HMJJIVIRX� PIZIPW� SJ�
permits. 
8LI�YWI�SJ�E�WXERH�EPSRI�QEREKIQIRX�
system would involve the 
MQTPIQIRXEXMSR� SJ� SRP]� SRI� EWTIGX�
SJ� XLI� WMXI�� GVIEXMRK� VIHYRHERG]� SJ�
incompatible and not interconnected 
W]WXIQW�� *SV� XLMW� VIEWSR�� XLI�YWI�SJ� E�
WMRKPI�� TSWWMFP]� [IF�FEWIH� TPEXJSVQ�
would ensure that the actors in the 
TVSGIWW�YWI�E�GSQQSR�FEWMW� JSV�HEXE�
I\GLERKI�� -R� XLMW�[E]�� XLI� MRWXVYQIRXW�
used to manage the various aspects 
SJ� XLI� WMXI� �WYGL� EW� WEJIX]�� QEXIVMEP�
QEREKIQIRX�� MRXIVJIVIRGI�� IXG�� [SYPH�
FI� STXMQM^IH� ERH� TIVJSVQ� QYPXMTPI�
JYRGXMSRW�� -X� MW� MR� XLMW� HMVIGXMSR� XLEX�
many companies are moving to set 
YT�TPEXJSVQW� �WYGL�EW�&-1����� PE]SYX��
786�:MWMSR�8IEQ�;SVO�� )ZSPZIE��8IOPE�
&-1� 7MKLX� EFPI� XS� QEREKI� ERH� ZIVMJ]�
the compliance with the requirements 
SR�WEJIX]�ERH�GSSVHMREXMSR�SJ�[SVOQIR�
by monitoring in real time, with wireless 
WIRWSVW�� XLI� SRWIX� SJ� VMWO� JEGXSVW� ERH�
compliance with prescriptions. These 
multi-level architectures are able to 
record and analyse data in order to 
obtain statistics on site behaviour and, 
ƼREPP]�� TVSZMHI� QSRMXSVMRK� ERH� ƼREP�
reports. This structure acquires data 
JVSQ� XLI� ƼIPH� MRJVEWXVYGXYVI�� [LMGL�
connects and locates sensors, tags and 
badges, developing data management 
ERH� WXSVEKI� MR� XLI� 'PSYH�� -R� XLMW� [E]��
the surveys are analysed in real time, 
MHIRXMJ]MRK�ERH�TVSEGXMZIP]�VITSVXMRK�VMWO�

WMXYEXMSRW��8SSPI��������>SY�������ERH�
non-compliance with prevention and 
protection procedures. 
Users can only access data using 
GVIHIRXMEPW�GSRRIGXIH� XS�E�YWIV�TVSƼPI�
WYGL� XLEX� GIVXEMR� MRJSVQEXMSR� MW�QEHI�
EZEMPEFPI�HITIRHMRK�SR� XLI� PIZIP�SJ� XLI�
TIVWSR�ERH�XLI�EƾPMEXMSR��8LI�MRXIVJEGI�
allows to manage three-dimensional 
QSRMXSVMRK� [MXL� EPP� XLI� MRJSVQEXMSR�
VIUYMVIH� JSV� XLI� KISKVETLMGEP� PSGEXMSR�
ERH� TVSKVIWW� SJ� XLI� EGXMZMXMIW�� -R� XLMW�
way, it is possible to simultaneously 
control multiple sites located in areas 
XLEX� EVI� EPWS� ZIV]� HMWXERX� JVSQ� IEGL�
SXLIV�� STXMQMWMRK� XLI� YWI� SJ� WXEJJW�
VIWTSRWMFPI�JSV�QEREKMRK�[EVRMRKW�ERH�
anomalies in the construction sites. 
These structures are able to locate in 
real time, both indoors and outdoors, 
TISTPI�� IUYMTQIRX�� QIERW� SJ� [SVO��
as well as materials with presence 
control and access authorisations 
to the various construction site 
EVIEW�� 8LMW� ETTVSEGL� GER� MHIRXMJ]�
ERH� QSRMXSV� STIVEXMSREP� MRXIVJIVIRGI�
XLEX� I\MWXW� FIX[IIR� [SVOQIR� MR� XLI�
WEQI� EVIE� SV� F]� QIERW� SJ� ZILMGPIW��
MRHMGEXMRK� LE^EVHW� [MXL� VIWTIGX� XS�
QSZMRK� ZILMGPIW�� 3R� E� GSKRMXMZI� WMXI��
the aspects listed above are just some 
SJ�XLI�TSWWMFPI�YWIW�MR�XIVQW�SJ�WEJIX]�
and resource management, which are 
QEHI� TSWWMFPI� F]� XLI� MRXVSHYGXMSR� SJ�
WIRWSVW�ERH�EGXYEXSVW��8LI�I\XIRWMFMPMX]�
ERH� WGEPEFMPMX]� SJ� XLIWI� W]WXIQW�EPPS[�
XLI� GYWXSQM^EXMSR� SJ� XLI� W]WXIQ�
GSRXIRXW�EGGSVHMRK�XS�XLI�RIIHW�SJ�XLI�
GSRWXVYGXMSR� WMXI� XLI� MHIE� SJ� GSKRMXMZI�
includes machine learning algorithms 
to introduce a responsiveness related to 
FILEZMSYVW��-R�E�WQEVX�GSRWXVYGXMSR�WMXI�
XS� GPSWI� XLI� GSRXVSP� PSST� MRJSVQEXMSR�
are delivered back to machines or 
TISTPI�MR�XLI�JSVQ�SJ�PSGEXMSRW�SJ�SXLIV�
SFNIGXW� SV� MRWXVYGXMSRW� JSV� QSZIQIRX��
in a cognitive concept the machines 
and materials can implement their 
intelligence through data analytics and 
machine learning to introduce predictive 
logics. 
-R� TEVXMGYPEV�� MXƅW� [SVXL]� XS� YRHIVPMRI�
EW� XLEX� GIVXEMR� GSRXVSPW� WYGL� EW�� JSV�
I\EQTPI�� XLI� LYQMHMX]� PIZIP� MR� E� [SVO�

EVIE�EVI�RSX�RIGIWWEV]��SV�WYTIVƽYSYW��
on a civil construction site, but in the 
GEWI� SJ� E� XYRRIP� GSRWXVYGXMSR� MX� MW� E�
ZIV]� MQTSVXERX� JEGXSV�� 8LI� TYVTSWI�
SJ� XLMW� HSGYQIRX� MW� XS� I\TPEMR� XLI�
TSWWMFPI� YWIW� ERH� MRXIKVEXMSRW� SJ� XLMW�
W]WXIQ�� -R� TEVXMGYPEV�� [I� GER� MHIRXMJ]�
WIRWSVW� JSV� �M� XVEGMRK� TISTPI� SV�
TVSTIVX]�� �MM� IRZMVSRQIRXEP� HIXIGXMSR�
�I�K�� EMV� UYEPMX]�� RSMWI� PIZIPW�� IXG��� �MMM�
EGGIWW�XS�EVIEW�ERH��MZ�IRZMVSRQIRXEP�
EHETXEXMSR��8LI�YWI�SJ�WIRWSVW�SR�WMXI�
is made possible by an interconnection 
network that can detect the presence 
SJ� RI[� HIZMGIW� ERH� MRWIVX� XLIQ� MRXS�
XLI� QSRMXSVMRK� W]WXIQ�� -R� XLI� WEQI�
[E]�� XLI� VIQSZEP� ERH� QSZIQIRX� SJ�
RIX[SVO�HIZMGIW�MW�EPWS�I\XVIQIP]�IEW]�
ERH� XLIVIJSVI� WYMXEFPI� JSV� XIQTSVEV]�
installations. The positioned devices 
connect autonomously to the others 
XS� GSRƼKYVI� E� VEHMS� GSZIVEKI� SJ� XLI�
GLSWIR�̂ SRI��%PP�HEXE�MW�GSRZI]IH�XS�ERH�
JVSQ�SRI�SV�QSVI�KEXI[E]W��GSRRIGXMRK�
XLI�RIX[SVO�XS�XLI�-RXIVRIX�ERH�XLIR�XS�
XLI�WIVZIVW�ERH�GPMIRXW�SJ� XLI�TPEXJSVQ�
�:EPIVS�� ������ ,S[IZIV�� MX� WLSYPH� FI�
TSMRXIH�SYX�XLEX�XLI�YWI�SJ�XSSPW�XS�XVEGI�
people oversteps the personal privacy 
SJ�[SVOQIR��[LMGL� MW�[L]� XLIWI� XSSPW�
entrust each workman with a user with 
certain characteristics that he or she 
TSWWIWWIW��WYGL�EW�UYEPMƼGEXMSRW�� -46��
TEXIRXW��IXG���FYX�HSIW�RSX�EPPS[�W]WXIQ�
EHQMRMWXVEXSVW� XS� ZMI[� XLI� MHIRXMX]� SJ�
XLI�TIVWSR��3RP]�MR�WMXYEXMSRW�SJ�HERKIV�
�M�I�� MR� XLI� TVIWIRGI� SJ� EGGMHIRXW� MW�
the administrator allowed to link the 
[SVOQER�W� MHIRXMƼGEXMSR� [MXL� LMW�LIV�
real identity.
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The adopted methodology pursues to 
GSRRIGX�HEXE�GSQMRK�JVSQ�-S8�HIZMGIW�
such as sensors that could be used to 
locate materials, people and machines. 
8LI�QIXLSH�EHSTXIH�YWIW�:40�XS�VIEPM^I�
E�[SVOƽS[�SJ�MRXIVGSRRIGXMSR�FIX[IIR�
HEXE� GSPPIGXIH� ERH� XLI� &-1� QSHIP�
[LMGL� MW� XLI� ZMVXYEP� IRZMVSRQIRX� SJ�
GSRXVSP�SJ� XLI�GSRWXVYGXMSR�WMXI� �HMKMXEP�
X[MR�� -RWMHI� XLI� ZMVXYEP� IRZMVSRQIRX�
controls are structured by colour codes 
and actuations could be implemented 
towards the communication 
architecture pervading the construction 
WMXI��8LI�QEMR�QIXLSHSPSKMGEP�[SVOƽS[�
MW�HITMGXIH�MR�*MKYVI����WIRWSVW�HEXE�EVI�
simulated and written in a database 
WYGL�EW�ER�I\GIP�ƼPI��ERH�XLIR�XVERWPEXIH�
XS� XLI� &-1�QSHIP� F]� E� H]REQS� WGVMTX�
and actuation or a control system about 
environmental conditions, workmen’ 
WEJIX]� ERH� QEGLMRIVMIW� PSGEXMSR� MW�
implemented.

'%7)�789(-)7

8LI� ƼIPH� SJ� ETTPMGEXMSR� SJ� -S8� XS� &-1�
is wide and in this paper a short 
introduction has been given in the 
TVIZMSYW�WIGXMSRW��8LI�SFNIGXMZI�SJ� XLI�
paper is to describe some case studies 
about how to use the data gathered 
MR� XLI� GSRWXVYGXMSR� WMXI� XLVSYKL�E�&-1�
model to control, enable and implement 
EHZERGIH�JIEXYVIW�JSV�XLI�GSRWXVYGXMSR�
site. Four case studies are described in 
XLI�JSPPS[MRK�WIGXMSRW�

1. 'SRXVSP�SJ�IRZMVSRQIRXEP�GSRHMXMSRW�
MR�XLI�EVIEW�SJ�E�GSRWXVYGXMSR�WMXI�

2. (YWX� GSRXVSP� MR� XLI�HMJJIVIRX� EVIEW�
MR�XLI�GSRWXVYGXMSR�WMXI�

3. 1ER� HS[R� WEJIX]� GSRXVSP� MR� XLI�
EVIEW�SJ�E�GSRWXVYGXMSR�WMXI

4. 0SGEPM^EXMSR� SJ� QEGLMRIW� MR� XLI�
EVIEW�SJ�E�GSRWXVYGXMSR�WMXI�

*MKYVI����;SVOƽS[�FIX[IIR�XLI�HEXE�GSPPIGXIH�F]�WIRWSVW�MR�XLI�GSRWXVYGXMSR�WMXI�ERH�XLI�&-1�QSHIP�MR�%YXSHIWO�6IZMX�[LIVI��(�HEXE�EVI�WLS[R�XS�TIVJSVQ�
controls and actuations.
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-R� XLI� JSPPS[MRK�WIGXMSRW� XLI� JSYV�GEWI�
WXYHMIW�EFSYX� -S8�ERH�&-1�GSRRIGXMSR�
JSV�GSRWXVYGXMSR�WMXI�EVI�HIWGVMFIH�ERH�
possible applications highlighted.

'ǝǞǘǚǝǠ�ǝǦ�ȨǞǖǣǚǝǞǟȨǞǘȳǠ�ȱǝǞȰǣǘǣǝǞǙ�
ǣǞ�ǘǤȨ�ȳǚȨȳǙ�ǝǦ�ȳ�ȱǝǞǙǘǚǗȱǘǣǝǞ�ǙǣǘȨ

8LI�ƼVWX�GEWI�WXYH]�LEW�FIIR�TIVJSVQIH�
XS�WMQYPEXI�XLI�MRHSSV�GSRHMXMSR�JSV�XLI�
GSRWXVYGXMSR� WMXI� GSRWMHIVMRK� WTIGMƼG�
XLVIWLSPHW�JSV�XLI�EHSTXIH�TEVEQIXIVW��
8LI� TSWWMFPI� ETTPMGEXMSRW� SJ� XLMW�
approach are wide considering the 
data that can be gathered by sensors 
installed and the environmental control 
TEVEQIXIVW� WYGL� EW�� XIQTIVEXYVI��
VIPEXMZI� LYQMHMX]�� WQSK�TSPPYXMSR�� HYWX�
TEVXMGYPEXI�� TVIWWYVI�� WQSOI�� RSMWI��
:3'�PIZIPW��8LI�WEQI�GSRGITX�GSYPH�FI�
implemented to monitor and decrease 
ƼVI�SYXFVIEOW��[EXIV� PIEOW�ERH�GPEMQW��
-R� XLI� TVIWIRX� GEWI�� XLI� MRHSSV� EMV�
temperature and relative humidity have 
been used as main control parameters 
ERH� ZEPYIW� LEZI� FIIR� MHIRXMƼIH� XS�
simulate the data collection by sensors 
ERH� XLI� ZIVMƼGEXMSR� SJ� XLI� MRHSSV�
GSRHMXMSRW��8LI� XLVIWLSPHW� EVI� HIƼRIH�
MR� GSQTPMERGI� [MXL� WXERHEVH� WEJIX]�
ERH�GSQJSVX�ZEPYIW��92-�)2�-73������
WYGL� EW�� ��q'�  � EMV� XIQTIVEXYVI� �8�  �
��q'����	� �VIPEXMZI�LYQMHMX]��,� ���	��
The reported ranges state the correct 
conditions and thus the colour code 
“green” is displayed, while the values are 
lower or higher than the thresholds the 
values are reported as not compliant 
and consequently combined with a 
“red” colour code. The data have been 
GSPPIGXIH�ERH�SVKERM^IH�MR�ER�I\GIP�ƼPI�
as repository as shown in Table 1.

-R�*MKYVI��� XLI�VIWYPX�SJ� XLI�WMQYPEXMSR�
MW�TVIWIRXIH��-X�MW�XLYW�TSWWMFPI�XS�IRZM-
WEKI� MR� XLI�&-1�QSHIP� XLI�GVMXMGEP�EVI-
as and promote a tailored service to 
relocate resources which could have 
problems with indoor and storage con-
HMXMSRW�SV� MRGVIEWI� XLI�GSQJSVX� JSV� XLI�
workmen in the construction site areas.

8EFPI����)\EQTPI�SJ�HEXE�SJ�EMV�XIQTIVEXYVI�ERH�VIPEXMZI�LYQMHMX]�GSPPIGXIH�F]�ƼIPH�WIRWSVW�MR�XLI�GSRWXVYGXMSR�WMXI��
*MKYVI����'SPSYV�GSHI�XS�YRHIVPMRI�XLI�PIZIPW�SJ�XIQTIVEXYVI�ERH�VIPEXMZI�LYQMHMX]�

L. C. Tagliabue, A. L. C.CiribiniA BIM-Based IoT Approach to the Construction Site Management
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The second simulation is about the 
QIEWYVIQIRX� ERH� GSRXVSP� SJ� HYWX�
in the construction site related to 
HMJJIVIRX� EVIEW�� -R� XLMW� WMQYPEXMSR� XLI�
&-1�QSHIP�SJ�XLI�GSRWXVYGXMSR�WMXI�LEW�
FIIR� VIEPM^IH� [MXL� HMJJIVIRX� WIGXMSR�
corresponding to masses and the 
WIRWSVW� VIJIVVIH� XS� XLI� ZEPYIW� SJ� XLI�
I\GIP� VITSWMXSV]�� 8LI� QEMR� XEWO� MW� XS�
monitor the environmental condition 
FYX� E� WXIT� JSV[EVH� MW� XS� IRHSVWI� XLI�
EGXYEXMSR� SJ� E� RIFYPM^IV� XS� VIHYGI� XLI�
TVIWIRGI� SJ� HYWX�� %� H]REQS� WGVMTX�
LEW� FIIR� I\IGYXIH� XS� VIEH� XLI� I\GIP�
HEXE�ZMVXYEPP]�GSQMRK�JVSQ�XLI�WIRWSVW�
ERH� [VMXI� XLI� TEVEQIXIVW� MR� XLI� &-1�
model in the Autodesk Revit authoring 
WSJX[EVI� �*MKYVI����%�GSPSYV�GSHI�LEW�
been applied to the construction site 
EVIEW� XS� HIƼRI� XLVIWLSPHW� XS� EGXMZEXI�
XLI� RIFYPM^IV� �*MKYVI� ��� -R� 8EFPI� ��
XLI� SVKERMWEXMSR� SJ� XLI� &-1� QSHIP� MR�
the simulation is shown including the 
ZEPYIW�SJ�HYWX�
The simulation allows to understand 
LS[�XS�HIƼRI�XLI�GSRHMXMSRW�SJ�HMJJIVIRX�
areas in the construction site however 
MX� MW� GVMXMGEP� XS� HIƼRI� XLI� HMJJIVIRX�
EVIEW�ERH� XLI� VIPIZERGI�SJ� XLI�ZEVMSYW�
processes and location. The masses 
XLEX� HIƼRI� XLI� EVIE� MR�[LMGL� XLI� HYWX�
GSRXVSP�MW�IQTS[IVIH�LEZI�FIIR�HIƼRIH�
MR� GSVVIPEXMSR� XS� XLI� I\GEZEXMSR� EVIEW�
however the areas could change during 
XLI�TVSKVIWW�SJ�XLI�[SVO��-X�MW�[SVXL]�XS�
RSXI�LS[�XLI�MRJSVQEXMSR�QSHIP�WLSYPH�
FI� GSVVIPEXIH� [MXL� XLI� SVKERMWEXMSR� SJ�
XLI� GSRWXVYGXMSR� TLEWIW� SJ� XLI� WMXI� XS�
avoid methodological discrepancies or 
inconsistencies.

8EFPI����)\EQTPI�SJ�HEXE�SJ�HYWX�GSPPIGXIH�F]�ƼIPH�WIRWSVW�MR�XLI�HMJJIVIRX�EVIEW�MR�XLI�GSRWXVYGXMSR�WMXI��
*MKYVI����(]REQS�WGVMTX�ERH�[SVOƽS[�JVSQ�WIRWSV�XS�QSHIP�XS�QSRMXSV�ERH�GSRXVSP�XLI�HYWX�
*MKYVI����7MQYPEXMSR�SJ�GSRXVSP�SJ�HYWX�XLVSYKL�&-1�QSHIP�QEWWIW�ERH�-S8�ETTVSEGL��
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8LI� QER� HS[R� ERH� 44)� �4IVWSREP�
4VSXIGXMSR� )UYMTQIRX� EVI� GVYGMEP� JSV�
WEJIX]� TVSGIHYVIW� MR� XLI� GSRWXVYGXMSR�
WMXI��8LI� ETTPMGEXMSR� SJ� XLI� -S8� XS�&-1�
GSRRIGXMSR� EVI� VIJIVVIH� XS� WIGYVMX]�
ERH� WEJIX]� ETTPMGEXMSRW� ERH� EGGIWW�
control to restricted access areas. The 
X[S� WIRWSVW� VIPEXIH� XS� XLI� [SVR� 44)�
and man down signal converge to the 
H]REQS�WGVMTX�[LS�XVERWJIVW�XS�XLI�&-1�
QSHIP� XLI� MRJSVQEXMSR� VIPEXIH� XS� XLI�
colour code. 
8LI�GSPSYV�GSHI�MW�EWWMKRIH�JSV�XLI�44)�
SR��[SVR�ERH�QER�WXERHMRK�EW�ƈKVIIRƉ�
light or correct procedure and “red” light 
ERH� EPIVX� WMKREP� JSV� XLI� 44)� SJJ� ERH�
or the man down signal as shown in 
*MKYVI� ��� 8LI� EWWSGMEXMSR� SJ� XLI� X[S�
MRJSVQEXMSR� GSYPH� FVMRK� XS� E� WEQI�
emergency level however it could be 
HMJJIV�JSV�WEJIX]�TVSGIHYVI�

0ǝȱȳǠǣǒȳǘǣǝǞ�ǝǦ�ǟȳȱǤǣǞȨǙ�ǣǞ�ǘǤȨ�ȳǚȨȳǙ�
ǝǦ�ȳ�ȱǝǞǙǘǚǗȱǘǣǝǞ�ǙǣǘȨ

8LI�PSGEPM^EXMSR�SJ�XLI�QEGLMRIW�MR�XLI�
EVIEW�SJ�XLI�GSRWXVYGXMSR�WMXI� MW�E�ZIV]�
important issue and accidents and 
WEJIX]� TVSFPIQW�GSYPH�FI�EZSMHIH�ERH�
controlled by using sensors to delimit 
XLI� EVIEW� �M�I�� GSRIW� WIRWSVW� EW� 6*-(�
6EHMS�*VIUYIRG]�-(IRXMƼGEXMSR�XLEX�EVI�
connected to the sensor in the machine 
�M�I�� +47� +PSFEP� 4SWMXMSRMRK� 7]WXIQ�
YWIH� XS� MHIRXMJ]� MXW� PSGEXMSR�� 8LI� EMQ�
SJ� XLI� I\TIVMQIRXEXMSR� MW� XS� ORS[� XLI�
RYQFIV�SJ�QEGLMRIW� MR�E�WTIGMƼG�EVIE�
EMQMRK� EX� STXMQM^I� XLI� ƽS[W� ERH� XLI�
VIWSYVGIW�� 8LI� -S8� XS� &-1� [SVOƽS[�
GSYPH�FI�ETTPMGEFPI�XS�HIƼRI�HIRWMX]�SJ�
QEGLMRIW�MR�E�WTIGMƼG�EVIE�ERH�HIRWMX]�
SJ�[SVOQIR�MR�XLI�EVIEW�
The process could be supported 
both outdoor and indoor. The actual 
GSSVHMREXIW� SJ� XLI� QEGLMRIW� EVI�
converted with a dynamo script in the 
&-1� IRZMVSRQIRX� ERH� XLIR� GSQTEVIH�
XS�XLI�QEWWIW�YWIH�XS�HIƼRI�XLI�EVIEW�
MR� XLI� GSRWXVYGXMSR� WMXI�� -R� XLMW� [E]� MX�
MW� TSWWMFPI� XS� HIXIVQMRI� MJ� E� WTIGMƼG�
QEGLMRI�MW�MR�E�HIƼRIH�EVIE�ERH�ZIVMJ]�

8EFPI����)\EQTPI�SJ�HEXE�JSV�XLI�QER�HS[R�ERH�TVIWIRGI�GSRXVSP�SJ�TISTPI��
*MKYVI����7MQYPEXMSR�SJ�QER�HS[R�ERH�44)�GSRXVSP�MR�XLI�GSRWXVYGXMSR�WMXI��
*MKYVI����1EWWIW�JSV�QEGLMRIW�ERH�QEWW�JSV�XLI�EVIEW�MR�XLI�GSRWXVYGXMSR�WMXI�ERH�[SVOƽS[�
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MJ�XLIVI�EVI�MRGSQTEXMFMPMXMIW�ERH�MWWYIW�
to solve.
The simulation could be used to enable 
TVSGIWWIW�SJ�VIGSKRMXMSR�SJ�TSWMXMSR�JSV�
elements in the construction site such 
as pillars, beams, etc. adopting a control 
procedure and a colour code to highlight 
TSWWMFPI� IVVSVW� MR� XLI� TSWMXMSRMRK� SJ�
WYGL� IPIQIRXW�� -R� XLMW� GEWI� MX� MW� EPWS�
GVYGMEP� XS� HIƼRI� XLI� HMJJIVIRX� EVIEW� SJ�
the construction site in a congruent and 
relevant manner to unveil issues. The 
GSRGITX�SJ�ƈWXEVX�[MXL�XLI�IRH� MR�QMRHƉ�
GSRXMRYIW� XS� FI� GSVI� TSMRX� JSV� E� &-1�
IREFPIH�-S8�STXMQM^EXMSR�ETTVSEGL�

'32'097-32

The cognitive construction site, 
IREFPIH� F]� -S8� XIGLRSPSKMIW� ERH�
&-1� QIXLSHSPSK]�� EPPS[W� XS� MRGVIEWI�
productivity and decrease time and 
GSWXW�� %� PSX� SJ� JEGXSVW� GER� MRGVIEWI�
SJ� ���	� XLI� GSWX� SJ� E� GSRWXVYGXMSR��
JSV� GLERKI� MR� [SVO� TPER�� RSX� EZEMPEFPI�
[SVOMRK�EVIEW�� YRHIVIWXMQEXIH� IJJSVXW��
[IEXLIV� GSRHMXMSRW�� TVIZMSYW� LERHSJJ�
incomplete, not available materials 
ERH� PEFSYV��1SWX� SJ� XLIWI� JEGXSVW� GER�
FI� GSVVIGXIH� F]� ER� -S8� ETTVSEGL� F]�
sensing the procedures and materials, 
tracking machines and workmen to 
STXMQM^I�ƽS[W�ERH�MRGVIEWI�WEJIX]�ERH�
GSQTPMERGI� SJ� STXMQM^IH� TVSGIHYVIW��
The paper shows some case studies 

[LIVI� E� [SVOƽS[� XS� GSRRIGX� HEXE�
gathered by sensors that could be 
installed in the construction site enable 
XS� MQTPIQIRX� XLI� GSRXVSP� TVSGIHYVIW��
improving environment conditions, 
controlling and actuating actions 
to correct uncompliant conditions, 
MRGVIEWI�WEJIX]�ERH�IREFPMRK�IQIVKIRG]�
procedures, locate in the correct place 
SJ� XLI� GSRWXVYGXMSR� WMXI� QEGLMRIW��
workmen and elements that could be 
FIRIƼGMEP� XS� FI�QSRMXSVIH� MR� XLI�[SVO�
TVSKVIWW�� 8LI� TVSTSWIH� [SVOƽS[�
supports the project management and 
XLI� YWI� SJ� HEXE� JSV� WXEXMWXMGEP� EREP]WMW�
TVSZMHMRK� E� KVETLMG� ZMWYEPM^EXMSR� SJ�
XLI� MRJSVQEXMSR� MR� XLI� WEQI� TPEXJSVQ�

however the interconnection between 
HMJJIVIRX� WSJX[EVI� MW� RIIHIH� ERH�
EYXSQEXM^EXMSR� GSYPH� FI� MQTPIQIRXIH�
through an interpreted, object-oriented, 
high-level programming language with 
dynamic semantics.

%'/23;0)(+1)287�
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&ȨǞȳǟǟȳǚ��1���%ȲȰȳǝǗǣ��%���%ǤǟȳȰ��7���8ǝǗȳǘǣ��
*���ɱ�/ȳȰǚǣ��%�������. $�0RGXODU�,R7�3ODWIRUP�IRU�
5HDO�7LPH�,QGRRU�$LU�4XDOLW\�0RQLWRULQJ��6HQVRUV, 
�����������

&ǣǢȨǞ��.�������� 'XUDELOLW\�RI�HQJLQHHULQJ�
VWUXFWXUHV��'HVLJQ��UHSDLU�DQG�PDLQWHQDQFH� 
;SSHLIEH�4YFPMWLMRK��'EQFVMHKI��9/�

'LUHFWLYH���������(8�RI�WKH�(XURSHDQ�3DUOLDPHQW�
DQG�RI�WKH�&RXQFLO�RI����)HEUXDU\��������RQ�SXEOLF�
SURFXUHPHQW�DQG�UHSHDOLQJ�'LUHFWLYH���������
(&�7H[W�ZLWK�(($�UHOHYDQFH��3ƾGMEP�.SYVREP�SJ�XLI�
)YVSTIER�9RMSR������������0��������

0ǝǜȨǒ��6���0ǝǖȨ��4��)��(���)ȰǕȳǚȰǙ��(��.���ȳǞȰ�(ȳǖǣǙ��
4��6�������� ̸'HVLJQ�HUURU�FODVVLͤFDWLRQ��FDXVDWLRQ�
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8LI�EREP]WMW�SJ�LMWXSVMGEP�XMQFIV�VSSJW�MW�E�XSTMG�[MHIP]�HIEPX�[MXL�MR�PMXIVEXYVI�FSXL�MR�
XLI�HMWGMTPMREV]�ƼIPH�SJ�ƈXLISV]�SJ�GSRWXVYGXMSRƉ�ERH�ƈGSRWXVYGXMSR�XIGLRSPSKMIWƉ��ERH�
MR�XLEX�SJ�EVGLMXIGXYVEP�XIGLRSPSK]�ERH�VIWXSVEXMSR��8LI�WTIGMEPMWX�PMXIVEXYVI��LS[IZIV��
LEW� SJXIR� WMQTPMƼIH� XLI� GSRWXVYGXMZI� GSRGITXMSR� ERH� IZSPYXMSR� SJ� XLIWI� EVXMJEGXW�
XLEX��IZIR�[LIR�XLI]�WXERH�WXMPP� XS�HEXI��WLS[�XLI�WMKRW�SJ�E� PSRK� PMJI��SJXIR�LMHHIR�
ERH� PMXXPI�ORS[R��IZIR�[MXL� VIKEVH� XS� JVIUYIRX�GLERKIW�SZIV� XMQI��8LMW�TETIV�EMQW�
XS�SYXPMRI�E�QIXLSHSPSKMGEP�ETTVSEGL�JSV�ER�MR�HITXL�EWWIWWQIRX�SJ�LMWXSVMG�XMQFIV�
VSSJW��MR�SVHIV�XS�I\XIRH�XLIMV�WIVZMGI�PMJI��-R�E�LSPMWXMG�GSRGITXMSR��HMKMXEP�XIGLRSPSKMIW�
GSPPEFSVEXI�XS�MHIRXMJ]�QIGLERMGEP��VLISPSKMGEP�ERH�L]KVSWGSTMG�TLIRSQIRE�SR�[SSH�
IPIQIRXW�SZIV�XMQI��LMKLPMKLXMRK�HMWTPEGIQIRXW��HIJSVQEXMSRW�ERH��KIRIVEPP]��HIGE]��
7SQI�GEWI�WXYHMIW�EREP]^IH�MR�XLI�XIVVMXSV]�SJ�&SPSKRE�[IVI�E�YWIJYP�WXEVXMRK�TSMRX�XS�
EGLMIZI�E�XLSVSYKL�YRHIVWXERHMRK�SJ�XLIWI�EVXMJEGXW��TVMQEVMP]�FEWIH�SR�WYVZI]��HMKMXEP�
modeling and structural analysis. This academic approach, based on generative 
EPKSVMXLQW�� MW� YWIJYP� XS� EXXIQTX� E� QSVI� MR�HITXL� ERH� XVERWZIVWEP� YRHIVWXERHMRK�
SJ� XLI�FILEZMSV�SJ� XLIWI�[SSHIR�WXVYGXYVIW�� JSGYWMRK�SR�KISQIXVMG�WYVZI]MRK�ERH�
GSRWXVYGXMZI�EREP]WMW��(IZIPSTMRK�ERH�JSPPS[MRK�E�QIXLSHSPSK]�EGGIPIVEXIW�QSHIPMRK�
TVSGIHYVIW�ERH�FVMRKW�SR�RI[�XSSPW�JSV�EREP]^MRK�XLIWI�WXVYGXYVEP�W]WXIQW�WYVZI]IH�
XLVSYKL�8IVVIWXVMEP�0EWIV�7GERRMRK��807�HIZMGIW�� -X�EPWS�IREFPIW�XS�WXSVI�EGUYMVIH�
VIWYPXW�MR�&-1�QSHIPW�MR�SVHIV�XS�TIVJSVQ�JYVXLIV�EREP]WIW�SZIV�XMQI��8LI�EGUYMVIH�
ORS[PIHKI�SJ� XLI�WXVYGXYVEP� FILEZMSV�SJ� XMQFIV� WXVYGXYVIW� MW� JYRHEQIRXEP� JSV� XLIMV�
QEMRXIRERGI�ERH�JSV�TSXIRXMEP�VIRSZEXMSR�

Knowledge Methods to Extend the 
Service Life of Historic Timber Roofs
/)=;36(7��ȱǝǞǙǘǚǗȱǘǣǝǞ�ǤǣǙǘǝǚǓ�ȳǞȰ�ǜǚȨǙȨǚǖȳǘǣǝǞ��ǘȨǚǚȨǙǘǚǣȳǠ�ǠȳǙȨǚ�ǙȱȳǞǞǣǞǥ��ǜȳǚȳǟȨǘǚǣȱ�
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8LI�EREP]WMW�SJ�LMWXSVMG�VSSƼRK�WXVYGXYVIW��
in particular timber trusses, is present in 
QER]�WGMIRXMƼG�GSRXVMFYXMSRW�MR�XLI�ƼIPHW�
SJ� FYMPHMRK� WGMIRGI� � ERH� GSRWXVYGXMSR�
XIGLRSPSK]�� � 2IZIVXLIPIWW�� SRP]� E� JI[�
studies have deeply investigated the 
FILEZMSV�SJ�XLIWI�GSRWXVYGXMSR�W]WXIQW�
MR� E� PMJI� G]GPI� TIVWTIGXMZI�� SR� XLI� FEWMW�
SJ� HIXEMPIH� WYVZI]�� 8LMW� MW� NYWXMƼIH� F]�
ZEVMSYW� JEGXSVW�� MRGPYHMRK� XLEX� VSSƼRK�
structures are usually hidden and don’t 
EXXVEGX� XLI� EXXIRXMSR� SJ� EVGLMXIGXW� ERH�
IRKMRIIVW�� I\GITX� MR� GEWI� SJ� WIZIVI�
damage, with imminent consequences 
SR�TISTPI�W�WEJIX]��,S[IZIV�� XLI� VSSJ� MW�
E�TEVX�SJ�XLI�FYMPHMRK�XLEX�MW�TEVXMGYPEVP]�
WYFNIGX� XS� HIXIVMSVEXMSR� ERH� ƼVI�� FIMRK�
GLEVEGXIVM^IH� F]� WXVSRK� QSHMƼGEXMSRW�
and partial replacements over time. To 
E�GIVXEMR�I\XIRX��XLI�WIVZMGI�PMJI�SJ�E�VSSJ�
HIXIVQMRIW� XLI�WIVZMGI� PMJI�SJ� XLI�IRXMVI�
building. 

3RI�SJ�XLI�QEMR�VIEWSRW�JSV�XLI�PEGO�SJ�
EXXIRXMSR� PMIW� MR� XLI� JEGX� XLEX� [SSHIR�
VSSJW� EVI� X]TMGEPP]� MRHIXIVQMREXI�
WXVYGXYVIW�� [LSWI� WEJIX]� HITIRHW�
QSWXP]� SR� XLI� VIPMEFMPMX]� SJ� XLI� SVMKMREP�
WGLIQI��SR�XLI�UYEPMX]�SJ�[SSH�ERH�SR�

Knowledge Methods to Extend the Service Life of Historic 
Timber Roofs

L. Guardigli, G. Mochi, D. Pratiin_bo

XLI�GSRHMXMSR�SJ�ORSXW�ERH�NSMRXW��-R�SXLIV�
[SVHW�� MX�TIVXEMRW� XS� XLI�EVX�SJ�FYMPHMRK��
XS�XLI�TVEGXMGI�SJ�GEVTIRXV]�ERH�JSV�XLMW�
VIEWSR�MX�IPYHIW�WGMIRXMƼG�ERH�EREP]XMGEP�
MRXIVTVIXEXMSRW��MJ�RSX�EX�XLI�GSWX�SJ�PEVKI�
ETTVS\MQEXMSRW�� 9RHIVWXERHMRK� XLI�
geometry, the structural behavior and the 
HIGE]�SJ�[SSH�MW�XLI�OI]�JEGXSV�XS�I\XIRH�
XLI� WIVZMGI� PMJI� SJ� E� XMQFIV� WXVYGXYVI��
TEVXMEP�VITPEGIQIRXW�SJ�TEVXW�GER�FI�TEVX�
SJ�XLI�QEMRXIRERGI�WXVEXIK]�
 
8LI� QIXLSH� TVSTSWIH� LIVI� JSV� XLI�
EWWIWWQIRX� SJ� XMQFIV� XVYWWIW� MW�
compatible with the standard procedures  
and it is based on an accurate 
KISQIXVMG� WYVZI]� SJ� XLI� WXVYGXYVEP�
TEVXW� SJ� XLI� VSSJ�� *SPPS[MRK� XLI� WYVZI]��
it is possible to go back to the original 
KISQIXV]� SJ� XLI� WXVYGXYVI� XLVSYKL� XLI�
VEXMSREP� YWI� SJ� VIZIVWI� IRKMRIIVMRK�
WSJX[EVI�� *YVXLIVQSVI�� GSYRXMRK� SR�
XLI� HIZIPSTQIRX� SJ� HIXEMPIH� KISQIXVMG�
QSHIPW�� MX� MW� TSWWMFPI� XS� TIVJSVQ�
precise analyses on the rheological and 
L]KVSWGSTMG� FILEZMSV� SJ� XLI� WXVYGXYVIW�
HYVMRK�XLIMV�PMJI�G]GPI��%PP�XLI�MRJSVQEXMSR�
GER�FI�WXSVIH�ERH�GSRJVSRXIH� MR�E�&-1�
model.

*MKYVI����8LI�VSSJ�SJ�7ER�4IXVSRMS��&SPSKRE�
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-R� GSRWXVYGXMSR� LMWXSV]� XMQFIV� XVYWWIW�
EVI�XLI�QEMR�WXVYGXYVIW�SJ�XMQFIV�VSSJW��
They are commonly used to cover big 
LEPPW�ERH��TEVXMGYPEVP]�� XLI�REZIW�SJ� XLI�
GLYVGLIW�� 8LIWI� X]TIW� SJ� WXVYGXYVIW�
are conceived both as planar and tri-
HMQIRWMSREP� W]WXIQW� ERH� VIEPM^IH�
[MXL� KMVHIVW� SJ� WSPMH�[SSH� SJ� HMJJIVIRX�
WIGXMSRW�� HITIRHMRK� SR� XLI� VSSJ� WTER��
The ability to redistribute the vertical 
PSEH� [MXLSYX� TVSHYGMRK� LSVM^SRXEP�
thrust on lateral walls gave success to 
XLIWI� WXVYGXYVEP� GSRƼKYVEXMSRW� WMRGI�
XLI�FIKMRRMRK�SJ�XLI�-:�GIRXYV]�
&IJSVI� XLI� YWI� SJ� WGMIRXMƼG� QIXLSHW��
the architects used to solve the 
TVSFPIQ� SJ� FYMPHMRK� HYVEFPI� VSSƼRK�
W]WXIQW� JSPPS[MRK� XLI� EHZMGI� SJ�
QEWXIV� FYMPHIVW� ERH� GEVTIRXIVW� JSV�
their ability to produce and assemble 
VIPMEFPI� WXVYGXYVEP� IPIQIRXW�� )\EQTPI�
SJ� RSXI[SVXL]� XVYWWIW� EVI� VITVIWIRXIH�
F]�QER]�EVGLMXIGXW�MR�JEQSYW�QERYEPW��
WXEVXMRK� JVSQ� XLI�<:� GIRXYV]� �4LMPMFIVX�
(IPSVQI�� 0ISREVHS� HE� :MRGM�� 8EGGSPE��
+�&� HE� 7ERKEPPS�� FYX� GSRWXVYGXMSR�
QSWXP]�HITIRHIH�SR�TVEGXMGI��-R�E�[IPP�
known table by Sebastiano Serlio, titled 
armamenti di legname, the architect 
WXEXIW� XLEX� mXLI� XMQFIV� QEWXIV� [MPP�
know how to manage it according 
XS� XLI� TPEGI�� XLIVIJSVI� LI� [SR� �X� KMZI�
any measures other than those in the 
HVE[MRKW|�� 8LIWI� [SVHW� GPIEVP]� PIEZI�
XLI� WIPIGXMSR� SJ� XLI� FIEQ� WIGXMSRW�
ERH� XLI� WSPYXMSR� SJ� XLI� HIXEMPW� XS� XLI�
carpenters. The same statement can 
FI� ETTPMIH� XS� XLI� QEMRXIRERGI� SJ� XLI�
VSSJW� SZIV� XMQI�� XLI� IPIQIRXW� [IVI�
continuously monitored and eventually 
replaced with new members, according 
XS�XLI�IZEPYEXMSR�SJ�XMQFIV�I\TIVXW��RSX�
necessarily architects.
-X� MW� HMƾGYPX� XS� WE]� LS[� QYGL� VSSJ�
GSRWXVYGXMSR� MR� )YVSTI� HIVMZIH� JVSQ�
local culture, and how much the 
carpenters were travelling, spreading 
XLIMV� ORS[PIHKI� MR� HMJJIVIRX� VIKMSRW��
The construction and maintenance 
SJ� XVYWWIW� LEZI� GIVXEMRP]� JSPPS[IH� XLI�
GYPXYVI�SJ�TPEGI��WXVSRKP]�HITIRHMRK�SR�
JYRGXMSREP�RIIHW�ERH�QEXIVMEPW�WYTTP]��
-R� 'IRXVEP� -XEP]� SRP]�� WSQI� WTIGMIW� SJ�
wood were available, usually hardwood 

�GLIWXRYX�� [EPRYX�� TSTPEV�� SEO�� TMRI�� -J�
XLI� GEVTIRXIVW� RIIHIH� WSJX� [SSH� �ƼV�
to build slender elements, they didn’t 
LIWMXEXI�XS�MQTSVX�XLI�QEXIVMEP�JVSQ�XLI�
%PTMRI�VIKMSR��;I�LEH�IZMHIRGI�SJ�XLEX�
JSVQ�LMWXSVMG�HSGYQIRXW�MR�&SPSKRE�
Southern European trusses are usually 
heavy structures, made with hard wood, 
[LMPI� 2SVXLIVR� )YVSTIER� WXVYGXYVIW�
XIRH�XS�FI�PMKLX�WXVYGXYVIW��,IEZ]�XMQFIV�
XVYWWIW� EVI� UYMXI� WMQTPI� MR� JSVQ�� ERH�
GSQTSWIH� F]� E� JI[� IPIQIRXW�� 8LIVI�
EVI�X[S�FEWMG�W]WXIQW��XLI�W]WXIQ�[MXL�
E� OMRK� TSWX� FIX[IIR� XLI� VEJXIVW�� [MXL�
or without braces (capriata semplice 
S� EPPƅMXEPMERE� ERH� XLI� W]WXIQ� [MXL� E�
collar beam and queen posts (capriata 
TEPPEHMERE��8LI�WGLIQI�[EW�XLI�WEQI�
JSV�QSWX�SJ�XLI�XVYWWIW��YT�XS�E�WTER�SJ�
15 meters. Beyond that dimension, it is 
usual to observe additional elements. 
�*MK���
A key issue in trusses construction is 
XLI� JYRGXMSR� SJ� XLI� OMRK� TSWX� ERH� MXW�
relation to the tie-beam. Some authors 
GEPP� ƈJEPWI� XVYWWƉ� SV� XVYWW�FIEQ� �JEPWE�
GETVMEXE�� GETVMEXE� XVEZI� E� XVYWW�[LIVI�
the king post rests on the tie-beam 
�TWIYHS�GEXIRE� ERH� XLI� VEJXIVW� �JEPWM�
TYRXSRM� SR� XLI� OMRK� TSWX�� %� WMQMPEV�

distinction is made between open joint 
XVYWWIW� ERH� GPSWIH� NSMRX� XVYWWIW�� � -R�
open joint trusses (capriata a nodo 
ETIVXS�XLI�NSMRX�FIX[IIR�XLI�OMRK�TSWX�
and the tie-beam is made through a 
not nailed steel bracket with the aim 
SJ� WMQTP]� QEMRXEMRMRK� XLI� TPEREVMX]�
SJ� XLI� WXVYGXYVI�� ERH� EZSMHMRK� XLI�
PSEHW� XVERWJIV�� MR� XLI�GPSWIH� NSMRX� XVYWW�
�GETVMEXE�E�RSHS�GLMYWS� XLI�OMRK�TSWX�
MW� TPEGIH� SR� XST� SJ� XLI� XMI�FIEQ� SV�
GPIEVP]� NSMRXIH� �LMRKIH�� KIRIVEXMRK�
some bending moment in the element. 
�*MK���
8LI�MPPYWXVEXMSRW�SJ�XLI�8VEMXʣ�XLISVMUYI�
IX�TVEXMUYI�HI�P�%VX�HI�&EXMV�F]�6SRHIPIX��
�4PERGLIW� JVSQ�'---� XS�'<--� XV]� XS�KMZI�
ER�MRXIVTVIXEXMSR�SJ�XLI�XI\X�SJ�:MXVYZMYW�
and show truss-beams and closed joint 
XVYWWIW��-R�'IRXVEP�-XEP]��8YWGER]��0E^MS��
[MXL� XLI� GMXMIW� SJ� *PSVIRGI� ERH� 6SQI�
XLI� OMRK� TSWX� MW� JVIUYIRXP]� HIXEGLIH�
JVSQ� XLI� XMI�FIEQ�� [LMPI� MR� 2SVXLIVR�
-XEP]��:IRIXS��0SQFEVHME�[MXL�XLI�GMXMIW�
SJ�1MPER�ERH�:IRMGI��ERH�MR�SXLIV�TEVXW�
Europe, as well as in most Architectural 
8VIEXMIW�� MX� MW� PMROIH� XS� XLI� XMI�FIEQ�� -R�
JEGX��4EPPEHMS��[LS�[EW�EGXMZIP]�[SVOMRK�
MR� XLI� :IRIXS� VIKMSR�� HIWGVMFIW� ERH�
HVE[W�GPSWIH�NSMRX�XVYWWIW�

*MKYVI����(IXEMP�SJ�FVEGOIX�ERH�[IHKIW�SJ�E�XMI�FIEQ�MR�7ER�4MIXVS��&SPSKRE�
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8LI� PMJI� G]GPI� SJ� E� XMQFIV� WXVYGXYVI�
GER� FI� ZIV]� PSRK�� MR�QER]� GLYVGLIW� SJ�
Bologna the same structures have been 
YWIH�JSV�QSVI�XLER�����LYRHVIH�]IEVW��
-R�WSQI�GEWI�QER]�TEVXW�SJ�XLI�XVYWWIW�
[IVI� VITPEGIH�� MR� SXLIV� SGGEWMSRW� XLI�
elements were disassembled and 
XLIR� VI�EWWIQFPIH�� -J� XLI]� [IVI� JSYRH�
I\GIWWMZIP]� HIJSVQIH� SV� HEQEKIH� F]�
humidity or animals, they were cut, 
shortened, turned upside down and 
eventually replaced.
8LI� QEMRXIRERGI� SJ� ER]� LMWXSVMG� VSSJ�
SJ� TEVXMGYPEV� MQTSVXERGI� �TEPE^^SW��
GLYVGLIW�� XLIEXVIW� LEW� EP[E]W� FIIR�
essential over the years to ensure a 
ZIV]� PSRK� PMJIG]GPI�� MRXIVZIRXMSRW� [IVI�
GSRXMRYSYW� ERH� VITVIWIRXIH� SRI� SJ�
XLI�QEMR� VYRRMRK� GSWXW� SJ� XLI� FYMPHMRK��
FIJSVI� XLI� WIVZMGIW� [IVI� MRXVSHYGIH�
and the energy consumption became a 
QENSV�MWWYI��8LI�KSSH�JYRGXMSRMRK�SJ�XLI�
building mainly depended on the good 
GEVI�SJ�XLI�VSSJ�IPIQIRXW�
9WYEPP]� XLI� HIGE]� SJ� LMWXSVMG� VSSJW�
VSYKLP]� HITIRHW� SR� X[S� QEMR� JEGXSVW��
XLI�PIEOEKI�JVSQ�XLI�GSEX�SJ�XLI�VSSJ�ERH�
XLI� H]WJYRGXMSRW�SJ� XLI�QEMR� WXVYGXYVI��
due to major displacements or material 
damage. Maintenance planning always 
HITIRHIH� SR� XLI� VIGSKRMXMSR� SJ� XLI�
HEQEKI��JSPPS[MRK�QSVI�SV�PIWW�HIXEMPIH�
visual inspections. 
8SHE]� XLI� PIEOEKI� SJ� LMWXSVMG� VSSJW� MW�
SJXIR� VIWSPZIH� [MXL� XLI� MRXVSHYGXMSR�
SJ� [EXIVTVSSƼRK� QIQFVERIW�� XLIWI�
membranes have increased the weight 
SJ�XLI�VSSJ�ERH�VIHYGIH�XLI�XVERWTMVEXMSR�
SJ� XLI� VSSJ�� FYX� LEZI� WYFWXERXMEPP]�
KYEVERXIIH� E� GSQTPIXI� [EXIVTVSSƼRK�
and protection, in such a way that well-
TVIWIVZIH� LMWXSVMG� VSSJW� EVI� RS[�QSVI�
durable than the past, not having the 
RIGIWWMX]� SJ� IRWYVMRK� [EXIVTVSSƼRK�
through discontinuous elements like 
XMPIW�� 2IZIVXLIPIWW�� SRI� TVSFPIQ� SJ� XLI�
VSSJ� MW� WXMPP� XLI� GSPPETWI� SJ� XLI� SVMKMREP�
small sealing bricks or stucco pieces 
onto the space underneath, especially 
[MXL�XLI�EFWIRGI�SJ�JEPWI�GIMPMRKW��[LMGL�
have a protection role until a certain 
TSMRX�� XLI�JEPP�SJ�WQEPP�IPIQIRXW��IZIR� MJ�
VIWXVMGXIH�XS�PMXXPI�EVIEW��GER�FI�I\XVIQIP]�
dangerous in rooms and halls occupied 

There are various manners 
SJ�HMWTSWMRK� XLI� XMQFIV�SJ� XLI�
VSSJW�� FYX� [LIR� XLI� QMHHPI�
walls support the beams, they 
EVI� ZIV]� IEWMP]� EGGSQSHEXIH��
which method pleaseth me 
very much, because the 
SYX[EPPW�HS�RSX�FIEV��WS�QYGL�
[IMKLX�� ERH� EPXLS�� XLI� LIEH� SJ�
some beam should rot, the 
VSSJ� MW� RSX�[MXLWXERHMRK� MR� RS�
danger

7MQMPEVP]�� MR� LMW� HVE[MRKW� 4LMPMFIVX�
(IPSVQI�MHIRXMƼIW�GPSWIH�NSMRXW��FSPXIH�
NSMRXW��9RXMP� XLI�<:-�GIRXYV]� XLI� -XEPMER�
I\TIVMIRGI� [EW� ZIV]� MRƽYIRXMEP� MR�
XLI� [SVO� SJ� )YVSTIER� EVGLMXIGXW�� -R�
XLIMV� WXVYGXYVEP� GSRGITXMSR� 2SVXLIVR�
European trusses tend to become 
PMKLXIV�ERH�QSVI�GSQTPI\�SZIV�XMQI�
;LMPI� XLI� ORS[PIHKI� SJ� [MHI� WTER�
[SSHIR� VSSƼRK�� MR� TEVXMGYPEV� XMQFIV�
trusses, is based on the analysis 
SJ� SPH� XI\XFSSOW�� XLI� MRXIVTVIXEXMSR�
SJ� XLI� QIGLERMGEP� FILEZMSV� YWYEPP]�
JSPPS[W� XLI� <-<� GIRXYV]� ETTVSEGL��
WMQTPMJ]MRK� GSQTPI\� ERH� TEVXP]�
structurally indeterminate systems 
into manageable and computable 
truss diagrams.  The technical 
WSPYXMSRW�MHIRXMƼIH�JSV�WXVIRKXLIRMRK�SV�
TVIWIVZEXMSR� EVI� SJXIR�FEWIH�SR� XLSWI�
WMQTPMJ]MRK�EWWYQTXMSRW��
3YV� EWWYQTXMSR� MW� XLEX� HMKMXEP�
XIGLRSPSKMIW� JSV� WYVZI]MRK� IREFPI� E�
WIVMIW�SJ�RI[�ERH�SVMKMREP�GSRWMHIVEXMSRW�
that would be almost unworkable 
JSPPS[MRK�XLI�XVEHMXMSREP�QIXLSHW�FEWIH�
SR� HMVIGX� SFWIVZEXMSRW� ERH� WMQTPMƼIH�
architectural surveys.
;LMPI� XLI� YWI� SJ� XLI� PEWIV� WGERRIV� MR�
XLI� WYVZI]� SJ� SPH� FYMPHMRKW� MW� UYMXI�
[MHIWTVIEH��PIWW�JVIUYIRX��MJ�RSX�EFWIRX��
MW� XLI� ETTPMGEXMSR� SJ� XLMW� XIGLRSPSK]�
to hidden spatial structures as timber 
VSSJW��7XYHMIW� MR� XLMW�HMVIGXMSR��EX� PIEWX�
MR� -XEP]�� EVI� ZIV]� JI[�� � 8LI� WXEVXMRK�
L]TSXLIWMW� MW� XS� XEOI� EHZERXEKI� SJ�
XLI� PEVKI� EQSYRX� SJ� KISQIXVMG� HEXE�
EGUYMVIH� MR� JSVQ� SJ� TSMRX� GPSYHW�� MR�
SVHIV� XS� EREP]^I� XLI� XVYWWIW� MR� HIXEMP�
ERH� HIVMZI� EGGYVEXI� MRJSVQEXMSR� SR�
XLIMV�FILEZMSV��8LI�EGUYMWMXMSR�SJ�JYVXLIV�

MRJSVQEXMSR� EPPS[W� XS� XVEGI� XLI� PSKMG�
SJ� GSRWXVYGXMSR� ERH�� EFSZI� EPP�� XLI�
TVSGIWW�SJ� EWWIQFP]� SJ� XLI� WXVYGXYVIW�
JVSQ� XLI� ZIV]� FIKMRRMRK�� -R� JEGX�� XLI�
KISQIXV]�SJ�XLI�XVYWWIW�JSPPS[W�E�ZIV]�
TVIGMWI��ERH�SJXIR�MKRSVIH��GSRWXVYGXMSR�
TVSGIWW� PMROIH� XS� XLI� TSWWMFMPMX]� SJ�
VEMWMRK� XLI�IPIQIRXW�YT� XS� XLI�FEWI�SJ�
XLI�VSSJ��VIƼRMRK�ERH�EWWIQFPMRK�XLIQ�
through other supporting elements 
ERH�� ƼREPP]�� NSMRMRK� XLIQ� YWMRK� QIXEP�
REMPW�� 2S[EHE]W�� XLI� W]WXIQ� JSV�
joining wooden elements is completely 
GLERKIH�[MXL�XLI�MRXVSHYGXMSR�SJ�QIXEP�
plates and the possibility to check every 
TEVX� SJ� XLI� W]WXIQ� RYQIVMGEPP]�� EW� E�
QEXXIV� SJ� JEGX�� VIXVEGMRK� XLI� SVMKMREP�
PSKMG� SJ� XLI� NYRGXMSRW� MW� E� RSR�XVMZMEP�
XEWO�� &IWMHIW�� I\XIRWMZI� ERH� HIXEMPIH�
KISQIXVMG� MRJSVQEXMSR� TVSZMHI� LMKLP]�
MRXIVIWXMRK� HEXE� SR� HIJSVQEXMSRW� ERH�
HMWTPEGIQIRXW�� 8LIWI� QSHMƼGEXMSRW�
in shape occur both at local level, 
i.e. in a single element, and at global 
PIZIP�� GSRWMHIVMRK� XLI� FILEZMSV� SJ� XLI�
[LSPI� VSSƼRK� W]WXIQ�� 8VEHMXMSREPP]��
VSSJ� W]WXIQW� LEZI� FIIR� WXYHMIH� MR�
two dimensions. The global behavior, 
provided by movements and reciprocal 
MRXIVJIVIRGIW� MR� XLI� PSRKMXYHMREP�
HMVIGXMSR�� LEW� SJXIR� FIIR� MKRSVIH� MR�
JEZSV�SJ�XLI�FILEZMSV�SJ�XLI�WMRKPI�XVYWW�
in its virtual plane.
%� JYVXLIV� GSRWMHIVEXMSR� GSRGIVRW� XLI�
MRXIVZIRXMSR� SR� XLMW� X]TI� SJ� WXVYGXYVIW��
E� TSSV� YRHIVWXERHMRK� SJ� XLI� SVMKMREP�
construction leads to interventions 
XLEX�FVMRK�FEGO�XLI�FILEZMSV�SJ�XVYWWIW�
XS� WMQTPMƼIH� WGLIQIW�� MRXVSHYGMRK�
WXMJJIRIVW� ERH� SXLIV� WYTIVƽYSYW�
structures that are radically changing the 
SVMKMREP�FILEZMSV�SJ�XLI�WXVYGXYVI��6IGIRX�
QENSV� VIJYVFMWLQIRX� MRXIVZIRXMSRW� MR�
Bologna, as we have observed, have 
WLS[R� E� HIIT� QMWYRHIVWXERHMRK� SJ�
the structural behavior, both locally and 
KPSFEPP]�� 2SX� XS� QIRXMSR� XLI� EHSTXMSR�
SJ�I\XIRHIH�VITPEGIQIRXW�SJ�IPIQIRXW�
that have created problems not only to 
XLI� VSSJ�W]WXIQ��FYX�EPWS� XS� XLI�[LSPI�
building.
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XLI� FMKKIWX� MR� -XEP]� Ɓ� ERH� TIVLETW� MR�
)YVSTI�Ɓ�EX�XLI�XMQI�SJ�GSRWXVYGXMSR�
8LI� TVSGIHYVI� WLSYPH� JSPPS[� E�
preliminary visual and technological 
WYVZI]� SJ� XLI� VSSJ� FYX� MR� WSQI�
SGGEWMSRW��MX�MW�XLI�SRP]�[E]�SJ�GEVV]MRK�
SYX� XLI� TVIPMQMREV]� EREP]WMW� MJ� XLI�
WXVYGXYVIW� EVI� RSX� WEJIP]� EGGIWWMFPI��
The procedure can be graphically 
WYQQEVM^IH�MR�E�W]RSTXMG�HMEKVEQ�XLEX�
VITVIWIRXW�HMJJIVIRX�WXITW��8LI�QIXLSH�
XEOIW�EHZERXEKI�SJ� XLI� JIIHFEGO� JVSQ�
the case studies, but can be easily 
EHETXIH�XS�HMJJIVIRX�GSRXI\XW���*MK���
8LI� ƼVWX� WXIT� MW� HEXE� EGUYMWMXMSR��
JSPPS[IH� F]� E� VIRHIVMRK� TLEWI�� [LMGL�
provides many outputs (photos, 
HVE[MRKW��HMEKVEQW�ERH�QSHIPW�[LMGL�
VITVIWIRX� XLI� STIVEXMZI� XSSP� JSV� XLI�
MRXIVTVIXEXMSR� SJ� XLI� FILEZMSV� SJ� XLI�
WXYHMIH� FYMPHMRK�� 8LI� MRXIVTVIXEXMSR� SJ�
the results allows to depict coherent 
WXVYGXYVEP� GSRƼKYVEXMSRW�� HMWIRKEKMRK�
XLIQ��[LIVI�RIGIWWEV]��JVSQ�YWYEP�ERH�
WXERHEVHM^IH�XIGLRMUYIW��
The method has been developed through 
MXW�ETTPMGEXMSR�MR�HMJJIVIRX�GEWI�WXYHMIW��

in which 3D surveying instruments 
and reverse engineering techniques 
have been used. Reverse engineering 
MW� XLI�HIXEMPIH�EREP]WMW�SJ�E�VIEP�SFNIGX�
aimed at producing or modeling a new 
object with similar characteristics. 
7XEVXMRK�JVSQ�E�TVSXSX]TI��SV�ER�SFNIGX�
that needs to be reproduced, the 
TVSGIWW� SJ� VIZIVWI� IRKMRIIVMRK� LEW�
XLI�KSEP� XS�HIVMZI� VIJIVIRGI� ZIGXSVM^IH�
models. The models are used to carry 
out dimensional analyses, replace 
I\MWXMRK� TEVXW�� ERH� IZIRXYEPP]� HIZIPST�
completely new parts with improved 
IƾGMIRG]�
-R� XLI� EGUYMWMXMSR� TLEWI� XLI� SFNIGX� SJ�
MRXIVIWX� RIIHW� XS� FI� ƼVWX� MHIRXMƼIH��
Depending on the equipment, a 
preparatory inspection is essential to 
TPER�XLI�TLEWIW�SJ�WYVZI]�TVSTIVP]�ERH�
FIGSQI� JEQMPMEV� [MXL� XLIWI� WTEGIW�
[LMGL� EVI� SJXIR� HMƾGYPX� XS� EGGIWW��
3RGI� XLI� MRWTIGXMSR� LEW� ZIVMƼIH� XLI�
JIEWMFMPMX]� SJ� XLI� WYVZI]�� XLI� WGER�
session is carried out using a laser 
scanner. For the churches we used the 
WGERRIV� *%63� '%1�� *3'97� �(�� 8LMW�

*MKYVI����7]RSTXMG�HMEKVEQ�SJ�XLI�TVSGIHYVI��HEXE�EGUYMWMXMSR�TLEWI�XLVSYKL�PEWIV�WGERRIV��]IPPS[��VIRHIVMRK�ERH�EREP]WMW�SJ�XLI�TSMRX�GPSYH�HEXE��VIH��SYXTYX��FPYI�
and achieved results (green).

F]�E�PEVKI�RYQFIV�SJ�ZMWMXSVW��8LMW�WEJIX]�
aspect that in the past was tolerated, 
nowadays is not accepted. For this 
VIEWSR�� ER]� PMXXPI� JEPP� QYWX� FI� EZSMHIH�
[MXL�JVIUYIRX�MRWTIGXMSRW�SJ�XLI�VSSJ�

8,)�796:)=�463')(96)

*SV� XLI� EWWIWWQIRX� SJ� XLI� VSSJ�� E�
survey procedure has been set up, 
tested and developed by subsequent 
ETTVS\MQEXMSRW�MR�HMJJIVIRX�GEWI�WXYHMIW��
The case studies are represented by a 
WIX� SJ� MQTSVXERX� GLYVGLIW� MR� &SPSKRE��
EPP� FYMPX� FIX[IIR� XLI� ��XL� ERH� ��XL�
GIRXYVMIW�� [LSWI� TMXGLIH� VSSJW� EVI�
supported by timber trusses. The most 
interesting structures belong to the 
'EXLIHVEP� SJ� 7ER� 4MIXVS�� XLI� GLYVGL� SJ�
7ER�7EPZEXSVI�1EKKMSVI�� XLI�GLYVGL�SJ�
7ER�+MSZERRM� MR�1SRXI�� XLI�&EWMPMGE� SJ�
7ER� 4IXVSRMS� ERH� XLI� &EWMPMGE� SJ� 7ER�
Domenico. These buildings are built 
MR� XLI� WEQI� TIVMSH� ERH� WSQI� SJ� XLIMV�
naves have unusually big dimensions 
XLI�XVYWWIW�SJ�7ER�4MIXVS�[IVI�TSWWMFP]�
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completely available and it is not 
necessary to come back to the survey 
WMXI� XS� VIXVMIZI� JSVKSXXIR� MRJSVQEXMSR��
8LMW� EREP]WMW� EPPS[W� XS� MHIRXMJ]� XLI�
WTIGMƼG� REXYVI� ERH� GSQTPI\MX]� SJ� XLI�
VSSJ�YRHIV� MRZIWXMKEXMSR��EZSMHMRK�[LEX�
might be called reductio ad unum, 
XLEX� MW� XLI� VITVIWIRXEXMSR� SJ� E� WMRKPI�
TEVXW�EGGSVHMRK�XS�WMQTPMƼIH�WGLIQIW��
whereas there might be slight but 
WMKRMƼGERX�HMJJIVIRGIW�[MXLMR� XLI�WEQI�
VSSƼRK� W]WXIQ�� 8LVSYKL� XLI� HMVIGX�
SFWIVZEXMSR� ERH� XLI� I\XVEGXMSR� SJ�
SVXLSTLSXSW� JVSQ� XLI� TSMRX� GPSYH� ER�
EFEGYW�ERH�ER�SZIVEPP�TMGXYVI�SJ�EPP�XLI�
RSHIW� SJ� XLI� HMJJIVIRX� XVYWWIW� GER� FI�
drawn up.
Some considerations can also be 
QEHI� SR� XLI� WXEXI� SJ� GSRWIVZEXMSR� SJ�
XLI� WXVYGXYVIW�� MHIRXMJ]MRK� XLI� EVIEW�
where other tests should be made with 
non-destructive methods, in addition 
XS� PEWIV� WGERRMRK�� MHIRXMƼGEXMSR� SJ�
[SSH� WTIGMIW�� HIXIVQMREXMSR� SJ� [SSH�
moisture content values and moisture 
KVEHMIRXW�� HIXIVQMREXMSR� SJ� WXVIRKXL�
grade or strength values to be used in 
XLI�WXVYGXYVEP�EREP]WIW��GLEVEGXIVM^EXMSR�
SJ�FMSPSKMGEP�HEQEKI�
8LI�HMKMXEP�QSHIPMRK�TLEWI�JSPPS[W�XLI�
ƼVWX�UYEPMXEXMZI�EWWIWWQIRX�SJ�XLI�VSSJ�

and gives a very detailed representation 
SJ�XLI�SFNIGX�SJ�XLI�WYVZI]���(�HVE[MRKW�
GER� FI� XVEGIH� XLVSYKL� STIVEXMSRW� SJ�
ZIGXSVM^EXMSR� SJ� XLI� SVXLSTLSXSW� ERH�
XLI�EQSYRX�SJ�WTEXMEP�HEXE�GSPPIGXIH� MW�
YWIJYP�XS�GVIEXI��(�QSHIPW��-X�MW�TSWWMFPI�
XS� XVERWJSVQ� XLI� TSMRX� GPSYH� MRXS� �(�
QSHIPW�SJ�EPP� XVYWWIW�YWMRK�TEVEQIXVMG�
modeling tools with generative 
algorithms.
%JXIV� I\XVEGXMRK� JVSQ� XLI� TVSNIGX� TSMRX�
cloud only the portion representing 
XLI� XVYWW� SFNIGX� SJ� WXYH]�� WSQI�
GPMTTMRK� FS\IW� EVI� GVIEXIH� MR� WXVEXIKMG�
TSWMXMSRW� GPSWI� XS� XLI� ORSXW�� 7M^I� ERH�
SVMIRXEXMSR�SJ�XLI�FS\IW�ZEV]�EGGSVHMRK�
to the sectioned elements, remaining as 
orthogonal as possible to each section. 
8LIWI� GVSWW� WIGXMSRW� EVI� I\TSVXIH� MR�
XLI� WSJX[EVI� 6LMRSGIVSW�� )\TSVXMRK�
takes place at the original coordinates 
SJ� XLI� WIGXMSR� [MXLSYX� XLI� RIIH� XS�
GVIEXI�EHHMXMSREP� VIJIVIRGI�W]WXIQW�SV�
XS� QEOI� JYVXLIV� EPMKRQIRXW�� 8LMW� XEWO�
MW� HSRI� F]� OIITMRK� Ƽ\IH� XLI� VIJIVIRGI�
W]WXIQ�SJ� XLI�KPSFEP�TSMRX�GPSYH��%JXIV�
LEZMRK�I\TSVXIH�XLI�GVSWW�WIGXMSRW��XLIMV�
ZIGXSVM^EXMSR�MW�TIVJSVQIH�EYXSQEXMGEPP]�
YWMRK� FYMPX�MR� ZIGXSVM^EXMSR� XSSPW�� 8LMW�
MW� TSWWMFPI� FIGEYWI� SJ� XLI� I\XVIQI�
WMQTPMGMX]� SJ� IEGL� GVSWW� WIGXMSR� ERH�

lightweight and easy to use instrument 
TVSZMHIW�JEWX�WGERW�[MXL�ER�EGGITXEFPI�
TVIGMWMSR��-R�JEGX��XLI�TSWWMFMPMX]�SJ�YWMRK�
E� XEVKIXPIWW� XIGLRMUYI� QMRMQM^IW� XLI�
preparatory activities and the dead 
time between each scan station. The 
GSRGPYWMSR�SJ�XLI�WYVZI]�MW�JSPPS[IH�F]�
XLI�TLEWI�SJ�WTEXMEP�HEXE�GSRWSPMHEXMSR��
TIVJSVQIH� MR� FEGO� SƾGI�� XLI� WXEXMSRW�
are aligned to generate point clouds, 
E� XVYI� QIXVMG� HMQIRWMSREP� MRJSVQEXMSR�
VITSWMXSV]� SJ� XLI� HIXIGXIH� SFNIGX�� XS�
which documentary and photographic 
MRJSVQEXMSR� GER� FI� EWWSGMEXIH�� 8LI�
consolidated dataset helps to ensure 
XLI�XVEGIEFMPMX]�SJ�HEXE�
The rendering phase leads to three 
HMJJIVIRX� EGXMSRW�� XLEX� EVI� MRHITIRHIRX�
FYX� PSKMGEPP]� GSRWIUYIRXMEP�� XLI�
qualitative analysis, the digital modeling 
ERH� XLI� UYERXMXEXMZI� EREP]WMW�� )EGL� SJ�
the three stages is associated with 
WTIGMƼG�SYXTYXW� �FPYI�FS\IW� MR� ƼKYVI��
8LI� MRJSVQEXMSR� VIPEXIH� XS� XLIWI�
outputs can be stored independently or 
QEREKIH�MRXS�E�&-1�QSHIP�
The qualitative analysis involves the 
GEVIJYP� SFWIVZEXMSR�ERH�YRHIVWXERHMRK�
SJ� XLI� EGUYMVIH� HEXE�� ERH� WLMJXW� EPP�
GSRWMHIVEXMSRW� XS� FEGO� SƾGI�� 8LI�
HMKMXM^IH� WTEXMEP� HEXE� EVI� EP[E]W�

*MKYVI����1SHIPPMRK�TVSGIWW�SJ�E�XVYWW�IPIQIRX�GVIEXIH�[MXL�+VEWWLSTTIV�KIRIVEXMZI�EPKSVMXLQW��)EGL�FS\�VITVIWIRXW�ER�STIVEXMSR�[MXL�ER�MRTYX�SR�MXW�PIJX�ERH�SYXTYX�
SR�MXW�VMKLX��8LI�GSRRIGXMSRW�FIX[IIR�XLI�FS\IW�MRHMGEXI�XLI�SVHIV�SJ�XLI�STIVEXMSRW��&]�GSRRIGXMRK�XLI�SYXTYXW�SJ�ER�STIVEXMSR�XS�XLI�MRTYXW�SJ�ERSXLIV�STIVEXMSR��
the result model is automatically generated and it depends on the initial parameters set manually.
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XLI�PMQMXIH�RYQFIV�SJ�TSMRXW��%YXSQEXMG�
ZIGXSVM^EXMSR� SV� QIWLMRK� SJ� XLI� IRXMVI�
truss always lead to incongruous 
QSHIPW�� 8LIVIJSVI�� XLI� TVSGIWW� SJ�
QSHIP� KIRIVEXMSR� MW� HIƼRIH� YWMRK� XLI�
6LMRSGIVSW� �(� TPYKMR� +VEWWLSTTIV��
*MVWX� SJ� EPP�� XLI� TVIZMSYWP]� SFXEMRIH�
section curves are implemented as 
input parameters. This means that 
XLI�ƼREP�SYXTYX�SJ� XLI�IRXMVI�EPKSVMXLQ�
HITIRHW� I\GPYWMZIP]� SR� XLI� MRWIVXIH�
GYVZIW����*MK���
)EGL�FS\�SJ�ƼKYVI�����[LMGL�VITVIWIRXW�
XLI� UYIIR� TSWX� SJ� XLI� XVYWW� SJ� 7��
Domenico in Bologna, corresponds to 
SRI�STIVEXMSR��7XEVXMRK�JVSQ�YTTIV�PIJX��
XLI�FS\IW�VITVIWIRX�XLI�WIGXMSR�GYVZIW�
that are the input parameters. Then the 
EPKSVMXLQ�XVERWJSVQW�XLI� MQTPIQIRXIH�
GYVZIW� MRXS� WYVJEGIW� �YTTIV� VMKLX��
3RGI�MHIRXMƼIH�WYVJEGIW�WYVVSYRHIH�F]�
input curves, the algorithm calculates 
XLIMV� EVIE� ERH� XLI� GIRXIV� SJ� KVEZMX]�
and then traces a polyline joining the 
RI[P]� MHIRXMƼIH� GIRXIVW� SJ� KVEZMX]� �PIJX�
FIPS[�� *MREPP]�� XLI� EPKSVMXLQ� I\XVYHIW�
XLI� WIGXMSRW� EPSRK� XLI� E\IW� HIƼRIH�
F]� XLI� GIRXIVW� SJ� KVEZMX]� �VMKLX� FIPS[��
XLYW� SFXEMRMRK� XLI� �(� TVSƼPI� SJ� IEGL�
beam. To create knots, section curves 
EVI�I\XIRHIH�EPSRK�XLIMV�E\MW�YRXMP� XLI]�
intersect another crossing beam. The 
VIWYPX� SJ� XLMW� TVSGIWW� MW� E� �(� QSHIP�

representing the truss rendered with a 
PMQMXIH�RYQFIV�SJ�WIGXMSRW���*MK���
2YQFIV� ERH� TSWMXMSR� SJ� XLI� WIGXMSRW�
used is decided in order to have the 
FIWX�ƼXXIH� �(� QSHIP� [MXL� XLI� PS[IWX�
RYQFIV� SJ� WIGXMSRW�� 8LI� GVIEXMSR� SJ�
GPMTTMRK� FS\IW� ERH� SVXLSTLSXSW� ERH�
XLI�WYFWIUYIRX�ZIGXSVM^EXMSR�VITVIWIRX�
XLI� QSWX� XMQI�GSRWYQMRK� WXITW� SJ�
XLI� [LSPI� QIXLSH�� 9WMRK� SRP]� E� JI[�
WIGXMSRW� WXVSRKP]� EJJIGXW� XLI� WTIIH� SJ�
the proposed method.
8LI� TVIGMWI� [MVIJVEQI� QSHIPW� GER�
FI� TVSZMHIH� XS� EREP]^I� XLI� FILEZMSV�
SJ� XLI� WXVYGXYVIW�[MXL� E� ƼRMXI� IPIQIRX�
GEPGYPEXMSR� WSJX[EVI�� *YVXLIVQSVI��
YWMRK�VIZIVWI�IRKMRIIVMRK�WSJX[EVI�MX�MW�
possible to compare 3D models with the 
original point cloud in order to highlight 
HMWTPEGIQIRXW� ERH� HIJSVQEXMSR� MR�
IZIV]�IPIQIRX�SJ�XLI�XVYWW��
-R�JEGX��XLI�WTEXMEP�HEXE�GER�FI�YWIH�XS�
GVIEXI� MRJIVVIH� �(� QSHIPW� XLVSYKL� E�
WMQTPMƼIH� VIGXMƼGEXMSR� SJ� XLI� VSHW� ERH�
XLI� MHIRXMƼGEXMSR� SJ� ER� ƈMHIEP� XVYWWƉ��
This ideal 3D model is the one that 
FIWX� VITVIWIRXW� XLI� MRMXMEP��YRHIJSVQIH�
GSRHMXMSR�� ERH� GER� FI� YWIH� EW� E� &-1�
QSHIP�XS�TVSZMHI�E�FEWMW�JSV�W]WXIQEXMG�
knowledge that is traceable, objective, 
comparable and available at any time. 
This operational method is not linked to 
ER]� WXERHEVHM^EXMSR� ERH� GER� GSRWMHIV�

XLI� WTIGMƼGMXMIW� SJ� IEGL� GSRWXVYGXMSR��
Subsequently, it is possible to make 
XEVKIXIH� WYKKIWXMSRW� JSV� QEMRXIRERGI�
WXVEXIKMIW� MR� SVHIV� XS� I\XIRH� XMQFIV�
XVYWWIW� WIVZMGI� PMJI�� 3YXTYXW� GER� FI�
considered also as a new starting 
TSMRX� JSV� XLI� VSSƼRK� JVSQ� [LMGL� XS�
monitor its behavior over time. This 
ETTVSEGL�JEZSVW�IZIR�XLI�WYWXEMREFMPMX]�
SJ�QEMRXIRERGI�MR�XIVQW�SJ�VIZIVWMFMPMX]��
GSQTEXMFMPMX]�ERH�TVSTIV�YWI�SJ�GYVVIRX�
techniques.
The ideal 3D model is conceived with 
XLI�EMQ�SJ�EREP]^MRK� XLI�GYVVIRX� WXEXMG�
GSRHMXMSR�SJ�XLI�XVYWW�MR�WYGL�E�[E]�EW�
to be able to highlight all undergone 
GLERKIW�HYVMRK�MXW�WIVZMGI�PMJI��%GLMIZIH�
HEXE�EVI�YWIH�XS�MRXIVTVIX�XLI�FILEZMSV�SJ�
XLI�WXVYGXYVI�MR�XIVQW�SJ�HMWTPEGIQIRXW�
ERH� HIJSVQEXMSRW�� ;LMPI� RSX� LEZMRK�
available data on the truss original 
GSRHMXMSR� EX� XLI� XMQI� SJ� MRWXEPPEXMSR�� E�
WIVMIW� SJ� XLISVIXMGEP� EWWYQTXMSRW� LEW�
to be made in order to proceed with 
XLI� GSRWXVYGXMSR� SJ� XLMW� QSHIP�� 8LI�
basic principle is to bring the basic 
3D model, to a pre-condition without 
HMWTPEGIQIRXW� ERH� HIJSVQEXMSRW�� -R�
other words, to what it is supposed to 
FI�XLI�SVMKMREP�GSRHMXMSR�EX� XLI�XMQI�SJ�
construction.
*MVWX� SJ� EPP�� EPP� QIQFIVW� JSVQMRK� XLI�
XVYWW�EVI�FVSYKLX�MRXS�E�WMRKPI�TIVJIGXP]�

*MKYVI������E�8LI�VIH�VIGXERKPIW�MRHMGEXI�XLI�GPMTTMRK�FS\IW�YWIH�JSV�XLI�WIGXMSRMRK�SJ�XLI�GPSYH��F�8VEGIW�SJ�XLI�WIGXMSRW�SFXEMRIH�HMVIGXP]�JVSQ�TSVXMSRIH�TSMRX�
GPSYH�EVI�LMKLPMKLXIH�MR�VIH��G�7YVJEGIW�GVIEXIH�F]�XLI�EPKSVMXLQ�JVSQ�XLI�TVIZMSYWP]�SFXEMRIH�WIGXMSRW�ERH�XLIMV�GSRRIGXMSR�XLVSYKL�IEGL�WIGXMSRƅW�FEV]GIRXIV��H�
6IWYPX�SJ�XLI�QSHIPPMRK�TVSGIWW�
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vertical plane passing through both the 
WYTTSVXW�SJ�XLI�XMI�FIEQ��8LMW�HIGMWMSR�
MW� NYWXMƼIH�F]�XLI�JEGX� XLEX�WYTTSVXW�SJ�
the tie beam on the masonry walls are 
GSQTEVEFPI� XS� Ƽ\IH� TSMRXW�� 8LIVIJSVI��
it is assumed that the displacements 
SGGYVVIH� MR� GSVVIWTSRHIRGI� SJ�
the supports are negligible and 
GSRWIUYIRXP]� XLEX� XLI�ZIVXMGEP�TPERI�SJ�
the truss passes through these points. 
8LI� SVXLSKSREPMX]� SJ� XLMW� TPERI� MW�
EWWYQIH�F]� ZMVXYI�SJ� XLI� JEGX� XLEX� XLI�
XVYWW�[EW�WYTTSWIH�XS�FI�FYMPX�TIVJIGXP]�

planar.
3RGI�LEZMRK�MHIRXMƼIH�XLI�MHIEP�ZIVXMGEP�
plane, passing through both the 
WYTTSVXW� SJ� XLI� XVYWW�� EPP� XLI� GIRXIVW�
SJ� KVEZMX]� SJ� XLI� ZIGXSVM^IH� WIGXMSRW�
EVI� TVSNIGXIH� MRXS� XLMW� TPERI�� -R� XLMW�
[E]�� E� TIVJIGXP]� TPEREV� WXVYGXYVI� MW�
modeled, which highlights the occurred 
HMWTPEGIQIRXW� JVSQ� XLI� TPERI� MXWIPJ��
Figure shows how the basic 3D model, 
MR� KVE]�� XIRHW� XS� GSQI� SYX� JVSQ� XLI�
TPERI� HIƼRIH� F]� XVERWPEXIH� ZIVXMGEP�
model, in orange, highlighting rotations 

outside the truss plane.
2I\X�� XLI� VIGXMƼGEXMSR� SJ� IEGL� XVYWW�
member is carried out. The main 
TYVTSWI�SJ�XLMW�WXIT�MW�XS�LMKLPMKLX�JYVXLIV�
HIJSVQEXMSRW� ERH� HMWTPEGIQIRXW� RSX�
MHIRXMƼIH� F]� TVIZMSYW� WXITW�� IWTIGMEPP]�
due to bending moment. This process 
MW� TIVJSVQIH� YWMRK� +VEWWLSTTIV�
EPKSVMXLQW�� *MVWX�� XLI� QSHIPMRK� SJ�
each member is made with only 
X[S� ZIGXSVM^IH� I\XVIQMX]� WIGXMSRW� XS�
SFXEMR� WXVEMKLX� IPIQIRXW�� -R� SVHIV� XS�
VIGXMJ]� EPP� XLI� IHKIW�� XLI� QIQFIVW�
have been rotated as to reach mutual 
orthogonality. This step is carried out 
EPMKRMRK� XLI� GIRXIV� SJ� KVEZMX]� SJ� XLI�
ZIGXSVM^IH�WIGXMSRW�EX�XLI�JVII�I\XVIQMX]�
SJ� XLI� QIQFIV�� [MXL� XLI� WXVEMKLX�
perpendicular line passing through the 
GIRXIV�SJ�QEWW�SJ�XLI�ZIGXSVM^IH�WIGXMSR�
EX� XLI� Ƽ\IH� IRH�SJ� XLI� WEQI�QIQFIV��
*MKYVI� ��� WLS[W� LS[� XLMW� STIVEXMSR�
TYXW� MR� IZMHIRGI� XLI� QIQFIVW� SJ� XLI�
VIGXMƼIH� �(�QSHIP� GSQTEVIH� XS� XLSWI�
SJ�XLI�FEWMG��(�QSHIP��LMKLPMKLXMRK�XLI�
rotations occurred.
%JXIV�LEZMRK�FIIR�VIRHIVIH��XLI�HIXEMPIH�
�(�QSHIPW� SJ� XLI� GYVVIRX� KISQIXV]� SJ�
each truss and the detailed ideal 3D 
QSHIPW� SJ� XLI� YRHIJSVQIH� SVMKMREP�
situation are overlapped to highlight 
XLI� HMQIRWMSREP� HMJJIVIRGIW�� 8LMW�
step is carried out using the reverse 
IRKMRIIVMRK�WSJX[EVI�+ISQEKMG�'SRXVSP�

*MKYVI����E�,MKLPMKLXMRK�SJ� XLI�HMWTPEGIQIRXW�SJ� XLI� XVYWW�F]�SZIVPETTMRK�XLI�FEWI�QSHIP� VITVIWIRXIH� MR�KVI]�[MXL� XLI�SRI�SFXEMRIH�JVSQ�XLI�TVSNIGXMSR�SJ� XLI�
WIGXMSRW�XS�XLI�XVYWWIWƅ�TIVJIGXP]�ZIVXMGEP�TPERI�VITVIWIRXIH�MR�SVERKI��F�,MKLPMKLXMRK�XLI�HIJSVQEXMSRW�F]�SZIVPETTMRK�XLI�FEWI�QSHIP�VITVIWIRXIH�MR�KVI]�[MXL�XLI�
SRI�SFXEMRIH�JVSQ�XLI�TVSNIGXIH�ERH�PMRIEVM^IH�IPIQIRXW�VITVIWIRXIH�MR�VIH�
*MKYVI����(IXEMPIH�ERH�XLISVIXMGEP�QSHIP�SZIVPETTIH��X[S�HMQIRWMSREP�WIGXMSR�SR�]^�TPERI�[MXL�ERRI\IH�ERRSXEXMSR�SJ�XLI�HMWTPEGIQIRX�ZEPYIW�SR�XLI�QSWX�WMKRMƼGERX�
control points. The deep blue and red colors represent the interval between 5 and 7 cm.

Knowledge Methods to Extend the Service Life of Historic 
Timber Roofs

L. Guardigli, G. Mochi, D. Prati
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XLEX� MW�EFPI�XS�I\EQMRI�ERH�KVETLMGEPP]�
report, in chromatic scale, the deviation 
between every corresponding points 
SJ� XLI� GSQTEVIH� XVYWWIW�� 1MRMQYQ�
ERH� QE\MQYQ� HIZMEXMSR� XLVIWLSPH�
to be detected is set manually, in the 
chromatic scale, in order to have a 
FIXXIV� MRHMGEXMSR� EFSYX� XLI� SVHIV� SJ�
QEKRMXYHI� SJ� HMQIRWMSREP� HMJJIVIRGIW�
between trusses.
-X� MW� TSWWMFPI� XS� WIPIGX� ER]�TSWMXMSR�SR�
IZIV]� QIQFIV� SJ� XLI� XVYWW� MR� SVHIV�
to highlight locally the numerical 
ZEPYI� SJ� HIZMEXMSRW� F]� QIERW� SJ� E�
�(� KVETLMGEP� VITVIWIRXEXMSR�� 8LMW�
interpretation provides both qualitative 
ERH� UYERXMXEXMZI� MRJSVQEXMSR� ERH�
eases an accurate and widespread 
YRHIVWXERHMRK� SJ� XLI� HMWTPEGIQIRXW�
ERH� HIJSVQEXMSRW� PMJI� SJ� IEGL� XVYWW��
%PP� QSZIQIRXW� ERH� HIJSVQEXMSRW� XLEX�
each truss underwent over time in the 
IRXMVI�VSSƼRK�
1SVISZIV��PS[IVMRK�ERH�VSXEXMSRW�SJ�XLI�
OMRK�ERH�UYIIR�TSWXW�GER�FI�EREP]^IH�
and highlighted locally, as well as 
XSVWMSREP� TLIRSQIRE� SV� VSXEXMSRW� SJ�
XLI� XMI� FIEQW�� PS[IVMRK� SJ� FIEVMRKW�
ERH� FIRHMRK� SJ� VEJXIVW�� ERH� IZIRXYEPP]�
HIJSVQEXMSR� TLIRSQIRE� [MXLWXERH� F]�
XLI�[LSPI�VSSƼRK�
'SQTEVMWSRW� GER� FI� QEHI� FIX[IIR�
X[S� GSQTPIXI� �(� QSHIPW�� ERH� SR� �(�
projection planes selected by the user 
HITIRHMRK�SR�XLI�OMRH�SJ�XVYWW�QIQFIV�
ERH�SR�XLI�X]TI�SJ�HIZMEXMSRW�XLEX�LEZI�XS�
FI�QEKRMƼIH��8LI�WSJX[EVI�MXWIPJ�EPPS[W��
in addition to the deviations’ graphical 

VITVIWIRXEXMSR��E�TVIGMWI�UYERXMƼGEXMSR�
them using control points. By using 
the annotation tool, it is possible to 
VITSVX� XLI� I\EGX� ZEPYI� SJ� XLI� HMWXERGI�
measured between the corresponding 
TSMRXW�SJ�XLI�X[S�GSQTEVIH�QSHIPW�ERH�
MXW�HIGSQTSWMXMSR�EPSRK� XLI�\�� ]�ERH�^�
E\IW���*MK���
An aspect that is considered in the 
structural analysis is the long-term 
HMQIRWMSREP� HIJSVQEXMSR� HYI� XS�
hygroscopic phenomena. The viscosity 
SJ� XLI� XMQFIV� XVYWWIW� QYWX� FI� XEOIR�
into high consideration, because it 
MW� VIWTSRWMFPI� SJ� GVIIT� ERH� TSXIRXMEP�
JEMPYVI� SJ� XLI� WXVYGXYVI� SZIV� XLI� PSRK�
TIVMSH�� � 8LI� HIJSVQEXMSR� HYI� XS�
viscosity is detected through the above-
QIRXMSRIH�STIVEXMSRW��WXEVXMRK�JVSQ�XLI�
KISQIXV]�SJ�XLI�ƈMHIEP�XVYWWƉ�
8LI� WLVMROEKI� GSIƾGMIRX� HYI� XS�
humidity under the saturation point is 
I\TVIWWIH�F]�XLI�JSVQYPE�

where Dµ is the time-dependent 
ZEVMEXMSR�SJ�QSMWXYVI�MR�[SSH��%TTP]MRK�
XLI�IJJIGX�SJ�QSMWXYVI�MR�XLI�*)1�QSHIP�
SJ� XLI� XVYWW�� MX� MW� TSWWMFPI� XS� QEOI�
E� GSRJVSRXEXMSR� FIX[IIR� XLI� MHIEP�
KISQIXV]�ERH�XLI�EGXYEP�GSRƼKYVEXMSR��
IZEPYEXMRK� XLI� PSRK�XIVQ� HIJSVQEXMSR�
due to mechanical loads, temperature 
ERH�LYQMHMX]���*MK���

*MKYVI����(IJSVQEXMSRW�MR�XLI�WXVYGXYVEP�QSHIP�

(-7'977-32

3RI� TSWWMFPI� JYXYVI� HIZIPSTQIRX�
VIKEVHW� XLI� VIƼRIQIRX� ERH� XLI�
WMQTPMƼGEXMSR� SJ� XLI� [LSPI� TVSGIHYVI��
JSV� MRWXERGI�� XLI� GVIEXMSR� SJ� XLI� &-1�
model is still under implementation. 
�*MK���
8LI� ƼREP� KSEP� SJ� XLI� TVSGIHYVI� [SYPH�
be to operate the comparison between 
HIJSVQEXMSRW� MR� XLI� 6LMRS� QSHIP� ERH�
XLI� HIJSVQEXMSRW� MR� XLI� WXVYGXYVEP�
QSHIP�MR�E�&-1�IRZMVSRQIRX�
)\TSVXMRK�WXEXMG�KISQIXVMIW� MW�[SVOMRK�
ƼRI� JVSQ�6LMRS� FYX�[LIR� MX� GSQIW� XS�
E� &-1� [SVOƽS[� WMQTP]� I\TSVXMRK� MW�
not enough. Static geometries won’t 
intersect with native elements and are 
HMƾGYPX� XS� IRLERGI� [MXL� TEVEQIXIVW��
6IHVE[MRK� KISQIXV]� [MXL� REXMZI� &-1�
IPIQIRXW� SJXIR� WIIQW� XS� FI� XLI� SRP]�
solution. But then, any design change 
MW� JSVGMRK� ]SY� XS� VITIEX�� 3TIR� WSYVGI�
WSJX[EVI� PMOI� +VIZMX� SV� +ISQIXV]+]Q�
GVIEXIW�&-1� IPIQIRXW� JVSQ�6LMRS� ERH�
also allows the designer to update 
&-1�IPIQIRXW� PEXIV� EGGSVHMRK� XS� PEXIWX�
design changes while all parameter 
values remain in place. A designer 
[SVOMRK� MR� +VEWWLSTTIV� GER� WIRH�
their geometries to one Revit instance. 
-R� JEGX�� MX� MW� TSWWMFPI� XS� YWI� GYVZIW�
WGVMTXIH� MR� +VEWWLSTTIV� XS� GVIEXI�
RYQIVSYW� REXMZI� &-1� IPIQIRXW� MRWMHI�
&-1� WSJX[EVI� �*MK����� 8LI� EMQ� MW� XS�
KIRIVEXI�E� JIHIVEXIH�&-1�QSHIP�YWMRK�
GSQTYXEXMSREP� &-1�[SVOƽS[W� WXEVXMRK�
JVSQ�6LMRS�+,��;MXL�XLI�XMKLXP]�GSYTPIH�
approach, systems are coupled through 
XLI�%TTPMGEXMSR�4VSKVEQQMRK� -RXIVJEGI�
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Figure 9: 3D model to be translated into a BIM model.
*MKYVI�����'SQTYXEXMSREP�&-1�[SVOƽS[W�XLEX�EVI�MR�YWI�XSHE]�

Knowledge Methods to Extend the Service Life of Historic 
Timber Roofs

L. Guardigli, G. Mochi, D. Prati
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'32'097-327

The geometrical results have led 
XS� E� FIXXIV� GSQTVILIRWMSR� SJ� XLI�
HMWTPEGIQIRXW� ERH� XLI� HIJSVQEXMSRW�
SJ� XLI� IPIQIRXW�� -R�QSWX� SJ� XLI� GEWIW�
XLI� VIWYPXW� SJ� XLI� WXVYGXYVEP� QSHIPW�
[IVI� GSRƼVQMRK� XLIWI� PSRK�XIVQ�
HIJSVQEXMSRW� HYI� XS� QSMWXYVI�� MR�
general terms it was possible to detect 
XLI� KIRIVEP� WLVMROEKI� ERH� VIPE\EXMSR�
SJ� XLI� WXVYGXYVEP� W]WXIQW� SZIV� XMQI��
*SV� MRWXERGI�� QER]� FVEGOIXW� SJ� XLI�
OMRK� TSWXW� [IVI� RSX� EFPI� XS� TIVJSVQ�
XLI� SVMKMREP� XEWO� SJ� WYTTSVXMRK� XLI� XMI�
FIEQW�� -R� WSQI� ERH� EGXMZI� W]WXIQW�
were conceived to stop or, at least, 
WPS[� HS[R� XLMW� REXYVEP� TVSGIWW� SJ�
ZMWGSYW� HIJSVQEXMSR�� -R� E� JI[� GEWIW�
VSXEXMSRW�SJ�XLI�NSMRXW�ERH�XLI�IPIQIRXW�
[IVI� HIXIGXIH�� MR� XLIWI� GSRHMXMSRW�
XLI� RIGIWWMX]� SJ� VITPEGMRK� [IEO� SV�
HMWTPEGIH� IPIQIRXW� SV� VIMRJSVGI� XLI�
joints was reported. The method that 
LEW� FIIR� HIƼRIH�[MPP� FI� MQTPIQIRXIH�
MRXS� E� &-1� WSJX[EVI� XS� FI� YWIH� JSV�
XLI� PMJI� G]GPI� TPERRMRK� SJ� XLI� VSSJ�
WXVYGXYVIW�� -R� JEGX�� MX� MW� TSWWMFPI� XS�
VITIEX� XLI� WEQI� EREP]WMW� EJXIV� E� JI[�
years, detecting the variations. With 
this procedure it is possible to monitor 
MR� XMQI� XLI� HIJSVQEXMSR� SJ� XLI� VSSJ��
WIPIGXMRK� HIJSVQEXMSR� XLEX� GERRSX� FI�
WIIR�MR�E�KPSFEP�ZMWMSR��[LMPI�MR�XLI�TEWX�
HIJSVQEXMSR�GSYPH�FI�SFWIVZIH� PSGEPP]��
in such a way it is possible to detain 
displacements in a whole perspective, 
PSGEXMRK� XLI� XIRHIRG]�SJ� XLI� VSSJ�� ERH��
IWTIGMEPP]��XLI�WTIIH�SJ�XLI�HIJSVQEXMSR�
SZIV�XMQI��GSRJVSRXMRK�X[S�QSHIPW�MR�E�
VIPMEFPI�WTEGI�SJ�XMQI��PMOI������]IEVW�JSV�
instance under normal conditions, it is 
TSWWMFPI�XS�HIXIGX�HMJJIVIRX�TSWMXMSRW��-R�
such a way the maintenance costs can 
FI� FIXXIV� IZEPYEXIH�� -X� MW� SFZMSYW� XLEX�
this deep analysis should not substitute 
a material and local survey.

�%4-� TVSZMHIH� F]� XLI� &-1� W]WXIQ��
-R� XLMW� GEWI�� KVETL�FEWIH� W]WXIQW�
GSQQYRMGEXI� ZME� XLI� %4-� SJ� XLI� &-1�
system, directly instantiating geometry 
MR�XLI�&-1�QSHIP�IEGL�XMQI�XLI�KVETL�
FEWIH� QSHIP� MW� I\IGYXIH�� ;MXL� XLI�
0SSWIP]�'SYTPIH�ETTVSEGL��W]WXIQW�EVI�
GSYTPIH� XLVSYKL�QSHIP� I\GLERKI��8LI�
graph-based system typically generates 
HEXE� MR� E� WXERHEVH� ƼPI� JSVQEX� XLEX�
GER� FI� HMVIGXP]� MQTSVXIH� MRXS� XLI� &-1�
W]WXIQ���*MK���
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Technology, Engineering, Materials and Architectu-
VI����R��������(IGIQFIV����������Ɓ����LXXTW���HSM�
SVK����������XIQE�Z�M�����
.
4ǚȳǘǣ��(ȳǖǣȰȨ��-ǠȰȨǣǞȳ�6ǚȳǜȳǢ��Ȩ�+ǣǝǖȳǞǞǣ�1ǝȱǤǣ��
&RQWULEXWLRQ�RI�3DUDPHWULF�0RGHOLQJ�LQ�WKH�
,QWHUSUHWDWLRQ�RI�'HIRUPDWLRQV�DQG�'LVSODFH�
PHQWV�RI�:RRGHQ�7UXVVHV��7'-6)7�-8���7'-IRXMƼG�
6)7IEVGL�ERH�-RJSVQEXMSR�8IGLRSPSK]����R����
����.YP]����������Ɓ����LXXTW���HSM�SVK���������
M��������Z�R�T����

6ǝǞȰȨǠȨǘ��.ȨȳǞ�&ȳǜǘǣǙǘȨ��7UDLW«�WK«RULTXH�HW�
SUDWLTXH�GH�O̵DUW�GH�E¤WLU��4EVMW��'LI^�PƅEYXIYV��������
LXXT���EVGLMZI�SVK�HIXEMPW�XVEMXIXLISVMUYII��VSRH�

92-�������������%HQL�FXOWXUDOL���0DQXIDWWL�OLJQHL�
��6WUXWWXUH�SRUWDQWL�GHJOL�HGLͤFL���&ULWHUL�SHU�OD�YDOX�
WD]LRQH�SUHYHQWLYD��OD�SURJHWWD]LRQH�H�O̵HVHFX]LRQH�
GL�LQWHUYHQWL�������

92-�������������%HQL�FXOWXUDOL���0DQXIDWWL�OLJQHL�
��/LQHH�JXLGD�SHU�OD�FRQVHUYD]LRQH��LO�UHVWDXUR�H�OD�
PDQXWHQ]LRQH�������

:K\�'R�$UFKLWHFWV�1HHG�&RPSXWDWLRQDO�%,0�:RU�
NIORZV"�̰�:2:$'��;3;�%VGLMXIGXYVI���(IWMKR��
6IXVMIZIH�JVSQ��LXXTW���[S[EH�MR�[L]�HS�[I�RI-
IH�GSQTYXEXMSREP�FMQ�[SVOƽS[W��

=ȨǝǟȳǞǙ��(ȳǖǣȰ�8� 7KH�'HYHORSPHQW�RI�7LPEHU�DV�

%LEOLRJUDSK\
%LEOLRJUDD

D�6WUXFWXUDO�0DWHULDO��6SYXPIHKI�������

>ȳǟǜȨǚǣǞǣ��)ǟȳǞǗȨǠȨ� 7LPEHU�WUXVVHV�LQ�,WDO\��
WKH�SURJUHVVLYH�SUHYDLOLQJ�RI�RSHQ�MRLQW�RYHU�
FORVHG�MRLQW�WUXVVHV��-R�*MJXL�-RXIVREXMSREP�'SR-
WXVYGXMSR�,MWXSV]�'SRKVIWW�������Ɓ����'LMGEKS��
'SRWXVYGXMSR�,MWXSV]�7SGMIX]�SJ�%QIVMGE�������

Knowledge Methods to Extend the Service Life of Historic 
Timber Roofs

L. Guardigli, G. Mochi, D. Prati
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3ZIV� XLI� ]IEVW�� MRXIVREXMSREP� VIWIEVGLIW� EFSYX� *EGMPMX]� 1EREKIQIRX� LEW� FIGSQI�
MRGVIEWMRKP]� MQTSVXERX�� EPWS� XLEROW� XS� XLI� EHZIRX� SJ� XLI� &-1�QIXLSHSPSK]� [LMGL�
MRXIKVEXIW�MRJSVQEXMSR�JVSQ�EPP�TLEWIW�SJ�XLI�TVSGIWW��ERH�GPSWIW��MHIEPP]�MR�E�GMVGYPEV�
[E]�� XLI� PMJI� G]GPI� SJ� E� FYMPHMRK�� ;MXLMR� XLI� EFYRHERX� QEMRXIRERGI� STIVEXMSRW� SJ�
XLI�FYMPHMRKW� GLEVEGXIVM^MRK� XLI�*EGMPMX]�1EREKIQIRX�TLEWI�� SRI�SJ� XLI� MQTSVXERX�
EWTIGXW� MW� XLI� ,
7� TPERRMRK� ERH� QEREKIQIRX� JSV� STIVEXSVW� ERH� QEMRXIRERGI�
XIGLRMGMERW�� 8LMW� VIWIEVGL� YWIW� E� H]REQMG� &-1�FEWIH� ETTVSEGL� JSV� ,IEPXL� ERH�
7EJIX]�QEREKIQIRX�HYVMRK�3
1�TLEWI��GSRRIGXIH�XS�XLI�TVSKVEQQIH�QEMRXIRERGI�
G]GPIW��JSV�E�LMWXSVMGEP�MRHYWXVMEP�TPERX�
8LI� GEWI� WXYH]� TVIWIRXIH� MW� XLI� JSVQIV� *MEX� TPERX� MR� 6MZEPXE� �83�� GYVVIRXP]� FIMRK�
GSRZIVXIH� MRXS� E� [EVILSYWI� ERH� PSKMWXMGW� JEGMPMX]� F]� XLI� *'%� +VSYT�� -RJSVQEXMSR�
GSQIW�JVSQ�XLI�TVSNIGX�HSGYQIRXW��JVSQ�XLI�&YMPHMRK�1EMRXIRERGI�4PER�ERH�JVSQ�
XLI� ,
7�1EMRXIRERGI� HSWWMIV� SJ� XLI� FYMPHMRK� MRWXEPPEXMSRW� WLSYPH� PMROIH� XSKIXLIV��
%PP�SJ�XLIQ�EVI�KSMRK�XS�GSRWXMXYXI�XLI�MRJSVQEXMSR�GSQTSRIRX��03-�VIPEXMRK�XS�XLI�
&-1�SFNIGX��(YVMRK� XLI�GSRWXVYGXMSR�SJ� XLI�&-1�QSHIP�� XLI�TSWMXMSR�SJ�IEGL�SFNIGX�
MW�ZEPYEFPI� MRJSVQEXMSR�� JYRHEQIRXEP� JSV� XLI�VMKLX�GLSMGI�SJ�IUYMTQIRX�ERH�ƼXXMRKW�
RIGIWWEV]�JSV�XLI�GSVVIGX�I\IGYXMSR�MR�WEJI��SJ�QEMRXIRERGI�STIVEXMSRW��8LI�WEJIX]�SJ�
[SVOTPEGIW�MW�VIPEXIH��JSV�I\EQTPI��XS�EGGIWW�TVSGIHYVIW�XS�MRXIVZIRXMSR�EVIE�SV�XS�XLI�
GSVVIGX�WIPIGXMSR�SJ�JEPP�TVSXIGXMSR�W]WXIQW��
*MVWX��ER�EREP]WMW�SR�MRJSVQEXMSR�RIGIWWEV]�JSV�XLI�QEREKIQIRX�SJ�E�WEJI�3
1�MR�E�
&-1�IRZMVSRQIRX�MW�GEVV]�SYX��&-1�WLSYPH�RSX�FI�SRP]�E�HMKMXM^MRK�[E]�JSV�[SVO�W�ƼPI��
MX�W� RSX� SRP]� E� WLIIX� GSRXEMRMRK�TVSGIWWIW�ERH�TVSGIHYVIW� MHIRXMƼIH�F]� XLI� WEJIX]�
GSSVHMREXSV��&-1��MR�XLMW�EVIE��GER�FI�YWIH�EW�MRXIPPMKIRX�XSSP�JSV�VMWO�EWWIWWQIRX�ERH��
GSRWIUYIRXP]��E�QIXLSHSPSK]� XLEX�GER�FI�YWIH� JSV�GLSSWMRK� XLI�QSWX�ETTVSTVMEXI�
W]WXIQW��MR�SVHIV�XS�WEJIKYEVH�XLI�[SVOIVW�,
7�

/)=;36(7��-ǞȰǗǙǘǚǣȳǠ�ǜǠȳǞǘ��*ȳȱǣǠǣǘǓ�1ȳǞȳǥȨǟȨǞǘ��,ȨȳǠǘǤ�ȳǞȰ�7ȳǦȨǘǓ��&-1�

BIM-Based H&S Management for 
Facilities. Operations & Maintenance of 
Logistic Plants 
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-R� XLI� GSRXI\X� SJ� XLI� EFYRHERX�
building maintenance operations that 
GLEVEGXIVM^I� XLI� *EGMPMX]� 1EREKIQIRX�
TLEWI�� SRI� SJ� XLI� MQTSVXERX� EWTIGXW�
MW� XLI� TPERRMRK� ERH� QEREKIQIRX� SJ�
XLI� LIEPXL� ERH� WEJIX]� SJ� STIVEXSVW�
ERH� QEMRXEMRIVW�� 8LI� EMQ� SJ� XLMW�
research is to use the dynamic and 
intelligent approach based on the 
&-1� JSV� XLI� QEREKIQIRX� SJ� ,IEPXL�
ERH� 7EJIX]� MR� XLI� 3
1� TLEWI�� -R� XLI�
literature there are many papers and 
VIWIEVGLIW� MR� [LMGL� &-1� MW� YWIH� JSV�
XLI� QEREKIQIRX� SJ� XLI� QEMRXIRERGI�
TLEWI��/EWTV^EO�
�(YFPIV��������7��/��
0II��%R��
�=Y��������=EPGMROE]E��7MRKL��
*YOYHE��&IVREVH��
�+YVYQSSVXL]�������
�%VE]MGM�� =�� 3R]IRSFM�� 8'� ERH� )KFY��
����� ERH�QER]� TETIVW� MR� [LMGL� &-1�
MW�ETTPMIH�JSV� XLI�QEREKIQIRX�SJ�,
7�
MR� GSRWXVYGXMSR� WMXIW� �>LERK�� 8IM^IV��
0II�� )EWXQER�� 
� :IRYKSTEP�� �����
�+IXYPM�� :IRXYVE�� 'ETSRI�� 
� 'MVMFMRM��
������ -X� MW� ZIV]� VEVI�� LS[IZIV�� XS� ƼRH�
research that deals with both these 
XSTMGW� �;IX^IP� 
� 8LEFIX�� ������ WSQI�
who deal with all that is contained in 
XLI�,
7�1EMRXIRERGI�HSWWMIV��HVE[R�YT�
F]� XLI�WEJIX]�QEREKIV�� MR�SXLIV�[SVHW��
SR� XLI� &-1� YWIH� XS� HIWMKR� XLI� WEJIX]�
QEREKIQIRX� SJ� STIVEXSVW� HYVMRK� XLI�
maintenance phase, which covers the 
IRXMVI�PMJI�G]GPI�SJ�XLI�FYMPHMRK��
The idea is to use the possibilities 
provided by parametric modelling to 
GVIEXI�E�&-1�,
7�1EMRXIRERGI�HSWWMIV�
MR�[LMGL�XLI�WEJIX]�IUYMTQIRX�MW�GLSWIR�
EGGSVHMRK� XS� XLI�TSWMXMSR�SJ� XLI�SFNIGX�
to be maintained. The proposed theory 
is applied to scheduled maintenance 
G]GPIW� JSV� E� LMWXSVMGEP� MRHYWXVMEP� TPERX��
8LI�GEWI�WXYH]�TVIWIRXIH�MW�XLI�JSVQIV�
*MEX� TPERX� MR� 6MZEPXE� �83�� GYVVIRXP]�
FIMRK� XVERWJSVQIH� MRXS� [EVILSYWI�
ERH� PSKMWXMGW� F]� XLI� *'%� +VSYT�� 8LI�
MRJSVQEXMSR� GSQIW� JVSQ� XLI� TVSNIGX�
documents, the Building Maintenance 
4PER�ERH�XLI�,
7�1EMRXIRERGI�HSWWMIV�
SJ� XLI� FYMPHMRK� MRWXEPPEXMSRW�� [LMGL�
must be linked together. During the 
GSRWXVYGXMSR� SJ� XLI� &-1� QSHIP�� XLI�
TSWMXMSR� SJ� IEGL� SFNIGX� MW� E� TVIGMSYW�
TMIGI� SJ� MRJSVQEXMSR�� JYRHEQIRXEP�
JSV� XLI� GSVVIGX� GLSMGI� SJ� IUYMTQIRX�

BIM-Based H&S Management for Facilities.
Operations & Maintenance of Logistic Plants 

ERH� ƼXXMRKW� RIGIWWEV]� JSV� XLI� GSVVIGX�
I\IGYXMSR� SJ� QEMRXIRERGI� STIVEXMSRW�
MR� WEJIX]�� 8LI� WEJIX]� SJ� XLI� [SVOTPEGI�
MW�PMROIH��JSV�I\EQTPI��XS�XLI�TVSGIHYVIW�
JSV� EGGIWW� XS� XLI� MRXIVZIRXMSR� EVIE� SV�
XLI� GSVVIGX� GLSMGI� SJ� JEPP� TVSXIGXMSR�
W]WXIQW�� -R� XLMW� GSRXI\X�� &-1� GER�
FI� YWIH� EW� ER� MRXIPPMKIRX� XSSP� JSV� VMWO�
EWWIWWQIRX��-R�JEGX��MX�MW�E�QIXLSHSPSK]�
that can be used to choose the most 
appropriate systems, in order to 
WEJIKYEVH� XLI� LIEPXL� ERH� WEJIX]� SJ�
workers.

V. Villa, A. Lauria, C. Caldera

&-1�%2(�*%'-0-8=�1%2%+)1)28

8LI� 3
1� TLEWI�� [LMGL� MW� TEVX� SJ� XLI�
QSVI� I\XIRWMZI� *1� HSQEMR�� GSZIVW�
XLI� PSRKIV� XMQI� TIVMSH� SJ� E� FYMPHMRK�W�
PMJI� G]GPI�� )ZIR� [LIR� GSWXW� EVI� XEOIR�
into account, the FM phase generates 
QSWX�SJ�XLI�GSWXW��7��0II�
�%OMR�������
ERH� VITVIWIRXW� ETTVS\MQEXIP]� ��	�
SJ� XLI� XSXEP� GSWXW� SJ� XLI�FYMPHMRK�W� PMJI�
G]GPI� GSWXW� �)EWXQER��8IMGLSP^�� 7EGOW��

� 0MWXSR�� ������ 6IPEXIH� [MXL� XLMW� MR�
XLI� PMXIVEXYVI�[I�ƼRH�HMJJIVIRX�HEXE�� JSV�
I\EQTPI��JSV�FYMPHMRKW�YWIH�JSV�MRHYWXVMEP�
purposes, it is estimated that the cost 
attributed to maintenance activities 
ZEVMIW� FIX[IIR� ��� ERH� ��� TIVGIRX� SJ�
total production (Muthu, Devadasan, 
%LQIH�� 7YVIWL�� 
� &EPEHLERHE]YXLEQ��
������3XLIV�WXYHMIW�WLS[�XLEX�XLI�XSXEP�
PMJI�G]GPI�GSWX�SJ�E�TVSNIGX�MW���XS���XMQIW�
higher than the initial investment costs 
�7��/��0II�IX�EP��������ERH���XMQIW�XLI�
GSWX� SJ� GSRWXVYGXMSR� �&-1�8EWO�+VSYT��
������
Maintenance makes an important 
contribution to the maintenance and 
MQTVSZIQIRX� SJ� TPERX� ERH� IUYMTQIRX��
TVSHYGX�UYEPMX]�ERH�WEJIX]�VIUYMVIQIRXW�
ERH��JSV�XLMW�VIEWSR��JSVQW�E�WMKRMƼGERX�
TEVX� SJ� XLI� STIVEXMRK� FYHKIX� SJ�
GSQTERMIW� �%P�2ENNEV� 
� %PW]SYJ��
������ -R� EHHMXMSR�� EW� XLI� GSQTPI\MX]�
SJ� XIGLRSPSKMGEP� W]WXIQW� MRGVIEWIW��
maintenance costs have increased 
XLVII� XMQIW� MR� XIR� ]IEVW�� JVSQ� �����
FMPPMSR� MR� ����� XS� ������� FMPPMSR� MR�
����� �;MVIQER�� ������ -R� ZMI[� SJ�
these data, it is not surprising that a 
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-2*361%8-32� *36� 7%*)8=�
1%2%+)1)28�-2�8,)�3
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-R� XLI� -XEPMER� GSRXI\X�� WEJIX]�
QEREKIQIRX�� IZIR� MR� XLI�3
1�TLEWI��
MW� IRXVYWXIH� MR� XLI� ƼVWX� MRWXERGI� XS�
XLI� 7EJIX]� 'SSVHMREXSV� HYVMRK� XLI�
design phase, who prepares the work 
ƼPI�� E� HSGYQIRX� XLEX� TVSZMHIW�� JSV�
IEGL� X]TI� SJ� [SVO�� XLI� TVIZIRXMZI� ERH�
protective measures in the building or 
the measures necessary to carry out 
QEMRXIRERGI�� � 8LI� ,
7� 1EMRXIRERGI�
HSWWMIV� SJ� XLI� FYMPHMRK� MRWXEPPEXMSRW�
is structured in sheets, which try to 
WYQQEVM^I� XLI� RIGIWWEV]� MRJSVQEXMSR��
MRWIVXMRK� XLI� ETTVSTVMEXI� VIJIVIRGIW� XS�
the documents in which the technical 
MRJSVQEXMSR�SJ�XLI�TVSNIGX�MW�GSRXEMRIH��
This document is regulated by Article 
����TEVEKVETL���� PIXXIV�F�SJ�0IKMWPEXMZI�
(IGVII� ��������� [LMGL� TVSZMHIW� MXW�
WXVYGXYVI� MR� XLVII� TEVXW�� 'LETXIV� ���
7YQQEV]� HIWGVMTXMSR� SJ� XLI�[SVO� ERH�
MRHMGEXMSR�SJ�XLI�TEVXMIW�MRZSPZIH��'LETXIV�
��� -HIRXMƼGEXMSR�SJ� XLI� VMWOW��TVIZIRXMZI�
and protective measures endowed with 
XLI� [SVO� ERH� EY\MPMEV]� QIEWYVIW�� JSV�
JSVIWIIEFPI� WYFWIUYIRX� MRXIVZIRXMSRW�
on the work, such as ordinary and 
I\XVESVHMREV]� QEMRXIRERGI�� EW� [IPP�
as other subsequent interventions 
EPVIEH]� TPERRIH� SV� TPERRIH�� 'LETXIV�
��� 6IJIVIRGIW� XS� I\MWXMRK� WYTTSVX�
HSGYQIRXEXMSR�� %RRI\� <:-� GSRXEMRW� E�
WXERHEVH� WXVYGXYVI� SJ� XLI� JSVQW� XS� FI�
ƼPPIH�MR��
3RI�SJ�XLI�LEFMXW� MW�XS�ƼPP� MR�E�JSVQ�JSV�
IEGL� X]TI�SJ�[SVO�� X]TMGEPP]�HIƼRIH�EW�
XLI�[SVO�XS�FI�GEVVMIH�SYX�SR�WMXI��+SMRK�
MRXS�QSVI�HIXEMP� EFSYX� XLI� GSRXIRXW�SJ�
XLI�WLIIXW�]SY�GER�WII�XLEX�QYGL�SJ�XLI�
MRJSVQEXMSR�JSV�XLI�TVSTIV�QEREKIQIRX�
SJ�WEJIX]�EVI�VIPEXIH�XS�XLI�PSGEXMSR�ERH�
WEJIX]�SJ�XLI�[SVOTPEGI�[LIVI�]SY�[MPP�KS�
to work. For this reason, a single sheet 
describing the preventive and protective 
QIEWYVIW� JSV� XLI� QEMRXIRERGI� SJ� E�
PYQMREMVI� GER� FI� I\XVIQIP]� HERKIVSYW�
because the same lamps may have 
FIIR� MRWXEPPIH�EX�HMJJIVIRX�LIMKLXW�SV� MR�
TPEGIW�[MXL�HMJJIVIRX�MRXIVJIVIRGI�VMWOW�
The procedure described in the decree 
TVSZMHIW� JSV� XLI� YTHEXMRK� SJ� XLI� ƼPI�
F]� XLI� 7EJIX]� 'SSVHMREXSV� HYVMRK� XLI�
I\IGYXMSR� TLEWI�� [LMGL� QYWX� OIIT� MX�
updated with respect to the evolution 

SJ�XLI�WMXI�ERH�XLI�GLERKIW�QEHI�MR�XLI�
GSRWXVYGXMSR�TLEWI��3JXIR��LS[IZIV��XLI�
I\MWXMRK� WLIIXW� EVI� YTHEXIH�� [MXLSYX�
GYWXSQM^MRK�XLI�VMWO�EWWIWWQIRX�FEWIH�
SR�XLI�I\EGX�PSGEXMSR�SJ�XLI�SFNIGX�MR�XLI�
building, leaving the operator the burden 
SJ�VIGSZIVMRK�XLI�TVSNIGX�XEFPIW��WXSVIH�
MR� XLI� SƾGIW�� MHIRXMJ]� XLI� TVIZIRXMZI�
and protective measures prescribed by 
XLI�'74���'7)��
0IX�W� RSX� JSVKIX�� MR� XLMW� GSRWMHIVEXMSR��
another document, complementary to 
XLI� ,
7� 1EMRXIRERGI� HSWWMIV� SJ� XLI�
FYMPHMRK� MRWXEPPEXMSRW�� XLI�QEMRXIRERGI�
TPER�SJ� XLI�FYMPHMRK�� -X� GSRXEMRW�HIXEMPW�
SJ� XLI� QEMRXIRERGI� STIVEXMSRW� XS�
be carried out on each individual 
GSQTSRIRX�� MR� VIPEXMSR� XS� XLI� WTIGMƼG�
product present in the building, as 
MRHMGEXIH� F]� XLI� QERYJEGXYVIV�� -R� XLMW�
HSGYQIRX�� JSV�I\EQTPI��[I�ƼRH�E�ZIV]�
MQTSVXERX� MRJSVQEXMSR�� XLI� JVIUYIRG]�
SJ� QEMRXIRERGI�� &SXL� HSGYQIRXW� [MPP�
be managed and updated throughout 
XLI�YWI�SJ�XLI�FYMPHMRK�F]�XLI�TIVWSR�MR�
GLEVKI� SJ�QEMRXIRERGI� ERH�� EW� JEV� EW�
WEJIX]�VIWTSRWMFMPMXMIW�EVI�GSRGIVRIH��F]�
XLI�6744� �,IEH�SJ� XLI�4VIZIRXMSR�ERH�
4VSXIGXMSR�7IVZMGI�

WMKRMƼGERX�IJJSVX�MW�QEHI�XS�YWI�XLI�&-1�
QIXLSHSPSK]� MR� XLI� 3
1� TLEWI�� 8LI�
&-1�MW�MR�JEGX�E�HMKMXEP�VITVIWIRXEXMSR�SJ�
XLI�GSRWXVYGXMSR�TVSGIWW�XLEX�JEGMPMXEXIW�
XLI� I\GLERKI� SJ� MRJSVQEXMSR� FIX[IIR�
XLSWI� MRZSPZIH� MR� XLI� HMJJIVIRX� TLEWIW�
SJ� FYMPHMRK� WGVI[W�� ;LMPI� &-1� LEW�
FIIR� YWIH� QEMRP]� JSV� XLI� HIWMKR� ERH�
GSRWXVYGXMSR�TLEWI��HYI�XS�XLI�WTIIH�SJ�
ZMWYEPM^EXMSR�ERH�GSSVHMREXMSR�FIX[IIR�
disciplines, there is a growing interest 
MR� YWMRK� &-1� MR� *1� EGXMZMXMIW� �*VEWIV��
�����
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8LI� *-%8� TVSHYGXMSR� TPERX� MR� 6MZEPXE��
FYMPX� EFSYX� ��� OMPSQIXVIW� JVSQ� XLI�
*MEX� TPERX� MR� 1MVEƼSVM�� MW� SRI� SJ� XLI�
LMWXSVMG� FYMPHMRKW� SJ� -XEPMER� EYXSQSFMPI�
TVSHYGXMSR� WMRGI� XLI� WIGSRH� LEPJ� SJ�
������8LI�JEGXSV]�WXEVXIH�JVSQ�E�FYMPHMRK�
MRXIRHIH� JSV� QIGLERMGEP� TVSGIWWMRK�
�EWWIQFP]�SJ�XLI�WYWTIRWMSRW�SJ�EPQSWX�
EPP�*MEX�QSHIPW��-R�XLI�WLSVX�TIVMSH�SJ�E�
]IEV��JYVXLIV�WXVYGXYVIW�[IVI�FYMPX�JSV�XLI�
EWWIQFP]� SJ� XLI� FSHMIW�� JSV� XLI� WPEFW��
JSV�XLI�TEMRXMRK�ERH�JSV�XLI�ƼRMWLMRK�SJ�
the cars. 
8LI�FYMPHMRKW��JSV�XLI�PEWX�X[S�TVSGIWWIW��
[IVI� FYMPX� SR� XLI� STTSWMXI� WMHI� SJ� XLI�
above mentioned provincial road. An 
aerial road conveyor, crossing the 
WXVIIX��IRWYVIH�XLI�GSRRIGXMSR�SJ�EPP�XLI�
assembly lines in a bilateral sense. All 
the other connections, both pedestrian 
and by wheel, were sent back to an 
underground tunnel.
-R� ������ ERSXLIV� PEVKI� MRHYWXVMEP�
structure was built, in continuity and 
combined with the slab line, to house 
XLI� PEVKI� TVIWWIW�� XLI� PEXXIV� [IVI�
GSRWMHIVIH� MREHIUYEXI� JSV� XLI� SPH�
operating site (near the civil buildings 
MR� XLI�1MVEƼSVM� EVIE�� 7MRGI� ������ TEVX�
SJ� XLI� TPERX� MR� HMWYWI� �XS� FI� TVIGMWI��
XLI�3TIVEXMRK�%WWIQFP]�9RMX�LEW�FIIR�
VIHIZIPSTIH� ERH� SVKERM^IH� JSV� XLI�
TVSHYGXMSR�SJ�GSQTSRIRXW��%�8YVMREYXS�
moulding centre and Magneti Marelli 
suspension systems remain active at 
XLI�EYXSQSXMZI� PIZIP�� -R�*IFVYEV]������
XLI� *MEX� 'LV]WPIV� %YXSQSFMPIW� KVSYT�
ERRSYRGIH� XLI� VIYWI� SJ� XLI� 6MZEPXE�
plant, through the deposit at the local 
QYRMGMTEPMX]� SJ� E� TVSNIGX� XLEX� TVSZMHIW�
JSV� XLI� HIZIPSTQIRX� MR� XLVII� ]IEVW� SJ�
ER� EVIE� JSV� E� XSXEP� SJ� ������� WUYEVI�
QIXIVW� SJ� [LMGL� ������ HIHMGEXIH� XS�
XLI� GSRWXVYGXMSR� SJ� RI[� JEGMPMXMIW� JSV�
PSKMWXMGW�ERH�WTEVI�TEVXW�JSV�XLI�KVSYT��
8LI� GSRZIVWMSR� SJ� FYMPHMRKW� &�� '�� (�
and F into a logistical warehouse and 
XLI� VIJYVFMWLQIRX� SJ� E� RI[� FYMPHMRK�
>� ERH� XLI� GEV� WXSVEKI� EVIE� �JSVQIV�
XVEGO�� 'YVVIRXP]�� XLI� HIQSPMXMSR� ERH�
HMWQERXPMRK� SJ� XLI� I\MWXMRK� W]WXIQW��
the asbestos reclamation and the 
GSRWXVYGXMSR� SJ� RI[� [SVOW� ERH�
technological systems are underway. 
4EZMPMSR�(�[EW�QSHIPPIH�

*MKYVI����:MWXE�EIVIE�HIPPƅ)\�7XEFMPMQIRXS�*-%8�HM�6MZEPXE��83��LXXTW���MX�[MOMTIHME�SVK�[MOM�*MEXC6MZEPXE
*MKYVI����4PER�SJ�XLI�*'%�MRHYWXVMEP�HMWXVMGX�SJ�6MZEPXE��8LI�GSRZIVWMSR�SJ�FYMPHMRKW�&��'��(�ERH�*�MRXS�E�PSKMWXMGEP�[EVILSYWI�ERH�XLI�VIJYVFMWLQIRX�SJ�E�RI[�FYMPHMRK�
>�ERH�XLI�GEV�WXSVEKI�EVIE��JSVQIV�XVEGO��'YVVIRXP]��XLI�HIQSPMXMSR�ERH�HMWQERXPMRK�SJ�XLI�I\MWXMRK�W]WXIQW��XLI�EWFIWXSW�VIGPEQEXMSR�ERH�XLI�GSRWXVYGXMSR�SJ�RI[�
works and technological systems are underway. Pavilion D was modelled.

V. Villa, A. Lauria, C. CalderaBIM-Based H&S Management for Facilities.
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8,)�&-1�*36�8,)�46)4%6%8-32�3*�
8,)�,
7�1%-28)2%2')�(377-)6�3*�
8,)�&9-0(-2+�-278%00%8-327

8LI� ,
7� 1EMRXIRERGI� HSWWMIV� SJ� XLI�
FYMPHMRK� MRWXEPPEXMSRW� MW� ER� I\XVIQIP]�
important document, which contains all 
XLI� MRJSVQEXMSR�RIIHIH� XS� WEJIP]� GEVV]�
out maintenance and intervention on 
XLI� FYMPHMRK�� -X� MW� KIRIVEPP]� WXVYGXYVIH�
in cards, dedicated to each work that 
MW� I\TIGXIH� XS� FI� GEVVMIH� SYX� SR� XLI�
FYMPHMRK�SV�SR�TEVXW�SJ�MX��8LIWI�WLIIXW��
HIƼRIH� MR� %RRI\� <:-� SJ� 0IKMWPEXMZI�
(IGVII� ��������� MHIRXMJ]� XLI� SFNIGX�
SJ� QEMRXIRERGI� ERH� XLI� X]TI� SJ�
intervention, together with the risks 
XLEX� XLI� 7EJIX]� 'SSVHMREXSV� MHIRXMƼIW�
JSV� XLI� STIVEXSVW�� 8S� XLIWI� ƼVWX� HEXE�
EVI� RIGIWWEVMP]� EXXEGLIH� E� WIVMIW� SJ�
MRJSVQEXMSR� XLEX� MHIRXMJ]� XLI� XIGLRMGEP�
GLEVEGXIVMWXMGW�SJ�XLI�TPERRIH�[SVO�ERH�
XLI�TPEGI�SJ�[SVO��
9WYEPP]� XLIVI� MW� E� KIRIVEP� VIJIVIRGI� XS�
XLI�TVSNIGX� XEFPIW�� XLI� XLMVH�TEVX�SJ� XLI�
HSWWMIV�� MR� JEGX�� SFPMKEXSVMP]� GSRXEMRW�
XLI� PMWX� SJ� XLI� XIGLRMGEP� HSGYQIRXW�

8EFPI����0MQMXW�VERKI�JSV�XLI�TVSTIV�IUYMTQIRX�GLSMGI�
*MKYVI����4LSXSW�SJ�XLI�MRXIVMSVW�SJ�XLI�*'%�MRHYWXVMEP�HMWXVMGX�SJ�6MZEPXE��LXXT���[[[�WXYHMS�EIE�MX�VIEPM^^E^MSRM�LXQP#VIPCMH!��

8,)� ',3-')� 3*� )59-41)28� *36�
*%00-2+�*631�%�,)-+,8

%W� [I� LEZI� WIIR� FIJSVI�� SRI� SJ� XLI�
GLSMGIW� XLEX� XLI� 'SSVHMREXSV� QYWX�
QEOI� [LIR� HVEJXMRK� XLI� ;SVO�W� ƼPI�
MW� XLI� HIƼRMXMSR� SJ� TVIZIRXMZI� ERH�
protective measures regarding access 
ERH�XLI�[SVOTPEGI��-R�XLI�GEWI�SJ�[SVO�
at a height, it is necessary to provide 
JSV� XLI� YWI� SJ� WYMXEFPI� IUYMTQIRX� XLEX�
allows maintenance operations to be 
carried out on plant or building objects 
PEMH�EX�E�LIMKLX��WEJIKYEVHMRK�XLI�LIEPXL�
ERH� WEJIX]� SJ� [SVOIVW� ERH� XEOMRK� MRXS�
account the surrounding area. 
8LI�TVSTSWIH�W]WXIQ�TVSZMHIW� JSV� XLI�
HIƼRMXMSR�SJ�KIRIVEP�VYPIW�JSV�XLI�GLSMGI�
SJ� XLI� QSWX� WYMXEFPI� IUYMTQIRX�� MR�
relation to the height above the ground 
SJ� XLI� IPIQIRX� FIMRK� QEMRXEMRIH�� %R�
I\EQTPI�LEW�FIIR�VIEPM^IH� NYWX�SR�SRI�
SJ� XLI� PEQTW� TPEGIH� MRWMHI� XLI� LEPP� SJ�
Rivalta. The rules inserted in the model 
EPPS[�XS�GSQTMPI�XLI�TEVEQIXIV��LIMKLX�
JVSQ� XLI� KVSYRH�� XLVSYKL� E� (]REQS�
script. 
8LMW�TEVEQIXIV� MHIRXMƼIW�� EGGSVHMRK� XS�
appropriate thresholds, which will be 
the most appropriate preparation to be 
YWIH�ERH�VITVIWIRXW�MX��FSXL�RI\X�XS�XLI�
object in the documents to be printed, 
ERH�MHIRXMƼIW�XLI�EVIE�XLEX�QYWX�FI�JVII��
RIGIWWEV]�XS�WEJIP]�TIVJSVQ�XLI�[SVO��
8LI�PMQMXW�MHIRXMƼIH�MR�XLMW�I\EQTPI�EVI�
Together with the symbol that represents 
the most suitable preparation, all the 
YWIJYP� MRJSVQEXMSR� JSV� XLI� YWI� SJ� XLI�
WEQI�GSYPH�FI�EXXEGLIH��*SV� I\EQTPI��
all the instructions regarding the correct 
YWI��XLI�RIGIWWEV]�44)��XLI�QERHEXSV]�

and their placement in the archive 
to help the operators who will have 
XS� MRXIVZIRI� HYVMRK� XLI� TLEWI� SJ� YWI�
ERH� QEMRXIRERGI� SJ� XLI� EWWIX�� 8LI�
QEMR� MRJSVQEXMSR� XS�FI� VIXVMIZIH� MW� XLI�
GSRXI\X� MR� [LMGL� XLI� [SVO� MW� PSGEXIH��
the architectural and static structure in 
which it will operate and the systems 
MRWXEPPIH��8LMW�WIVMIW�SJ�VIJIVIRGIW�HSIW�
RSX�JEGMPMXEXI�XLI�[SVOƽS[�ERH�QEOIW�MX�
QYGL�QSVI�HMƾGYPX�XS�ƼRH�MRJSVQEXMSR��
IWTIGMEPP]� MJ� ]SY� XLMRO� XLEX� MX� MW�SJXIR�E�
QEXXIV�SJ�I\XVESVHMREV]�QEMRXIRERGI�SV�
emergency situations.
'SRXEMRW� VIJIVIRGIW� XS� XLI� TVSHYGXW�
used, links to the technical sheets 
ERH� XLI�ETTVSZEP� VITSVXW�SJ� XLI�;SVOW�
Director. But above all with the model 
]SY� GER� WII� XLI� GSRXI\X� ERH� EPPS[W�
you to evaluate the most suitable 
preparations to intervene ensuring the 
WEJIX]�SJ�STIVEXSVW�
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QIEWYVIW� XS� FI� TYX� MR� TPEGI� FIJSVI�
[SVOMRK�SR� XLI�SFNIGX��*SV�I\EQTPI�� MR�
XLI�GEWI�SJ�E�WXYH]��E�ZIV]�YWIJYP�TMIGI�
SJ� MRJSVQEXMSR� MW� XLI� VIJIVIRGI� XS� XLI�
)5� XS� FI� HIEGXMZEXIH�� 'YVVIRXP]�� XLMW�
MRJSVQEXMSR�WLSYPH�FI�WSYKLX�MR�XLI�EW�
FYMPX�XEFPIW��E�[SVO�XLEX�MW�SJXIR�VITPEGIH�
by attempts or tests on site. 
-R� XLI� XLVII�HMQIRWMSREP� ZMI[�� SV� MR�
the navigation inside the model with 
the augmented reality, it is possible 
XS� ZMWYEPM^I� XLI� IRGYQFVERGI� SJ� XLI�
preparations, chosen in relation to the 
LIMKLX�JVSQ�XLI�KVSYRH��
This system makes it possible to 
MHIRXMJ]� ZIV]� UYMGOP]� [LIVI� XLIVI� QE]�
FI� TVSFPIQW� SJ� MRXIVJIVIRGI� FIX[IIR�
SFNIGXW�� -X� MW� MR� JEGX� MQQIHMEXI� [MXL�
XLI�'PEWL�(IXIGXMSR� W]WXIQW� XS� WII� MJ��
MR� XLI� TVIWIRGI� SJ� SXLIV� SFNIGXW�� WYGL�
as shelves or systems, the planned 
preparation can not be used and, 
consequently, other systems must be 
imagined to allow work at height in 
WEJIX]�
8LI�&-1� MW�ER�SFZMSYW�I\EQTPI�SJ� XLI�
RS[�GSQQSR�LEFMX�SJ�RSX�XVIEXMRK�IEGL�
[SVOTPEGI�WTIGMƼGEPP]��8LI�[SVOWLIIXW�
EVI�GSQTPIXIH�[MXL�KIRIVEP�MRJSVQEXMSR��
which does not meet the actual needs 
SJ�QEMRXIRERGI�[SVOIVW��[LS�EVI�JSVGIH�
to improvise each time, increasing the 
VMWO�SJ�EGGMHIRXW�EX�[SVO�

*MKYVI����&-1�4EVEQIXVMG�JEQMP]�[MXL�HMJJIVIRX�HMWTPE]W�HITIRHMRK�SR�XLI��LIMKLX�JVSQ�KVSYRH��TEVEQIXIV��:��:MPPE�
*MKYVI����7GVIIRWLSX�SJ�XLI�(]REQS�WGVMTX�JSV�XLI�EYXSQEXMG�GSQTMPEXMSR�SJ�XLI�TEVEQIXIVW�MR�XLI�JEQMPMIW��ERH�ZMWYEPM^EXMSR�SJ�XLI�MRHMGEXMSR�SJ�XLI�QSWX�WYMXEFPI�
TVITEVEXMSR�ERH�XLI�EVIE�RIGIWWEV]�XS�GEVV]�SYX�XLI�QEMRXIRERGI���:��:MPPE
*MKYVI����7GVIIRWLSX�SJ�XLI�XLVII�HMQIRWMSREP�ZMI[�SJ�XLI�&-1�QSHIP�XLEX�HMWTPE]W��FEWIH�SR�XLI�TEVEQIXIV��LIMKLX�JVSQ�XLI�KVSYRH��SJ�XLI�SFNIGX�XS�FI�QEMRXEMRIH��
XLI�TVITEVEXMSR�JSV�XLI�QSWX�WYMXEFPI�WIGYVMX]���:��:MPPE
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;LMPI�XLI�&-1�JSV�*EGMPMX]�1EREKIQIRX�
has a good bibliography in the 
PMXIVEXYVI�� XLI� JSGYW� SR� WIGYVMX]�
QEREKIQIRX� HYVMRK� 3
1� STIVEXMSRW�
MW� WXMPP� PMXXPI� EREP]^IH�� 8LI� QYPXMTPMGMX]�
SJ� MRJSVQEXMSR�� HIVMZMRK� JVSQ� HMJJIVIRX�
HSGYQIRXW�FIGEYWI�SJ�XLI�GSQTIXIRGI�
SJ� HMJJIVIRX� WYFNIGXW�� SJXIR� PIEHW� XS�
MQTVSZMWI� XLI�QIXLSHW�SJ� MRXIVZIRXMSR��
-QTVSZMWEXMSR�� XSKIXLIV� [MXL� XLI�
YREZEMPEFMPMX]� SJ� MRJSVQEXMSR� MR� XLI�
place where the operating teams are 
STIVEXMRK�� PIEHW� XS� XLI� SGGYVVIRGI� SJ�
EGGMHIRXW�EX�[SVO��8LI�TVSTSWEP�HIƼRIH�
in this paper, although embryonic 
ERH� XS� FI� HIZIPSTIH� MR� XLI� GSYVWI� SJ�
JYXYVI�VIWIEVGL��TVSTSWIW�E�W]WXIQ�JSV�
WLEVMRK� MRJSVQEXMSR� [MXLMR� XLI� QSHIP��
PSSOMRK� JSV� VYPIW� JSV� XLI� HIƼRMXMSR� SJ�
4'(W� ERH� -46W� RIIHIH� EGGSVHMRK� XS�
the workplace. Future developments 
EVI�FVSEH�ERH�MRGPYHI��JSV�I\EQTPI��XLI�
I\EQMREXMSR�SJ�[SVO�SR�VSSJW�ERH�[SVO�
MR� GSRƼRIH� IRZMVSRQIRXW�� LMWXSVMGEPP]�
EQSRK�XLI�ƼVWX�GEYWIW�SJ�HIEXL�HYVMRK�
operation and maintenance.
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%Ǡ�2ȳǢǢȳǚ��&���ɱ�%ǠǙǓǝǗǦ��-�������. 6HOHFWLQJ�WKH�
PRVW�HIͤFLHQW�PDLQWHQDQFH�DSSURDFK�XVLQJ�IX]]\�
PXOWLSOH�FULWHULD�GHFLVLRQ�PDNLQJ��-RXIVREXMSREP�
.SYVREP�SJ�4VSHYGXMSR�)GSRSQMGW��������Ɓ����

%ǚȳǓǣȱǣ��=��3ǞǓȨǞǝȲǣ��8'�ȳǞȰ�)ǥȲǗ��'�������. 
%XLOGLQJ�LQIRUPDWLRQ�PRGHOOLQJ��%,0��IRU�IDFLOLWLHV�
PDQDJHPHQW��)0���7KH�0HGLD&LW\�FDVH�VWXG\�
DSSURDFK��-RXIVREX-SREP�.SYVREP�SJ���(�-RJSVQEX-SR�
1S(IP-RK�.ERYEV]�1EVGL���������Ɓ���

&-1�8ȳǙǡ�+ǚǝǗǜ�������. 7KH�*RYHUQPHQW�6RIW�
/DQGLQJ�SROLF\�

)ȳǙǘǟȳǞ��'���8ȨǣȱǤǝǠǒ��4���7ȳȱǡǙ��6���ɱ�0ǣǙǘǝǞ��
/�������. %,0�+DQGERRN��$�*XLGH�WR�%XLOGLQJ�
,QIRUPDWLRQ�0RGHOLQJ�IRU�2ZQHUV��0DQDJHUV��
'HVLJQHUV��(QJLQHHUV�DQG�&RQWUDFWRUV���QG�(GLWLRQ��
�;-0)=��)H��

*ǚȳǙȨǚ��/�������. )DFLOLWLHV�PDQDJHPHQW��WKH�
VWUDWHJLF�VHOHFWLRQ�RI�D�PDLQWHQDQFH�V\VWHP��
.SYVREP�SJ�*EGMPMXMIW�1EREKIQIRX����������Ɓ����
LXXTW���HSM�SVK���������.*1�������������

+ȨǘǗǠǣ��:���:ȨǞǘǗǚȳ��7��1���'ȳǜǝǞȨ��4���ɱ�'ǣǚǣȲǣǞǣ��
%��0��'�������. $�%,0�EDVHG�&RQVWUXFWLRQ�6XSSO\�
&KDLQ�)UDPHZRUN�IRU�0RQLWRULQJ�3URJUHVV�DQG�&R�
RUGLQDWLRQ�RI�6LWH�$FWLYLWLHV��4VSGIHME�)RKMRIIVMRK��
����.YRI�����Ɓ�����LXXTW���HSM�SVK���������N�
EVGQIH������������

/ȳǙǜǚǒȳǡ��'���ɱ�(ǗȲǠȨǚ��'�������. $OLJQLQJ�%,0�
ZLWK�)0��6WUHDPOLQLQJ�WKH�SURFHVV�IRU�IXWXUH�
SURMHFWV��%YWXVEPEWMER�.SYVREP�SJ�'SRWXVYGXMSR�
)GSRSQMGW�ERH�&YMPHMRK����������Ɓ����LXXTW���HSM�
SVK���������ENGIF�Z��M������

0ȨȨ��7���ɱ�%ǡǣǞ��3�������. $XJPHQWHG�UHDOLW\�EDVHG�
FRPSXWDWLRQDO�ͤHOGZRUN�VXSSRUW�IRU�HTXLSPHQW�
RSHUDWLRQV�DQG�PDLQWHQDQFH��%YXSQEXMSR�MR�'SR-
WXVYGXMSR���������Ɓ����

0ȨȨ��7��/���%Ǟ��,��/���ɱ�=Ǘ��.��,�������. $Q�([�
WHQVLRQ�RI�WKH�7HFKQRORJ\�$FFHSWDQFH�0RGHO�
IRU�%,0�EDVHG�)0��-R�'SRWXVYGXMSR�6IWIEVGL�
'SRKVIWW������'SRWXVYGXMSR�'LEPPIRKIW�MR�E�*PEX�
;SVPH�%7')��TT�����Ɓ����

1ǗǘǤǗ��7���(ȨǖȳȰȳǙȳǞ��7���%ǤǟȨȰ��7���7ǗǚȨǙǤ��4���
ɱ�&ȳǠȳȰǤȳǞȰȳǓǗǘǤȳǟ��6�������. Benchmarking 
IRU�VWUDWHJLF�PDLQWHQDQFH�TXDOLW\�LPSURYHPHQW��
&IRGLQEVOMRK��%R�-RXIVREXMSREP�.SYVREP�������
���Ɓ����

;ȨǘǒȨǠ��)��1���ɱ�8ǤȳȲȨǘ��;��=�������. 7KH�XVH�RI�
D�%,0�EDVHG�IUDPHZRUN�WR�VXSSRUW�VDIH�IDFLOLW\�
PDQDJHPHQW�SURFHVVHV��%YXSQEXMSR�MR�'SR-
WXVYGXMSR�����2SZIQFIV���������Ɓ����LXXTW���HSM�
SVK���������N�EYXGSR������������

;ǣǚȨǟȳǞ��8�������. :RUOG�&ODVV�0DLQWHQDQFH�
0DQDJHPHQW��,QGXVWULDO���2I[�=SVO��2=�

=ȳǠȱǣǞǡȳǓȳ��1���7ǣǞǥǤ��:���*ǗǡǗȰȳ��7���&ȨǚǞȳǚȰ��%���
ɱ�+ǗǚǗǟǝǝǚǘǤǓ��&�������. %XLOGLQJ�,QIRUPDWLRQ�
0RGHOLQJ��%,0��IRU�)DFLOLWLHV�0DQDJHPHQW�/LWHUD�
WXUH�5HYLHZ�DQG�)XWXUH�1HHGV�0HKPHW�<DOFLQND\D��
9LVKDO�6LQJK��&YMPHMRK�-RJSVQEXMSR�1SHIPMRK��&-1�

%LEOLRJUDSK\
%LEOLRJUDD

JSV�*EGMPMXMIW�1EREKIQIRX�0MXIVEXYVI�6IZMI[�ERH�
*YXYVI�2IIHW�4VSHYGX�0MJIG]GPI�1EREKIQIRX��
�Ɓ����LXXTW���HSM�SVK�������������������������
�C�"

>ǤȳǞǥ��7���8ȨǣǒȨǚ��.���0ȨȨ��.��/���)ȳǙǘǟȳǞ��'��1���
ɱ�:ȨǞǗǥǝǜȳǠ��1�������. %XLOGLQJ�,QIRUPDWLRQ�
0RGHOLQJ��%,0��DQG�6DIHW\��$XWRPDWLF�6DIHW\�
&KHFNLQJ�RI�&RQVWUXFWLRQ�0RGHOV�DQG�6FKHGXOHV��
%YXSQEXMSR�MR�'SRWXVYGXMSR���������Ɓ�����LXXTW���
HSM�SVK���������N�EYXGSR������������

'��/JV����������$WWXD]LRQH�GHOO
DUWLFROR���GHOOD�
OHJJH���DJRVWR�������Q�������LQ�PDWHULD�GL�WXWHOD�
GHOOD�VDOXWH�H�GHOOD�VLFXUH]]D�QHL�OXRJKL�GL�ODYRUR�
�*�8��Q������GHO����DSULOH������
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&YMPHMRK� GSRWXVYGXMSR� MW� GSRWMHIVIH� E� GSQTPI\�� H]REQMG� ERH� LMKLP]� LE^EVHSYW�
TVSGIWW�[LMGL� IQFVEGIW�QER]� JEGXSVW� XLEX� EVI� TSXIRXMEPP]� HERKIVSYW� XS�[SVOIVW��
1ER]� WXYHMIW�TVSZIH� XLEX� XLI� MQTVSZIQIRX�SJ� TVIZIRXMZI�ERH�TVSEGXMZI�QIEWYVIW�
-dynamically included in the building design, planning and construction- could reduce 
site accidents as well as increase the site productivity.
-R� XLMW� GSRXI\X�� TVSGIWW� QEREKIQIRX� QSHIPW� ERH� MRJSVQEXMSR� ZMWYEPM^EXMSR�
XIGLRMUYIW� WYGL� EW� &YMPHMRK� -RJSVQEXMSR�1SHIPPMRK� �&-1� ERH� :MVXYEP� 6IEPMX]� �:6�
WIIQ�XS�FI�HIZSXIH�XS�WXVSRKP]�GSRXVMFYXI�XS�XLI�EHZERGIQIRX�SJ�XLI�GYVVIRX�WEJIX]�
management practices. For this reasons, the presented contribution starts with a 
WLSVX� VIZMI[� SJ� XLI� EHSTXMSR� SJ� &-1� ERH� &-1�VIPEXIH� HMKMXEP� XIGLRSPSKMIW� JSV� VMWO�
QEREKIQIRX�XSKIXLIV�[MXL�:6�ETTPMGEXMSR�JSV�'SRWXVYGXMSR�,IEPXL�ERH�7EJIX]�[LMGL�
EMQ�XS�KIRIVEXI� MQQIVWMZI�IRZMVSRQIRXW�JVSQ�[LMGL�[SVOIVW�GER�I\TIVMIRGI�WEJI�
insights into the way the real construction site works.
8LI�QEMR�SFNIGXMZI�SJ�XLMW�GSRXVMFYXMSR�MW�XS�VIZMI[�I\MWXMRK�TVSTSWEPW�MR�XLMW�ƼIPH�SJ�
GSRWXVYGXMSR� LIEPXL� ERH� WEJIX]� EW� VIPEXIH� XS� -'8� XIGLRSPSKMIW�� IWTIGMEPP]� &-1� ERH�
:MVXYEP�6IEPMX]��MR�SVHIV�XS�TVSTSWI��EX�XLI�IRH��E�TVSNIGX�JVEQI[SVO�EFPI�XS�KYMHI�JYXYVI�
VIWIEVGLIW� ERH� ETTPMGEXMSRW� SR� XLI� YWI� SJ� &-1�IREFPIH� :MVXYEP� 6IEPMX]� JSV� 7EJIX]�
TYVTSWIW�JSV�WMXI�HIWMKR�ZEPMHEXMSR�ERH�VIPEXIH�[SVOIVWƅ�XVEMRMRK�
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3,7�ǣǞ�ȲǗǣǠȰǣǞǥ�ȱǝǞǙǘǚǗȱǘǣǝǞ

)ZIR� RS[�� GSRWXVYGXMSR� 3GGYTEXMSREP�
,IEPXL� ERH� 7EJIX]� �3,7� VIQEMRW�
E� [SVPH[MHI� TVSFPIQ� MR� XIVQW� SJ�
[SVOTPEGI�MRNYVMIW�ERH�JEXEPMX]�WXEXMWXMGW�
EW�MW�WLS[R�JVSQ�3TIR(EXE������SJ�XLI�
-XEPMER� 2EXMSREP� -RWXMXYXI� JSV� -RWYVERGI�
EKEMRWX� %GGMHIRXW� EX� ;SVO� �-2%-0�
�-2%-0�3TIR(EXE������[MXL�ER�MRGVIEWI�
F]� ���	� XS� ������� VITSVXIH� EGGMHIRXW�
ERH�����JEXEP�SRIW��
-R� XLMW� GSRXI\X�� [LEX� MW� MQTSVXERX� MW�
to look at the root causes in order 
to develop appropriate research 
and innovative applications able to 
VIEPMWXMGEPP]� MRƽYIRGI� ERH� MRGVIEWI�
WEJIX]� GYPXYVI� XLVSYKLSYX� XLI� TVSNIGX�
PMJI�G]GPI�� JVSQ� XLI� HIWMKR� TLEWI�
to maintenance. Such causes may 
FI� MRJIVVIH� JVSQ� XLI� ƼRHMRKW� SJ� XLI�
ƈ'2'48� ������6ITSVXƉ� �%GXMZMX]�6ITSVX�
'48������EFSYX�WEJIX]�MR�GSRWXVYGXMSR�
WIGXSV� [LIVI� '248� LEW� QSRMXSVIH�
������� GSRWXVYGXMSR� WMXIW� [MXL� �������
WMXI� MRWTIGXMSRW� EQSYRXMRK� XS� �������
construction companies involved. The 
MRWXERGIW� SJ� RSR�GSQTPMERGI� MR� XLI�
ETTPMGEXMSR�SJ� XLI� -XEPMER�,7� VIKYPEXMSR�
MR� XLI� EJSVIQIRXMSRIH� MRWTIGXMSRW�
GER� FI� GPEWWMƼIH� EW� JSPPS[� MR� SVHIV� SJ�
HIGVIEWMRK�EQSYRX��

1. I\XIRWMZI� PEGO� SJ� [EVRMRK� WMKREPW�
JSV�XLI�MHIRXMƼGEXMSR�VMWO�^SRIW�

2. PEGO� SJ� WMXI� TIVWSRIPP� LEZMRK�
WTIGMƼG�WEJIX]�XEWOW�

3. PEGO� SJ� IHYGEXMSR� MR� XIVQW� SJ� WMXI�
TPERRMRK�ERH�GSSVHMREXMSR�

4. shallow risk analysis inconsistent 
[MXL�XLI�WTIGMƼG�GSRWXVYGXMSR�WMXI�

;LEX� IQIVKIW� JVSQ� XLMW� VITSVX� MW� ER�
MQTSVXERX� PEGO� SJ� GSRXIRXW�� UYEPMX]�
ERH� HIXEMPW� MR� XLI� WEJIX]� TPERW� [MXL�
RIKEXMZI� WEJIX]� MQTPMGEXMSRW� MR� XLI�
IRXMVI� GSRWXVYGXMSR� I\IGYXMSR� XLEX�
MW� SJXIR� HIPIKEXI� XS� XLI� JSVIQERWƅ�
improvisational capabilities and their 
SR�WMXI� I\TIVMIRGI�� 8LMW� MW� EPWS� HYI�
XS� XLI� JEGX� XLEX� QSWX� SJ� XLSWI� TPERW�
EVI� YWYEPP]� TVSZMHIH� [MXL� E� WIX� SJ�
MRWXVYGXMSRW�MR�XLI�JSVQ�SJ�XI\XW�SV�X[S�
HMQIRWMSREP� HVE[MRKW�SJXIR�HMƾGYPX� XS�

&%'/+6392(

-ǞȱǚȨȳǙǣǞǥ� ǗǙȨ� ǝǦ� -'8� Ǧǝǚ� ǙȳǦȨǘǓ�
ǜǗǚǜǝǙȨǙ

7IZIVEP� WXYHMIW� WLS[� XLEX� -RJSVQEXMSR�
ERH�'SQQYRMGEXMSR�8IGLRSPSK]��-'8�MW�
SJXIR�EHZSGEXIH�XS�GSRXVMFYXI�XS�WEJIX]�
ERH�VMWO�QEREKIQIRX�� -R� XLI� JSPPS[MRK�
WIGXMSR��ER�SZIVEPP�ZMI[�SJ�XLI�VIWIEVGL�
XVIRHW�ERH�ETTPMGEXMSRW�MW�TVSZMHIH�

1. /RS[PIHKI� FEWIH� W]WXIQW��
systems and models that take 
MRXS� EGGSYRX� HEXE� ERH� I\TIVMIRGI�
JVSQ� TVIZMSYW� TVSNIGXW� MR� SVHIV�
XS� WYTTSVX� HIGMWMSR� QEOMRK� JSV�
risk assessment. The integration 
[MXL� &-1� MR� XIVQW� SJ� MRJSVQEXMSR�
WSYVGI� �1SXEQIHM� IX� EP�� �����
and a digital environment to share 
knowledge among site managers 
and engineers has been proposed 
�5M�IX�EP�������

2. %YXSQEXMG� VYPI� GLIGOMRK�� HIWMKR�
EWWIWWQIRX� FEWIH� SR� XLI� YWI� SJ�
computer programs to asses a 
HIWMKR� ERH� SFNIGXW� GSRƼKYVEXMSR�

FI� JYPP]�YRHIVWXSSH�F]�WMXI� XIGLRMGMERW�
and even more by site workers.
2S[EHE]W�� EW� VIƽIGXIH� MR� PMXIVEXYVI�
�1EVXMRI^�%MVIW� IX� EP�� ������ XLIVI�
are many proposals that use new 
models and technologies to assist 
WEJIX]� QEREKIQIRX� XEWOW� ERH�� QSVI�
WTIGMƼGEPP]�� &YMPHMRK� -RJSVQEXMSR�
1SHIPPMRK� �&-1� ERH� &-1� VIPEXIH�
technologies seem to be to the 
QSWX� EHZSGEXIH� XS� MRGVIEWI� WEJIX]�
TIVJSVQERGI��
+MZIR� XLIWI� GMVGYQWXERGIW�� XLI� QEMR�
SFNIGXMZI� SJ� XLMW� GSRXVMFYXMSR� MW� XS�
VIZMI[� I\MWXMRK� TVSTSWEPW� MR� XLMW� ƼIPH�
SJ� GSRWXVYGXMSR� LIEPXL� ERH� WEJIX]� EW�
VIPEXIH� XS� -'8� XIGLRSPSKMIW�� IWTIGMEPP]�
&-1�ERH�:MVXYEP�6IEPMX]��:6��MR�SVHIV�XS�
TVSTSWI��EX�XLI�IRH��E�TVSNIGX�JVEQI[SVO�
EFPI� XS� KYMHI� JYXYVI� VIWIEVGLIW� ERH�
ETTPMGEXMSRW�SR�XLI�YWI�SJ�&-1�IREFPIH�
:MVXYEP� 6IEPMX]� JSV� 7EJIX]� TYVSTSWIW�
JSV� WMXI� HIWMKR� ZEPMHEXMSR� ERH� VIPEXIH�
workers’ training.

[MXL� VIKYPEXMSRW� ZME� WTIGMƼG�
EPKSVMXLQW� ERH� &-1�GSQTPMERX�
TPEXJSVQ� �)EWXQER� IX� EP�� �����
�+IXYPM�IX��EP�������

3. �(� &-1�� 'SRWXVYGXMSR� WGLIHYPI�
MRJSVQEXMSR� MRXIKVEXIH� MRXS� E�
�(� &-1� XS� MRGVIEWI� H]REQMG�
ZMWYEPM^EXMSR�SJ�WEJIX]�TVSGIHYVI������

4. 'PEWL�HIXIGXMSR��JSV�E�WEJIX]�HIWMRK�
purpose, clash detection is monstly 
YWIH� JSV�GSRWXVYGXMSR�[SVOWTEGIW�
planning and management which 
includes three main research 
SFNIGXMZIW��

a. generation and 
EPPSGEXMSR�SJ�[SVOWTEGIW�F]�YWMRK�
�(��(�QSHIPPMRK�IRZMVSRQIRX�EFPI�
to simulate construction activities’ 
[SVOWTEGIW�F]�YWMRK�QEVO�YT�

b. HIXIGXMSR� SJ�
congestion and spatial temporal 
GSRƽMGXW� MR� XIVQW� SJ� TL]WMGEP�
GSRƽMGX� EQSRK� [SVOWTEGIW��
temporal overlap between tasks 
ERH�WMXI�GSRKIWXMSRW��

5. [SVOWTEGIW� GSRƽMGX� VIWSPYXMSR�
F]� YWMRK� HMJJIVIRX� ETTVSEGLIW� EW�
QEXLIQEXMGEP� EPKSVMXLQW�� EVXMƼGMEP�
intelligence methods or rule-based 
heuristic approaches.

6. %PP� XLI� EJSVQEXMSRIH� QSHIPW� LEW�
FIIR� GPEWWMƼIH� EW� 6IEGXMZI� -8�
FEWIH� WEJIX]� W]WXIQW� XLEX� EVI�
able to provide simulation virtual 
TVSXSX]TMRK� XS� EWWMWX� WEJIX]� VMWO�
MHIRXMƼGEXMSR�ERH�WEJIX]�TPERRMRK�

7. 1SVISZIV�� HYI� XS� XLI� JEGX� XLEX�
construction projects have a 
LEFMX� SJ� GLERKIW� HYVMRK� XLI�
I\IGYXMSR� TLEWI�� E� WIGSRH� KVSYT�
SJ�QSHIPW�� GPEWWMƼIH� EW� 4VSEGXMZI�
-8�FEWIH� WEJIX]� W]WXIQW� LEZI�
been proposed in literature. These 
models, somehow integrated 
[MXL� &-1� IRZMVSRQIRXW�� EVI� EFPI�
XS� GSPPIGX� VIEP�XMQI� HEXE� JVSQ� XLI�
WMXIW� JSV� JYXLIV� EREP]WMW� ERH� KMZI�
MQQIHMEXI�[EVRMRK�SV�JIIHFEGO�XS�
the site personells. They are mostly 
YWIH�JSV�
h. materials, workers and 
machines’ real-time dynamic 
position tracking during 
GSRWXVYGXMSR�EGXMZMXMIW�



���

in_bo New Frontiers of Construction Management Workshop 2018, vol. 09 n° 13

i. WEJI� QEGLMRIWƅ� REZMKEXMSR�
in the construction site due to 
automatic obstacle detection 
W]WXIQ�
j. positioning sensors such as 
6EHMS� JVIUYIRG]� MHIRXMƼGEXMSR�
�6*-(�� +PSFEP� TSWMXMSRMRK� W]WXIQ�
�+47�IXG��IQFIHHIH�MRXS�4IVWSREP�
4VSXIGXMZI� )UYMTQIRXW� XS� XVEGO�
workers real time and warn when 
XLI]�IRXIV�E�LE^EVH�WTEGI�
k. other proactive technologies 
such as laser scanning, remote 
sensing and actuating technology, 
wireless communication.

12. :MVXYEP� 6IEPMX]� �:6� ERH� VIPEXIH�
technologies that are mainly 
YWIH� JSV� GSRWXVYGXMSR� IHYGEXMSR�
ERH� XVEMRMRK� [LMGL� GSRWMWX� SJ� ER�
interactive computer environment 
EFPI� XS� MRXVSHYGI� ER� I\XIVREP� YWIV�
in a real-time animation simulating 
the real works. These application 
GER�FI�GPEWWMƼIH�EW�JSPPS[�

13. (IWOXST�&EWIH�:6� XLEX� HMWTPE]W� E�
�(�ZMVXYEP�[SVPH�SJ�XLI�GSRWXVYGXMSR�
site environment on a desktop 
screen without any tracking 
IUYMTQIRX� XS� WYTTSVX�� -X� VIPMIW� SR�
the workers’ spatial and perception 
EFMPMXMIW� XS� I\TIVMIRGI� [LEX�
LETTIRW�EVSYRH�XLIQ��1SWX�SJ�XLI�
tasks can be conducted through 
XLI�YWI�SJ�QSYWI�ERH�OI]FSEVH�

14. -QQIVWMZI� :6� XLEX� VIPMIW� SR� XLI�
YWI� SJ� WTIGMEP� LEVH[EVI�� WYGL� EW�
XLI� LIEH�QSYRXIH� HIZMGI� �,1(�
and sensor gloves, to withdraw 
YWIVW� JVSQ� XLI� TL]WMGEP� [SVPH�
and provide an environment more 
immersive and interactive than 
others techonologies.

15. �(�+EQI�&EWIH�:6��-X�MW�ER�IRKMRI�
able to produce a computer-
based video game that provide a 
MRXIVEGXMZI�ZMVXYEP�VIEPMX]�SJ�XLI�WMXI�
environmt also using a multi-user 
operating technology.

16. &-1�)REFPIH� :6�� &-1�IREFPIH� :6�
VIPMIW�SR�XLI�QSHIP��IQTLEWM^MRK�SR�
the data binding and connections 
FILMRH� SXLIV� :6� GEXIKSVMIW�� XS�
simulate construction processes 
ERH� STIVEXMSRW�� *SV� I\EQTPI��

&-1�IREFPIH� :6� EPPS[W� YWIV�
to take building design into a 
3D virtual environment with all 
VIPIZERX� FYMPHMRK� MRJSVQEXMSR��
I\TIVMIRGMRK� XLI� &-1� QSHIP� MR� E�
virtual environment without the 
VIWXVMGXMSRW� SJ� TIIVMRK� MRXS� E� �(�
drawings, and actually inspecting 
the designed space.

17. %YKQIRXIH�VIEPMX]��-X�YWIW�WIRWSV]�
technology to provide a live direct 
ZMI[�SJ�E�TL]WMGEP�IRZMVSRQIRX�[MXL�
SZIVPETTIH�ZMVXYEP�MRJSVQEXMSR���

%PP� XLI� EJSVQIRXMSRIH� XIGLRSPSKMIW�
LEZI� FIIR� YWIH� JSV� WEJIX]� XVEMRMRK� XS�
improve construction site operation 
WEJIX]�
From the above-mentioned background 
MX� LEW� FIIR� IQIVKIH� XLEX�� HIWTMXI� SJ�
considerable development work, most 
SJ� XLIMV� JSGYW� LEW� FIIR� HIZIPSTIH� JSV�
testing or developing new technologies 
XS� QMXMKEXI� WEJIX]� VMWOW�� -R� EHHMGXMSR��
another knowledge gap is that there 
are nearly no studies investigating how 
&-1� ERH� :6� GER� FI� WMQYPEXERISWYP]�
MRXIKVEXIH�MR�VIEP�TVSNIGXW�JSV�WMXI�WEJI]�
management by using a coherent and 
PMRIEV�QIXLSHSPSKMGEP�[SVOƽS[���
*SV� XLIWI� VIEWSRW�� MR� XLI� JSPPS[MRK�
section, the authors propose a 
GSRGITXYEP� TVSNIGX� JVEQI[SVO� [LMGL�
is currently being tested in two italian 
VIEP�TVSNIGXW�ERH�JSV� XLMW�VIEWSR� MW�WXMPP�
GST]VMKLX� TVSXIGXIH�� 8LI� JSPPS[MRK�
MQEKIW� EVI� I\XVEGXIH� JVSQ� XLSWI�
projects.  

%2�,7�463.)'8�*6%1);36/

8LI� VIWIEVGL� EWWYQTXMSR�� I\XIRWMZIP]�
GSHMƼIH� MR� PMXIVEXYVI� SR� [LMGL� XLI�
TVSTSWIH� JVEQI[SVO� MW� FEWIH�� MW�
XLI� YWI� SJ� &-1� FSXL� EW� E� W]WXIQEXMG�
construction management tool and as 
E�HEXE�WSYVGI�[MXL�XLI�SFNIGX�XS�ƼPP�XLI�
VSPI� SJ� ER� MRTYX� HVMZIV� JSV� SXLIVW� &-1�
IREFPIH� XSSPW� �-*'�GSQTPMERX� EFPI� XS�
VYR� JYVXLIV� WMXI� WMQYPEXMSR� SV� EREP]WMW�
�I�K�� �(� &-1� WMQYPEXMSR�� *YVXLIVQSVI��
EW� VIKEVHW� :6� XIGLRSPSKMIW�� E� &-1�
based approach has been widely 
EHSTXIH� XS� HIZIPST� MQQIVWMZI� :6�
I\TIVMIRGIW� JSV� ZEPMHEXMSR� TYVTSWIW� EX�
HMJJIVIRX�TVSNIGX�WXEKIW��0MR�IX�EP������
�(Y�IX�EP��������
7XEVXMRK� JVSQ� XLIWI� IZMHIRGIW�� E�
TVSNIGX� JVEQI[SVO� JSV� TPERRMRK� ,7�
workers’ training by using immersive 
:6��MRXIKVEXIH�MR�E�GSLIVIRX�&-1�FEWIH�
HIWMKR� [SVOƽS[� �[LMGL� IQFVEGIW�
the design, planning and construction 
WXEKI���MW�TVSTSWIH��8LI�VIEWSR�JSV�XLEX�
MW�X[SJSPH�

a. (IWMKR�IƾGMIRG]��E�&-1�QSHIP�XLEX�
WXSVIW�XLI�MRJSVQEXMSR�VIUYMVIH�JSV�
XLI� ,IEPXL� 
� 7EJIX]� QEREKIQIRX�
(site phases, layouts, site paths, 
VMWO� ^SRIW�� IXG�� XSKIXLIV� [MXL� XLI�
3D building geometry and data, 
is precisely what is needed to 
generate virtual scenarios and to 
TPER�:6�XVEMRMRK�WIWWMSRW�

b. 4VSGIWW� VITIEXEFMPMX]�� SRGI�
HIXIVQMRIH� E� VSFYWX� &-1�FEWIH�
JVEQI[SVO� ERH� [SVOƽS[� JSV�
HIPMZIVMRK� MQQIVWMZI� :6� XVEMRMRK�
I\TIVMIRGIW��MX�GER�FI�I\IRXIWMZIP]�
adopted and repeated in other real 
construction projects.  

As shown in Figure 1, the proposed 
TVSNIGX�JVEQI[SVO�MW�GSQTSWIH�SJ�XLVII�
HMJJIVIRX� QEGVS�TLEWIW�� ��� FYMPHMRK�
HIWMKR�� ��� GSRWXVYGXMSR� TPERRMRK� ERH�
��� GSRWXVYGXMSR� I\IGYXMSR� XLEX� EVI�
XLSWI� SJ� E� WXERHEVH� TVSNIGX� PMJI�G]GPI��
*SV� IEGL� SRI� SJ� XLIQ� E� &-1�TVSGIWW�
,7�SVMIRXIH�ERH�E�:6�ETTPMGEXMSR�MW�WIX��
8LIMV�HIWGVMTXMSR�MW�VITSVXIH�FIPS[�

• 4LEWI����&YMPHMRK�HIWMKR
8LI� WXERHEVH� &YMPHMRK� -RJSVQEXMSR�



169

1SHIPW� �&-1W� �EVGLMXIGXYVEP��QIT� ERH�
WXVYGXYVEP�� EVI� ƼVWX� EQEPKEQEXIH� MRXS�
a Federated Model. This model is the 
one dedicated to being validated in a 
GSPPEFSVEXMZI� QYPXM�YWIV� :6� WIWWMSRW�
in which contractor, project manager 
together with the design team, virtually 
walking into the building, will be able 
XS� I\EQMRI� HIWMKR� WSPYXMSRW� JVSQ� XLI�
HMJJIVIRX�TIVWTIGXMZIW�ERH�VIUYMVIQIRXW�
SR�JYRGXMSRW��[SVO�IRZMVSRQIRXW��WEJIX]�
ERH� IQIVKIRGIRG]� WMKRW�� -R� SVHIV� XS�
FI� EPI� XS� YWI� XLI� &-1� QSHIP� EW� XLI�
FEWMW� SJ� XLI� :6� 1SHIP�� XLI� -*'� (EXE�
*SVQEX� MW� VIGSQQIRXIH�� SXLIV[MWI�
great uncertainty will ensure as the 
VIWYPX� SJ� ER� MRXIVSTIVEFMPMX]� FSXXPIRIGO�
[LIR� TEWWMRK� HEXE� JVSQ� &-1� XS� :6�
applications.

• 4LEWI����'SRWXVYGXMSR�TPERRMRK
,EZMRK�ZEPMHEXIH�ERH�WXSVIH�XLI�&YMPHMRK�
Design, it is time to start with the 
construction site planning. At this step 
XLI�&-1�MW�IRVMGLIH�[MXL�XLI�MRJSVQEXMSR�
required to simulate and analyse the 
GSRWXVYGXMSR� TVSGIWW� MR� XIVQW� SJ� WMXI�
TVSKVIWWMSR�� %GGSVHMRK� XS� XLI� ,
7�
1EREKIV� I\TIVMIRGI�� XLI� GSRWXVYGXMSR�
WGLIHYPI�� MR� XIVQW� SJ� GSRWXVYGXMSR�
phases and the activities with the 
VIPIZERX� ,IEPXL� ERH� 7EJIX]� HEXE� ERH�
WMXI�SFNIGXW��I�K��JEGMPMXMIW��QEGLMRIVMIWƅ�
TSWMXMSR�� IUYMTQIRXW�� WGEJJSPHW�� PEFSV�
GVI[W�� WMXI� TEXLW�� IXG�� GSRGYV� XS�FYMPH�
E� GSQTPIXI� 7MXI� -RJSVQEXMSR� 1SHIP�
�7-1�� 8LI� KMZIR� 7-1� MW� RS[� VIEH]� XS�
FIMRK�I\TSVXIH� MR�E��(�&-1�WMQYPEXMSR�
IRZMVSRQIRX� MR� SVHIV� XS� ZMWYEPM^I� XLI�
EGXMZMXMIW� TVSKVIWWMSR� TVSTSWIH�� -R�
the same way as the previous phase, 
XLI� ,7� 1EREKIV� ERH� SXLIVW� MRZSPZIH�
practitioners can validate the site plans 
JSV�IEGL�PE]SYX�MR�E�GSPPEFSVEXMZI�QYPXM�
YWIV� :6� WIWWMSR� LEZMRK� ER� MQQIVWMZI�
I\TIVMIRGI�SJ�XLI�WMXI�IRZMVSRQIRX��8LMW�
ƈƼVWX�TIVWSRƉ� I\TIVMIRGI� SJ� XLI� ZMVXYEP�
WMXI� EPPS[W� XS� IZEPYEXI� MXW� JIEWMFMPMX]�
MR� XIVQW� SJ� TSWMXMSR� SJ� JEGMPMXMIW��
IUYMTQIRXW� ERH� QEGLMRIVMIW�� WXSVEKI�
EVIEW�� QEXIVMEPWƅ� MRTYX�SYXTYX� TEXLW�
and workspaces management and risk 
^SRIW�

*MKYVI����'SRGITXYEP�TVSNIGX�JVEQI[SVO�JSV�MRXVSHYGXMSR�SJ�:MVXYEP�6IEPMX]�MR�'SRWXVYGXMSR�,IEPXL�
�7EJIX]�WGLIQE�
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-R� EHHMXMSR�� GSRWXVYGXMSR� EGXMZMXMIW�
�VIPEXIH� XS� WTIGMƼG� FYMPHMRK� SFNIGXW��
WLSYPH� FI� VITVIWIRXIH� MR� XIVQW� SJ�
required workspaces to be constructed 
in order to be later able to validate 
WEJI� TVSGIHYVIW�� TIVWSREP� TVSXIGXMZI�
IUYMTQIRXW� �44)W� ERH� EGGMHIRXEP�
GPEWLIW� MR� E�:6� WMXI�QSHIP� YT� XS� HEXI�
�WII�8EFPI����%R�I\XIRWMZI�I\TPEREXMSR�
SJ� XLMW� ETTVSEGL� LEW� FIIR� TVSTSWIH�
F]� XLI� EYXLSVW� MR� �+IXYPM� ERH� 'ETSRI�
������ &]� YWMRK� XLMW� &-1�� MX� MW� EPWS�
possible to instantly set and share 
coordination procedures among 
HMJJIVIRX� GSQTERMIW� ERH� ZEPMHEXI� WMXI�
emergency management measures.
3RGI�EKEMR��XS�TVIWIVZI�MRXIVSTIVEFMPMX]��
MXƅW�GVYGMEP�XS�HIPMZIV�XLI�WMXI�MRJSVQEXMSR�
QSHIP� STXMQM^IH� JSV� :6� GSPPEFSVEXMZI�
ZEPMHEXMSR�WIWWMSR�MR�ER�-*'�JSVQEX�

• 4LEWI����;SVOIVWƅ�XVEMRMRK�TPERRMRK�
HYVMRK�XLI�'SRWXVYGXMSR�I\IGYXMSR

At this stage site plans are validated 
and the project is going to enter in the 
GSRWXVYGXMSR� TLEWI�� -R� XLI� TVSTSWIH�
JVEQI[SVO�� XLI� ,7� QEREKIV� [MPP� YWI�
XLI�ZEPMHEXIH�7MXI�-RJSVQEXMSR�1SHIP�XS�
TPER�MQQIVWMZI�:6�XVEMRMRK�WIWWMSRW�JSV�
IHYGEXMSR�ERH�GSSVHMREXMSR�SJ�[SVOIVW�
in site.  

-R� XLI� TVSTSWIH� [SVOƽS[� XLI� XVEMRMRK�
WGIREVMSW� EVI� VIPEXIH� XS� XLI� WTIGMƼG�
construction site and its time evolution. 
-R� JEGX� XLI� MRTYX� HVMZIV� SJ� XLSWI�
WGIREVMSW�MW�XLI��(�&-1�QSHIP�ERH�XLI�
VIPEXIH� WMXI� PE]SYXW� GSQMRK� JVSQ� XLI�
previous planning phase. 
8LI� EYXLSVW� TVSTSWI� XLVII� HMJJIVIRX�
workers’ training typologies with 
HMJJIVIRX� WEJIX]� XVEMRMRK� TIVWTIGXMZIW�
�WII�*MKYVI���
According to the proposed training 
typologies a workers’ training schedule 
GER� FI� SFXEMRIH� �WII� *MKYVI� ��� -RJEGX��
XLI� ,7� QEREKIV� MW� WYTTSVXIH� [MXL� E�
simple decision criterion consisting 
MR� XLI� MRHMZMHYEXMSR� SJ� X[S� XVEMRMRK�
milestones upon the construction 
WGLIHYPI��

1. 0E]SYX� W[MXGL�� [LIR� XLI� PE]SYX�
GLERKI� E� :6� [SVOIVWƅ� XVEMRMRK�
WIWWMSR�MW�VIUYMVIH�

2. 2I[� GSQTSRIRX� ƼVWX� EWWIQFP]��
FIJSVI� XLI� EWWIQFP]� SJ� E� FYMPHMRK�
GSQTSRIRX� MW� TIVJSVQIH� JSV� XLI�
ƼVWX� XMQI� MR� WMXI� E� :6� XVEMRMRK�
session is required.

3RGI� XLI� XVEMRMRK�WGLIHYPI� MW�EZEMPEFPI�
MW� RIGIWWEV]� XS� TEWW� XS� XLI� :6�
environment to develop the training 
I\TIVMIRGIW��-R�JEGX��YRPMOI�XLI�TVIZMSYW�

:6�[SVOƽS[W�MR�[LMGL�XLI�:6�ZEPMHEXMSR�
session are usually limited to the 
ƼVWX�TIVWSR� I\TPSVEXMSR� SJ� XLI� ZMVXYEP�
FYMPHMRK��XLI�MRJSVQEXMZI�GSRXIRX�SJ�XLI�
7MXI�-RJSVQEXMSR�1SHIP�MW�RSX�WYƾGMIRX�
to develop an interactive and realistic 
MQQIVWMZI� I\TIVMIRGI� JSV� [SVOIVWƅ�
XVEMRMRK�ERH�IHYGEXMSR��8LI�:6�XVEMRMRK�
I\TIVMIRGI� XS� FI� IJJIGXMZI� RIIHW� XS�
immerge worker in a vivid, realistic and 
interactive virtual environment in which 
he can not only move around but also 
have interactions with realistic objects, 
TIVJSVQ�XEWOW�ERH�KIRIVEPP]�FI�MRZSPZIH�
in a learning path that drives him to 
achieving the training objectives. This 
VIEPMWQ�KET�MR�XLI�&-1�WMXI�QSHIP�MW�XLI�
VIEWSR�[L]� XLI�:6�QSHIP� JSV�[SVOIVWƅ�
XVEMRMRK� WLSYPH� FI� IRVMGLIH� [MXL� I\XVE�
GSRXIRXW�� 8LMW� MW� HYI� XS� XLI� HMJJIVIRX�
HIZIPSTQIRX�TYVTSWIW�FIX[IIR�E�&-1�
JSV� WMXI� TPERRMRK� ERH� E� :6� QSHIP� JSV�
WEJIX]�[SVOIVWƅ�XVEMRMRK���
-RJEGX��[LMPI�MR�XLI�&-1�ETTVSEGL�E�PS[�
0IZIP�SJ�(IZIPSTQIRX��03(�MW�WYƾGMIRX�
XS�VITVIWIRX�WMXI�SFNIGXW��WII�8EFPI����MR�
XLI�:6�1SHIP�XLI�VIEPMWQ�SJ�XLI�ZMVXYEP�
site environment and the ways in which 
the users can interact with its objects is 
XLI� GSVI� MWWYI� JSV� XLI� IJJIGXMZIRIWW�SJ�
XLI�[SVOIVWƅ�I\TIVMIRGI�MXWIPJ�
8S�FIXXIV�WLS[�XLMW�HMJJIVIRGI� MR�8EFPI�
�� MW� VITSVXIH� E� GSQTEVMWSR� SJ� XLI�
WEQI� ZMI[W� SJ� E� WMXI� PE]SYX� MR� &-1�
GSQMRK� JVSQ�XLI�(IWMKR�WXEKI�ERH�:6�
IRZMVSRQIRXW�JSV�[SVOIVWƅ�XVEMRMRK��8LI�
MQEKIW�EVI�VIJIVVIH�XS�XLI�MRWXEPPEXMSR�SJ�
a jib crane. 
-R� XLI� EYXLSVW� TVSTSWEP�� XLIVI� MW� RS�
VIEWSR� XS� JSVGI� XLI� &-1� TPEXJSVQW� XS�
VIEGL�ER�LMKLX�0IZIP�SJ�(IZIPSTQIRX�SJ�
XLI�WMXI�QSHIP��-X�LEW�XS�FI�WYƾGMIRX�JSV�
E�WXVEMKLX�:6�MQTPIQIRXEXMSR��8LI�KMZIR�
&-1�MW� MRJEGX�YWIH�EW�E�FEWI�VIJIVIRGI�
MR� XIVQW� SJ� �QEGLMRIVMIW� TSWMXMSR�� VMWO�
^SRIW� MHIRXMƼGEXMSR�� WXSVEKI� EVIEW�
EPPSGEXMSR�ERH�WS�JSVXL�

*MKYVI����:6�8VEMRMRK�X]TSPSKMIW
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8EFPI����:6�8VEMRMRK�WGIREVMS�GSRXIRXW�I\TSVXIH�JVSQ�XLI�&-1�IRZMVSRQIRX

-R� XLI� JSPPS[MRK�8EFPIW� ���� E� TVSTSWEP�
SJ� MRJSVQEXMZI� ERH� KVETLMGEP� GSRXIRXW�
XLEX� QEOI� YT� XLI� :6� XVEMRK� WGIREVMSW�
EVI�I\TPERMRIH��8EFPI���MW�VIJIVVIH�XS�XLI�

&-1�GSRXIRX�[LMGL� MW� XLI� MQTYX�SJ� XLI�
:6�WGIREVMS� MQTPIQIRXEXMSR�ERH�8EFPI�
��XLI�EHHMGXMSREP�GSRXIRXW�MRGPYHIH�MR�E�
:6�ETTPMGEXMSR��
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Furthermore there are additional 
contentets that authors propsed to 
MQTPIQIRX� MR� XLI� :6� WGIREVMSW� XLEX�
WIVZIW� JSV� VIEPMWQ� ERH� MQQIVWMZIRIWW�
TYVTSWIW��

• %YHMS� GSRXIRXW�� WSYRHW� JVSQ� XLI�
site environment and related to 
XLI� WMQYPEXIH� EGXMZMXMIW�� EYHMS�
I\TPEREXMSR� SJ� [SVO� TVSGIHYVI�
ERH� SXLIV� I\TIVMIRGI� WYTTSVX�
instructions. 

• -RXIVEGXMSR�� WGVMTXMRK� SJ� XLI�
interaction between the trainee and 
the site objects (machines, tools, 
QEXIVMEPW��IXG��SV�[MXL�SXLIV�ZMVXYEP�
SFNIGXW��WII�8EFPI���

(-7'977-32

The proposed model will be tested 
F]� XLI� EYXLSVW� MR� X[S� HMJJIVIRX� MXEPMER�
GEWI�WXYHMIW�MR�SVHIV�XS�FI�ZEPMHEXIH��-R�
XIVQW� SJ� ƈ:6� HIZIPSTMRK� XIGLRSPSKMIWƉ�
�XLEX� [IVI� RSX� XLI� SFNIGXW� SJ� WYGL� E�
GSRXVMFYXMSR��XLI�EYXLSVW�VIJIV�XS�GVSWW�
TPEXJSVQ� KEQI� IRKMRIW� HIHMGEXIH� XS�
XLI� GVIEXMSR� SJ� QYPXMQIHME� MRXIVEGXMZI�

HMKMXEP� GSRXIRXW� HIPMZIVEFPI� JSV� QER]�
HMJJIVIRX� TPEXJSVQW� JVSQ� 4'� XS�QSFMPI�
HIZMGIW��1EMRP]�HIWMKRIH�JSV� XLI�KEQI�
development, this engines are broadly 
adopted also to create interactive 
virtual reality environments with the 
GSQFMREXMSR� SJ� �(� QSHIPW� ERH� SXLIV�
QYPXMQIHME� GSRXIRXW� JVSQ� IZIV]�
GSQTEXMFPI� WSYVGI�� 8LI� GYWXSQM^EXMSR�
TSWWMFMPMXMIW� SJJIVIH� XLVSYKL� GSHI�
scripting have spread the adoption 
SJ� XLMW� IRKMRIW� EPWS� JEV� JVSQ� XLI�
entertainment industry and they are 
QSVI�SJXIR�YWIH�JSV�VIWIEVGL�TYVTSWIW�
ERH�GSQTPI\�WMQYPEXMSRW�
2S[EHE]W�� YRPMOI� QER]� MRHYWXV]� ERH�
educational sectors where these 
IRKMRIW�EVI�YWIH�XS�HIZIPST�GYWXSQ�:6�
XVEMRMRK�I\TIVMIRGIW��MR�XLI�%)'�MRHYWXV]�
XLI]� EVI� SJXIR� VIPIKEXIH� XS� TVSNIGX�
validation sessions. Without prejudice 
XS� XLI� MQTSVXERGI� SJ� XLI� ZEPMHEXMSR�
TYVTSWIW� JSV� [MGL� EPVIEH]� I\MWX�
GSQQIVGMEP� YWIV�JVMIRHP]� :6� TPEXJSVQ��
MR� XLI� EYXLSVW� STMRMSR� XLI� EHSTXMSR� SJ�
these engines is essential to develop 
XLI�RIIHIH�XVEMRMRK�GSRXIRXW�MR�XIVQW�SJ�
realism and interactivity.
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%GXMZMX]�6ITSVX�'48������ƈ%RRYEP�VITSVX�JSV�GSR-
WXVYGXMSR�WEJIX]�QSRMXSVMRKƉ��EZEMPEFPI�SRPMRILXXT���
[[[�GRGTX�MX�'SRXIRXW�(SGYQIRXW�6ETTSVXS	��
'2'48	������C	��()*�6):�THJ

(Ǘ�.��>ǝǗ�>��7Ǥǣ�=��>Ǥȳǝ�(�������ƈ%YXSQEXMSR�
MR�'SRWXVYGXMSRƉ�=HUR�ODWHQF\��5HDO�WLPH�
V\QFKURQL]DWLRQ�RI�%,0�GDWD�LQ�YLUWXDO�UHDOLW\�IRU�
FROODERUDWLYH�GHFLVLRQ�PDNLQJ������Ɓ��

)ȳǙǘǟȳǞ�'��0ȨȨ�.��.ȨǝǞǥ�=��0ȨȨ�.�������ƈ%YXS-
QEXMSR�MR�'SRWXVYGXMSRƉ�$XWRPDWLF�UXOH�EDVHG�
FKHFNLQJ�RI�EXLOGLQJ�GHVLJQV�������������

+ȨǘǗǠǣ�:� and 'ȳǜǝǞȨ�4��������ƈ-7%6'�����Ɖ�
&RPSXWDWLRQDO�ZRUNVSDFHV�PDQDJHPHQW��D�ZRU�
NIORZ�WR�LQWHJUDWH�ZRUNVSDFHV�G\QDPLF�SODQQLQJ�
ZLWK��'�%,0

+ȨǘǗǠǣ�:���1ȳǙǘǚǝǠȨǟȲǝ�:ȨǞǘǗǚȳ�7���'ȳǜǝǞȨ�4��
and 'ǣǚǣȲǣǞǣ�%�0�'�������ƈ4VSGIHME�)RKMRIIVMRKƉ�
%,0�EDVHG�FRGH�FKHFNLQJ�IRU�FRQVWUXFWLRQ�KHDOWK�
DQG�VDIHW\������������

-2%-0������ƈ'SPPIGXIH�(EXE�JVSQ�2EXMSREP�-RWXMXYXI�
JSV�-RWYVERGI�EKEMRWX�%GGMHIRXW�EX�;SVO�MR�����Ɖ�
�EZEMPEFPI�SRPMRILXXTW���HEXM�MREMP�MX�STIRHEXE�HI-
JEYPX�5YEPMHEXM�MRHI\�LXQP

0ǣǞ�=��'ǤȨǞ�=��=ǣȨǞ�,��,ǗȳǞǥ�'��7Ǘ�=�������ƈ%H-
ZERGIH�)RKMRIIVMRK�-RJSVQEXMGWƉ�Integrated BIM, 
JDPH�HQJLQH�DQG�95�WHFKQRORJLHV�IRU�KHDOWKFDUH�
GHVLJQ��$�FDVH�VWXG\�LQ�FDQFHU�KRVSLWDO�������Ɓ��

1ȳǚǘ̿ǞȨǒ�%ǣǚȨǙ��1EVʧE�(���0̈́ǜȨǒ�%ǠǝǞǙǝ��1ʬRMGE�
and 1ȳǚǘ̿ǞȨǒ�6ǝǢȳǙ��1EVʧE�������ƈ7EJIX]�
Science” %XLOGLQJ�LQIRUPDWLRQ�PRGHOLQJ�DQG�VDIHW\�
PDQDJHPHQW��$�V\VWHPDWLF�UHYLHZ��������Ɓ��

1ǝǘȳǟȨȰǣ�%��,ȳǟǟȳȰ�%��%ǙȨǞ�=�������ƈ%YXS-
QEXMSR�MR�'SRWXVYGXMSRƉ�.QRZOHGJH�DVVLVWHG�
%,0�EDVHG�YLVXDO�DQDO\WLFV�IRU�IDLOXUH�URRW�FDXVH�
GHWHFWLRQ�LQ�IDFLOLWLHV�PDQDJHPHQW������Ɓ��

5ǣ�.��-ǙǙȳ�6�6�%��,ǣǞǒȨ�.��3ǠȲǣǞȳ�7�������ƈ�����
%7')�-RXIVREXMSREP�;SVOWLST�SR�'SQTYXMRK�MR�
'MZMP�)RKMRIIVMRK��.YRI����������Ɓ�.YRI���������Ɖ�
,QWHJUDWLRQ�RI�VDIHW\�LQ�GHVLJQ�WKURXJK�WKH�XVH�RI�
EXLOGLQJ�LQIRUPDWLRQ�PRGHOOLQJ�����Ɓ���

%LEOLRJUDSK\
%LEOLRJUDD
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8LI�VIWIEVGL�TVSTSWIW�ER�SZIVZMI[�SJ�XLI�MQTSVXEXMSR�SJ�E�6IPEXMSREP�4VSNIGX�(IPMZIV]�
%KVIIQIRXW� �64(%W� TVSGYVIQIRX� MR� -XEPMER� PIKMWPEXMSR� ERH� XLI� VIPEXIH� MWWYIW��
8LI�%)'� WIGXSV� JVEKQIRXEXMSR�� GEYWIH� F]� ER� MRGVIEWI� SJ� FYMPHMRK� GSQTPI\MX]� ERH�
a change in the industry structure, is demanding a collaborative approach to the 
TVSNIGX� XS� EPPS[� XLI�TSWWMFMPMX]� SJ� E� LSPMWXMG� ZMWMSR�FEWIH�SR�E�&-1�ETTVSEGL��8LMW�
[SVO�TVSZMHIW�ER�SZIVZMI[�SJ�64(%W�ETTPMGEXMSRW�SR�HMJJIVIRX�GSRXI\XW��LMKLPMKLXMRK�
FIRIƼXW�ERH�MWWYIW�VIPEXIH��MRGPYHMRK�PMXMKEXMSR�VIWSPYXMSR�TVSGIWWIW��%�WTIGMEP�JSGYW�
LEW� FIIR� OITX� SR� -XEPMER� GSRXI\X�� [LIVI� XLI� WXEKRERX� GSRWXVYGXMSR�QEVOIX� RIIHW�
XS�FI� VIZSPYXMSRM^IH��ERH�FIXXIV� MRXIVEGXMSRW�EQSRK�WXEOILSPHIVW�EVI� VIUYMVIH��8LI�
VIWIEVGL�MQTSVXW�ERH�EHETXW�E�GSPPEFSVEXMZI�TVSGYVIQIRX�QSHIP��*%'����*VEQI[SVO�
%PPMERGI�'SRXVEGX��SR�-XEPMER�JVEQI[SVO��XEMPSVMRK�XLI�QSWX�MQTSVXERX�JIEXYVIW�SJ�XLI�
QSHIP�XS�XLI�-XEPMER�PIKMWPEXMSR��8LI�KSEP�SJ�XLMW�[SVO�MW�TVSZMHMRK�E�QIXLSHSPSK]�XS�
ZEPMHEXI�E�WXERHEVH�JSVQ�SJ�GSRXVEGX��EMQMRK�EX�ER�EHHIH�ZEPYI�XS�GSRWXVYGXMSR�WIGXSV�
ERH� EX� ETTP]MRK� XLIQ� XS� JVEQI[SVO� EKVIIQIRXW�� *YVXLIV� HIZIPSTQIRXW� GSRWMWX� MR�
KYMHIPMRIW�JSV�GSRXVEGX�QEREKIQIRX�ERH�IZEPYEXMSR�SJ�XLI�TVSNIGX�FILEZMSYV�HYVMRK�
HMJJIVIRX�TLEWIW�SJ�XLI�TVSGIWW�

/)=;36(7��'ǝǠǠȳȲǝǚȳǘǣǝǞ��1ǗǠǘǣǜȳǚǘǓ��6ȨǠȳǘǣǝǞȳǠ�'ǝǞǘǚȳȱǘǙ��0ȨǥȳǠ�&-1��%ǠǠǣȳǞȱȨ�

Framework Agreement and 
Collaborative Procurement in Italian 
Legislation Enhancing a BIM Approach

17
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177

in_bo Framework Agreement and Collaborative Procurement in 
Italian Legislation Enhancing a BIM Approach

G. L. Albano, G. M. Di Giuda 

-2863(9'8-32

This research proposes an analysis 
SJ� XLI� JVEKQIRXEXMSR� SJ� XLI�
construction sector, due to the 

contractual tradition, that obliges the 
HMJJIVIRX�TEVXMIW�XS�EGX�MR�TYVWYMX�SJ�XLIMV�
own interests, producing an escalation 
MR� VI�[SVO� ERH� MR� PEGO� SJ� TVSGIWW�
STXMQM^EXMSRW� TIVJSVQERGIW�� EW� [IPP�
as collaboration with the supply chain 
�%O]Y^��+YVWS]��ERH�'IPIFM��������
-R�QSWX�'SYRXVMIW��GSRWXVYGXMSR�TVSNIGXW�
EVI� GEVVMIH� SYX� F]� QIERW� SJ� WXERHEVH�
contracts, this procedure is new on 
XLI� -XEPMER� WGIRI�� WXMPP� YWIH� XS� FYMPHMRK�
GYWXSQ� GSRXVEGXW� �1G/MRWI]� +PSFEP�
-RWXMXYXI��������
-R�SVHIV�XS�STXMQM^I�XLI�IRXMVI�TVSGIWW��
ER� EREP]WMW� SR� XLI�[SVPH[MHI� HMJJIVIRX�
X]TIW�SJ�GSRXVEGXW�ERH�XLIMV�MQTPMGEXMSRW�
JSV� XLI� GSRWXVYGXMSR� TVSGIWW� [EW�
GEVVMIH� SYX�� � -R� XLMW� WIRWI�� XLI� WXYH]�
SJ� XLI� WXEXI� SJ� XLI� EVX� SJ� GSPPEFSVEXMZI�
GSRXVEGXW�� 6IPEXMSREP� 4VSNIGX� (IPMZIV]�
%KVIIQIRXW� �64(%W�� LEW� LMKLPMKLXIH�
their wider potential impact on the 
WIGXSV�� � -R� SVHIV� XS� MQTSVX� ERH� EHETX�
a collaborative procurement model 
MR� -XEPMER� PIKMWPEXMSR�� E� GSPPEFSVEXMSR�
has been developed among some 
-XEPMER� YRMZIVWMXMIW� �9RMZIVWMX]� SJ�1MPER��
4SPMXIGRMGS� HM� 1MPERS� ERH� 9RMZIVWMX]�
SJ� &VIWGME� ERH� 4VSJ�� (EZMH� 1SWI]� SJ�
/MRKW� 'SPPIKI� 0SRHSR�� � 8LMW� EPPMERGI�
JVEQI[SVO�� GSRWMHIVMRK� XLI� EGXYEP�
-XEPMER� TVSGYVIQIRX� PE[�� HIƼRIW� E�
new standard contract able to create 
collaborative interactions.

8LI� GSPPEFSVEXMZI� TSXIRXMEP� SJ�
GSRXVEGXW�GSYPH�FI�IRLERGIH�MJ�WIZIVEP�
TVSNIGXW� [MXL� GSQQSR� JIEXYVIW�
were implemented within the same 
EKVIIQIRX��WYGL�EW�*%'���� �8LI�EVXMGPI�
���SJ�-XEPMER�0IKMWPEXMZI�(IGVII���������
JSVIWIIW�E�X[S�WXEKI�TVSGIHYVI��HIƼRIH�
EW� ƈJVEQI[SVO� EKVIIQIRXƉ�� MR� XLI� ƼVWX�
TLEWI� XLI� JVEQI[SVO� EKVIIQIRX� MW�
concluded with one or more economic 
STIVEXSVW�SR� XLI�FEWMW�SJ�SRI�SV�QSVI�
GSRHMXMSRW� KSZIVRMRK� XLI� TIVJSVQERGI�
SJ� [SVOW�� WIVZMGIW� SV� WYTTPMIW�� [LMGL�
[MPP�FI�TIVJSVQIH�JSPPS[MRK�XLI�E[EVH�SJ�
MRHMZMHYEP�GSRXVEGXW��HYVMRK� XLI�WIGSRH�
TLEWI�� XLI� �GEPP�SJJ� GSRXVEGXW�� EVI�

awarded with or without reopening the 
GSQTIXMXMSR�FIX[IIR�XLI�[MRRIVW�SJ�XLI�
JVEQI[SVO�EKVIIQIRX� �� �8LMW� VIWIEVGL�
LMKLPMKLXW� XLI� FIRIƼX� SJ� GSPPEFSVEXMZI�
procurement model applied to 
JVEQI[SVOW� EKVIIQIRXW� XLEX� GSYPH�
EQTPMJ]� XLI�TSXIRXMEPMX]�ERH�FIRIƼXW�SJ�
GSPPEFSVEXMZI�GSRXVEGXW�JSV�EX� PIEWX�X[S�
reasons.  First, the biphasic nature lends 
MXWIPJ�XS�WITEVEXMRK�XLI�TVI�GSRWXVYGXMSR�
TLEWI� �ƼVWX� TLEWI� SV� GSRGPYWMSR� SJ�
XLI� JVEQI[SVO� EKVIIQIRX� JVSQ�
the phase in which the construction 
contract is awarded (the awarding 
TLEWI� XLVSYKL� GEPP�SJJ� GSRXVEGXW���
8LI� EKKVIKEXMSR� SJ� HMJJIVIRX� [SVOW�
[MXLMR� E� WMRKPI� JVEQI[SVO� EKVIIQIRX�
QEOIW� MX� TSWWMFPI� XS� QE\MQMWI� XLI�
I\GLERKI�WLEVMRK� SJ� MRJSVQEXMSR�
EQSRK�XLI�GPMIRX�W�ERH�XLI�WYGGIWWJYP�
XIRHIVIV�W� SJ� XLI� EKVIIQIRX�� � %W� E�
result, the contracting authority is not 
MR� E� WMXYEXMSR� SJ� �XMIH� RIKSXMEXMSR�� SJ� E�
bilateral nature, as envisaged by Mosey 
�1SWI]� ������ FYX� MX� QEOIW� VSSQ� JSV�
competition.  Secondly, the adoption 
SJ� E� JVEQI[SVO� EKVIIQIRX� QEOIW� MX�
TSWWMFPI� XS� GVIEXI� XLI� GSRHMXMSRW� JSV�
repeated interaction between one or 
more contracting authorities and all 
XLI� WYGGIWWJYP� XIRHIVIVW�� E� GSRHMXMSR�
which is essential in order to be able 
XS� QEREKI� XLI� VIPEXMSREP� EWTIGXW� SJ�
GSRWXVYGXMSR�GSRXVEGXW��1SWI]������

'300%&36%8-:)�463'96)1)287�-2�
%�;360(;-()�7')2%6-3

&IWMHI� HMJJIVIRX� GSRXVEGX� ETTVSEGLIW��
XLIVI� EVI� HMJJIVIRX� GSPPEFSVEXMSR�
levels that could be set in a project 
�0ELHIRTIVʞ��������
The contract could be seen just as a 
promissory agreement among people 
VIGSKRM^IH� F]� XLI� PE[� [LMGL� WIXW�
XLI� VYPIW� SJ� MRXIVEGXMSRW� EQSRK� XLI�
TEVXMGMTERXW���%GGSVHMRK�XS�'SRWXVYGXMSR�
0IEHIVWLMT�'SYRGMP��'0'��'SRWXVYGXMSR�
-RHYWXV]� 'SYRGMP� ����� VITSVX� SR�
productivity, collaboration set at the 
contractual stage, provides the basis 
JSV� XLI� 0IER� TVMRGMTPIW� SJ� VIHYGMRK�
VI[SVOMRK�ERH�STXMQM^MRK�TVSGIWWIW�
8LI� QMWEPMKRQIRX� SJ� HIWMKR� XIEQƅW�
KSEPW� ERH� XLI� WMXI� HIWMKR� [SVO�ƽS[�
goals create a waste, especially during 
the construction phase, resulting 
in time and budget overrun (Sacks, 
6EHSWEZPNIZMG�� ERH� &EVEO� ������ � 8LI�
PEGO� SJ� GSQQYRMGEXMSR� EQSRK� XIEQ�
members’ produces (Tauriainen et al. 
����� QMWYRHIVWXERHMRK� VIWYPXMRK� MR�
WYF�STXMQM^IH� FYMPHMRKW� �I�K�� � VI�[SVO�
caused by unsolved spatial clashes 
HYVMRK� GSRWXVYGXMSR� TLEWI� �7EGOW��
6EHSWEZPNIZMG��ERH�&EVEO��������
%PP�XLIWI�GMVGYQWXERGIW�EVI�IQTLEWM^IH�
when collaboration doesn’t involve all 
the participant to the project (Myerson 
�������
3ZIV� XLI� VIGIRX� HIGEHIW�� WSQI�
traditional project delivery systems 
LEZI� IQIVKIH� GPEMQMRK� XS� ƼPP� XLI� KET�
between the design and construction 
projects, but they have shown to be 
RSX� IƾGMIRX� IRSYKL� �I�K�� (IWMKR� &YMPH�
SV� 'SRWXVYGXMSR� 1EREKIQIRX� EX� 6MWO�
IZIR�MJ�XLI]�EVI�KIRIVEPP]�YWIH���1SWX�SJ�
the time, people try to plan collaboration 
NYWX� QSHMJ]MRK� XVEHMXMSREP� GSRXVEGX�
standard.  
8LIVIJSVI��GSPPEFSVEXMSR�LEW�GSQTPIXIP]�
HMJJIVIRX� WXVYGXYVI�� � -R� XLMW� GSRXI\X��
collaborative contracts standard 
�I�K�� %-%� '����� 44'������ *%'����
2)'��� .8'� [IVI� HIZIPSTIH� MR� QER]�
countries, but they mainly have the 
same characteristics, which can be 
WYQQEVM^I� MR� XLI� JSPPS[MRK�� �M� QYPXM�
TEVX]�� �MM� )EVP]� -RZSPZIQIRX� SJ� /I]�
4EVXMGMTERXW�� �MMM� XIEQ� KSEP� ZEPMHEXMSR��
�MZ�WLEVIH�VMWOW�ERH�VI[EVHMRK�ERH��Z�
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GSPPEFSVEXMZI�HIGMWMSR�QEOMRK��(M�+MYHE�
ERH�:MPPE������
-R� XLI� KPSFEP� TERSVEQE�� X[S� QEMR�
ETTVSEGLIW�LEZI�FIIR�HIZIPSTIH���M�XLI�
ƼVWX�GSRWMWXW�MR�XLI�%QIVMGER�ETTVSEGL��
GEPPIH�-RXIKVEXIH�4VSNIGX�(IPMZIV]��-4(��
where the same contract groups the 
HMJJIVIRX� TEVXMGMTERXW� MR� XLI� TVSGIWW��
entrusting in a single contract all the 
TLEWIW� SJ� XLI� TVSNIGX�� �MM� XLI� WIGSRH��
on the contrary, typically European, is 
FEWIH�SR�XLI�YRMSR�SJ�WIZIVEP�GSRXVEGXW�
previously awarded via an alliance 
JVEQI[SVO�� XLI� QEMR� I\EQTPI� SJ� XLMW�
ETTVSEGL�MW�XLI�*%'���

%1)6-'%2�%4463%',�83�
'300%&36%8-32

-R� 97�� E� RI[� JSVQ� SJ� GSPPEFSVEXMZI�
GSRXVEGXW� MW� GEPPIH� -RXIKVEXIH� 4VSNIGX�
(IPMZIV]� �-4(� �1MPPIV� IX� EP�� ������ � -X�
started as an alternative to the tradition 
Design-Bid-Built in order to reduce 
GSQTPI\� TVSNIGX� VMWOW�� ERH� MQTSWIH�
E� QIRXEP� WLMJX� MR� XLI� JYPƼPPMRK� SJ� XLI�
GSRXVEGX��0MGLXMK��������
Due to their structure and composition, 
traditional contracts unavoidably 
GVIEXI� E� GSRƽMGX� SJ� MRXIVIWX� ERH�
XLI]� MQTSWI� E� VMKMH� HMZMWMSR� SJ� XLI�
stakeholders’ works.  The two main 
standard contracts developed in US, 
which can help people establish s real 
collaboration through a multi-party 
integrated project delivery agreement, 
EVI� %-%� '���� ERH� 'SRWIRWYW(SGW�
���� WIVMIW�� �8LI� MRXIKVEXIH� EKVIIQIRX�
GVIEXIW�E� W]WXIQ�SJ� WLEVIH� VMWOW��[MXL�
XLI�EMQ�SJ�HIGVIEWMRK�XSXEP�VMWOW�SJ�XLI�
IRXMVI� TVSNIGX�� � -4(� GSRXVEGXW� EMQ� EX�
MRGPYHMRK� QSWX� SJ� XLI� GSRWYPXERX� ERH�
sub-contractors in the agreement.  
%� KIRIVEP� VYPI� MW� XS� LEZI� EX� PIEWX� LEPJ�
SJ� XLI�GSRWXVYGXMSR�GSWXW�HMWGYWWIH�EX�
XLI�HIGMWMSR�XEFPI��0MGLXMK��������8LIVI�
are two ways to add new subjects to 
XLI� XIEQ�� XLI� ƼVWX� MW� XLVSYKL� GEPP�SJJ�
contracts. This approach set the new 
member in the teamwork with the same 
HYXMIW�SJ�XLI�SXLIV�TEVXMIW��FYX�LI�HS�RSX�
WLEVI�RSV�TVSƼX�RSV� VMKLX� XS� ZSXI�� �8LI�
second is through a joining agreement, 
as a consequent amendment to the 

original version.  
8LI� %QIVMGER� I\TIVMIRGI� LEW�
demonstrated how the public 
EHQMRMWXVEXMSR� TVIJIVW� E� NSMRX� IRXMX]�
FIJSVI�E�GSRXVEGX�MW�WXMTYPEXIH�MR�[LMGL�
XLI]� IRXVYWX� XLI� HIWMKR� ERH�SV� FYMPH�
a project.  Even though, according to 
XLI�TEWX�ETTPMGEXMSR�SJ� -4(� �I�K��7YXXIV�
,IEPXL�� 'EVHMREP� +PIRRSR� 'LMPHVIRƅW�
,SWTMXEP�)\TERWMSR��XLMW�GSRXVEGX�QSHIP�
TVSZMHIW�QER]�FIRIƼXW�MR�XIVQW�SJ�GSWX�
ERH�XMQI�GSRXVSP��MR�QEREKIQIRX�SJ�XLI�
supply chain and reducing the risk in 
GSQPTI\�TVSNIGX���
This approach is common in US, but 
it is still not seen as the solution to a 
GSPPEFSVEXMZI�ETTVSEGL���8LMW�MW�SRI�SJ�XLI�
QEMR�VIEWSRW�[L]�JVEQI[SVO�EPPMERGMRK�
was created, to accommodate market 
RIIHW�XLVSYKL�E�XVERWMXMSR�MRWXIEH�SJ�E�
TEVEHMKQ�WLMJX�

)9634)%2�%4463%',�83�
'300%&36%8-32

-R�)YVSTI��XLI�GSPPEFSVEXMZI�ETTVSEGL�MW�
UYMXI�RI[�MR�XLI�%)'��FIWMHI�XLI�JSVQ�SJ�
Design Built.  
Even though, some European countries 
�I�K��9/�EVI�ETTP]MRK�XLIWI�TVEGXMGI�JSV�
UYMXI� E� JI[� ]IEVW�� � %� RI[� WXERHEVH� SJ�
GSRXVEGX�� 44'������ LEW� FIIR� GVIEXIH�
EX� XLI� FIKMRRMRK� SJ� XLMW� GIRXYV]�� YWIH�
MR�XLI�PEWX�JI[�]IEVW��MX�LEW�LEH�E�KVIEX�
usage in the private sector and it was 
also validated by many companies and 
by the UK government.  This document 
MW�GPSWI�XS�%QIVMGER�GSRGITXYEPM^EXMSR��
as it is a contract which includes 
�M� XLI� EKKVIKEXMSR� SJ� XLI� XIEQ�� �MM�
XLI� IRXVYWXMRK� SJ� XLI� TVSNIGX�� �MMM�
XLI� GSRWXVYGXMSR� TLEWI� ERH� �MZ� XLI�
maintenance.  
As shown in Figure 1, this contractual 
typology allows to join in a unique 
JVEQI[SVO� HMJJIVIRX� GEPP�SJJ� GSRXVEGXW��
previously awarded, and mage all 
the interaction among them.  Shared 
objectives, success measures, targets 
ERH� MRGIRXMZIW� EVI� XLI� GSVI� SJ� XLI�
JVEQI[SVO� EPPMERGI�� IWTIGMEPP]� MR� XLI�
*%'����[LMGL�GER� XEOI�E�QYPXM�TEVX]�SV�
TSPM�TEVX]� GSRƼKYVEXMSR� EGGSVHMRK� XS� E�
case-by-case evaluation, namely adding 
XS�XLI�GSVI�KVSYT�SJ�XLI�GSRXVEGX�SV�EPP�
XLI� VITVIWIRXEXMZI� SJ� XLI� TEVXMIW�� EW� MR�
XLI�ƼVWX�GEWI��SV�EPP�XLI�VITVIWIRXEXMZIW��
as in the last case.  
This collaborative agreement standard 
LEW� FIIR� MRXVSHYGIH� MR� ����� MR� XLI�
9RMXIH�/MRKHSQ�ERH�LEW�FIIR�YWIH�JSV�
many public and private projects, such 
EW� MR� XLI� GEWI� SJ� XLI� 7YVVI]� 'SYRX]�
'SYRGMP�8VMEP�4VSNIGX��MX�[EW�EHSTXIH�SZIV�
XLI�]IEV�MR�SZIV����&e�SJ�TVSGYVIQIRXW�
The alliance has a joint aim, the 
VIEPM^EXMSR�SJ� E�TVSNIGX� KYEVHIH�F]� XLI�
KSZIVRERGI� WXVYGXYVI� SJ� E� GSVI� KVSYT���
*%'��� MW� XLI� ƼVWX� WXERHEVH� GSRXVEGXYEP�
model in Europe able to accommodate 
EPP� XLI� GLEVEGXIVMWXMGW� SJ� XLMW�
QIXLSHSPSK]�EPPS[MRK�E�XVERWMXMSR�JVSQ�
traditional contracts to collaborative 
ones.  At present, some States such 
EW� &VE^MP�� &YPKEVME� ERH� +IVQER]� EVI�
EHETXMRK�XLMW�GSRXVEGXYEP�JSVQ���*%'���MW�
WXVYGXYVIH�EW�E�'SQQSR�0E[�'SRXVEGX��
ERH� JSV� XLMW� VIEWSR�� MXƅW� YWIJYP� WXEVXMRK�
JVSQ�XLI�+IRIVEP�'SRHMXMSRW��GSRXEMRMRK�
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the general rules, then moving on to 
the initial part. The entire document is 
VIPEXIH� XS� XLI�(IƼRMXMSRW��[LMGL�WXEXIW�
the way to read correctly the standard 
GSRXVEGXW�� � 'SRWIUYIRXP]�� XLI� +IRIVEP�
'SRHMXMSRW�� VIJIVVIH� MR� XLI�'SSTIVEXMSR�
Agreement, are the contract column.  
3RI� SJ� XLI� QEMR� JIEXYVIW� SJ� XLI�
contract is that it could be bended 
XS� XLI� VIUYIWXW� SJ� XLI� GSPPEFSVEXMSR�
members just selecting the clauses 
XLEX� XLI]� [ERX� XS� ETTP]�� � *%'��� LEW�
TVI�WXVYGXYVIH� %RRI\IW� ERH� 1SHYPIW�
in order to set the requests made or 
the action carried by the collaboration.  
8LVSYKL�ER�MRJSVQEXMSR�TVIWIX�MRGPYHIH�
in each request, each party structures 
the request in order to provide all the 

RIIHIH�MRJSVQEXMSR�
-R�XLMW�WGIREVMS��9/�MW�XLI�PIEHMRK�GSYRXV]�
XLEX�LEW�ETTPMIH�ERH�HIZIPSTIH�E�64(%�
JSV� %)'� MRHYWXV]�� � *%'���� *VEQI[SVO�
%PPMERGI�'SRXVEGX�� MW� XLI�ƼVWX� )YVSTIER�
contractual standard that is able to 
PMRO� QSVI� WMRKPI� WIX� JVSQ� E� FM�PEXIVEP�
contracts in a multi-party agreement.  
8LMW�ETTVSEGL�MW�ETTPMGEFPI�MR�HMJJIVIRX�
WGIREVMSW�ERH�MXW�QIXLSHSPSK]�ƼXW�[MXL�
&-1�QIXLSHSPSK]�ERH�[MXL�GSPPEFSVEXMZI�
W]WXIQ� �(M� +MYHE�� +MERE�� ERH� :MPPE�
�������8LI�)YVSTIER�(MVIGXMZI���������
VIGSKRM^IW�XLI�NSMRX�TPERRMRK�EW�SRI�SJ�
XLI�QIXLSHW� JSV�FYMPHMRK�TYFPMG�[SVOW��
XLI� GSVI� TVMRGMTPI� SJ� XLEX� TEVXRIVWLMT�
is that the design quality would be 
WYTIVMSV� MJ� XLI� TVSNIGX� MW� HIZIPSTIH�

Figure 1:Alliance procurement process 
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NSMRXP]�� 8LI� 0E[W� VIEPM^IH� SR� .ERYEV]�
���� ������ 0IKMWPEXMZI� (IGVII� ���������
RS�� ���� �-XEPMER� 4EVPMEQIRX� ����� LEW�
HVEWXMGEPP]�PMQMXIH�XLI�YWI�SJ�MRXIKVEXIH�
tender based on technical design.  
8LI� VIZMI[IH� 'SRXVEGXW� 0IKMWPEXMSR�
LEW� JYVXLIV� VIWXVMGXIH� XLI� NSMRX� HIWMKR�
STIVEXMSR�WGSTI�ERH�I\IGYXMSR�GSRXVEGX�
XS� EGXMZMXMIW� GLEVEGXIVM^IH� F]� LMKL�
technology or innovation elements that 
RIIH�XLI�HMZMWMSR�SJ�XLIWI�TLEWIW���8LI�
ZEPYI� SJ� E� NSMRX� TVSNIGX� HIZIPSTQIRX�
is superior when the project is 
TVSHYGIH�F]�E�GSPPEFSVEXMSR� MRWXIEH�SJ�
a sequential development, so a joint 
alliance adoption impacts on time and 
costs.

1)8,3(303+=

8LI� IZSPYXMSR� SJ� &-1� QIXLSHSPSK]� MW�
MQTSWMRK� EPWS� E� WLMJX� JVSQ� XVEHMXMSREP�
GSRXVEGX�� [LMGL� WIKVIKEXIW� HMJJIVIRX�
stakeholders, to a collaborative one.  
-R� XLMW� GSRXI\X�� XLI� &-1� LIPTW� GSRXVSP�
ERH� MQTPIQIRX� XLI� VIWYPX� SJ� XLI�
GSRXVEGXYEP� IZSPYXMSR� JSVQ� HYVMRK� XLI�
whole project evolution.  This research 
TVSZMHIW�ER�EREP]WMW�SJ�XLI�MQTSVXEXMSR�
SJ� E� GSPPEFSVEXMZI� EKVIIQIRX� MR� -XEPMER�
PIKMWPEXMSR� IRLERGMRK� E� &-1� ETTVSEGL���
8LI�EHETXEXMSR�SJ�*%'���[EW�GSRHYGXIH�
F]� XLI� XIEQ[SVO� SJ� XLVII� HMJJIVIRX�
universities, which considered the 
EPPMERGI� JVEQI[SVO� XLI� QSWX� WYMXEFPI�
ERH� ƽI\MFPI� WXERHEVH� JSVQ� SJ� 64(%W�

GSRXVEGX�� � 8LI� EREP]WMW� SJ� XLI� WXEXI� SJ�
XLI�EVX�SJ�GSPPEFSVEXMZI�TVSGYVIQIRX� MR�
a worldwide scenario, summarised in 
XLMW� EVXMGPI�� TVSZMHIW� E� GSQTEVMWSR� SJ�
XLI� QSWX� WYMXEFPI� GSRXVEGX� JSV� -XEPMER�
PIKMWPEXMSR�� � 2EQIP]�� XLI� %QIVMGER�
approach, where the same contract 
EKKVIKEXIW� HMJJIVIRX� TEVXMIW� IRXVYWXMRK�
HMJJIVIRX� TLEWIW� SJ� XLI� TVSNIGX� ZME� XLI�
same agreement.  This approach is not 
JIEWMFPI�XS�FI�ETTPMIH�FSXL�JSV�TYFPMG�ERH�
private scenario due to the limitation 
SJ� GSRXVEGX� PE[�� �8LI�9/�ETTVSEGL�� SR�
the other side, is based on directive 
��������)9� ERH� ��������)9� ERH� MX�
EPPS[W� XLI� YRMSR� SJ� WIZIVEP� GSRXVEGXW�

TVIZMSYWP]� E[EVHIH� MR� E� JVEQI[SVO�
through a procedure called alliancing, 
XLI�QEMR� I\EQTPI� SJ� XLMW� ETTVSEGL� MW�
XLI�*%'���
%�QYPXMHMWGMTPMREV]�KVSYT�SJ�VIWIEVGLIVW�
understood the possibility to import 
*%'��� MRXS� -XEPMER� PIKMWPEXMSR�� � 8LI�
*%'��� [EW� GSRGIMZIH� ERH� HVEJXIH� F]�
4VSJ�� (EZMH� 1SWI]� 4L(�� (MVIGXSV� SJ�
XLI� 'IRXVI� JSV� 'SRWXVYGXMSR� 0E[� ERH�
(MWTYXI�6IWSPYXMSR�SJ�/MRK�W�'SPPIKI� MR�
London.  This process is not a simple 
XVERWPEXMSR� JVSQ� E� HMJJIVIRX� PERKYEKI��
FYX�MX�MRZSPZIH�E�HVEWXMG�QSHMƼGEXMSR�SJ�
MXW� GSRXIRX� XS� ƼX� E� HMJJIVIRX� PIKMWPEXMZI�
standard.  The process was developed 
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by a collaboration among people 
[MXL� HMJJIVIRX� FEGOKVSYRH�� [LS�
GSYPH� I\GLERKI� MRJSVQEXMSR� ERH� JYPP]�
GSQTVILIRH� XLI� MQTPMGEXMSR� SJ� IEGL�
single word, through a crosscutting 
analysis.  This research will provide a 
project and program management tool 
to clients, who would like to manage 
GSQTPI\�WMXYEXMSRW���
To prove the importation legitimacy 
JSYV�PIZIPW�SJ�GSRXVSP�EREP]WIW�[IVI�TYX�
MR� TVEGXMGI�� 8LI� ƼVWX� ETTVSEGL� XS� XLI�
EPPMERGI� JVEQI[SVO� MQTSWIH� E� HIIT�
YRHIVWXERHMRK� SJ� XLI�[SVH� MRGPYHIH� MR�
XLI�GSRXVEGX�HIƼRMXMSRW�� �8LMW�ƼVWX�WXIT�
MQTSWIH�ER� MXIVEXMSR�SJ� XVERWPEXMSRW� XS�
ƼX� XLI�QIERMRK� ERH� XLI� TLMPSWSTL]� SJ�
the contract.  When the entire contract 
[EW�XVERWPEXIH�E�ƼVWX�GSRXVSP��VIWIEVGLIV�
GSRHYGXIH�E�ƼVWX�MRXIVREP�GSRXVSP���
%R� MRXIVREP� UYEPMX]� GSRXVSP� SJ� XLI�
contractual model was conducted both 
MR�XIVQ�SJ�MQQIHMEXI�GSQTVILIRWMFMPMX]�
SJ� XLI� XIVQMRSPSKMIW� YWIH� MR� XLI�
XVERWPEXMSR� ERH� XLI� GSRWMWXIRG]� SJ� XLI�
GSRXVEGXYEP� QSHIP� [MXL� XLI� VIJIVIRGI�
QEVOIX� �-XEPMER� IRH� )YVSTIER�� � -X�
required many adjustments in order to 
realign the contract philosophy to the 
-XEPMER�GSRXVEGXYEP�GSHI���

A second step consisted in the 
VIWSPYXMSR� SJ� XLI� TVSFPIQW� TVIZMSYWP]�
individuated and in the validation 
XLVSYKL� ER� I\TIVX�� � 8LMW� TVSGIWW� [EW�
HIZIPSTIH� MR� GSPPEFSVEXMSR� [MXL� 4VSJ��
(EZMH�1SWI]�� [LS� HVEJXIH� XLI� SVMKMREP�
EKVIIQIRX���,I�ZEPMHEXIH�XLI�EKVIIQIRX�
EGGSVHMRK� XS� XLI� XLISVIXMGEP�ƽY\�SJ� XLI�
contract.  The comparison between the 
two versions occurred among the two 
XIEQ� I\TPEMRMRK� XLI� QSHMƼGEXMSR� SJ�
XLI�GSRXVEGX�XS�ƼX�XLI�-XEPMER� PIKMWPEXMSR�
ERH� XLVSYKL� XLI� I\TPEREXMSR� SJ� XLI�
EHNYWXQIRXW�SJ�XLI�GSRXVEGX�� �8LI�XLMVH�
WXIT�[EW�GSRHYGXIH�EJXIV�XLI�ZEPMHEXMSR�
SJ� XLI� TVIZMSYW� SRI�� � -R� XLMW� GEWI��
I\XIVREP� I\TIVXW� VIZMI[IH� XLI� -XEPMER�
JSVQ�SJ�XLI�JVEQI[SVO�EKVIIQIRX���
:EVMSYW� MRWXMXYXMSREP� IRXMXMIW�� PSGEP�
authorities, universities, trade 
EWWSGMEXMSRW�� VITVIWIRXEXMZIW� SJ� XLI�
administrative judiciary and private 
STIVEXSVW� [EW� GSRWYPXIH� XS� EREP]^I�

the contract.  They provided some 
HSYFXW� ERH� YRGIVXEMRXMIW�� JVSQ�
HMJJIVIRX� TIVWTIGXMZIW�� [LMGL� [IVI�
EREP]^IH� ERH� WSPZIH� HMWGVITERGMIW���
The multidisciplinary group embraced 
all the doubts and problems detected 
ERH� VI�ƼREPM^I� XLI� GSRXVEGX� WXERHEVH���
%� WIGSRH� VSYRH� SJ� I\XIVREP� GSRXVSPW�
was conducted providing the contract 
to the reviewers and all the comments 
were discussed during a round-table 
discussion.  
All the people, invited to discuss during 
the previous step to submit comments 
to the contract standard, attended 
the discussion. During this event, 
E� JI[� TSMRXW� SJ� XLI� WXERHEVH� [IVI�
HMWGYWWIH�� I\TPEMRIH� ERH� GSQQIRXIH�
JSV�XLI�VIKYPEXSV]�FSHMIW�WIRWMXMZMX]��XLI�
GSLIVIRGI� [MXL� -XEPMER� PIKMWPEXMSR� ERH�
the market requests.  A last adjustment 
was brought into the contract.  
8LI� GSRXVMFYXMSRW� VIGIMZIH� �� JYVXLIV�
ZIVMƼIH�� EPWS� JVSQ� XLI�TSMRX�SJ� ZMI[�SJ�
consistency with the original philosophy 
SJ�XLI�GSRXVEGXYEP�QSHIP���[IVI�MRGPYHIH�
MR� XLI� ƼREP� ZIVWMSR� SJ� XLI� HSGYQIRX���
The process, structured in such a way, 
allows, enriching the alliance contract 
F]� XLI� I\TIVMIRGI� SJ� ZEVMSYW� PIEHMRK�
TPE]IVW�SJ�XLI�REXMSREP�TERSVEQE�

%(%48%8-32� 3*� *%'��� 32� -8%0-%2�
0)+-70%8-32

8LI� EHETXEXMSR� TVSGIWW� SJ� *%'��� [EW�
developed by a collaboration among 
TISTPI� [MXL� HMJJIVIRX� FEGOKVSYRH� ERH�
EHETXIH�XLI�WXERHEVH�XS�-XEPMER�PIKMWPEXMSR��
QSHMJ]MRK� MXW� GSRXIRX� MR� E� HVEWXMG� [E]�
MR� SVHIV� XS� ƼX� E� HMJJIVIRX� PIKMWPEXMZI�
WXERHEVH�� � 8LMW� JVEQI[SVO� TVSZMHIW� E�
project and program management tool 
to clients, who would like to manage 
GSQTPI\� TVSNIGXW�� � %GGSVHMRK� XS� XLI�
EREP]WMW�GSRHYGXIH�F]�3-')��%WWSGMEXMSR�
SJ� 3VKERM^EXMSRW� SJ� )RKMRIIVMRK� ERH�
8IGLRMGEP�)GSRSQMG� 'SRWYPXMRK�� &-1�
projects are drastically increasing their 
MQTSVXERGI�MR�-XEPMER�QEVOIX�ERH�JSV�XLMW�
VIEWSR�� XLI� JVEQI[SVO�[MPP� TVSZMHI� XS� MX�
E�WSPMH�FEWI�SR�[LMGL�&-1�QIXLSHSPSK]�
GER� ƼX� XLI� GPMIRX� VIUYIWXW�� � 8LI� -XEPMER�
*%'��� IWXEFPMWLIW� E� W]WXIQ� VIKYPEXIW�
legal relations among several subjects 
MRZSPZIH� MR� XLI� MQTPIQIRXEXMSR� SJ� SRI�
SV�QSVI�TVSNIGXW�� HIƼRIH�EW�4VSKVEQW��
by linking several contracts with a 
view to encouraging collaboration and 
GSSVHMREXMSR� SJ� XLI� ZEVMSYW� EGXMZMXMIW���
8LVSYKL�XLI�WXMTYPEXMSR�SJ�*%'����TEVXMIW�
undertake to work in a collaborative 
spirit and to carry out activities, called 
ƈ%PPMERGI� %GXMZMXMIWƉ� Ɓ� EHHIH� ZEPYI��
WMXI� SVKERM^EXMSR� IƾGMIRG]�� &-1� YWI� ��
GSRWMWXIRX� [MXL� XLI� EMQW� MHIRXMƼIH� F]�
XLI� 'YWXSQIV�� [LMGL� QE]� FI� TYFPMG� SV�
private. The provisions contained in the 
+IRIVEP�'SRHMXMSRW�ERH�%RRI\IW�QE]�FI�
HITEVXIH�JVSQ�SV�QSHMƼIH� MR�XLI�*%'���
[LMGL�MW�GSQTSWIH�SJ�WIZIVEP�1SHYPIW��
WTIGMJ]MRK�VIWTIGXMZIP]�

• 8LI� 3FNIGXMZIW� �/4-�� 7YGGIWW�
QIEWYVIW�� 8EVKIXW�� 3FNIGXMZIW� ERH�
&SRYWIW��7GLIHYPI���

• 8LI�8MQIXEFPI��7GLIHYPI����
• 8LI�6MWO�6IKMWXIV��7GLIHYPI���
• %[EVHMRK�4VSGIHYVIW��7GLIHYPI���
• 'SRXVEGXYEP�1SHIPW��7GLIHYPI���
• Legal requirements and special 

XIVQW��7GLIHYPI���

*%'��� MW�E�GSRXVEGX� XLEX�WYMXW�E�KIRIVEP�
KSEP� GEPPIH� 3FNIGXMZIW�� [LMGL� [MPP� FI�
EGGSQTPMWLIH� F]� WTIGMƼG� 3FNIGXMZIW�
QIEWYVIH� XLVSYKL� /I]� 4IVJSVQERGI�
-RHMGEXSV� �/4-� �.SRWWSR� ERH� 6YHFIVK�
������ � 8LI� GSRXVEGX� GER� TYVWYMX� FSXL�
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GSRWMWX� MR� XLI� TVSZMWMSR� SJ� WTIGMƼG�
WIVZMGIW�� � 8LI� 'SPPEFSVEXMSR� %GXMZMXMIW�
I\IGYXMSR� XEOIW� TPEGI� �� EGGSVHMRK�
to the schedule in part two - on the 
FEWMW� SJ� 6IUYIWXW� JSVQYPEXIH� F]� XLI�
'PMIRX�� MRHMGEXMRK� XLI� GSRXIRXW� XS� FI�
MQTPIQIRXIH�� XLI� I\IGYXMSR� XIVQW� ERH�
XLI� EQSYRX� HYI� JSV� XLIQ�� GEPGYPEXIH�
SR� XLI�FEWMW�SJ� XLI�'SPPEFSVEXMSR�4VMGI���
4E]QIRX� JSV� 'SPPEFSVEXMSR� %GXMZMXMIW�
shall be made in accordance with the 
GSRHMXMSRW� WIX� SYX� MR� *%'���� E� WTIGMƼG�
TE]QIRX� TSPMG]� WXEXIW� XLI� [SVOƽS[� SJ�
the procedure to trace all the payment 
among all the parties and to set the 
JII�JSV�HIPE]W���8LI�%PPMERGI�1EREKIV�MR�
VIPEXMSR�XS�XLI�4YVTSWIW�SJ�'SPPEFSVEXMSR�
QSRMXSVW� XLI� TIVJSVQERGIW� ERH� XLI�
3FNIGXMZIW��FEWIH�SR�1IQFIVWƅ�EGXMZMXMIW��
EVI�EWWIWWIH�F]�WLEVIH�/4-�� �8LI�TVSƼX�
WLEVMRK� MW� SRI� SJ� XLI� OI]� SJ� GSRXVEGXW�
based on collaborative procurements.  
*SV�MRWXERGI��XLI�TEVXEOMRK�SJ�XLI�WYTTP]�
GLEMR� GER� STXMQM^I� XLI� TVSGIWW� ERH�
TVSHYGI�E�LYKI� VIHYGXMSR�SJ� XLI� GSWXW��
thanks to shared procedures.

XLI�EMQ�SJ�E�4VSNIGX�SV�E�4VSKVEQ���8LI�
GSPPEFSVEXMSR�MW�WIX�EQSRK�XLI�'PMIRX��XLI�
%PPMERGI�1EREKIV�ERH� XLI�'SPPEFSVEXMSR�
1IQFIVW�[LS�WMKR�XLI�*%'���
8LI�WXERHEVH�ƽI\MFMPMX]�EPPS[W� MRGPYHMRK�
more members to the collaboration 
FSXL� EW� E� 2I[� 'PMIRX� ERH� EW� E� 2I[�
'SPPEFSVEXMSR� 1IQFIV�� � 8S� TYVWYI�
'SPPEFSVEXMSR��E�WIVMIW�SJ�EGXMZMXMIW�LEZI�
to be completed and each member 
GER�TVSTSWI�E�WIVMIW�SJ�EGXMZMXMIW�XS�XLI�
'PMIRX� MR� SVHIV� XS� STXMQM^I� XLI� TVSNIGX��
XLIMV� TE]QIRX� MW� EX� XLI� HMWGVIXMSR� SJ�
XLI� %PPMERGI� 1EREKIV� ERH� XLI� 'PMIRX���
Sometimes the added value that gather 
JVSQ� E� RI[� EGXMZMX]� VITE]� XLI� IJJSVX�
I\XIRHIH� MR� XLI�EGXMSR�� �;LIXLIV�*%'���
MRXIVZIRIW� MR� E� 4VSKVEQ� EPVIEH]� MR� XLI�
HIWMKR� SV� I\IGYXMSR� TLEWI�� SV� [LIVI�
*%'���TVIGIHIW�XLI�WXEVX�SJ�ER]�EGXMZMX]�
VIPEXIH� XS� E� 4VSKVEQ�� XLI�'SPPEFSVEXMSR�
Members are required to present their 
'SPPEFSVEXMSR� 4VSTSWEPW�� [LMGL� QE]�
be limited to simple participation in 
QIIXMRKW�� HVEJXMRK� VITSVXW� SV� WLEVMRK�
VIPIZERX� MRJSVQEXMSR� [MXL� SXLIV�
'SPPEFSVEXMSR� 1IQFIVW�� SV� XLI]� QE]�

Figure 2:FAC-1 interactions among members
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-R�SVHIV�XS�HIQSRWXVEXI�*%'���ƽI\MFMPMX]��
X[S� I\EQTPIW� SJ� MXW� ETTPMGEXMSR� EVI�
TVIWIRXIH�� FSXL� SR� WMHI� SJ� TYFPMG� ERH�
private investors.  Starting with an 
I\EQTPI� JVSQ� XLI� TYFPMG� WIGXSV�� [I�
can imagine being in a situation where 
three municipalities with their street 
PMKLXMRK� GSQTERMIW� HIGMHI� XS� STXMQM^I�
XLI� WIVZMGI� SJJIVIH� XS� XLIMV� GMXM^IRW� F]�
creating a single management system 
JSV�XLI�XLVII�QYRMGMTEPMXMIW���
8LMW� EPPMERGI� GER� TVSZMHI� E� JEGMPMX]�
management system, shared among 
them, to provide a major reliability 
due to its development supported by 
I\TIVXW�� � 8LEROW� XS� XLI� JVEQI[SVO��
parties can be joined in the contractual 
scheme by establishing a dialogue 
aimed at a single goal dictated by the 
'PMIRX�� � 7MRKPI� MRWXEPPEXMSR� GSQTERMIW�
GER�TEVXMGMTEXI�F]�SJJIVMRK��JSV�I\EQTPI��
ER� MQTPIQIRXEXMSR� SJ� XLIMV� 7]WXIQ�W�
TIVJSVQERGI���8LMW�GER�FI�EGLMIZIH�F]�
WLEVMRK� WYTTP]� GLEMR� MRJSVQEXMSR�� JSV�
I\EQTPI�� YWMRK� XLI� WEQI� WYTTPMIV�� � -R�
XLMW� WIRWI�� WYTTPMIV� STXMQM^EXMSR� GSYPH�
generate a better result.  At the same 
time, the various companies being 
companies in the sector can help the 
maintenance manager to choose ways 
that are more appropriate by improving 
XLI� *MREP� 7IVZMGI�� � 'PMIRXW� GER� GLSSWI�
[LMGL�SJ�XLI�MQTVSZIQIRX�TVSTSWEPW�XS�
EHSTX��ERH�EGGITX�MX�SRP]�MJ�XLI�TVSTSWEP�
MQTVSZIW� XLI� ƼREP� VIWYPX�� � 8LI� ƼREP�
result is obtained via a cooperative 
ETTVSEGL�� � *SV� I\EQTPI�� MR� XLMW� GEWI��
XLI� QEMRXIRERGI� TPEXJSVQ� [MPP� ƼX� XLI�
requests and the standard procedure 
SJ� XLI� GPMIRX�� � 8LMW� GSPPEFSVEXMSR� GER�
STXMQM^I� XLI� GSWX� SJ� XLI� WIVZMGI��
imagining that the maintenance 
procedure is close to the standard 
procedure.
-J�[I�HIEP� MR� XLI�GSRXI\X�SJ� XLI�TVMZEXI�
GPMIRX��XLI�KIRIVEP�GSRXVEGXSV�SJ�E�[SVO��
decides to establish a collaboration 
agreement with the other participants in 
SVHIV�XS�STXMQM^I�XLI�TVSGIWW�MR�XIVQW�SJ�
�M�GIVXEMRX]�SJ�SYXGSQI�� �MM� MRXIKVEXMSR�
between design and construction and 
ƼREPP]� �MMM� WEJIX]�� � -R� XLMW� L]TSXLIXMGEP�
WGIREVMS�� JSV� I\EQTPI�� XLI� HIWMKRIV�
GSYPH�SJJIV�EW�ER�EHHMXMSREP�WIVZMGI��IZIR�
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8LI� VIWIEVGL� MRZIWXMKEXIH� HMJJIVIRX�
contractual typology in a worldwide 
scenario, among them researchers 
MRHMZMHYEXIH� XLI� SRI� GPSWIWX� XS� -XEPMER�
legislation. This approach provided a 
WSPMH�FEWI�XS�EHETX�MX�MR�-XEPMER�PIKMWPEXMSR��
*%'��� MW� E� ƽI\MFPI� QIXE�GSRXVEGXYEP�
model, in which parties are given the 
STTSVXYRMX]� XS� GSRWMHIV� IƾGMIRGMIW� MR�
XLI� WYTTP]� GLEMR� XLEX� QEOI� XLI� ƽS[�
SJ� MRJSVQEXMSR� QSVI� XVERWTEVIRX� ERH�
VIHYGI�XLI�SZIVEPP�GSWX�SJ�TIVJSVQERGI���
8LI� 'PMIRX� GSYPH� YWI� XLI� WXERHEVH� MR�
order to create a collaboration, legally 
valid, among their sub-consultants 
ERH�SV� WYF�GSRXVEGXSVW�� � 8LI� LMKLIV�
PIZIP� SJ� XVERWTEVIRG]� ERH� MRGVIEWIH�
VIWTSRWMFMPMX]�� XS[EVHW� FSXL� XLI� 'PMIRX�
ERH� SXLIV� 'SPPEFSVEXMSR� 'SQTSRIRXW��
required by each private operator 
MR� XLI� TYVWYMX� SJ� GSPPEFSVEXMSR�� EVI�
counterbalanced by the economic 
GSQTIRWEXMSR� TVSZMHIH�� � *%'��� MW� E�
contract that regulates and manages 
XLI� MRXIV�VIPEXMSRW� EQSRK� HMJJIVIRX�
contracts and, namely, the relation 
among parties, which are not directly 
EWWSGMEXIH�SZIV�E�GSRXVEGX��-R�EHHMXMSR��
*%'��� MW� MRXIRHIH� XS� FYMPH� E� WSPMH�
PIKEP� JVEQI[SVO� JSV� XLI� &-1� YWI� MR�
the construction sector, through the 
JSPPS[MRK�QIERW�SJ�HIZIPSTMRK�E�TSWMXMZI�
MRXIVEGXMSR� EQSRK� HMJJIVIRX� HIWMKR�
teams and linking the various phases 
SJ�GSRWXVYGXMSR�SJ�E�[SVO��%P[EWL��0SZI��
ERH� 3PEXYRNM� ������ � *%'��� ETTVSEGL�
invites the participants to submit their 
'SPPEFSVEXMSR�4VSTSWEPW� ERH�IRLERGIW�
XLI� TVSJIWWMSREP� I\TIVXMWI�� XLIVIF]�
I\TPSMXMRK� IGSRSQMIW� SJ� WGEPI� ERH�
EGLMIZMRK�GEWL�SV�SXLIV�FIRIƼXW�
8LMW�QIXE�GSRXVEGXYEP� JSVQ�TIVQMXW� XS�
MRGVIEWI� XLI� GSSVHMREXMSR� SJ� HMJJIVIRX�
subjects’ activities with greater 
KYEVERXIIW� SJ� VIWYPXW� ERH� [MXL� E�
VIHYGXMSR� SJ� YRI\TIGXIH� MRXIVJIVIRGI��
TSWWMFPI� SZIV�FYHKIX� ERH� SZIVVYR� SJ�
XMQI�� )WTIGMEPP]� MR� GSQTPI\� TVSNIGX��
XLMW� ETTVSEGL� EPPS[W� ER� IƾGMIRX�
management with multiple subjects’ 
GSRXVMFYXMSRW�� 'SPPEFSVEXMSR�� MR� WYGL� E�
way, providesan added value in terms 
SJ� [SVO� SV� WIVZMGI� WYWXEMREFMPMX]�� WMXI�
SVKERM^EXMSR� ERH� [SVOMRK� GSRHMXMSRW�

TE]IH��XLI�MQTPIQIRXEXMSR�XLVSYKL�&-1�
methodology so to reduce the design 
errors and clashes, increasing the 
VIPMEFMPMX]�SJ�XLI�TVSGIWW�� � -R�XLMW�WIRWI�
XLI� GPMIRX� GSYPH� EGGITX� ER� I\XVE� GSWX�
MR� JEGI� SJ� JI[IV� TVSFPIQW� HYVMRK� XLI�
GSRWXVYGXMSR�TLEWI� MR� VIKEVH� XS�E�ƼREP�
WEZMRK�HYI� XS�E�GIVXEMRX]�SJ� XLI� VIWYPX���
-R� XLMW� WGIREVMS�� SXLIVW� TEVXMIW� GER�
TVSQSXI� HMJJIVIRX� TVSTSWEPW�� WYGL� EW�
IRIVK]�MQTVSZIQIRXW�JSV�XLI�VIHYGXMSR�
SJ�XLI�GSWX�SJ�QEREKIQIRX�SV�GLERKIW�
XS� XLI�WGLIHYPI� JSV� XLI�STXMQM^EXMSR�SJ�
XLI�[SVOƽS[W�� �8LI� GSPPEFSVEXMSR� WIXW�
not only a legal agreement, but it aims 
EX� MQTVSZMRK� XLI�UYEPMX]�SJ� XLI�TVSNIGX���
-X� MW� XLI� VIEWSR��[L]� GSPPEFSVEXMSR�LEW�
XLI�EFMPMX]�XS� MQTVSZI�XLI�UYEPMX]�SJ�XLI�
TVSNIGX� ERH� MQTVSZI� XLI� I\GLERKI� SJ�
MRJSVQEXMSR���
8LI� GPMIRX�� [LS� WIX� XLI� JVEQI[SVO�
HSIW� RSX� RIIH� XS� FI� XLI� S[RIV� SJ� XLI�
construction, but he could be a person 
SV�E�ƼVQ�XLEX�[ERX�XS�WIX�E�GSPPEFSVEXMSR�
to improve the project.  This approach 
GSYPH� TYX� EPWS� XLI� HIWMKR� ƼVQ� EW�
employer in the collaboration process 
XS�WLS[�MXW�ƽI\MFMPMX]�SJ�ETTPMGEXMSR�

IƾGMIRG]��GSPPEFSVEXMSR�[MXL�XLI�WYTTP]�
chain, reducing re-work. The early 
MRZSPZIQIRX�SJ�EPP�TVSJIWWMSREPW�EPPS[W�
XS�TVIZIRX�ERH�SV�VIHYGI�XLI�QMWXEOIW��
which must be reported to Alliance 
1EREKIV� XLEX� MQTVSZIW� TVSNIGX� ƼREP�
quality. The alliance members promote 
XVERWTEVIRG]� MR� VIPEXMSR� XS� XLI�WTIGMƼG�
EMQW� ERH� SFNIGXMZIW� SJ� GSPPEFSVEXMSR��
8LI� MRXIRWMZI�I\GLERKI�SJ� MRJSVQEXMSR�
enhanced by the meta-contract provide 
a risks prevention and management 
HYVMRK� I\IGYXMSR�� FIGEYWI� TVSFPIQW�
EVI�WLS[R�XS�EPP�TEVXMIW�� -R�GSRGPYWMSR��
XLMW� ETTVSEGL� PIEHW� XS� E� VIHYGXMSR� SJ�
XLI� PMXMKEXMSR� F]� TVIZIRXMRK� ERH� I\XVE�
judicially handling possible claims. This 
GSRXVEGX� TVSZMHIW� XLI� EFMPMX]� SJ� XIEQ�
QIQFIVW� XS� VIP]� SR� XLI� I\GLERKIW� SJ�
&-1� HEXE� ERH� WIXXMRK� EQSRK� HMJJIVIRX�
GEPP�SJJ�GSRXVEGX� XLI�WEQI�VYPI� MR�SVHIV�
to provide data consistently among 
parties.
At this point, the research provides an 
ETTVSEGL�XS�XLI�TVSFPIQ�SJ�XLI�71)W�SJ�
XLI�WIGXSV��MR�JEGX�XLI�GSPPEFSVEXMSR�XLEX�
64(%�IWXEFPMWLIH�EQSRK�WXEOILSPHIVW�
MW� HMƾGYPX� XS� EGLMIZI� ERH��QSWX� SJ� XLI�
time, it is unattainable in a traditional 
process, although the promised 
WYGGIWW��+LEWWIQM�ERH�&IGIVMO�+IVFIV�
�������8LI�RI[�GSRXVEGX�MQTVSZIW�XLI�
processes management decreasing 
XLI� TYFPMG� EHQMRMWXVEXMSR� FYVHIR� SJXIR�
due to litigations caused by traditional 
contractual procedures.  The research 
[MPP� TVSHYGI� KYMHIPMRI� JSV� XLI� GSRXVEGX�
ETTPMGEXMSR� FSXL� JSV� TVMZEXI� ERH�
public users to integrate smoothly 
collaboration in work procedures.  
The “Adda Martesana” Municipality is 
applying this contractual model as part 
SJ�XLI�TVSNIGX�XS�FYMPH�E�QMHHPI�WGLSSP�MR�
0MWGEXI��-XEP]�EW�ƼVWX�GEWI�SJ�JVEQI[SVO�
EPPMERGMRK�MR�-XEP]�
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8LI�FMK� GLEPPIRKI�SJ� XLI� GYVVIRX� MRHYWXVMEPM^IH� WSGMIX]� MW� XLI� GSRGVIXI� EHSTXMSR�SJ� ����
TEVEHMKQ��XLMW�GSRWMWXW�MR�XLI�MRXIVGSRRIGXMSR�SJ�XLI�TL]WMGEP�SFNIGX�XS�HMKMXEP�GSQTYXEXMSR��
F]�E�GSPPEFSVEXMZI�ERH�H]REQMG�ETTVSEGL��M�I��-RXIVRIX�SJ�8LMRKW�Ɓ�-S8��8LI�GVIEXMSR�SJ�
XLMW�MRXIVGSRRIGXIH�GSQTYXEXMSREP�RIX[SVO�EPPS[W�ZIVMJ]MRK�XLI�IƾGMIRG]�SJ�E�TVSHYGXMSR�
system by recursive checks, which locates lacks and misproductions into the production 
GLEMR��8LI�TVSKVIWWMZI�MQTVSZIQIRX�SJ�TVSHYGXMSR�UYEPMX]��MRXIRHIH�EW�XLI�ETTVSEGL�SJ�
RIIHW�ERH�TIVJSVQERGIW��MW�XLI�GSVI�SJ�0IER�TEVEHMKQ��-R�XLI�FMK�TMGXYVI��XLIWI�EVI�XLI�
JYRHEQIRXEP�IPIQIRXW�RIIHIH�MR�XLI�GYVVIRX�GSRHMXMSR�SJ�XLI�&YMPHMRK�TVSGIWW��XLEX�LEW�
an evident delay in technology and management techniques adoption. As an answer to 
XLMW�RIIH��XLI�VIWIEVGL�MW�SVMIRXIH�XS[EVHW�XLI�HIƼRMXMSR�SJ�ETTVSTVMEXI�QIXLSHSPSKMIW�
YWIJYP�XS�WIM^I�XLI�STTSVXYRMXMIW�XLEX�XLI�TEVEHMKQ�SJ�����MRHYWXV]�SJJIVW�XS�XLI�FYMPHMRK�
WIGXSV�MR�E�PIER�[E]��XLI�KSEP�MW��SR�XLI�FEWMW�SJ�PMXIVEXYVI�VIZMI[�ERH�XIWXW�SR�XIGLRMUYIW�
ERH�XSSP�GYVVIRXP]�YWIH�� XS�SYXPMRI�E�QIXLSHSPSK]�XLEX��YWMRK�XLI�GSRXMRYSYW�I\GLERKI�
EQSRK�TL]WMGEP�HIZMGIW��HEXE�TVSGIWWMRK�GIRXVIW�ERH�ZMGI�ZIVWE��GER�KMZI�RI[�WTEGIW�SJ�
ETTPMGEXMSR�XS�0IER�QIXLSHSPSKMIW�MR�XLI�GSRWXVYGXMSR�WIGXSV��'SRWMHIVMRK�XLI�GSQTPI\MX]�
SJ�XLI�'SRWXVYGXMSR�4VSGIWW��IZIR�JSV�WQEPP�ERH�QIHMYQ�TVSNIGXW��MX�MW�RIGIWWEV]�XS�HIWMKR�
SR�GSPPEFSVEXMZI�HMKMXEP�TPEXJSVQW��WYGL�EW�&YMPHMRK� -RJSVQEXMSR�1SHIPMRK� ��&-1�� MR� XLMW�
VIWIEVGL�� XLI�&-1�QSHIP� MW� XLI�WXEVXMRK�TSMRX�F]�QIERW�SJ�E�UYMXI�VIPMEFPI�HEXEFEWI�SJ�
TVSTIVXMIW�ERH�KISQIXVMIW�SJ�XLI�FYMPHMRK��3R�XLI�SXLIV�LERH��EPP�XLI�TVSFPIQW�VIPEXIH�XS�
XLI�Ƅ&-1�9XSTMEƅ�EVI�MRZIWXMKEXIH��WYGL�EW�XLI�PMQMXW�SJ�MRXIVSTIVEFMPMX]��XLI�WPS[�EHETXEXMSR�
SJ�XLI�GSRWXVYGXMSR�GLEMR�XS�XLI�TVSGIHYVIW�SJ�KSSH�TVEGXMGI�ERH�XLI�YWI�SJ�HMKMXEP�XSSPW��
EW�[IPP�EW�QEVOIX�JVEKQIRXEXMSR��[LMGL�MW�ZIV]�QEVOIH�MR�GYPXYVEPP]�ƄLERHGVEJXIHƅ�GSRXI\XW��
WYGL�EW� XLI� -XEPMER�SRI��8LMW� VIWIEVGL�HIWGVMFIW��FEWMRK�SR� XLI� XIWX�GSRHYGXIH�SR� XLI�
I\MWXMRK�QIXLSHSPSKMIW��E�XLISVIXMGEP�JVEQI[SVO�XS�EPMKR�0IER�'SRWXVYGXMSR�XIGLRMUYIW�
MR� XLI� ���� FYMPHMRK� MRHYWXV]�� 8LI� VIWYPXW� WLS[� LS[� MW� MQTSVXERX�� XS� VIEGL� XLI� KSEP� SJ�
STXMQM^EXMSR�Ɓ�XLI�GSVI�QMWWMSR�SJ�0IER�ERH�����Ɓ�QSZI�FI]SRH�&-1��MR�XLI�HMVIGXMSR�SJ�
MQTPIQIRXMRK� I\MWXIRX�QIXLSHSPSKMIW� ERH� XSSPW� [MXL� %VXMƼGMEP� -RXIPPMKIRGI� XIGLRMUYIW��
PMOI�%KIRX�FEWIH�WMQYPEXMSR�� -R� XLI�TVSTSWIH� JVEQI[SVO�� XLMW� MW�TSWWMFPI� XLEROW� XS� XLI�
MQTVSZMRK� SJ� &-1� GETEFMPMXMIW�[MXL� %YXSRSQSYW� %KIRXW�� 8LI]� EVI�QSHIPIH� EGGSVHMRK�
XS�&-1�SFNIGX�JIEXYVI�FYX�MRGPYHMRK�EPWS�VIPEXMSREP�VYPIW�ERH�KSEPW��7S��EJXIV�XLI�HIƼRMXMSR�
SJ� RIIHW� ERH� VIUYMVIQIRXW� SJ� HIWMKR� ERH� GSRWXVYGXMSR� TVSGIWW� XLI]� XIRH�� EJXIV� IZIV�
QSHMƼGEXMSR�SGGYVVIH�MR�XLI�HIWMKR�IRZMVSRQIRX��XS�GVIEXI�E�RI[�WXEXI�SJ�FEPERGI��HIƼRIH�
F]�VIGMTVSGEP�WEXMWJEGXMSR�SJ�FSYRHEV]�GSRHMXMSRW��MR�WYQQEV]��XLI�%KIRXW�WMQYPEXMSR�EPPS[�
XS�HIƼRI��EJXIV�IZIV]�TVSNIGX�QSHMƼGEXMSR��XLI�WEXMWƼGMRK�FEPERGI�GSRHMXMSR�VIWTIGXMRK�XS�
EPP�GSRWXVEMRX�XLEX�GLEVEGXIVM^IW�XLI�TVSNIGX��8LMW�GSYPH�TVSTIVP]�WYTTSVX�XLI�HIWMKRIVW�MR�
TVSFPIQ�WSPZMRK��QEREKI�XLI�LYKI�QEWW�SJ�HEXE�XLEX�GLEVEGXIVM^I�XLI�FYMPHMRK�MRHYWXV]�
ERH�TVIWIVZI�XLI�UYEPMX]�SJ�XLI�EVGLMXIGXYVEP�HIWMKR�
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8LMW� VIWIEVGL� JSGYWIW� SR� XLI�
MRZIWXMKEXMSR� SJ� XLI� RI[� TSWWMFMPMXMIW�
KMZIR�F]�XLI�HIZIPSTQIRX�SJ�-RJSVQEXMSR�
ERH�'SQQYRMGEXMSR�8IGLRSPSKMIW���-'8�
to manage Building processes, with 
XLI� EQFMXMSR� SJ� KVEWTMRK� [LMGL� ZMWMSR�
MW�QSVI�ETTVSTVMEXI� XS� XLI�WTMVMX�SJ�SYV�
time. 
-R� XLMW� ƼIPH� MW� GPIEV� XLEX� MRRSZEXMSRW�
MR� XLI� -'8� WIGXSV� WLSYPH� RSX� FI� WIIR�
as a parallel path with respect to the 
social and cultural debate related to 
architecture, but it is necessary that the 
HMJJIVIRX�MRWXERGIW�MRƽYIRGI�IEGL�SXLIV��
EW� LETTIRIH� JSV� XLI� WXYH]� SJ� PMKLXW�
MR� XLI� QEWXIVTMIGIW� SJ� 'EVEZEKKMS��
XLI� TIVWTIGXMZI� MR� XLSWI� SJ� 4MIVS� HIPPE�
Francesca or in the implementation 
SJ� HMKMXEP� XSSPW� SJ� KISQIXVMG� QSHIPMRK�
MQTPIQIRXIH�F]�+ILV]��4EWGYEP�������
-X� MW� XLIVIJSVI� GPIEV� XLEX�� MR� EHHMXMSR� XS�
XLI� MRGVIEWI� SJ� XLI� TIVJSVQERGIW� SJ�
technological tools, it is necessary to 
adapt tools, methodologies, knowledge 
ERH� XLI� ZMWMSR� SJ� E� WIGXSV� XLEX��
otherwise, risks losing the opportunity 
XLEX� XLI� KEPPSTMRK� HIZIPSTQIRX� SJ� XLI�
HMKMXEP� [SVPH� SJJIVW�� SXLIV[MWI�� XLI�
same development requires a constant 
YTHEXMRK� SJ� XLI� VIWYPXW� EGLMIZIH�� XLYW�
EZSMHMRK� XLI� VMWO� SJ� PSWMRK� HSQMRERX�
positions and become, in a short time, 

SFWSPIXI�GSQTEVIH�XS�XLI�RIIHW�SJ�XLI�
industrial sector. 
,IRGI�� XLI� XEVKIX� MW� MR� PMROMRK� XLI�
MRJSVQEXMSR�QSHIP�SJ�XLI�HMKMXEP�FYMPHMRK�
�MR� XIVQW� SJ� -RJSVQEXMSR� 1SHIPMRK�
into an environment-mirror modelled 
by autonomous intelligent entities 
�%YXSRSQSYW� %KIRX�� 8LI� TVIHMGXMSR�
produced by these real construction 
process, in virtual-digital environment 
GSYPH�� JYVXLIVQSVI�� FI� MQTVSZIH� [MXL�
the connection with new tools that, 
GSRGVIXIP]�� HIƼRIW� RI[� TEVEHMKQ� MR�
construction sector. These are the 
IRGSQTEWWIH� MR� ���� MRHYWXV]�� MR� XIVQW�
SJ� GSRRIGXMRK� LYQER� VIWSYVGIW� [MXL�
QEGLMRIW�� EPWS� MR� XIVQW� SJ� MQTVSZMRK�
XLI� HEXE�I\GLERKI� EQSRK� EGXSVW� �M��
I�� QM\IH� VIEPMX]� HIZMGIW� JSV� WLEVMRK�
knowledge directly on site, or wearable 
XIGLRSPSK]� TVSZMHIH� F]� 6*-(� XS� [EVR�
workers about risky areas or activity 
IXG��-R�SXLIV�[SVHW��XLI�MQTVSZIQIRX�SJ�
tool opens the way to a better human-
machine interaction, capable to grow up 
XLI�TVSHYGXMZMX]�ERH�XLI�KPSFEP�UYEPMX]�SJ�
building design in our digital era that, 
MR� VIEPMX]��EPPS[� XS�I\XIRH� XLI� MRHYWXVMEP�
GSRGITX�SJ�QEWW�GYWXSQM^EXMSR�EPWS�MR�
construction that, traditionally, is heavy 
conditioned by traditional approaches.
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From the very beginning, the Building 
4VSGIWW�EGXSVW�LEZI�JSYRH�MR�'SQTYXIV�
7GMIRGI�E�ZEPMH�TEVXRIV��EFPI�XS�IJJIGXMZIP]�
QEREKI�MQTSVXERX�EQSYRXW�SJ�HEXE�ERH�
equip, in an ever more democratic way, 
XLI� 'SRWXVYGXMSR� 4VSGIWW� EGXSVW� [MXL�
XSSPW�XLEX�EVI�WYƾGMIRXP]�GSQTPI\��[MXL�
VIWTIGX� XS� XLI� MRWMHMSYW� GSQTPI\MX]� SJ�
XLI�HIWMKR�TVSFPIQ��/YR^�
�6MXXIP��������
These tools have gradually evolved, 
depending on the available computing 
TS[IV�� EPPS[MRK� EX� ƼVWX� XLI� TSWWMFMPMX]�
to manage geometries and data in 
WITEVEXI� IRZMVSRQIRXW� ERH�� JVSQ� XLI�
PEWX�HIGEHIW��QSHIPMRK�MRJSVQEXMSR�ERH�
knowledge in interconnected holistic 
environments, such as happens in the 
&-1�ETTVSEGL�
-R� QSWX� SJ� MRHYWXVMEP� WIGXSVW�� XLI�
opportunities provided by the digital 
VIZSPYXMSR� LEZI� FIIR� ETTPMIH� JVSQ�
the outset, with all the limitations and 
TVSFPIQW� PMROIH� XS� XLI� MQQEXYVMX]� SJ�
these systems. 
-J� [I� GSRWMHIV� XLEX� [I� EVI� WXMPP� MR� XLI�
TMSRIIVMRK�TLEWI�SJ�XLI�HMKMXEP�VIZSPYXMSR��
we can say that the results have been, at 
least, encouraging.
(MJJIVIRXP]�� XLI� 'SRWXVYGXMSR� 7IGXSV�
WYJJIVW� SJ� E� XVEHMXMSREP� VIPYGXERGI�
XS[EVHW� MRRSZEXMSR�� XLI� HIWMKR�
TVSGIHYVIW� SJ� [MHI� YWI�� MR� JEGX�� WXMPP�
show several shortcomings, such as 
XLI�PS[�YWI�SJ�-RJSVQEXMSR�1SHIPMRK�SV�
�WS#� XLI� JVEKQIRXEXMSR� SJ� ORS[PIHKI��
continuing to work according to the logic 

-2863(9'-2+� 0)%2� :-7-32� -2� 8,)�
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8LI� QEREKIQIRX� XIGLRMUYIW� SJ�
GSQTPI\� TVSNIGX� LEZI� RS[� FIIR�
I\XIRWMZIP]� XIWXIH� ERH� GEXEPSKYIH��
according to various categories - both 
operational and logical - that have been 
GSRWSPMHEXIH� JSV� ]IEVW�� 7XEVXMRK� JVSQ�
XLI� VEXMSREPMWX�WGMIRXMWX� TSWMXMSR� SJ� XLI�
PEXI�RMRIXIIRXL�GIRXYV]��ƼVWX�JSVQEPM^IH�
F]� 6EROMRI� �/SWOIPE� IX� EP�� ����� ERH�
XLIR� VIƼRIH� ERH� TVSTEKEXIH� F]� XLI�
Taylorist school, the typical reasoning 
SJ�IRKMRIIVMRK�[EW�JVEQIH�EGGSVHMRK�XS�
XLI� HIHYGXMZI�QIXLSH� �JVSQ� TSWXYPEXI�

SJ�Ƅ[EXIVXMKLX�GSQTEVXQIRXWƅ�GSRWMWXMRK�
SJ� HIWMKR� XIEQW� XLEX�� IEGL� JSV� MXW�S[R�
competence, store their methods and 
VIWYPXW�MR�ƄQIRXEP�WMPSWƅ��'PEYWMRK��������
8LYW��XLI�TVSNIGX�MW�HMZMHIH�MR�WTIGMEPM^IH�
TLEWIW��XS�FI�ZIVMƼIH�MR�E�GSRWIUYIRXMEP�
PMRIEV� [E]�� XLMW� MQTPMIW� XLI� TVIWIRGI�
SJ� QER]� TEVEPPIP� TEVXMEP� ERH� WIGXSVMEP�
TVSNIGXW�� ZIVMƼIH� SRP]� [MXLMR� XLIMV� S[R�
knowledge domain. 
So, their contents and concepts are 
not integrated with each other, despite 
XLI� GSQTPIXI� YWI� SJ� EHZERGIH� XSSPW�
FEWIH�SR�'SQTYXIV�%MHIH�%VGLMXIGXYVEP�
(IWMKR� �� '%%(�� 8LIVIJSVI�� HIWTMXI� XLI�
[IPP�ORS[R� TSXIRXMEP� SJ� '%%(� W]WXIQ�
MR� VIEPM^MRK� E� GSPPEFSVEXMZI� HIWMKR�
approach, these are not adequately 
used in an integrated design vision 
�'EVVEVE�IX�*MSVEZERXM��������WYTTSVXIH�
F]�HMKMXEP�RIX[SVOW��XLI�TVSFPIQ��LIRGI��
is not totally connected with tools or 
the related digital environment, but in 
XLI�RIIH�SJ�E�RI[�ETTVSEGL��FEWIH�SR�
XLI� RI[� ZMI[� EFSYX� &YMPHMRK� 4VSGIWW�
1EREKIQIRX� MR� E� HMKMXEP�GSPPEFSVEXMZI�
way. 
-R� XLMW� WIRWI�� XLI� GSRWXVYGXMSR� WIGXSV�
cannot miss the opportunity given by the 
TEVEHMKQ� SJ� MRHYWXV]� ���� MR� MQTVSZMRK�
XLI� GSRRIGXMZMX]� SJ� SFNIGXW� EQSRK�
XLIQWIPZIW� ERH� FIX[IIR� STIVEXSVW��
XLEROW� XS� XLI� -RXIVRIX� SJ� XLMRKW�� MX� MW�
TSWWMFPI�XS�MRGVIEWI�XLI�YWI�SJ�WIRWSVW�
MR�XLI�STIVEXMSREP�TLEWI�SJ�XLI�FYMPHMRK��
XS� EREP]WI� XLI� IZSPYXMSR� SJ� XLI� RIIHW�

XS�XLISVIQ��8LMW�MW�TEVXMGYPEVP]�IZMHIRX�
MR� TYVIP]�EREP]XMGEP� ETTVSEGLIW�� KMZIR�
XLI� GLEVEGXIVMWXMGW� SJ� ER� IPIQIRX� ERH�
established the relative boundary 
conditions, the prevailing behaviours 
arise.
3R� XLI� SXLIV� LERH�� XLI� MRHYGXMZI�
approach is based on the critical 
SFWIVZEXMSR� SJ� XLI� VIEP� [SVPH�� MR� SVHIV�
XS�I\XVETSPEXI� MXW� IQTMVMGEP� ORS[PIHKI��
ERH� XLIR� JSVQEPM^I� MX� MR� VYPIW� SJ� KSSH�
TVEGXMGI�� JVSQ� LIVI� MX� MW� TSWWMFPI� XS�
GSRGITXYEPP]� ƄMRHYGIƅ�� EHETXMRK� XLI�

ERH� TVIJIVIRGIW� SJ� YWIVW�� XLIR�� MR� XLI�
construction phases, it can connect the 
TL]WMGEPMX]�SJ�FYMPHMRK�WMXI�XS�XLI�HMKMXEP�
environment, necessary to control 
XLI� UYEPMX]� SJ� QEXIVMEPW�� GSRWXVYGXMSR�
ERH� MRWXEPPEXMSR� SJ� W]WXIQW� ERH� XLI�
SZIVEPP� TIVJSVQERGI� MRXIRHIH� EW� XLI�
EGLMIZIQIRX�SJ�XLI�SFNIGXMZIW�WIX�MR�XLI�
planning phase. 
3XLIV�MRXIVIWXMRK�TIVWTIGXMZIW�STIRMRKW�
towards the Facility Management, 
were the cybernetic connection among 
building object and management tools, 
EPPS[�XS�ZIVMJ]�XLI�STIVEXMSREP�VIWTSRWI�
that the solutions designed give to the 
RIIHW� SJ� YWIVW�� ERH� EPP� XLI� RIGIWWEV]�
materials and interventions needed 
JVSQ�XLI�FYMPHMRK�HYVMRK�JSPPS[MRK�]IEVW�
-R� XLMW� VIGMTVSGEP� I\GLERKI� SJ� HEXE�
and knowledge, human intelligence is 
ƽEROIH�F]�%VXMƼGMEP�-RXIPPMKIRGI�XS�FIXXIV�
I\TVIWW�� XLEROW� XS� XLI� TSWWMFMPMX]� SJ�
having predictive tools with respect to 
XLI�GLSMGIW�QEHI��E�WXVEXIKMG�ZMWMSR�JSV�
process management. 
-R� XLI� FYMPHMRK� GSRWXVYGXMSR� TVSGIWW�
- dominated by uncertainty - these 
possibilities open up unprecedented 
scenarios, with regard to the possibility 
SJ� IƾGMIRXP]� STXMQM^I� &YMPHMRK�
4VSGIWWIW� MR� XIVQW� SJ� HIWMKR� WYTTSVX�
W]WXIQW�MQTVSZIQIRX��XLI�VIHYGXMSR�SJ�
IJJIGXMZI�XMQI�ERH�GSWX�SJ�GSRWXVYGXMSR��
E�VIPMEFPI�JSVIGEWXMRK�MR�XLI�QEMRXIRERGI�
ERH� QEREKIQIRX� SJ� XLI� VIEP� IWXEXI�
assets.

ORS[PIHKI�FEWI�EGUYMVIH�XS�XLI�WTIGMƼG�
case. These adaptation processes, 
KYMHIH� F]� XLI� XIGLRMGMER�W� I\TIVMIRGI�
and his ability to address a strategic 
ZMWMSR� XS� XLI� WSPYXMSR� SJ� XLI� TVSFPIQ��
XLIVIJSVI�EPPS[� XS� VIEGL� XLI�WEXMWƼGMRK�
WXEXI� �7MQSR� ERH� 7MQSR�� ����� [MXL�
respect to the results to be achieved.
-R� XLI� &YMPHMRK� 4VSGIWW� 1EREKIQIRX�
these two approaches have been 
declined according to the methodologies 
TYWL�ERH�TYPP��XLI�ƼVWX�SRI��MW�FEWIH�SR�
XLI� TYWL� SJ� TVSHYGXMSR� GLEMR� SR� XLI�
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FEWMW� SJ� XLI� WXEVXMRK� GSRHMXMSRW�� XLI�
second one instead, is pulled according 
to the conditions and the adjustments 
RIIHIH� EX� IEGL� XMQI�� FEWMRK� MXWIPJ�
XLIVIJSVI�SR�XLI�SFWIVZEXMSR�SJ�XLI�VIEP�
[SVPH� ERH� SR� XLI� JSVIGEWX� SJ� LS[� XLI�
process can be adapted to the dynamic 
TVSNIGX�FYMPHMRK�GSRHMXMSRW�
-R� XLI� TIGYPMEVMX]� SJ� XLI� GSRWXVYGXMSR�
WIGXSV�� XLI� QEREKIQIRX� SJ� TYWL�
based production was applied through 
XLI� 'VMXMGEP� 4EXL�1IXLSH� �� '41� MR� XLI�
����W��[MXL�E�GPIEVP]�VEXMSREPMWX� MQTVMRX�
�/SWOIPE� IX� EP�� ������ -R� ETTP]MRK� XLMW�
QIXLSH�� XLI� VIJIVIRGI� XS� FI� JSPPS[IH�
is only the ideal conditions assumed 
JSV� XLI� TVSHYGXMSR� PMRI�� PIEZMRK� XLI�
QMRMQYQ� WTEGI� JSV� XLI� GSQTPI\�
variables given by the real world which, 
MRWXIEH�� MR� WYGL� E� H]REQMG� GSRXI\X� EW�
the construction site, become decisive 
JSV�SFXEMRMRK�XLI�VIWYPX��
-R� WIEVGLMRK� SJ� STXMQMWEXMSR� QIXLSHW�
JSV� XLI� GSRWXVYGXMSR� WIGXSV�� XLI�
ETTPMGEXMSR�SJ� XIGLRMUYIW�HIZIPSTIH� MR�
XLI� ƼIPH� SJ� ZILMGPI�QERYJEGXYVMRK� �M�I��
XLI� PIER�QERYJEGXYVMRK�ETTVSEGL��LEW�
FIIR�E�PSRK�[E]�JSV[EVH��8LMW�GSRWMWXW�
MR� STXMQM^MRK� XLI� YWI� SJ� EZEMPEFPI�
VIWSYVGIW� MR� E� TVSGIWW�� QMRMQM^MRK�
[EWXIH� XMQI�� YRHIV�YXMPMWEXMSR� SJ� [SVO�
areas and resources and, in a broader 
sense, misproductions. These are the 

MRIƾGMIRGMIW�XLEX��MR�JEGX��FVMRK�YWIPIWW�
GSWXW� ERH� MRIƾGMIRGMIW� WS� XLEX� IEGL�
project systematically becomes a race 
to the unknown.
8LIVIJSVI�� XLI� RIGIWWEV]� MRXIKVEXIH�
approach to project management 
allows not only a change in the operating 
ERH� QEREKIQIRX� QIXLSHW� SJ� ER�
architectural implementation process, 
FYX�EPWS�E�HMJJIVIRX�GSKRMXMZI�ETTVSEGL�
GETEFPI� SJ� FVMRKMRK� XLI� GSQTIXIRGIW�
SJ� XLI� EGXSVW� GPSWIV� [MXL� XLI� EMQ� SJ�
VIEGLMRK� E� WEXMWJEGXSV]� GSRHMXMSR�� [MXL�
respect to the project requirements, and 
arrive at the best possible solution in a 
WLEVIH�[E]��*VSIWI�������
-R�XLMW�GSRXI\X��MX�MW�RIGIWWEV]�XS�TVSZMHI�
XS�TVSGIWW�EGXSVW�ƄEKKVIKEXSVWƅ�GETEFPI�
SJ�EP[E]W�OIITMRK�XLI�TVSNIGX�ZEVMEFPIW�MR�
GSRRIGXMSR�ERH�� XLIVIJSVI�� XLI�GVIEXMSR�
SJ� E� HMKMXEP� ORS[PIHKI� JSVQEPM^IH� MR�
ER� I\TPMGMX� [E]�� GEXEPSKYMRK� IPIQIRXW�
used in previous processes and, above 
all, their relationships. This condition, 
in these years, seems more and more 
[MXLMR�VIEGL��ƼK����

*MKYVI����IZSPYXMSR�SJ�TVSHYGXMSR�IƾGMIRG]�MR�
Building Design Process
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9RPMOI� XLI� ƼVWX� [EZI� SJ� '%%(�� [LIVI�
XLI� PS[IV� HMJJYWMSR� SJ� XSSPW� ERH� HEXE�
networks overshadowed the problem 
SJ� HIWMKR� GSPPEFSVEXMSR�� MR� XLI� WIGSRH�
TLEWI�� FIX[IIR� XLI� ��ƅW� ERH� ��ƅW�� XLI�
[MHIWTVIEH� TVIWIRGI� SJ� HMKMXEP� XSSPW�
ERH� XLI� TVSKVIWWMZI� GSRWXVYGXMSR� SJ�
XLI� RIGIWWEV]� HMKMXEP� MRJVEWXVYGXYVI��
HIXIVQMRIH�XLI�TSWWMFMPMX]�XS�ƼREPP]�WLEVI�
GSPPEFSVEXMZI� TPEXJSVQW� ERH� MRGVIEWI�
XLI�UYEPMX]�SJ�[SVO�XLVSYKL�GSRXMRYSYW�
ERH�VIGMTVSGEP�I\GLERKI�SJ�ORS[PIHKI��
EPXLSYKL�RSX�JYPP]�JSVQEPM^IH��
2S[�� MR� XLI� QMHHPI� SJ� XLI� XLMVH� [EZI��
GLEVEGXIVM^IH� MRWXIEH� F]� XLI� EHSTXMSR�
SJ� LMKLP]� IJJIGXMZI� XIGLRSPSKMIW� MR� XLI�
I\EGX�HIƼRMXMSR�SJ�E�FYMPHMRK�GSQTSRIRX�
and objects in general such as Building 
-RJSVQEXMSR� 1SHIPMRK� �� &-1� ERH� F]�
MRXIVSTIVEFMPMX]� TPEXJSVQW� WYGL� EW� XLI�
-RHYWXV]� *SYRHEXMSR� 'PEWWIW� �� -*'��
XLI� HMKMXEP� GSRWXVYGXMSR� SJ� XLI� TVSNIGX�
MW� EGLMIZIH� �*MWGLIV� IX� /YR^�� ������
-R� XLMW� HMVIGXMSR�� VIWIEVGL� PMRIW� EFSYX�
interoperability are achieving important 
results, as described by Daniotti et 
EP�� ������ MR� HIƼRMRK� HMKMXEP� TPEXJSVQ�
SJ� MRXIVSTIVEFMPMX]�� &YX�� EGGSVHMRK� XS�
1MIXXMRIR�ERH�4EEZSPE�������XLI�&-1�MW�
WXMPP�ER� ƄYXSTMEƅ��E�TVSQMWMRK�XIGLRSPSK]�
that have to be still implemented to 

QEREKI�TVSTIVP]�XLI�GSQTPI\MX]�SJ�XLI�
&YMPHMRK�4VSGIWW�
8LIVIJSVI�� XLI� GLEPPIRKI� GSRWMWXW� MR�
going beyond the current potential 
through collaboration, understood 
EW� XLI� QEREKIQIRX� SJ� XLI� ƽS[� SJ�
MRJSVQEXMSR�ERH�ORS[PIHKI�FIX[IIR�XLI�
actors, aiming at the mutual increase 
in governing design problems, and the 
possibility to interact with simulative 
QSHIPW�� GETEFPI� SJ� JSVIWLEHS[MRK� XLI�
VIEPM^EXMSR� ERH� XLI� FILEZMSYV� SJ� XLI�
project. 
8LI� EHZERXEKI� MW� XLIVIJSVI� MR� FIMRK�
EFPI� XS� ZIVMJ]� MR� EHZERGI� FSXL� XLI�
design solutions and the construction 
possibilities, in a continuous evolution 
SJ�XLI�HMKMXEP�TVSNIGX�
-R� XLMW� [E]�� XLEROW� XS� XLI� EHZERGIW�
in digital simulation, with which it 
MW� TSWWMFPI� XS� HIƼRI� GLSMGIW� ERH�
their consequences, it is possible to 
STXMQM^I�XLI�YWI�SJ�VIWSYVGIW� MRZSPZIH�
�M�I�� [SVOIVW�� WTEGIW�� QEXIVMEPW� IXG��
VIHYGMRK�XLI�X]TMGEP�VMWOW�SJ�GSRWXVYGXMSR�
like variations in progress, with the 
known repercussions both in terms 
SJ� XMQI� ERH� GSWX�� FSXL� SR� XLI� SZIVEPP�
UYEPMX]�SJ�XLI�TVSGIWW�SJ�GSRWXVYGXMSR�SJ�
XLI�EVGLMXIGXYVI��ƼK���

*MKYVI����I\EQTPI�SJ�TVSTEKEXMSR�SJ�4VSNIGX�'SRWXVYGXMSR�GSWX�ERH�XMQI�ERH�XLI�VIPEXIH�MRGSLIVIRG]�FIX[IIR�XLI�ƼREP�VIWYPX��SR�XLI�PIJX�ERH�XLI�MRMXMEP�TVSNIGX�
Rome Convention Center.
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-R� XLI� GYVVIRX� PMXIVEXYVI� MW� I\XIRWMZIP]�
HSGYQIRXIH� LS[� XLI� HMKMXEPM^EXMSR� SJ�
&YMPHMRK� 4VSGIWW� GSYPH� FVMRK� FIRIƼXW�
MR� XIVQW� SJ� STXMQM^EXMSR� SJ� VIWSYVGIW�
MRZSPZIH� MR�XLI�'SRWXVYGXMSR�WIGXSV��3R�
XLI� SXLIV� LERH�� XLI� PMQMXW� SJ� XLI�QSWX�
TVSQMWMRK�QIXLSHSPSK]�MR�XLMW�ƼIPH���XLI�
&-1� �� �� EVI�[IPP� ORS[R�� MRXIVSTIVEFMPMX]��
KIRIVEXMSR�KET��HMKMXEP�HMZMHI�IXG��2S[��
XLI� MRXIVIWX� SJ� XLI� VIWIEVGL� HIFEXI�
about design methodologies is moving 
JVSQ� HMKMXEPM^EXMSR� SJ� TVSGIWW� XS� XLI�
WTVIEHMRK�SJ�GSQTYXEXMSREP�MRXS�XLI�VIEP�
PMJI�XLVSYKL�-S8��%6�:6�16�IXG��
7S�� HMKMXEP� QSHIP� SJ� FYMPHMRK� LEW� XS�
be interconnected with the physical 
IRZMVSRQIRX� [MXL� HIZMGIW� XLEX�� JSV�
instance, are installed in site to gather 
HEXE� PMOI� SGGYTERG]�� TVSKVIWWMSR� SJ�
[SVOW�� TVIZEPIRX� FILEZMSYV� SJ� [SVOIVW�
�SV� SGGYTERX� MR� GEWI� SJ� IZEPYEXMSR�
WXYHMIW� SJ� YWEFMPMX]� SJ� FYMPHMRKW� ERH�
so on. Furthermore, designers have the 
RIIH�XS�QEREKI�E�ZIV]�GSQTPI\�EQSYRX�
SJ� HEXE�� XLEX� VIUYMVIW� XLI� IZSPYXMSR� SJ�
XLMW� XSSPW� JVSQ� E� VIEGXMZI� FILEZMSYV�
to the proactive one (Fioravanti et al., 
������
This means that a modeling tool does 
not merely act basing on designer 
instructions but providing him in advance 
choices that have a high probability to 
FI� XLI� QSVI� WEXMWƼGMRK� XS� XLI� TVSNIGX�

*MKYVI����XLI�MRRIV�GSRGITXYEP�WXVYGXYVI�SJ�%YXSRSQSYW�%KIRX�

needs. To reach this achievement an 
Agent-based simulation model that 
MRXIKVEXIW�&-1�GETEFMPMX]�MW�TVSTSWIH��MR�
summary, this simulation environment 
sense the needs and the resources 
QSHIPPIH� MRXS� XLI� &-1� IRZMVSRQIRX�
and, via recursive simulation, predict 
XLI�FIWX�YWI�SJ�HIWMKR�SFNIGX�EZEMPEFPI�
MR�XLI�QSHIP�MR�VIWTIGX�SJ�XLI�RIIHW�XS�
FI�WEXMWƼIH�
8LIWI�EKIRXW�EVI�GLEVEGXIVM^IH�F]�E�WIX�
SJ�VYPIW�XS�FI�VIWTIGXIH��VIPEXIH�KSEPW�XS�
be achieved and, in relation to these, set 
QYXYEP�VIPEXMSRWLMT�XLEX�HIƼRIW�XLI�[E]�
in which, by applying their inner systems 
SJ� VYPIW�� %KIRXW�QSHMƼIW� XLIMV� MRXIVREP�
balance. This process happen hundreds 
SJ� XMQIW�XMPP� XLI�HIƼRMXMSR�XLI�FIWX�[E]�
XS� TEWW� JVSQ� XLI� WXEVXMRK� GSRHMXMSR�
�'SRXIWX�EX� XMQI��� XS� XLI�HIƼRIH�RI\X�
WXIT��'SRXIWX�XMQI���� -J�XLI�WMQYPEXMSR�
XEOI� TPEGI� MRXS� XLI�&-1�QSHIP�� WIRWSV�
ERH�EGXYEXSV�SJ�EKIRXW�EGX� MRXS� ZEPYIW�
SJ� HMKMXEP� QSHIP�� MJ� XLI� EKIRXW� EVI�
connected to the real environment 
Ɓ� I�K�� *EGMPMX]� 1EREKIQIRX�� (MKMXEP�
*EFVMGEXMSR�IXG��Ɓ�WIRWSVW�EVI�TL]WMGEPP]�
connected to the real environment, then 
EGXYEXSV� �M�I�� QIGLERMGEP� W]WXIQW�
EJXIV�GSQTYXEXMSREP�MRJIVIRGI��QSHMƼIW�
real object, materialising the digital 
GSRXMRYYQ�XLEX�MW�XLI�GSVI�SJ������ƼK����
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%KIRXW� EVI� EYXSRSQSYW�� EYXSRSQ]�� MR�
JEGX��QIERW�XLI�EFMPMX]�SJ�ER�EKIRX�XS�EGX��
EJXIV�TIVGIMZMRK�E�WXMQYPYW��F]�ETTP]MRK�
rules aimed at achieving an objective 
without direct human control. This 
autonomy can be declined according 
XS� HMJJIVIRX� PIZIPW� SJ� GSQTPI\MX]�� -R�
JEGX�� ER� %KIRX� GER� LEZI� ZIV]� WMQTPI�
behaviours, purely reactive with respect 
XS� XLI� ETTPMGEXMSR� SJ� GSRHMXMSREP� VYPIW�
SJ� XLI� MJ�XLIR� X]TI�� XS[EVHW� QSVI�
GSQTPI\� VIEPMXMIW� WYGL� EW� XLI� &IPMIJ�
(IWMVI�-RXIRX�&(-� EVGLMXIGXYVI�� -R� XLMW�
GEWI�� XLI�&IPMIJ� MW�KIRIVEPP]�HIƼRIH�EW�
XLI� MRJSVQEXMSR�XLEX�ER�EKIRX�LEW�[MXL�
respect to his environment, which can 
be more or less accurate, depending 
SR�XLI�X]TI�ERH�TVIGMWMSR�SJ�XLI�WIRWSV�
YWIH�� XLI�(IWMVI� MRWXIEH�HIWGVMFIW�SRI�
or more objectives that an agent would 
PMOI�XS�WII�GSRGPYHIH��[MXL�XLI�HIƼRMXMSR�
SJ�TVMSVMX]�VEROMRKW��XLI�-RXIRX�MW�XLI�[E]�
in which Agent tries to intervene on the 
current state, both within his system 
and in the environment in which he is 
immersed.
Agents in this case represent the 
elements edited in the model, and the 
I\XIVREP� GSQTSRIRXW� XLEX� MRƽYIRGI�
XLIWI� FYMPHMRK� IPIQIRXW�� XLIWI� EVI� XLI�
GSRXI\X��YRHIVWXSSH�EW�XLI�SVKERM^EXMSR�
SJ�XLI�
GSRWXVYGXMSR� WMXI� VIWYPXMRK� JVSQ� XLI�
MXIVEXMZI� JIEWMFMPMX]� GLIGOW� ERH� XLI�
VIWSYVGIW� XS� FI� IQTPS]IH�� HIƼRIH� MR�

turn according to the tasks and the 
HIKVII� SJ� TVSHYGXMZMX]� XLEX� XLI]� GER�
achieve.
-R�XLMW�[E]��XLI�0IER�ETTVSEGL�MW�ETTPMIH�
in the way in which this intelligent digital 
W]WXIQ�MW�EFPI�XS�STXMQM^I�XLI�VIWSYVGIW�
involved in processes. This became 
TSWWMFPI�[LIR�XLI�W]WXIQ�MW�
• able to optimize the project 

MR� XIVQW� SJ� VIHYGXMSR� SJ� LEVH�
WSJX� GPEWLIW�� XLI� TSWWMFMPMX]� SJ�
project-inconsistencies, and 
VIPEXIH� VI[SVOMRK� EGXMZMXMIW�� ERH�
or reducing the redundant solution 
�QSWXP]� MR� ,:%'� HIWMKR� ERH��
ƼREPP]�� MQTVSZMRK� XLI� YWEFMPMX]� SJ�
architectural spaces by users in 
STIVEXMSREP�TLEWI�

• able to optimize the construction 
management�� MR� XIVQW�SJ�E�FIXXIV�
QEREKIQIRX� SJ� [SVOMRK� EVIE�
XLVSYKL�XLI�YWI�SJ�0MRI�SJ�&EPERGI�
Ɓ� 03&� 4VSNIGX� QEREKIQIRX�
approach, in a construction site 
planned with the Location-based 
7]WXIQW� Ɓ� 0&7� �6SWWMRM� IX� EP��
�����

• able to minimize�XLI�MRXIVVYTXMSR�SJ�
building use, warranting the service 
provided by the building, thanks to 
XLI� VIPMEFPI� HIƼRMXMSR� SJ� XMQI� ERH�
space occupation given by digital 
WMQYPEXMSR� SJ� GSRWXVYGXMSR� ERH�
construction site development 
HYVMRK�XLI�[LSPI�G]GPI�SJ�[SVOW�

'32'097-327�%2(�(-7'977-32

This research is included in a broader 
TVSNIGX�� XLEX� LEW� XLI� KSEP� XS� JSVQEPM^I�
E� HIWMKR� HMKMXEP� IRZMVSRQIRX� JSV� XLI�
co-creation between humans and 
QEGLMRIW��-R�XLMW�[E]��MX�FIGSQIW�IEWMIV�
and more reliable to make, in earlier 
project phases, accurate assessments 
SJ� XLI� JIEWMFMPMX]� SJ� TVSNIGXW�� [MXL� XLI�
KSEP� XS� WEZI� VIWSYVGIW� ERH� WEJIKYEVH�
XLI�Ɓ�SJXIR�[IEOIRIH�Ɓ�HIWMKR�UYEPMX]�
'SRWMHIVMRK� XLI� EWTIGXW� VIPEXIH� XS�
Agent modelling, we have not yet 
WXVYGXYVIH� ORS[PIHKI� FEWIW� SV� Ƅ[IPP�
HIƼRIHƅ�ORS[PIHKI�WXVYGXYVIW��FEWIH�SR�
WGMIRXMƼG�SFWIVZEXMSR�SJ�TIVJSVQERGIW�
SJ�GSRWXVYGXMSR�WIGXSV��SV�I\XVEGXIH�JVSQ�
PEVKI�HEXEFEWIW��XLIVIJSVI��IWTIGMEPP]�MR�
XLI�HIƼRMXMSR�SJ� XLI�TVSHYGXMZMX]�SJ� XLI�
operating teams, one must still rely on 
XLI� MQTPMGMX� ORS[PIHKI� SJ� XLI� EGXSVW�
MRZSPZIH��XLI�)\TIVX�
8LI� STMRMSR� SJ� XLI� )\TIVX� MW� XLIVIJSVI�
EPXIVIH�F]�XLI�MRƽYIRGI�SJ��LMW�FMEW�SV�
evaluations that are simply based on 
TIVJSVQERGI�XLEX�GERRSX�FI�SFNIGXMZIP]�
ZIVMƼIH�
Although such a simulative system 
GSYPH� TVIƼKYVI� WGIREVMSW� XLEX� EVI�
GIVXEMRP]�ZEPMH� JVSQ�E� PSKMG�MRJSVQEXMGW�
TSMRX� SJ� ZMI[�� XLI]� EVI� FEWIH� SR� E�
subjective knowledge base, which is 
XLIVIJSVI� GLEVEGXIVM^IH� QSVI� F]� XLI�
MQTPMGMX� ORS[PIHKI� SJ� XLI� )\TIVX� XLER�
F]� XLI� SFNIGXMZI� SFWIVZEXMSR� SJ� XLI�
TLIRSQIRSR�� -R� JYVXLIV� VIWIEVGLIW��
XLI� JSGYW�[MPP� FI� XEVKIXIH� SR� XLI� HEXE�
gathering in the construction process, 
using advanced techniques like Big 
Data.

*MKYVI����XLI�����GSRWXVYGXMSR�WMXI��8LEROW�XS�XLI�[MHI�YWI�SJ�WIRWSVW��HMKMXEP�H]REQMG�QSHIPW�SJ�FYMPHMRK�ERH�MQTVSZIH�LYQER�QEGLMRIW�MRXIVJEGIW��MW�TSWWMFPI�XS�
QEREKI�GSPPEFSVEXMZIP]�XLI�&YMPHMRK�TVSGIWW��MR�E�WEJIV�[E]��*VSQ�0MROIH-R��.��+EPP������
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'ȳǚǚȳǚȳ�+��*ǣǝǚȳǖȳǞǘǣ�%������ ̸,PSURYLQJ�GHVLJQ�
TXDOLW\�RI�FRPSOH[�EXLOGLQJ�V\VWHPV�E\�PHDQV�RI�
,&7�HQKDQFHG�FROODERUDWLRQ̹�'SPPEFSVEXMZI�;SVOMRK�
)RZMVSRQIRXW� JSV� %VGLMXIGXYVEP� (IWMKR�� 'EVVEVE� +��
*MSVEZERXM�%��/EPE]�=�)��)HW�������

'ǠȳǗǙǣǞǥ� (� ����� 7RWDO� TXDOLW\� GHYHORSPHQW��
D� VWHS�E\�VWHS� JXLGH� WR� ZRUOG� FODVV� FRQFXUUHQW�
HQJLQHHULQJ��%71)�4VIWW��2I[�=SVO�

(ȳǞǣǝǘǘǣ� &�� 0Ǘǜǣȱȳ� 7ǜȳǥǞǗǝǠǝ� 7�� 1ǣǚȳǚȱǤǣ� '��
4ȳǙǣǞǣ� (�� 4ȳǖȳǞ� %� ����� ̸$Q� ,WDOLDQ� %,0�EDVHG�
SRUWDO� WR� VXSSRUW� FROODERUDWLYH� GHVLJQ� DQG�
FRQVWUXFWLRQ�� $� FDVH� VWXG\� RQ� DQ� HQKDQFHG� XVH�
RI� LQIRUPDWLRQ� UHO\LQJ� RQ� D� FODVVLͤFDWLRQ� V\VWHP�
DQG� FRPSXWDWLRQDO� WHFKQLFDO� GDWDVKHHWV̹, Shock! 
7LEVMRK�SJ�'SQTYXEFPI�/RS[PIHKI��TVSGIIHMRKW�SJ�
XLI���XL�I'%%(I�-RXIVREXMSREP�'SRJIVIRGI��6SQI��
������WITX���T��������

*ǣǝǚȳǖȳǞǘǣ� %�� 2ǝǖȨǟȲǚǣ� +�� 6ǝǙǙǣǞǣ� *� 0�� ����� 
̸,PSURYLQJ� 3URDFWLYH� &ROODERUDWLYH� 'HVLJQ�
7KURXJK� WKH� ,QWHJUDWLRQ�RI�%,0�DQG�$JHQW�%DVHG�
6LPXODWLRQV̹� 7LSGO�� 7LEVMRK� SJ� 'SQTYXEFPI�
/RS[PIHKI�� TVSGIIHMRKW� SJ� XLI� ��XL� I'%%(I�
-RXIVREXMSREP�'SRJIVIRGI��6SQI��������7ITX��������
T����������

*ǣǙȱǤȨǚ�1��/ǗǞǒ�.������ 7KH�6FRSH�DQG�5ROH�RI�
,QIRUPDWLRQ�7HFKQRORJ\� LQ�&RQVWUXFWLRQ, technical 
6ITSVX��'IRXIV� JSV� MRXIKVEXIH� JEGMPMXMIW�IRKMRIIVMRK�
�����7XERJSVH�YRMZIVWMX]��97%�

*ǚǝȨǙȨ� 8� 1� ����� ̸7KH� LPSDFW� RI� HPHUJLQJ�
LQIRUPDWL]DWLRQ� WHFKQRORJ\� RQ� SURMHFW�
PDQDJHPHQW̹�%YXSQEXMSR�MR�'SRWXVYGXMSR���������
����

/ǝǙǡȨǠȳ� 0�� ,ǝǕȨǠǠ�+�� 4ǣǡȳǙ� )�� (ȳǖȨ� &� ����� ̸,I�
&30�LV�VR�EDG��ZK\�KDYH�ZH�EHHQ�XVLQJ�LW�VR�ORQJ"̹ 
��RH�%RRYEP�'SRJIVIRGI�SJ�XLI�-RXIVREXMSREP�+VSYT�
JSV�0IER�'SRWXVYGXMSR��3WPS��2SV[E]����� �����.YP]�
������%OEHIQMOE�JSVPEK����������

/ǝǙǡȨǠȳ� 0�� 4ǘǡȳǙ� )�� 2ǣǘǚȳǞȨǞ� .�� *ȨǚǚȳǞǘȨǠǠǣ�
%�� &Ǥȳǚǥȳǖ� (� ����� ̸2Q� HSLVWHPRORJ\� RI�
FRQVWUXFWLRQ� HQJLQHHULQJ� DQG� PDQDJHPHQW̹ 
0'�������ZSP�� --� ��4VSGIIHMRKW�SJ� XLI���XL�%RRYEP�
'SRJIVIRGI� SJ� XLI� -RXIVREXMSREP� +VSYT� JSV� 0IER�
'SRWXVYGXMSR� �-+0'��;EPWL��/��7EGOW��6��&VMPEOMW�� -�
�IHW���,IVEOPMSR��+VIIGI����������

/ǗǞǒ� ;�� 6ǣǘǘȨǠ� ,� ����� ,VVXHV� DV� HOHPHQWV� RI�
LQIRUPDWLRQ� V\VWHPV�� :RUNLQJ� SDSHU�� %HUNHOH\��
-RWXMXYXI� SJ� 9VFER� ERH� 6IKMSREP� (IZIPSTQIRX��
9RMZIVWMX]�SJ�'EPMJSVRME��&IVOIPI]�

1ǣȨǘǘǣǞȨǞ� 6�� 4ȳȳǖǝǠȳ� 7� ����� ̸%H\RQG� WKH�
%,0� XWRSLD�� DSSURDFKHV� WR� WKH� GHYHORSPHQW� DQG�
LPSOHPHQWDWLRQ�RI�%XLOGLQJ�,QIRUPDWLRQ�0RGHOLQJ”, 
%YXSQEXMSR�MR�'SRWXVYGXMSR�����������

4ȳǙȱǗȳǠ� %� '� ����� ̸0XVHR� *XJJHQKHLP� %LOEDR�
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A Theoretical Framework to Align Lean Construction 
Techniques in the 4.0 Building Industry 
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4L]WMGEP�EWWIXW�EVI��RS[EHE]W��QSVI�ERH�QSVI�MRGPYHIH�MR�XLI�HMKMXEP�IRZMVSRQIRX��
TVSZMHMRK�LYKI�EQSYRX�SJ�HEXE��ERH� MRZSPZMRK�E�GSQTPI\�RIX[SVO�SJ�WXEOILSPHIVW��
1ER]�-RJSVQEXMSR�'SQQYRMGEXMSR�8IGLRSPSKMIW��-'8W�EVI�IQTPS]IH�MR�%VGLMXIGXYVI��
)RKMRIIVMRK�� 'SRWXVYGXMSR� ERH� 3TIVEXMSR� �%)'3�� MR� SVHIV� XS� XEGOPI� XLI� HMKMXEP�
XVERWJSVQEXMSR��'YVVIRXP]��SRI�SJ�XLI�QSWX�EGORS[PIHKIH�ETTVSEGLIW�JSV�QEREKMRK�
XLI�RI[�GSQTPI\MX]�SJ�XLI�FYMPX�IRZMVSRQIRX�MW�&YMPHMRK�-RJSVQEXMSR�1SHIPPMRK��&-1��
8LMW� EVXMGPI� EHHVIWWIW� XLI� MWWYI� SJ� XLI�QEXYVMX]� SJ� SVKERMWEXMSRW�� [LMGL� EHSTX� SV�
EVI�[MPPMRK�XS�EHSTX�E�&-1�ETTVSEGL��8LIVIJSVI��VIWIEVGL�EMQW�EX�TVSZMHMRK�E�GVMXMGEP�
VIZMI[�SR�&-1�QEXYVMX]�SJ�SVKERMWEXMSRW�STIVEXMRK�MR�%)'3��8LI�&-1�ETTVSEGL�GER�
FI�GSRWMHIVIH�E�WXIT� JSV[EVH� JSV�WYTTSVXMRK� XLI�HIZIPSTQIRX�SJ�HMKMXEP�TVSGIWWIW�
EFPI�XS�JSWXIV�XLI�EGLMIZIQIRX�SJ�XLIMV�FYWMRIWW�SFNIGXMZIW��8LI�WGSTI�SJ�XLI�VIWIEVGL�
GSRGIVRW�XLI�SZIVEPP�H]REQMGW�SJ�XLI�%)'3�WIGXSV�GSRGIVRMRK�XLI�HMKMXEP�VIZSPYXMSR�
EJJIGXMRK�QEREKIQIRX� SJ� XLI� FYMPX� IRZMVSRQIRX� TVSGIWWIW� EPSRK� XLI� PMJI� G]GPI� SJ�
TL]WMGEP�EWWIXW��8LIVIJSVI��E�PMXIVEXYVI�VIZMI[�SR�7GSTYW�HEXEFEWIW�LEW�FIIR�GEVVMIH�
SYX� ERH�QSWX� VIPIZERX� H]REQMGW� MR� XLI� PMXIVEXYVI� TVSHYGXMSR� LEZI� FIIR� MHIRXMƼIH�
and investigated trough bibliometric, trend and cluster analyses carried out on the 
WIPIGXIH�WEQTPI�SJ�EVXMGPIW��-R�WYQQEV]�MX�GER�FI�WXEXIH�XLEX�XLI�&-1�QEXYVMX]�EPPS[�XS�
IZEPYEXI�SVKERMWEXMSRWƅ�HMKMXEPMWEXMSR�TSXIRXMEP�IREFPMRK�XLI�VIIRKMRIIVMRK�SJ�FYWMRIWW�
TVSGIWWIW�� 1SVISZIV�� XLI� IZEPYEXMSR� SJ� SVKERMWEXMSRWƅ� &-1� GSQTPMERX� ETTVSEGLIW�
can provide a sound assessment method during a bid process, contributing to the 
XVERWTEVIRX�ERH�IJJIGXMZI�WIPIGXMSR�SJ�XLI�QSWX�ZMVXYSYW�ƼVQW��

/)=;36(7��4ȨǚǦǝǚǟȳǞȱȨ�ǟȨȳǙǗǚȨǟȨǞǘ��&-1��&-1�ǟȳǘǗǚǣǘǓ��1ȳǘǗǚǣǘǓ�ǠȨǖȨǠǙ��&ǣȲǠǣǝǟȨǘǚǣǔ�
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The built environment, today, is more and 
QSVI�GLEVEGXIVM^IH�F]�XLI�HMKMXEPM^EXMSR�
SJ�TVSGIWWIW�� JVSQ� XLI�IEVP]� WXEKIW�SJ�
the design, until the decommissioning 
SJ� XLI� EWWIXW� �6-&%� ������ 8LMW� XVIRH�
leads to the massive employment in 
%VGLMXIGXYVI��)RKMRIIVMRK��'SRWXVYGXMSR�
ERH� 3TIVEXMSRW� �%)'3� SJ� HMKMXEP�
XSSPW� EFPI� XS� QEREKI� XLI� MRJSVQEXMSR�
GSQTPI\MX]� TVSZMHIH� F]� XLI� HMKMXEPMWIH�
FYMPX� IRZMVSRQIRX�� ;MXLMR� XLMW� GSRXI\X��
SRI� SJ� XLI� QSWX� EGORS[PIHKIH�
ERH� VIGSKRMWIH� QIXLSHSPSK]� JSV�
MRJSVQEXMSR� QEREKIQIRX� MW� &YMPHMRK�
-RJSVQEXMSR�1SHIPPMRK� �&-1�ETTVSEGL��
%GGSVHMRK� XS� XLI� JVEQI[SVO� HIƼRIH�
F]� XLI� &VMXMWL� 7XERHEVH� -RWXMXYXMSR�
�&7-�� ������ &-1� GER� FI� MRXIRHIH� EW�
XLI�QEREKIQIRX� SJ� MRJSVQEXMSR� ƽS[W�
EPSRK�XLI�PMJI�G]GPI�SJ�XLI�EWWIX�XLVSYKL�
XLI� YWI� SJ� HMKMXEP� QSHIPPMRK� �&VMXMWL�
7XERHEVH�-RWXMXYXMSR�������REQIP]�E�WIX�
SJ� HMKMXEP� TVSGIWWIW�� IREFPIH�F]�HMKMXEP�
tools, procedures, methodologies, 
JYVXLIVMRK�IƾGMIRG]�SJ� XLI� MRJSVQEXMSR�
I\GLERKI� ERH� GSPPEFSVEXMSR� EQSRK�
players. 
(IWTMXI�XLI�GPIEV�EHZERXEKIW�SJJIVIH�F]�
XLMW�TS[IVJYP�ETTVSEGL��WXMPP�MXW�EHSTXMSR�
seems to be not completely embedded 
MR� XLI� EXXMXYHI� SJ� XLI� %)'3� TPE]IVW��
8LMW� MW� TVSFEFP]� HYI� XS� XLI� RIIH� JSV� E�
TEVEHMKQ�WLMJX� MR� XLI�FILEZMSYV�SR� XLI�
QEVOIX� SJ� XLIWI� WYFNIGXW� XLEX� SJXIR�
seems to be not completely aware 
SJ� XLI� VIQEVOEFPI� FIRIƼXW� XLEX� GSYPH�
be achieved in the middle-long term 
TIVWTIGXMZI� �4ʞVR�� )H[EVHW�� ERH� 7MRK�
������ 8LIVIJSVI�� XLI� VIWIEVGL� EMQW�
EX� TVSZMHMRK� E� GVMXMGEP� VIZMI[� SR� &-1�
QEXYVMX]� SJ� SVKERMWEXMSRW� STIVEXMRK� MR�
%)'3��

N. Moretti, P.E. Giana

8,)�&%'/+6392(�3*�8,)�6)7)%6',

1ER]� ETTVSEGLIW� JSV� XLI� &-1�
TIVJSVQERGI� QIEWYVIQIRX� GER� FI�
JSYRH� MR� PMXIVEXYVI� �=ERK� IX� EP�� ������
%RHSRI� ������ 7LMR� ERH� 'LEM� ������
'LIR��(MF��ERH�'S\�������+MIP�ERH�-WWE�
������/EWWIQ��1��� 7YGGEV�� &���(E[SSH�
������ 2IZIVXLIPIWW�� XLI� QSWX� TEVX� SJ�
XLIQ� EKVII� [MXL� XLI� HIƼRMXMSR� SJ� X[S�
JYRHEQIRXEP� XIVQW�� �M� EHSTXMSR�� ERH�
�MM� QEXYVMX]�� 8LI� JSVQIV� GSRGIVRW� XLI�
EFMPMX]� SJ� ER� SVKERMWEXMSR� SJ� LERHPMRK�
&-1� XSSPW�� ERH� HIPMZIVMRK� &-1� FEWIH�
products, according to increasing 
PIZIPW� SJ� WOMPPW�� 8LI� PEXXIV� UYERXMƼIW�
XLI� GETEFMPMX]� SJ� ER� SVKERMWEXMSR� XS�
provide standardised guidelines, and 
procedures, to be distributed among its 
members, and to be applied whenever 
E� &-1� SYXTYX� QYWX� FI� EGLMIZIH� �&MPEP�
7YGGEV�� 7LIV�� ERH� ;MPPMEQW� ������
8LIVIJSVI��[LMPI� XLI�&-1�EHSTXMSR� GER�
be considered a bottom-up approach, 
XLI�&-1�QEXYVMX]�WLSYPH�FI�GSRWMHIVIH�
as an issue which can be addressed 
EGGSVHMRK� XS� E� XST�HS[R� ETTVSEGL��
XLI� QEREKIQIRX� SJ� XLI� SVKERMWEXMSR�
QYWX�FI�E[EVI�SJ�WXVEXIKMG�GLSMGIW�ERH�
EHZERXEKIW�GSQMRK�JVSQ�XLI�EHSTXMSR��
WXERHEVHMWEXMSR��ERH�MQTPIQIRXEXMSR�SJ�
XLI�&-1�ETTVSEGL��
8LI� VIWMWXERGI� XS� XLI� HMKMXEPM^EXMSR� SJ�
%)'3�QEVOIX
According to the report published by 
1G/MRWI]� -RWXMXYXI� �1G/MRWI]� +PSFEP�
-RWXMXYXI�� ����� SR� PEFSYV� TVSHYGXMZMX]��
it is interesting to analyse data on 
HMKMXEPM^EXMSR�� 2EQIP]�� GSRWXVYGXMSR�
WIGXSV� MW� JSPPS[MRK� FSXL� MR� XIVQ� SJ�
TVSHYGXMZMX]�� ERH� HMKMXEPM^EXMSR� EPP� XLI�
SXLIV�WIGXSVW��IWTIGMEPP]�QERYJEGXYVMRK��
and agriculture. Literature shows clearly 
XLI�FIRIƼX�XLEX�&-1�GER�TVSZMHI�XS�%)'3�
MRHYWXV]� �+YVIZMGL� ERH� 7EGOW� ������
%PZEVIRKE�������%P�,EXXEF�ERH�,EQ^IL�
������ 7EGOW� IX� EP�� ������ 6MWGLQSPPIV��
%PEVGʬR��ERH�/SWOIPE�������.ISRK�IX�EP��
������ %GGSVHMRK� XS� HEXE� SJ� )YVSWXEX��
ERH�-XEPMER�3ƾGI�JSV�2EXMSREP�7XEXMWXMGW��
E� FYVHIR� JEGXSV� MW� XLI� VEXMS� FIX[IIR�
XLI� ZEPYI� SJ� MRZIWXQIRX� MR� IRKMRIIVMRK�
the project, and the whole sector value, 
WLS[MRK�E�ZEPYI�SJ������MR�-XEP]�GSQTEVIH�
XS�XLI������MR�+��EVIE��8LMW�GSQTEVMWSR�
highlights the low investments in the 

IRKMRIIVMRK�GSQTSRIRX�SJ�XLI�TVSGIWW�
compared to the whole industry. This 
JEGXSV� WLS[W� XLI� PS[� MRXIVIWX� SJ� XLI�
sector in changing. Focusing on the 
-XEPMER�TYFPMG�WIGXSV��ER�EREP]WMW�SJ� XLI�
design tenders awarded through Most 
Economically Advantageous Tender 
�1)%8� TVSGIWWIW� TYFPMWLIH� MR� �����
�3-')������� WLS[W�ER�EZIVEKI�E[EVH�
[MXL� ��� SYX� SJ� ���� TSMRXW� EWWMKRIH�
XS� XLI� IGSRSQMGEP� JEGXSV�� 8LI� TYFPMG�
EHQMRMWXVEXMSRW� FIRH� XLI� YWI� SJ� XLI�
1)%8�TVSGIWW�XS�E�GEPP�JSV�XIRHIVW�[LMGL�
IZEPYEXIW� NYWX� XLI� IGSRSQMG� JEGXSV��
This approach less and less enhances 
the project engineering, which could 
TVSZMHI� E� VIQEVOEFPI� STXMQM^EXMSR�
SJ� XLI� ƼREP� TVSHYGX� �4LMPMTT� +IVFIVX�
����� �M�I�� MR� XIVQW� SJ� WYWXEMREFMPMX]��
TIVJSVQERGI��GSWX��IXG���8LMW�ETTVSEGL�
MQTSWIW� E� PSX� SJ� GSPPEXIVEP� GSWXW� MR�
GSRWXVYGXMSR� TLEWI� �0SZI� IX� EP�� ������
&-1� ETTVSEGL� GSYPH� VIHYGI� EPP� XLIWI�
ZEVMERGI� MR� TIVJSVQERGIW� �4IERWYTET�
ERH�0]�������(IWMKR�ƼVQW�VIEGX�XS�XLMW�
reluctance to investment reducing the 
IJJSVX�SR�XLI�ƼREP�TVSHYGX��*MVQW�MRZIWX�
in the project less in order to maintain 
TVSƼXEFMPMX]�� HYI� XS� XLI� LYKI� HMWGSYRX�
SJJIVIH�HYVMRK�XLI�XIRHIV�&EHHIPI]�ERH�
'LERK� ������ 8LMW� EXXMXYHI�� SR� FILEPJ�
SJ� XLI� GSRXVEGXMRK� EYXLSVMXMIW�� SYXPMRIW�
ER�MRLIVIRX�GSRHMXMSR�SJ�XLI�WIGXSV�XLEX�
leads it to analyse just investments in 
the short term(World Economic Forum 
������

7%:-2+7� :)6797� 59%0-8=� -2� 8,)�
49&0-'�8)2()67

A second consideration concerns the 
EZIVEKI�HMWGSYRX�GEVVMIH�SYX�F]�XLI�ƼVQW�
that won design tenders. According to 
HEXE�TYFPMWLIH�F]�XLI�-XEPMER�EWWSGMEXMSR�
SJ� -XEPMER� IRKMRIIVMRK�� EVGLMXIGXYVEP�
and technical economic consulting 
SVKERM^EXMSRW� �3-')������ MR�.YRI�� XLI�
VIHYGXMSR� MR� XIVQW� SJ� TVMGI�� FIX[IIR�
the pre and post awarding procedures, 
MW�����	�JSV� XIRHIVW�TYFPMWLIH� MR������
ERH�����	�JSV�XLSWI�TYFPMWLIH�MR�������
8LI�XIRHIVW�TYFPMWLIH�MR������VIEGLIH�
ER� EZIVEKI� HIGVIEWI� SJ� ����	� ERH�
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XLSWI�TYFPMWLIH�MR������LEH�ER�EZIVEKI�
HIGVIEWI�SJ�����	��
This situation is empathised especially 
GSRWMHIVMRK� XLI� XVIRH� SJ� XLI� HMWGSYRX�
EZIVEKI�SJ�HIWMKR� XIRHIV��8LMW�EXXMXYHI�
SJ�SJJIVMRK�E�WIVZMGI�EX�E�LMKL�HMWGSYRX�
TVSZMHIW� E� HIGVIEWI� MR� XLI� UYEPMX]� SJ�
XLI� WIVZMGI� �%^M^� ERH� ,EJI^� ������
2EQIP]��MX�TVSZSOIW�ER�ETTVSEGL�[LIVI�
there is a reluctance to innovation, in 
TEVXMGYPEV� SJ� RI[�QIXLSHSPSKMIW�� WYGL�
EW� &-1� �1YVTL]� ������ %GGSVHMRK� XS�
2&7� �;EXIVLSYWI� ERH� 4LMPT� ������
;EXIVLSYWI� IX� EP�� ������ XLI� &-1�
approach is not perceived by all 
designers, and contractors as an 
EHZERXEKI�XS�LEZI�E�LSPMWXMG�ZMI[�SJ�XLI�
project, and provide a better result, but 
EW�E�VIUYMVIQIRX�SJ�XLI�GPMIRXW��2EQIP]��
4YFPMG� %YXLSVMXMIW� VIUYMVI� &-1� IZIR� MJ�
they do not have a clear knowledge 
SJ� [LEX� XLI]� GER� EGLMIZI� XLVSYKL�
XLI� ETTPMGEXMSR� SJ� XLMW� QIXLSHSPSK]��
For this reason, the computational 
ETTVSEGL�MW�TSWWMFPI�SRP]�MJ�XLI�GPMIRXW��
and the people who really want to 
apply this methodology are well 
JSGYW� SR� XLI� SFNIGXMZI�� 1SVISZIV�� E�
HIITIV� ORS[PIHKI� ERH� E[EVIRIWW� SJ�
TSXIRXMEPMXMIW� SJJIVIH� F]� XLI� EHSTXMSR�
SJ� XLI�&-1�QIXLSHSPSK]� MW� VIUYMVIH� XS�
JSWXIV�XLI�ZMVXYSYW�TVSGIWWIW�

8,)�%-1�3*�8,)�6)7)%6',

8LI� EMQ� SJ� XLMW� TETIV� MW� XS� TVSZMHI� E�
GVMXMGEP� VIZMI[� SR� XLI�QIEWYVIQIRX� SJ�
XLI�&-1�QEXYVMX]�PIZIP�SJ�SVKERMWEXMSRW��
which adopt or are willing to adopt a 
&-1�ETTVSEGL��
8LMW� [SVO� WIXW� XLI� JSYRHEXMSR� XS�
YRHIVWXERH�XLI�PEGOW�MR�XLI�WXEXI�SJ�XLI�
EVX�� ERH� XLI� MRXIVIWXW� SJ� XLI� MRHYWXV]��
-R� SVHIV� XS� SFXEMR� XLMW� VIWYPX�� XLI�
research provides a comprehensive 
GVMXMGEP� SZIVZMI[� SJ� XLI� WGMIRXMƼG�
XLISVIXMGEP� JVEQI[SVO� WXEVXMRK� JVSQ�
the market conditions and behaviours. 
The investigation is conducted on the 
LMWXSVMGEP� XVIRH� XS�SYXPMRI� ERH� JSVIGEWX�
XLI�XVIRH�SJ�%)'3�MRXIVIWX��
8LIVIJSVI��E�WIX�SJ�FMFPMSQIXVMG�EREP]WMW�
have been carried out, on a selected 
WEQTPI� SJ� VIJIVIRGIW� VIXVMIZIH� JVSQ�
7GSTYW�HEXEFEWI��8LI�VIJIVIRGIW�LEZI�
FIIR� TVSGIWWIH� XLVSYKL� &MFPMSQIXVM\�
�%VME� 
� 'YGGYVYPPS� ������ ER� 6�XSSP�
allowing many bibliometric analyses, 
clustering and mapping operations. 
The paper concludes with some insides 
MR� XLI� ORS[PIHKI� KETW� IQIVKIH� JVSQ�
XLI� FMFPMSQIXVMG� ERH� WYKKIWX� JYXYVI�
research trajectories.

1)8,3(303+-'%0�%4463%',

8LI� GVMXMGEP� PMXIVEXYVI� VIZMI[� SR� &-1�
maturity has been implemented thanks 
XS� XLI� YWI� SJ� XLI� 6�XSSP� &MFPMSQIXVM\�
�%VME�ERH�'YGGYVYPPS�������&MFPMSQIXVM\�
EPPS[W�XS�I\TPSMX�E�WIX�SJ�JYRGXMSRW�EFPI�
XS� TVSZMHI� E� GSQTVILIRWMZI� ZMI[� SJ�
E� WTIGMƼG� WEQTPI� SJ� VIJIVIRGIW�� 8LI�
WEQTPI�LEW�FIIR�VIXVMIZIH�JVSQ�7GSTYW��
SRI� SJ� XLI� QSWX� EGORS[PIHKIH� ERH�
VIPMEFPI�HEXEFEWIW�SJ�WGMIRXMƼG�PMXIVEXYVI��
*SV� XLI� WIPIGXMSR� SJ� XLI� WEQTPI��
XLI� JSPPS[MRK� OI][SVHW� LEZI� FIIR�
YWIH�� &-1� 36� �&YMPHMRK�� -RJSVQEXMSR�
1SHIPMRK�� 36� �&YMPHMRK�� -RJSVQEXMSR�
1SHIPPMRK�� 36� �&YMPHMRK�� -RJSVQEXMSR�
1SHIP�� %2(� 1EXYVMX]� ERH� XLI� 7GSTYW�
HEXEFEWI� LEW� FIIR� MRWTIGXIH� MR� ƼIPHW�
“Article title, Abstract, Keywords”. The 
research has been carried out in early 
.YP]� ������ %� [MHIV� WIX� SJ� VIJIVIRGIW�
[SYPH� LEZI� FIIR� VIXVMIZIH� MJ� EPP� ƼIPHW�

in the database had been inspected, 
XLSYKL� XLI� VIPMEFMPMX]� SJ� HEXE� GSPPIGXIH�
would have been reduced remarkably. 
(IWTMXI� XLI� XSTMG� SJ� XLI�QEXYVMX]� PIZIP�
MW�[IPP� HIƼRIH�ERH� XLI�FSYRHEVMIW�EVI�
VIGSKRMWEFPI�� XLI� &-1� MR� PMXIVEXYVI� MW�
HIƼRIH� MR� HMJJIVIRX� [E]W� EGGSVHMRK� XS�
XLI�VIKMSREP�TVSZIRERGI�SJ�XLI�EYXLSVW�
and to their own personal choices. 
8LIVIJSVI�� QER]� HIƼRMXMSRW� SJ� XLI�
OI][SVHW� LEZI� FIIR� IQTPS]IH�� &-1�
SV� �&YMPHMRK�� -RJSVQEXMSR� 1SHIPMRK��
SV� �&YMPHMRK�� -RJSVQEXMSR� 1SHIPPMRK��
SV� �&YMPHMRK�� -RJSVQEXMSR� 1SHIP��� 8LI�
VIWIEVGL� TVSZMHIH� EW� SYXGSQI� ����
VIJIVIRGIW��
8LI� JSPPS[MRK� WXIT� GSRGIVRIH� XLI�
GPIERMRK� SJ� XLI� WIPIGXIH� VIJIVIRGIW��
WMRGI�WSQI�SJ�XLIQ�EVI�RSX�EWWSGMEXIH�
XS�ER�EYXLSV��EYXLSVW�ƼIPH�MW�QEVOIH�EW�
?2S�EYXLSV�REQI�EZEMPEFPIA��
This operation gave as output a 
HEXEFEWI� SJ� ���� VIJIVIRGIW�� 3R� XLI�
cleaned database the bibliometric 
analyses have been carried out and key 
MRWMKLXW�LEZI�FIIR� MHIRXMƼIH��%REP]WIW�
GER�FI�HMZMHIH�MR�ƼZI�KVSYTW��
8LI� ƼVWX� KVSYT� GSRGIVRW� XLI� KIRIVEP�
ORS[PIHKI� SJ� XLI� HEXEFEWI�� 8LIWI�
WXEXMWXMGW�WYQQEVMWI�MRJSVQEXMSR�EW�XLI�
RYQFIV� SJ� XSXEP� HSGYQIRXW� VIXVMIZIH��
XLI� RYQFIV� SJ� WSYVGIW�� RYQFIV� SJ�
OI][SVHW�IXG��8EFPI����8LI�ƼVWX�KVSYT�
MW� JSPPS[IH� F]� JSYV� XLIQEXMG� WIXW� SJ�
analyses concerning the chronological 
HMWXVMFYXMSR�SJ�XLI�WGMIRXMƼG�TVSHYGXMSR��
analysis by author, by country and the 
XLIQEXMG� EREP]WIW� SJ� XLI� OI][SVHW��
8LI� HMWGYWWMSR� SJ� XLIWI� VIWYPXW�
allows to spot the gap in literature and 
QEMR� GLEVEGXIVMWXMG� SJ� XLI� PMXIVEXYVI�
TVSHYGXMSR�SR�XLI�QIEWYVIQIRX�SJ�XLI�
&-1�QEXYVMX]�PIZIP�MR�7GSTYW�HEXEFEWI�
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Table 1 summarises the main 
WXEXMWXMGW� TIVJSVQIH� XLVSYKL� XLI� YWI�
SJ� &MFPMSQIXVM\�� %W� GER� FI� WIIR�� XLI�
RYQFIV� SJ� TETIVW� VIXVMIZIH� EJXIV� XLI�
cleaning process is great enough to 
TIVJSVQ� WSQI� WYFWXERXMEP� WXEXMWXMGW��
HIWTMXI� ���� EVI� RSX� VITVIWIRXEXMZI�
SJ� E� [MHI� PMXIVEXYVI� TVSHYGXMSR� SR�
XLI� &-1� QEXYVMX]� JVSQ� ����� XS� ������
2IZIVXLIPIWW�� XLI� LMKL� RYQFIV� SJ�
citations per documents shows a 
potential high interest in the topic. 

8EFPI����1EMR�-RJSVQEXMSR�EFSYX�HEXE��
*MKYVI����%RRYEP�WGMIRXMƼG�TVSHYGXMSR�SZIV�XLI�XSXEP�WEQTPI�SJ�VIJIVIRGIW
Figure 2: Average total citations per year

,ǣǙǘǝǚǣȱȳǠ�ǙȨǚǣȨǙ
The increasing interest in the topic 
MW� EPWS� GSRƼVQIH� F]� XLI� WGMIRXMƼG�
production over the years, with a 
TEVXMGYPEV� MRGVIEWMRK� SJ� TYFPMGEXMSRW�
JVSQ� ����� XS� �������� �*MKYVI� ��� 8LI�
EHSTXMSR�SJ�&-1�FIGEQI�MR�XLIWI�]IEVW�
a hot topic in many countries. 
8LMW� XVIRH� MW� EPWS� GSRƼVQIH� F]� ER�
MRGVIEWMRK�RYQFIV�SJ�TETIVW�TYFPMWLIH�
MR� GSRJIVIRGI� TVSGIIHMRKW� MR� XLI�
timespan indicated above. A slower 
KVS[XL�MW�VIKMWXIVIH�JVSQ������XS�������
though the annual percentage growth 
VEXI� MW� �����	�� (IWTMXI� XLI� WGMIRXMƼG�
production shows a rapid increasing 
JVSQ� ����� XS� ������ E� GSYRXIVXVIRH�
H]REQMG� GER� FI� SFWIVZIH� JSV� [LEX�
concerns the average total citations per 
]IEV� �*MKYVI���� -R������� MR� XLMW�GEWI��E�
TIEO�SJ�QSVI�XLER�����XSXEP�GMXEXMSRW�MW�
registered.
8LI� RYQFIV� SJ� GMXEXMSRW�� MJ� XEOIR� EW� E�
WMRKPI�MRHI\��HS�RSX�I\TVIWW�XLI�UYEPMX]�
SJ� WGMIRXMƼG� TVSHYGXMSR�� -R� JEGX�� XLI�
interest on the topic started growing 
WMRGI� XLI� ƼVWX� LMKLP]� GMXIH� TYFPMGEXMSR�
�&�7YGGEV�������WMRGI�XLIR�SRP]�E�JI[�
publications on the topic were made 
compared to the actual production.
From that moment on, the literature 
TVSHYGXMSR� VSWI� I\TSRIRXMEPP]�� 8LMW�
XVIRH� GSYPH� I\TPEMR� XLI� HIGVIEWMRK� SJ�
EZIVEKI� GMXEXMSRW� TIV� ]IEV� EJXIV� XLI�
�����
Analysis by author
Further analyses concerning the 
authors’ productivity have been done. 
%X� ƼVWX� E� VEROMRK� SJ� QSWX� TVSHYGXMZI�
EYXLSVW�MR�XLI�XMQIWTER�����������LEW�
FIIR�HIZIPSTIH��*MKYVI���
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%JXIV[EVHW�� EYXLSVW� LEZI� FIIR� VIPEXIH�
among each other, as represented in 
*MKYVI���� XLVSYKL�XLI�EYXLSVWƅ�GSYTPMRK�
JYRGXMSR��8[S�EVXMGPIW�EVI�GSYTPIH� MJ�EX�
least one cited source appears in the 
PMWX� SJ� VIJIVIRGIW� SJ� FSXL� EVXMGPIW�� %�
coupling network can be created using 
XLI�JSVQYPE�

;LIVI� %� MW� E� (SGYQIRX� <� 'MXIH�
VIJIVIRGI� QEXVM\� �%VME� ERH� 'YGGYVYPPS�
������
For the analysis carried out in Figure 
��� XLI� YRMX� SJ� QIEWYVI� GSRWMHIVIH� MW�
“authors”, alternatively can be used 
SXLIV�YRMX�SJ�QIEWYVIW�EW�ƈVIJIVIRGIWƉ��
“sources”, “countries”, “keywords” etc. 
*MKYVI� �� WLS[W� XLEX� QSWX� TVSHYGXMZI�
authors are related among each other. 

%ǞȳǠǓǙǣǙ�ȲǓ�ȱǝǗǞǘǚǓ
*SV� XLI� EREP]WMW� SJ� XLI� TYFPMGEXMSRW��
GEVVMIH�SYX�JSPPS[MRK�E�WMQMPEV�ETTVSEGL��
most productive countries have been 
MHIRXMƼIH�ERH�VITVIWIRXIH��*MKYVI���EW�
well as the relationship among them 
�*MKYVI� ��� *SV� W]RXLIWMW� VIEWSRW�� EW�
in previous representations, only the 
ƼVWX����QSWX�TVSHYGXMZI�GSYRXVMIW�LEZI�
FIIR� TPSXXIH� �*MKYVI� ��� [LMPI� MR� *MKYVI�
�� EPP� XLI� TVSZIRERGI� SJ� EYXLSVW� LEZI�
been represented. Figure 5 demonstrate 
XLEX� XLI� QSWX� TEVX� SJ� XLI� HSGYQIRXW�
GER� FI� GEXIKSVMWIH� EW� 7MRKPI� 'SYRXV]�
4YFPMGEXMSRW��7'4��%VKYEFP]��XLMW�MW�HYI�
to the scholars’ inclination to collaborate 
in writing articles among their own local 
research group. 
3RP]� %YWXVEPMER� TYFPMGEXMSRW� WLS[� E�
QENSVMX]�SJ�1YPXMTPI�'SYRXV]�4YFPMGEXMSRW�
�1'4� EKEMRWX� 7'4�� *MKYVI� �� LEW� FIIR�
obtained in a similar way compared 
XS� *MKYVI� ��� -R� XLMW� GEWI� XLI� GSYRXV]�
collaboration is calculated as a 
relationship where the nodes are the 
TVSZIRERGI� SJ� EYXLSVW� �GSYRXVMIW�
and the links are co-authorships. This 
relationship can be obtained thanks to 
XLI�JSVQYPE�

*MKYVI����1SWX�TVSHYGXMZI�EYXLSVW�JVSQ������XS�����
*MKYVI����%YXLSVW��GSYTPMRKW�EQSRK�XLI�QSWX�JVIUYIRX����EYXLSVW
Figure 5: Most productive countries: Single country publications (SCP), Multiple Country Publications (MCP)
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[LIVI�%�MW�E�(SGYQIRX���%YXLSV�QEXVM\�
�%VME�ERH�'YGGYVYPPS������

/ȨǓǕǝǚȰǙ�ȳǞȳǠǓǙǣǙ
%�JYVXLIV�WXIT�GSRGIVRW�E�WIX�SJ�EREP]WIW�
SR�XLI�OI][SVHW�VIXVMIZIH�JVSQ�WIPIGXIH�
articles. These operations have been 
GEVVMIH� SYX� XLEROW� XS� E� VIƼRIQIRX� SJ�
data. The main issue in this phase 
GSRGIVRW� XLI� HIƼRMXMSR� SJ� &YMPHMRK�
-RJSVQEXMSR�1SHIPPMRK��
%GGSVHMRK� XS� XLI� TVSZIRERGI� SJ� XLI�
EYXLSVW� ERH� XS� REVVEXMZI� GLSMGIW�� &-1�
GER� FI� REQIH� HMJJIVIRXP]�� ƈ&YMPHMRK�
-RJSVQEXMSR� 1SHIPMRKƉ�� ƈ&YMPHMRK�
-RJSVQEXMSR� 1SHIPPMRKƉ�� ƈ&-1Ɖ�
ERH� GSQFMREXMSRW� SJ� XLI� ƼVWX� X[S�
EPXIVREXMZIW� [MXL� XLI� XLMVH�� -R� SVHIV� XS�
gather all terminology with the same 
QIERMRK�� [I� HIGMHIH� XS� VIHIƼRI� EPP�
XLI� HMJJIVIRX� EPXIVREXMZIW� EW� ƈ&-1Ɖ��
2IZIVXLIPIWW�� XLMW� STIVEXMSR� KMZI� VMWI�
XS� XLI� PSWW�SJ� XLI� LIXIVSKIRIMX]� SJ� XLI�
HIƼRMXMSR�SJ� XLI� XIVQ�� XLSYKL� MX� EPPS[W�
to group all terms with the same 
semantics in a single entity. 
Moreover, a network and clustering 
EREP]WMW� LEZI� FIIR� GEVVMIH� SYX� �EW� JSV�
EREP]WIW� F]� EYXLSV� ERH� F]� GSYRXV]�
YWMRK�XLI�JSPPS[MRK�JSVQYPE��

8LI� 6�TEGOEKI� IQTPS]IH� JSV� XLI�
EREP]WIW� EPPS[� XS� SFXEMR� E� JYVXLIV�
WIQERXMG� VITVIWIRXEXMSR� SJ� XLI�
keywords analysed. 
8LIVIJSVI�� *MKYVI� �� VITVIWIRXW� XLI�
conceptual structure map obtained 
XLVSYKL� E� 1YPXMTPI� 'SVVIWTSRHIRGI�
%REP]WMW� �1'%� [LMGL� EPPS[W� XLI� HEXE�
interpretation according to the relative 
TSWMXMSRW� SJ� XLI� TSMRXW� VITVIWIRXMRK�
E� WTIGMƼG� EYXLSV� OI][SVH� ERH� XLIMV�
distributions in the graph. As words are 
more similar in distribution, the closer 
they are represented in the map (Aria 
ERH�'YGGYVYPPS������

Figure 6: Country collaboration 
8EFPI����1SWX�JVIUYIRX�OI][SVHW��()�EVI�XLI�%YXLSV�/I][SVHW�ERH�-(�EVI�XLI�/I][SVHW�EWWSGMEXIH�F]�7GSTYW��ƼVWX�����
Figure 7: Conceptual structure map
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8LI� EREP]WMW� SJ� XLI� WGMIRXMƼG�
production on this topic meets the 
IZSPYXMSR� SJ� XLI� ,]TI� G]GPI� �*IRR� ERH�
6EWOMRS� ������ 8LI� MRGVIEWI� SJ� XLI�
technology applications, supporting 
XLI�QIXLSHSPSK]�� MW�VIEGLMRK� MXW�TMGO�SJ�
MRƽEXIH� I\TIGXEXMSRW� �;EXIVLSYWI� IX�
EP�������������� -R� JEGX�� GSRWMHIVMRK� XLI�
historical series, the literature production 
VEMWIH�E�PSX�JVSQ������YRXMP�XLI�ƼVWX�LEPJ�
SJ� XLI� ������ IWTIGMEPP]� JSVIGEWXMRK� XLI�
ERRYEP� WGMIRXMƼG� TVSHYGXMSR� XLI� XVIRH�
is increasing. This evolution is caused 
F]� E� HIQERH� XS� XLI� &-1�QIXLSHSPSK]�
XLEX��QSWX�SJ�XLI�XMQI��VIWYPXW�MR�E�WMQTPI�
XVERWPEXMSR� SJ� E� XVEHMXMSREP� TVSGIWW� MRXS�
E� HMKMXEPM^IH� SRI�� TEVXMGYPEVP]� [LIR�
EPTLERYQIVMG� MRJSVQEXMSR� EVI� RSX�
relevant compared to graphical ones. 
Analysing the literature review published 
EX� MRXIVREXMSREP� PIZIP�� XLIVI� EVI� E� JI[�
EYXLSVW� [MXL� LMKL� RYQFIV� SJ� GMXEXMSRW��
These authors are tightly linked as well. 
The most productive countries are 
connected, but this connection is not 
structured between the USA and UK, 
which are, beside all, the most productive 
ones. The research individuated, in 
XLI� EREP]WMW� SJ� XLI� OI][SVHW� YWIH� F]�
authors, that there is a slight alteration 
SJ� XLI� OI]� XSTMGW� HYI� XS� XLI� QYPXMTPI�
[E]W� SJ� HIƼRMRK� XLI� &-1� EGVSR]Q��
-RHIIH�� XLI� EYXLSVW� VIEPMKRIH� XLIWI�
words to a common topic and obtain 
a result characterised by an improved 
WIQERXMG�QIERMRK��8LIVIJSVI��EGGSVHMRK�
to Figure 9, two main semantic groups 
SJ� OI][SVHW� GER� FI� MHIRXMƼIH�� XLI� ƼVWX�
regards the process management and 
XLI� XLISVMIW� ERH� FIWX� TVEGXMGIW� SJ� &-1�
QEXYVMX]� QSHIPW�� EWWIWWQIRX� ERH�
ETTPMGEXMSR�� XLI�WIGSRH� MW� VIPEXIH� XS� PMJI�
cycle management. These two sets 
GER� FI� MRXIRHIH� EW� XLI� IHKIW� SJ� XLI�
HMWGMTPMREV]� ƼIPHW� [LMGL� IRGSQTEWW�
XLI� XSTMG� SJ� XLI� &-1� QEXYVMX]�� 3R� SRI�
hand these two sets represent the most 
WYMXEFPI� IRZMVSRQIRX� JSV� TYFPMGEXMSRW��
on the other hand, they can be taken 
EW� WXEVXMRK� TSMRX� JSV� XLI� HIZIPSTQIRX�
SJ� RI[� XLISVMIW� ERH� TVEGXMGIW� MR� SXLIV�
GSRXI\XW�

'32'097-327

8LVSYKL� XLI� YWI� SJ� &MFPMSQIXVM\��
XLI� EYXLSVW� HIZIPSTIH� E� WIX� SJ�
comprehensive bibliometric analyses 
in a streamlined way analysing and 
clustering the results. This approach 
allows to understand a massive amount 
SJ� HEXE� PSSOMRK� MRXS� MXW� GSQTPI\MX]��
Moreover, the research provides a solid 
QIXLSH�XS�YRHIVWXERH�XLI�FSYRHEV]�SJ�
XLI� IZSPYXMSR� SJ� XLI� PMXIVEXYVI�� HIWTMXI�
ER� I\XIRWMSR� SJ� XLI� WIX� SJ� EVXMGPIW�
(e.g. considering other databases as 
;IF� SJ� 7GMIRGI�� 7GLSPEV�� IXG�� GSYPH�
improve the analyses and provide 
JYVXLIV� QIERMRKW�� %PWS�� KVI]� PMXIVEXYVI�
�VITSVXW�� [LMXITETIVW� IXG�� LEW� RSX�
been considered, despite it could be 
VITVIWIRXEXMZI� SJ� SXLIV� H]REQMGW� MR�
PMXIVEXYVI�EW�XLI�EHSTXMSR�SJ�XLI�&-1�F]�
MRWXMXYXMSRW� ERH� ƼVQW� ERH� QE]� VIƼRI�
the conceptual structure map. The 
critical review helps in a better and more 
EGGYVEXI� HIƼRMXMSR� SJ� XLI� FSYRHEVMIW�
SJ� XLI� &-1� QEXYVMX]� [LMGL� EPPS[W� XS�
evaluate organisations’ digitalisation 
TSXIRXMEP��IREFPMRK�XLI�VIIRKMRIIVMRK�SJ�
business processes. Moreover, through 
XLI� IZEPYEXMSR� SJ� XLI� GSQTERMIWƅ�
TVSGIWWIW� GSQTPMERGI� [MXL� XLI� &-1�
approach, a more reliable assessment 
during the bidding process could be 
achieved. This trend contributes to the 
XVERWTEVIRX� ERH� IJJIGXMZI� WIPIGXMSR� SJ�
the most virtuous organisations.
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The well-known “iron triangle” and its attributes, time, cost and quality has still 
importance as a framework of basic objectives of construction projects. In practice, 
construction project managers can optimise time and costs with the well-known time/
cost trade-off approach, but quality optimization versus cost and time performances 
in construction project is usually pursued in a rather intuitive manner based upon 
4VSNIGX�1EREKIVƅW�I\TIVMIRGI��8LI�VIWIEVGL�FILMRH�XLMW�TETIV�MW�TVSTSWMRK�E�WTIGMƼ�G�
approach where three possible estimates for time, cost and quality form starting 
points for the optimisation of project performance. The estimates are based on 
characteristic of alternative technical solutions such as possible commercial 
products to be used or assembled. The effectiveness of various combinations is 
evaluated with an optimisation procedure based upon Genetic Algorithms. A simple 
pilot study of a renovation project of two residential apartment is presented to test 
the proposed approach. The gained results are demonstrating the possibilities of 
genetic algorithms for such trade off analyses. 
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INTRODUCTION

Quality in construction projects is 
SJ� TVMQI� MQTSVXERGI� JSV� XLI� ƼREP�
client. Time and cost are other main 

points of interest, but the desired quality of 
an important construction project can be 
an outstanding result to achieve. Project 
Manager’s objectives are often described 
as the “Iron Triangle” (Atkinson, 1999), 
meaning time, cost and quality or project 
scope. Generally speaking, quality can 
FI� HIƼRIH� EW� XLI� ƼXRIWW� JSV� TYVTSWI��
[LMPI� QSVI� WXVMRKIRX� HIƼRMXMSR� MW� XLI�
degree of conformance of the outputs 
and process (APM, 2015) and the level of 
accomplishment of a product or a process 
to a set of performance requirements (ISO 
����������� -73�WXERHEVHW�HIƼRI�UYEPMX]�
as the degree to which a set of inherent 
GLEVEGXIVMWXMGW� JYPƼPP� VIUYMVIQIRXW��
Quality assessment in construction can 
be divided into three main components: 
quality of products, quality of design and 
quality of processes. Quality of products 
can be understood primarily as a technical 
quality whereas quality of design is about 
meeting the needs of client and end users 
successfully. 
The quality of processes refers all 
activities throughout the life-cycle of 
building construction project (Bragadin, 
Kahkonen, 2013). 
Traditional project control techniques 
are built around time and cost, where 
estimates of costs and durations of 
[SVO�TEGOEKIW�ERH�ƼREPP]� SZIV� XLI� XSXEP�
project are forming the control baseline. 
The integrated project control of time 
and costs generally is addressed with the 
Earned Value Method (Moder et alii, 1983, 
Rasdorf and Abudayyeh, 1991, ANSI/EIA, 
1998). Time-cost trade-off is a well known 
method of project management (Fondhal, 
1962; Harris, 1978; Moder et alii, 1983; 
Reda, Carr, 1989; Fan, Lin 2007, Agdas et 
alii, 2018) that aims at optimising project 
results in terms of cost and timing, 
mainly by evaluating the ratio between 
the differences of crash cost and normal 
/ minimum cost and crash duration and 
normal duration of activities on a critical 
path. 
Nevertheless, few optimisation 
approaches that entails also quality can be 
found in literature (Minchin, Smith, 2001; 

El-Rayes, Kandil, 2005, 2006; San Cristobal, 
2009; Monghasemi, Nikoo, Fasaee, 
Adamowski, 2015). Project quality is 
surely interdependent with time and costs, 
but a general mathematical equation that 
PMROW�XLI�XLVII�/4-W�GER�FI�HMƾGYPX�XS�ƼRH��
or at least, can be different changing from 
case to case. Project Managers, actually, 
optimise quality versus costs and time 
with a rather intuitive manner.
Framing the quality and integration of 
the quality aspect with the time and cost 
aspects have been long-term topics 
of interest both to the industry and 
academia. The quality of construction 
is closely relating to the value and 
performance concepts. Solutions such 
as value engineering and management, 
Quality Management Systems (QMS) 
together with key performance indicators 
(KPI) represent solutions in practice that 
are framing quality and providing some 
linkage to time and cost. Modelling of 
interplay between time, cost and quality 
has been a long term arena of interest 
particularly for academia.
Quality assessment in management of 
construction projects can be successfully 
delivered with quality based KPIs 
(Minchin, Smith 2001; El-Rayes, Kandil, 
2005, 2006), and the objective of the 
presented research work is to propose 
Genetic Algorithms to purse time-cost-
quality trade-offs in construction projects.

PREVIOUS WORK

Few researchers focused the problem 
of the evaluation of the global quality 
of a project or a system by means of a 
quality indicator, and the development of 
a time-cost-quality trade-off procedure. 
Atkinson (1999) introduced the concept 
of the project manager’s iron triangle, 
meaning the need of integrating time, cost 
and scope, or quality project objectives. 
The integration of cost, schedule and 
performance data was addressed by Cho, 
Russell and Choi (2013) building on the 
traditional Work Breakdown framework. 
-R� XLI� ƼIPH� SJ� -RJSVQEXMSR� 8IGLRSPSKMIW�
Mishra and Mahanty (2014) indicate that 
the optimisation of project cost, schedule 
and quality for a software development 

project in an outsourcing environment, 
can be studied with a system dynamics 
simulation approach. 
El Rayes and Kandil (2005, 2006) 
presented a method aimed at facilitating 
XLI� QIEWYVIQIRX� ERH� UYERXMƼGEXMSR�
of the global construction quality by 
estimating quality performances of each 
TVSNIGX�EGXMZMX]� XLSVSYKL�XLI�HIƼRMXMSR�SJ�
a Quality Index. The method was applied 
MR� XLI�ƼIPH�SJ�LMKL[E]�GSRWXVYGXMSR��8LI�
HIƼRMXMSR�SJ�E�UYEPMX]�/4-��XIVQIH�5YEPMX]�
index, is achieved by the creation of a 
Quality Breakdown Structure (QBS) of the 
project. The Construction Quality Index 
(CQI) is a rating of quality of materials 
and workmanship on highway projects 
completely objective (Minchin, Hammons 
and Ahn, 2008).
The QBS developed approach builds 
on the “Quality – Based Performance 
Rating System” of the American National 
Cooperative Highway Research Program 
(NCHRP) (Anderson and Russel 2001, 
Minchin and Smith 2001) for contractors’ 
UYEPMƼGEXMSR�� 5&7� EMQW� EX� IZEPYEXMRK�
XLI� ƼREP� UYEPMX]� SJ� XLI� TVSHYGXW� SJ� XLI�
construction process, with a performance-
based approach. Therefore, a set of 
quality indicators are detected to evaluate 
XLI�ƼREP�TVSHYGX�UYEPMX]��
An automated optimisation system for 
construction resources termed MACROS, 
was developed (El Rayes and Kandil, 2005, 
2006), and the time, cost and quality trade-
off algorithm is developed by Genetic 
Algorithms. 
The use of Genetic Algorithms (GAs) was 
introduced by J. H. Holland (1975) as a 
research method based on the mechanics 
of natural selection and natural genetic 
of Darwin’s Evolutionary Theory. Later, 
Goldberg (1989) developed further the 
+%W�ETTVSEGL� MR� XLI�ƼIPH�SJ�EYXSQEXMSR�
engineering. GAs have been implemented 
in many engineering and operations 
research problems, for instance the 
Travelling Salesman Problem (Razali, 
Geraghty, 2011).
San Cristobal (2009) proposed an Integer 
Programming model which enables 
meeting quality output standards and 
time and cost objectives respectively, 
while Monghasemi et alii (2015) propose a 
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Multi-criterion decision-making approach 
XLEX� MHIRXMƼIW� EPP� KPSFEP� 4EVIXS� STXMQEP�
solutions by a multi-objective Genetic 
Algorithm. Sorrentino (2013) applies GAs 
to a time, cost and quality optimisation 
problem for project scheduling of road 
GSRWXVYGXMSR� ERH� ƼREPP]� 8MIRI� ������
investigated a similar application for the 
selection of design alternatives for a 
building envelope.

GENETIC ALGORITHMS FOR TIME, 
COST AND QUALITY TRADE-OFF

Owners and Government agencies have 
placed an increasing pressure on decision 
makers in the construction industry 
to design and plan new construction 
projects minimizing construction costs 
and time while maximizing its quality 
(San Cristobal, 2009). A custom Genetic 
Algorithm (GA) is developed and used to 
solve the time- cost and quality trade-off 
problem. 
Genetic Algorithms (GAs) are a global 
and stochastic research method 
termed “genetic” because of the mutual 
terminology from genetics, a branch 
of biology. Genetic algorithms are 
probabilistic search procedures designed 
to work on large spaces involving states 
that can be represented by mathematical 
strings (Goldberg & Holland, 1988). 
Genetic algorithms can be used with 
the aim of planning and controlling the 
activities of a project as they are search 
and optimization tools that assist decision 
makers in identifying optimal or near-
optimal solutions for problems with large 
search space.
One fundamental advantages of GAs 
from traditional methods is that they 
work from a rich database of solutions 
simultaneously (a population of 
chromosomes), climbing many peaks in 
TEVEPPIP�� XLYW� XLI� TVSFEFMPMX]� SJ� ƼRHMRK� E�
false peak is reduced over methods that 
go solution to solution, like the “brute-
force” method. The basic structure of a 
genetic algorithm involves cyclic operation 
that simulates the evolutionary process 
of a population. Each loop represents 
one generation and each new population 
generated is formed by better and better 

individuals. Five phases are considered 
in a Genetic Algorithm: initial population; 
ƼXRIWW� JYRGXMSR�� WIPIGXMSR�� QEXMRK�
(crossover / mutation); termination. 
A typical genetic algorithm starts 
generating randomly an initial population 
of possible solutions, called individuals. 
Every individual in the population (or 
whatever solution is desired) is coded in the 
form of a string, called the Chromosome. 
Each member of the current population is 
EWWIWWIH�F]�GEPGYPEXMRK� MXW�ƼXRIWW� ZEPYI�
F]�XLI�SFNIGXMZI�JYRGXMSR��ƼXRIWW��ERH�ER�
appropriate sorting of these individuals 
MW�HIXIVQMRIH�SR�XLI�FEWMW�SJ�XLI�ƼXRIWW�
values: The most promising individuals are 
selected as parents, creating a sequence 
of new populations or generations.
After selecting an n number of individuals, 
the genetic algorithm emulates the 
sexual reproduction that occurs naturally 
in biology and re-combines the genetic 
material of the parents, giving birth to 
the children or to the future generation 
of solutions. The re-combination is 
carried out by genetic operators of Cross 

Over (by appropriately combining the 
characteristics of a couple of parents) and 
Mutation (by making random changes on 
a single parent). The new generation of 
solutions takes the place of the previous 
generation, from which it was born for 
re-combination. The process is repeated 
a great number of times until one of the 
WXST�VIUYMVIQIRXW�MW�JYPƼPPIH��XIVQMREXMSR��
for example when an acceptable 
approximation of the solution to the 
problem is reached, or the maximum 
number of iterations has been performed. 
-R� ƼKYVI� R�� �� E� ƽS[� GLEVX� WYQQEVM^IW�
the operating principles of GAs. The GA 
approach is set on a population that 
generates a set of possible solutions. 
Subpopulations are possible, and 
subpopulation structures termed species 
GER�FI�HIƼRIH�[MXL�HMJJIVIRX�ETTVSEGLIW�
Genetic algorithms do not ensure that an 
optimal solution is found but contribute to 
a set of solutions superior to the source 
solutions. From the same problem and 
from the same set of possible starting 
individuals at each new population 
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generation the individuals evolve towards 
different and better new solutions. 
Because of this the GAs are used in the 
WXYH]� SJ� EVXMƼ�GMEP� MRXIPPMKIRGI�� -R� QER]�
situations, there are more than one relevant 
goal to minimize (or maximize), in this 
case a multi-objective genetic algorithm 
MW� HIƼ�RIH�� %�QYPXM�SFNIGXMZI�+%� TYVWYIW�
multiple objectives simultaneously, in the 
sense that an individual is considered 
more or less suitable in relation to multiple 
criteria. In this case the problem to be 
addressed is not simply reduced to the 
search for a local (or global) maximum 
or a minimum for a given function, but 
to the analysis of multiple criteria at the 
same time. In this kind of problems the 
ZEVMSYW� SFNIGXMZIW� EVI� SJXIR� GSRƽ�MGXMRK��
meaning that a solution that minimizes or 
maximizes an objective will generally not 
minimize or maximizes others. In a multi-
objective optimization problem, there is a 
RIIH�XS�Ƽ�RH�E�WSPYXMSR�XLEX� MW�STXMQEP�EX�
the same time for all objective functions 
that describe the problem. 

GA MODEL IMPLEMENTATION: 
PROPOSED APPROACH

The GAs implementation is based upon 
a table that reports the needed data for 
genetic algorithm implementation. A table 
summarizes for each project activity the 
alternatives related to activity duration, 
activity cost and quality (table 1). 
Therefore, each project activity includes 
three possible options for its development 
that creates a search space of thousands 
of possible solutions. GA – based 
algorithm has been implemented with 
Matlab®. This application is able to 
explore the solution space very quickly and 
can identify a set of optimal solutions. The 
pilot study has 21 work packages (WP), 
and each has three possible alternative 
of time, cost and quality to create project 
activities. The possible combinations of 
these alternatives create a large space 
of search, where each solution in this 
space can be a possible option for project 
delivery. 
Nevertheless, the search space is not 
321 because different subpopulations, 
termed species, constitute the structure 

of base data of the problem. In fact, 
project modelling can be represented 
with a time-oriented networking approach 
�Ƽ�K�� ��� 8LIVIJSVI�� IEGL� TSWWMFPI� TEXL�
JVSQ� TVSNIGX� WXEVX� XS� TVSNIGX� Ƽ�RMWL�
constitutes a species. Within species, 
i.e. single path, permutations of different 
WP alternatives are possible, after 
satisfaction of precedence relationships 
between succeeding WP. No alternative 
permutations are possible between 
different species because of the structure 
of chromosomes, i.e. the number of WP of 
each network path. Every project activity 
can be represented by a 3-by-3 matrix 
reporting the options in terms of time-
cost-quality. 
Therefore, the whole project is represented 
by a set of matrices divided into different 
species that constitutes a data array 
from which activity performance data are 
selected to create the chromosome of a 
single species. 
The chromosome of a species is created 
by time, cost and quality data of each 
chosen WP alternative belonging to a 
network path.
An initial random selection of options 
for each activity is performed and 
the corresponding objective function 
is computed. Next, GA uses genetic 
operators such as crossover, which divides 
two initial solutions exchanging their 
chromosomes in order to generate new 
solutions, and mutation, that simulates the 
effect of random errors. The new solution 
is computed again and the results of the 
objective function are compared with the 
previous ones. The best solutions are 
WIPIGXIH� MR� SVHIV� XS� MQTVSZI� XLI� Ƽ�XRIWW�
JYRGXMSR��)EGL�WSPYXMSR�LEW�E�Ƽ�XRIWW�ZEPYI�
different from the others and best solution 
are selected for future generations while 
worse solutions are set aside.
Final evaluation of the found solutions 
can be performed by comparison with 
maximum and minimum set limits of the 
three parameters, termed Cmax, Cmin, 
Tmax, Tmin, Qmax and Qmin. Anyway, the 
SFNIGXMZI�SJ� XLI�STXMQMWEXMSR� MW� XS�Ƽ�RH�E�
solution that minimises times and costs, 
while maximises quality. Therefore, the 
TVSTSWIH� Ƽ�XRIWW� JYRGXMSR� HITIRHW� SR�
the three WP parameters (time, cost and 

in_boin_bo

quality) weighted . The following equation 
(1) is proposed. 

;LIVI�'M�MW�HIƼ�RIH�F]�XLI�JSPPS[MRK�
    

;LIVI� ·'N� MW� XSXEP� GSWX� SJ� IEGL� N� [SVO�
package of the project (j = 1, 2, 3, ….n) of 
each i generation (i=1, 2, 3, ……m) and m 
the number of generations.
Qi can be found by the following equation:

    

;LIVI� ·5N� MW� XLI� XSXEP� WYQ� SJ� UYEPMX]�
indexes of each j work package of the 
project (j = 1, 2, 3, ….n) for the generation i 
and n the total number of work packages 
of the project. 
Ti is the time parameter found for the i 
KIRIVEXMSR��HIƼ�RIH�F]�XLI�JSPPS[MRK��

   
Where NTd is the normalized total 
duration: 

Where TDi is the total project duration 
found by network diagramming and 
critical path computation for the 
generation i. TDi is the maximum duration 
found by critical path analysis comparing 
each total duration TDik of a single 
species k of the generation i composed 
by the work packages j belonging to the k 
network path. 

TDi = max TDik 

The weighting parameters kc, kq and kt 
can range from 0 to 1 for cost, quality and 
time, respectively. Aiming at balancing the 
three parameters the following values has 
been set: kc = 1; kq=1; kt=1.
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 A C  D  E O

2ǝ����;4�
ȳǠǘȨǚǞȳ-

ǘǣǖȨǙ
;&7 ;ǝǚǡ�4ȳȱǡȳǥȨ�ȰȨǙȱǚǣǜǘǣǝǞ 5ǗȳǠǣǘǓ�ǣǞȰȨǔ�

(%)
 'ǝǙǘ��Ɲ� (Ǘǚȳ-

ǘǣǝǞ�(h)

1 %��� demolizioni e rimozioni

A demolizioni e rimozioni A 90%  € 15.174,00 177

B demolizioni e rimozioni B 100%  € 15.345,85 177

C demolizioni e rimozioni C 110%  € 15.409,35 179

%��� murature

2 A.02.01 riparazione scuci cuci di murature

A mattoni pieni 100%  € 18.225,22 248

B mattoni semiartigianali tipo antico 110%  € 30.846,14 307

C mattoncini realizzati a mano tipo antico 90%  € 35.972,56 308

3 A.02.02 tramezzi in mattoni forati cm 8

A mattoni a sei fori 8 x 14 x 28 100%  € 592,08 8

B foratelle a dieci fori 8 x 25 x 25 90%  € 572,64 7

C tramezzature di gesso in pannelli spess. Cm8 120%  € 738,24 8

4 A.02.03 tramezzi in mattoni forati cm 10

A mattoni a sei fori 10 x 14 x 28 100%  € 1.540,59 19

B tramezzature di gesso in pannelli sp. cm10 110%  € 1.839,02 20

C tramezzature latero-gesso pann. Sp. Cm 10 120%  € 2.304,46 21

%��� 7SXXSJSRHM���QEWWIXXM

5 A.03.01 massetto isolante alleggerito polistirene espanso

A massetto isolante alleg. polistirene espanso 105%  € 3.379,20 34

B massetto isolante alleg. sughero naturale 100%  € 4.878,40 34

C massetto isolante alleg. vermiculite espansa 90%  € 5.156,80 33

%��� Intonaci

6 A.04.01 intonaco premiscelato per interni

A intonaco civile interni malta bastarda 100%  € 4.994,08 83

B intonaco civile interni malta di calce spenta 110%  € 4.877,60 82

C intonaco civile interni malta di cemento 90%  € 4.994,08 82

%��� 4EZMQIRXM�6MZIWXMQIRXM�

7 A.05.01 pavimento in gres porcellanato 40x40 granigliato

A pavimento in gres porcellanato 40x40 tin. Unita 100%  € 2.837,97 18

B pavimento in gres porcellanato 60x60 tin. Unita 110%  € 4.874,85 14

C pavimento in gres porcellanato 20x20 tin. Unita 90%  € 2.497,11 18

8 A.05.02 rivestimento in piastrelle ceramica mono. 20x20

A
rivestimento in piastrelle ceramica mono. 20x20 tinta unita 

pastello
90%  € 6.261,71 49

B
rivestimento in piastrelle ceramica mono. 20x20 effetto 

marmorizzato
100%  € 3.632,72 49

C
rivestimento in piastrelle ceramica mono. 10x10 effetto 

pietra
110%  € 7.433,79 60

9 A.05.03 zoccolino battiscopa in gres

A zoccolino battiscopa in gres 10x20 110%  € 2.504,80 21

B zoccolino battiscopa in klinker 8x24 smaltato 100%  € 1.700,00 17

C zoccolino battiscopa legno prever. Ciliegio 75x10mm 80%  € 1.201,60 9
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PILOT STUDY APPLICATION

A simple pilot study of a renovation 
project of two residential apartment has 
been imp to test the proposed approach. 
For each work package, three different 
commercial product options has been 
considered and corresponding activity 
durations, costs and quality performances 
have been detected from a public works 
price list (Regione Lombardia, 2008). 
Quality indexes has been evaluated 
straightforwardly as product quality and 
its suitability for the use. Therefore, the 
proposed time – cost – quality trade-off 
procedure has been implemented using 
+IRIXMG�%PKSVMXLQW��[MXL�XLI�EMQ�SJ�ƼRHMRK�
a set of optimal solutions for the building 
construction project. Found data for each 
work package are presented in table 1a 
and 1b. 

A project model has been implemented 
with network diagramming. Therefore, 
critical path analysis can be performed 
and total project duration can be found for 
each project alternative of the pilot project 
�ƼK����
Firstly, the limits of possible solutions 
concerning different WP alternatives 
have been selected. Minimum and 
maximum total values of the three 
project parameters, time, cost and quality, 
have been computed by selecting the 
corresponding alternative for each WP 
(table 2). 
Secondly, the Matlab application has 
FIIR� WIX� JSV� XLI� WTIGMƼG� TVSFPIQ�� 8LI�
network diagram and the working options 
of the pilot study have been formalized 
in Matlab® using two classes (one for 
describing the work package and one 
for the work package options). Beyond 
class attributes like code and description, 
other network attributes, such as the set 
of successors of each work package, or 
the set of option belonging to each work 
package were added. The whole problem 
has been translated into the Matlab® code. 
The maximum number of generation has 
been set to 100 and the stall condition 
to 50 generations. After running, the GA 
correctly converges to optimal solutions, 
VIEGLMRK�XLI�FIWX�ƼXRIWW�WGSVIW�KIRIVEPP]�
just after 60-70 generations (see Figure 3).
&SXL� XLI� ƼXXIWX� MRHMZMHYEP� �*MKYVI� �� Ɓ�
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 A C  D  E O

2ǝ����;4�
ȳǠǘȨǚǞȳ-

ǘǣǖȨǙ
;&7 ;ǝǚǡ�4ȳȱǡȳǥȨ�ȰȨǙȱǚǣǜǘǣǝǞ 5ǗȳǠǣǘǓ�ǣǞȰȨǔ�

(%)
 'ǝǙǘ��Ɲ� (Ǘǚȳ-

ǘǣǝǞ��h)

%��� MRƼWWM�I�TSVXI

10 A.06.01
fornitura e posa struttura metallica di sostegno porte 

scorrevoli  - scrigno

A Struttura metallica sostegno porte scor.scrigno 100%  € 511,28 3

11 A.06.02 JSVRMXYVE�I�TSWE�GSRXVSXIPEM�TSVXI�PEVKLI^^E�ƼRS����GQ

A controtelaio in abete sp. 2,5 cm largh. 11 cm 100%  € 93,60 1

12 A.06.03 fornitura porte in legno tamburato anta cieca liscia noce

A porte interne anta cieca liscia noce tanganika 90%  € 2.412,84 8

B porte interne anta cieca liscia noce nazionale 120%  € 3.855,00 7

C porte interne anta cieca liscia rovere naturale 100%  € 3.209,88 8

%��� MQTMERXS�IPIXXVMGS

13 A.07.01 impianto elettrico

A impianto elettrico opzione A 100%  € 2.200,00 21

%��� MQTMERXS�MHVMGS�WERMXEVMS

14 A.08.01 fornitura e posa di vaso igienico monoblocco a pavimento

A vaso igienico vetrochina in opera escluso op.mu. 100%  € 473,50 5

B vaso igienico vetrochina sospeso escluso op.mu. 110%  € 629,10 5

C vaso igienico vetrochina sospeso cromato escluso op.mu. 120%  € 1.034,08 6

15 A.08.02 fornitura e posa di bidet

A Bidet in porcellana vetrochina escl. Op. murar. 100%  € 469,26 4

B Bidet in porcellana sospeso NP 110%  € 625,10 5

C Bidet in porcellana sospeso cromato NP 120%  € 1.030,08 6

16 A.08.03 fornitura e posa di lavabo 65x50

A lavabo in vetrochina 70x55 100%  € 687,84 5

B lavabo in vetrochina 65x50 95%  € 643,20 5

C lavabo in vetrochina 70x55 con colonna 105%  € 842,06 6

17 A.08.04 fornitura e posa scarichi in pvc per bagno

A rete di scarico per bagno in pvc 100%  € 629,12 8

18 A.08.05 rete generale di distribuzione acqua calda/fredda

A rete d. acqua calda/fredda polibutilene 100%  € 967,00 9

B rete d. acqua calda/fredda acciaio zincato 95%  € 1.156,64 18

C rete d. acqua calda/fredda polietilene reticolato 105%  € 1.366,44 17

%��� EWWMWXIR^I�QYVEVMI

19 A.09.01
assistenze impianto idrico sanitario - esecuzione tracce 

e fori
100%  € 640,00 11

20 A.09.02 assistenze impianto elettrico 100%  € 880,00 15

%��� STIVI�HE�TMXXSVI

21 A.10.01 tinteggiatura interna con idropittura traspirante

A tinteggiatura interna idropittura traspirante 95%  € 3.648,20 55

B tinteggiatura interna idropittura traspir. Lavabile 100%  € 4.077,40 60

C rivestimento effetto spatolato a base di resine 110%  € 20.839,40 309

Table 1a - Time, cost and quality data for Pilot study  

Table 1b - Time, cost and quality data for Pilot study
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red dots) and the average score of the 
population improve through generations 
ERH� EW]QTXSXMGEPP]� XIRH� XS� XLI� ƼXXIWX�
WGSVI�� -HIRXMƼIH�WSPYXMSRW�EVI�GSRWMWXIRX�
through different runs and, if sometimes 
XLI� ƼXXIWX� KIRSX]TIW� GER� WLS[� WPMKLX�
differences, in most cases the GA solver 
leads to the same solution. The found 
results can be displayed with the time-
cost-quality chart in Figure 4 
As expected, the parametrization of 
XLI� ƼXRIWW� JYRGXMSR� WXVSRKP]� EJJIGXW�
the solutions offered by the GA tool. In 
particular, when weighting parameters are 
set equally for costs, quality and time, the 
solution presented by the GA shows to 
be slightly biased towards cost and time, 
having quality as its worst score (Figure 4 
– blue triangle). 
On the other hand, forcing the GA to 
identify the best quality solutions, setting 
to 1 the quality parameter, 0 the costs, and 
0.1 the time parameter, we obtain a quality 
FMEWIH� ƼXRIWW�� MR� [LMGL� GSWXW� ERH� XMQI�
score worse than in the previous solution 
(Figure 4 – yellow triangle). 
Finally, if the largest weight is given to 
costs, time and costs are highly maximized 
(Figure 4 – dark green triangle), while 
quality score decreases dramatically. The 
best found optimized result in the case of 
balanced weights is the following: Total 
project duration = 1078 (h); Total cost = 
€ 109.711.17; Total quality index = 104%. 
Further testing of the developed model 
will be needed to assess its effectiveness 
in case of more complex projects with 
multiple environmental constraints. 

CONCLUSION

The well – known iron triangle of main 
project objectives, namely time, cost 
and quality, is still of capital importance 
for project managers in construction, 
but balancing these three parameters 
for actual and complex projects can 
FI� HMƾGYPX� FIGEYWI� SJ� XLI� YRORS[R� SV�
complex function linking all of these three 
parameters. With the aim of proposing 
an innovative approach for the time, cost 
and quality trade-offs, a GA optimization 
has been developed and implemented 
with Matlab®. Actual data concerning the 
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Figure 2 - Network diagramming of the pilot study project.

Table 2 - limit values of total project alternatives

*MKYVI�����*MXRIWW�IZSPYXMSR�XLVSYKL�KIRIVEXMSRW��&PYI�HSXW�VITVIWIRX�XLI�EZIVEKI�Ƽ�XRIWW�SJ�XLI�TSTYPEXMSR�MR�IEGL�KIRIVEXMSR�6IH�HSXW�VITVIWIRX�XLI�Ƽ�XXIWX�MRHMZM�
HYEP�JSYRH�EGVSWW�KIRIVEXMSRW��-R�XLMW�WTIGMƼ�G�GEWI��XLI�Ƽ�XXIWX�MRHMZMHYEP�LEZI�FIIR�JSYRH�EX���XL�KIRIVEXMSR
Figure 4 - Time – cost – quality iron triangle represented with normalized scores. In blue the optimal solution with time, cost and quality parameters equally wei-

ghted and set to 1. In yellow, the optimal solution having quality as a preference (quality parameter Kq was set to 1, time parameter Kt to 0.1 and cost Kc to 0). In 

dark green a solution that strongly optimize costs. In this case, Kc has been set to 1, Kt to 0 and Kq to 0.1

expected duration of each work package, 
its quality index and its costs are gathered 
and three possible performing alternatives 
EVI�HIXIGXIH�JVSQ�ER�Sƾ��GMEP�TYFPMG�[SVOW�
price list. 
Therefore, the overall performance of the 
whole construction project, composed by 
all the work packages, can be simulated 
taking into account the different 
alternatives of activity duration, cost and 
quality. The overall time estimate can 
be developed by a CPM- based activity 
network, the overall cost is the sum of the 
cost of all work packages, and the overall 
project quality index can be estimated as 
the normalized sum of all work package 
indexes. The aim of the optimization is to 
Ƽ�RH� EYXSQEXMGEPP]� SV� WIQM�EYXSQEXMGEPP]�
a balance between these three project 
indicators by a Genetic Algorithm. 
Project modelling for Genetic Algorithm 

implementation needs a new approach 
because of Matlab® programming 
language and coding rules. When 
developed and implemented, the Genetic 
Algorithm extracts randomly one work 
package alternative for all the activities, 
thus creating a chromosome for each 
species (i.e. path) of the project for each 
generation, and compute its suitability by 
Ƽ�XRIWW�IUYEXMSRW��8LIR��E�RI[�KIRIVEXMSRW�
are created and the found solution in 
terms of total project duration, total cost 
and total project quality are compared 
[MXL�XLI�TVIZMSYW�SRI�F]�Ƽ�XRIWW�JYRGXMSR�
GSQTYXEXMSR�� 8LI� Ƽ�XXIWX� KIRIVEXMSRW�
are maintained and developed and the 
others are set aside from the evolutionary 
process. 
The implementation of a Genetic 
Algorithm needs a new and complex 
approach in project modelling to reach 

XLI�Ƽ�REP�VIWYPXW�MR�XIVQW�SJ�Ƽ�XRIWW�SJ�XLI�
Ƽ�REP� KIRIVEXMSR�� 8LIVIJSVI�� XLI� GVIEXMSR�
SJ� XLI� Ƽ�XRIWW� JYRGXMSR� TPE]W� E� QENSV�
role in selecting the developed new 
generations. Actual data for a pilot study 
simulation of a building renovation project 
of two residential apartments has been 
used to demonstrate the possibility of 
implementing a GA-based optimization of 
project objectives, and the found results 
are consistent with the initial assumptions 
in terms of ranges of time, cost and quality 
values. Future research work will be aimed 
at testing further the developed model 
with the imposed constraints and with 
more complex projects.
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8LI� GSQTPI\MX]� SJ� GSRWXVYGXIH� JEGMPMXMIW� ERH� XLI� LMKL� HIKVII� SJ� WTIGMEPMWEXMSR� MR�
HIWMKR� ERH� GSRWXVYGXMSR� KIRIVEXIW� ZIV]� JVEKQIRXIH� [SVOMRK� IRZMVSRQIRX� JSV� XLI�
GSRWXVYGXMSR�TVSNIGX��'SRWXVYGXMSR�TVSNIGX�SVKERMWEXMSRW�EVI�FYMPX�YT�JVSQ�XLI�YRMXW�SJ�
organisations and they have arranged rules and procedures about how practicalities 
EVI�XS�FI�HSRI��%�GYVVIRX�TIVGITXMSR�SJ�GSRWXVYGXMSR�QEREKIQIRX�MW�[MHIP]�FYMPX�EVSYRH�
TS[IV��EYXLSVMX]��ERH�XEWO�SVMIRXEXMSR��8LMW�MW�VIWYPXMRK�JVSQ�XLI�XVEHMXMSREP�JSGYW�SJ�
XLI�GSRWXVYGXMSR�MRHYWXV]�SR�XLI�XIGLRMGEP�ERH�QEREKIVMEP�JIEXYVIW�SJ�GSRWXVYGXMSR�
TVSNIGXW��3VKERMWEXMSRW�SJ�GSRWXVYGXMSR�TVSNIGXW�ZEV]�WYFWXERXMEPP]�MR�XLIMV�WXVYGXYVI�
ERH�XLMW�WXVYGXYVI�LEW�GSRWMHIVEFPI�GSRWIUYIRGIW�XS�SYXGSQIW��8LIVIJSVI��TVSNIGX�
QEREKIQIRX�TVSJIWWMSREPW�GSRXMRYSYWP]�WIIO�ERH�IWXEFPMWL�RI[�SVKERMWEXMSREP�ERH�
QEREKIQIRX�WXVYGXYVIW�ERH� PMROEKIW� XS� JEGMPMXEXI� MQTIVEXMZI�GSSTIVEXMSR�FIX[IIR�
TISTPI�ERH�TVSNIGX�TEVXRIVW��2I[�YRHIVWXERHMRK�ERH�EQIRHQIRXW�EVI�FVSEHIRMRK�
XLI�GSRXIRX�SJ�GSRWXVYGXMSR�TVSNIGX�QEREKIQIRX�ERH�LEZI�TVSZMHIH�RI[�MRWMKLXW�JSV�
WYGGIWWJYP� GSRWXVYGXMSR�STIVEXMSRW��8LMW�TETIV� MW�FEWIH�SR� VIWIEVGL�EGGSVHMRK� XS�
XLMW�GSRXMRYYQ�F]�LEZMRK�JSGYW�SR�XLI�ETTIEVERGIW�SJ�QEREKIQIRX�IRXMX]�SJ�E�RI[�
OMRH�� MXW�WMKRMƼGERGI�ERH�VSPIW�EW�E�TEVX�SJ�GSRWXVYGXMSR�TVSNIGX�QEREKIQIRX��8LI�
TETIV�WSYKLX�XS�WYQQEVM^I�XLMW� PMXIVEXYVI�ERH�XLI�WYVZI]�WXYH]�F]�JSGYWMRK�SR�XLI�
TVSNIGX�QEREKIQIRX�IRXMX]�ƈGSVI�TVSNIGX�XIEQƉ��PEXIV�ƈGSVI�XIEQƉ���(VE[MRK�JVSQ�XLMW�
MRGPYWMZI��XLI�TLIRSQIRSR�SJ�GSVI�XIEQ��XLI�EYXLSVW�ETTVSEGL�XLI�ƼIPH�XLVSYKL�WM\�
EXXVMFYXIW��[LMGL�LEZI�FIIR�WIPIGXIH�XS�HIWGVMFI�XLI�RI[�[E]�JSV�SVKERMWMRK�TVSNIGX�
management.
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The construction industry is a project-
based industry and they have their 
XVEHMXMSREP�[E]W�SJ�WXVYGXYVMRK�TVSNIGXW��
;LIR� XLI� WMRKPI� ƼVQ� SV� SVKERMWEXMSR�
TIVJSVQ� XLI� TVSNIGX�� XLIMV� GLEPPIRKI� MW�
XS� SVKERMWI� TEVXMGMTERXW� JVSQ� HMJJIVIRX�
WTIGMEP� ƼIPHW� SV� JYRGXMSRW� MRXS� ER�
IJJIGXMZI�TVSNIGX�XIEQ��*I[MRKW��������
;LIR� XLI� WM^I� SJ� TVSNIGX� KVS[W�� MX� MW�
common, that projects are undertaken 
F]� ER� EQEPKEQ� SJ� MRHITIRHIRX� ƼVQW�
SV� SVKERMWEXMSRW� �*I[MRKW�� �������
%GGSVHMRK�XS�;EPOIV�������XLI�[SVO�SJ�
company in the construction industry 
and its specialists present two types 
SJ� QEREKIQIRX� MWWYIW�� XLI� TVSFPIQ�
SJ� QEREKMRK� GSQTER]� ERH� QEREKMRK�
projects. The result can be a rather 
GSQTPI\� QEREKIQIRX� WXVYGXYVI��
7MQTPMƼIH� QEXVM\� QEREKIQIRX�
structure has been shown in Figure 1. 
8LI� QEXVM\� MW� KVIEXP]� WMQTPMƼIH� ERH�
in practice, this is rarely the case, but 
XLMW� KMZIW� E� TMGXYVI� SR� LS[� GSQTPI\�
IRZMVSRQIRX� FYMPHMRK� TVSNIGXW� EVI� JSV�
management. The diagram shows 
XLEX� XLI� WEQI� TVSJIWWMSREP� TVEGXMGIW��

general contractor and subcontractors 
LEZI� TIVJSVQIH� XLVII� TVSNIGXW��
9WYEPP]� IEGL� TVSNIGX� LEW� E� HMJJIVIRX�
GSQTSYRH� SJ� TVSJIWWMSREP� TVEGXMGIW��
8LMW� OMRH� SJ� MRGSRWMWXIRG]� QEOIW�
XLI� MQTVSZIQIRX� XLI� IJJIGXMZIRIWW�
SJ� XLI� TVSNIGX� QEREKIQIRX� TVSGIWW�
I\XVIQIP]� HMƾGYPX� �;EPOIV�� ������
Traditionally construction project 
organisations were determined by the 
EVVERKIQIRXW�SJ�WITEVEXIH�GSQTERMIW�
WIPIGXIH�MR�GSQTIXMXMSRW��;MHI�VERKI�SJ�
organisational arrangements has arisen 
XLVSYKL�XLI�TVSKVIWW�SJ�MRXIVHMWGMTPMREV]�
KVSYT� TVSJIWWMSREP� TVEGXMGIW�� �;EPOIV��
�����-R�EHHMXMSR�XS�XLMW��QSWX�EGXMZMXMIW�MR�
the construction industry are organised 
through temporary organisations, 
[LMGL� EVI� HIWMKRIH� XS� TVSZMHI� FIRIƼX�
JSV� E� TIVQERIRX� SVKERM^EXMSR� SV�
WXEOILSPHIVW�XLVSYKL�GSQTPI\�TVSFPIQ�
WSPZMRK� TVSGIWWIW� �7ʯHIVPYRH�� ������
8VEHMXMSREPP]� HMJJIVIRX� WXEOILSPHIVW� EVI�
WSPZMRK� XLI� GLEPPIRKIW� SJ� XLIMV� S[R�
ƼIPH�� 8LI� I\TIVXW� LEZI� FIIR� [SVOIH�
MRHITIRHIRXP]� EGXMRK� SRP]� JVSQ� XLIMV�
own perspectives, which has caused a 

*MKYVI����7MQTPMƼIH�QEXVM\�QEREKIQIRX�WXVYGXYVI��EHETXIH�JVSQ�;EPOIV������

JVEKQIRXIH�ETTVSEGL�XS�TVSNIGX�HIPMZIV]�
ERH� VIHYGIH� TVSNIGX� HIPMZIV]� IƾGMIRG]�
�)KER�� ������ ������ )ZFYSQ[ER� ERH�
%RYQFE�� ������ 'SQTPI\� IRZMVSRQIRX�
ERH�HMJJIVIRX�KSEPW�SJ�WXEOILSPHIVW�LEW�
TPEGIH� GLEPPIRKIW� JSV� QEREKIQIRX��
which have been attempt to solve 
[MXL� HMJJIVIRX� QEREKIQIRX� TEXXIVW��
4VSNIGX� QEREKIQIRX� TVSJIWWMSREPW�
continuously seek to establish new 
WXVYGXYVIW� ERH� PMROEKIW� XS� JEGMPMXEXI�
imperative cooperation between people 
and project partners. 
8LMW� VIWIEVGL� JSGYWIW� SR� ER�
SVKERMWEXMSREP� IRXMX]� SJ� GSRWXVYGXMSR�
management entitled core team. The 
EMQ� MW� XS�ƼRH�SYX�LS[�ORS[R�XLI�GSVI�
team is, who are involved and how 
many people belong to the core team. 
-R� EHHMXMSR�� [LEX� E� GSVI� XIEQ� HSIW�
and is it inside one company or is it 
SVKERMWIH� JVSQ�QYPXM� GSQTER]� FEWIW��
are under study. Accomplish this, the 
VIWIEVGL�YWIW�WM\�WIPIGXIH�EXXVMFYXIW�JSV�
I\TPSVMRK�XLI�IRXMX]��
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'SRWXVYGXMSR�TVSNIGXW�EVI�PEVKIP]�YRMUYI�
IJJSVXW� ERH� XLIMV� STIVEXMSRW� GER� FI�
organised in various ways. The approach 
XS� XLI� SVKERMWEXMSR� SJ� GSRWXVYGXMSR�
projects, which are still used in many 
TEVXW� SJ� XLI� [SVPH�� MW� ER� EVGLMXIGX� EW�
a project manager or leader. With the 
contractor, an architect is responsible 
JSV�FSXL�HIWMKR�ERH�QEREKIQIRX�SJ�XLI�
project based on a competitive tender. 
�;EPOIV�������-R�GSRWXVYGXMSR�FYWMRIWW��
a project manager has been given 
practically absolute control over their 
TVSNIGX��'SRXVSP�MW�KMZIR�FIGEYWI�E�LIEH�
SƾGI�HSIW�RSX�[ERX�XS�MRXIVJIVI�[MXL�ER�
STIVEXMRK�QSHI�SJ�E�TVSNIGX�ERH�KMZMRK�
E�TVSNIGX�QEREKIV�ER�I\GYWI�XS�EGGYWI�
LIEH� SƾGI� MRXIVJIVIRGI� JSV� JEMPYVI� XS�
EGXMZI�GSWX�ERH�WGLIHYPI�KSEPW���3EOPERH�
ERH�1EVEWW^IO]������
'SRWXVYGXMSR�TVSNIGX�XIEQ�EW�E�GSRGITX�
has widely acknowledge practical 
WMKRMƼGERGI�� %� WMQTPI� I\EQTPI� SJ� E�
WYGL� XIEQ� JSVQEXMSR� GER� VITVIWIRX�
XLI� SƾGMEP� SVKERM^EXMSR� MR� GSRWXVYGXMSR�
project meaning co-operation between 
an architect, structural engineer, electric 
IRKMRIIV� ERH� FYMPHMRK� W]WXIQ� �,:%'�
IRKMRIIV� �/ʞLOʯRIR� IX� EP��� ������ 'S�
STIVEXMSR� SJ� XLIWI� HMJJIVIRX� HMWGMTPMRIW�
is demanded but to reach top quality 
solutions, smoothly operating team 
[SVO� MW� VIUYMVIH�� -RJSVQEP� RIX[SVOW�
encourage open communication and 
TVSZMHI�GSRXEGX�FSXL�EGVSWW�XLI�JYRGXMSR�
within the team as well outside the team 
XS�ERGMPPEV]�JYRGXMSRW��%GGSVHMRK�XS�WYGL�
ER�YRHIVWXERHMRK��XIEQW�GER�FI�JSVQIH�
SƾGMEPP]�SV�YRSƾGMEPP]�ERH�XLIVIJSVI�XLI]�
GER�FI�STIVEXIH�SƾGMEPP]�SV�YRSƾGMEPP]�
in the organisation. 
1SVISZIV�[I�GER�VIGSKRM^I�XLI�TVIWIRGI�
SJ� ZEVMSYW� GSRWXVYGXMSR� TVSNIGX� HIPMZIV]�
teams and workgroups that can be 
TVIWIRX�HYVMRK�XLI�GIVXEMR�TLEWIW�SJ�XLI�
project. These are usually established 
JSVQEPP]� SV� MRJSVQEPP]� XS� WIVZI� WTIGMƼG�
needs such as architectural design, 
WXVYGXYVEP� IRKMRIIVMRK�� ,:%'� HIWMKR��
main supplies, site operations etc. 
3VKERMWEXMSREP� FSYRHEVMIW� GER� GVIEXI�
WSQI�PMQMXW�JSV�MRXIKVEXMZI�[SVO�FYX�XLIVI�
is aspiration to work in collaborative 
QERRIV� FIX[IIR� HMJJIVIRX� XIEQW� ERH�

Ƅ)\MWXIRGI� SJ� XLI� GSVI� XIEQƅ� WGERW�
YRHIVWXERHMRK�SJ�GSRWXVYGXMSR�FYWMRIWW�
TVSJIWWMSREPW� S@ZIV� XLI� E[EVIRIWW� SJ�
core teams. Dothey have knowledge 
XLEX� XLMW� OMRH� SJ� QEREKIQIRX� IRXMX]�
LEW�FIIR�YWIH#� Ƅ*SVQEPMX]ƅ� HIXIVQMRIW�
XLI� TSWMXMSR� SJ� GSVI� XIEQƅW� VIPEXMSR� XS�
XLI�SƾGMEP� SVKERMWEXMSR�� Ƅ4VSJIWWMSREPW�
involved’ relates people involved and 
ƄXIEQ�WM^Iƅ� RYQFIV�SJ� TISTPI� MRZSPZIH��
Ƅ3VKERMWMRKƅ� MW� VIPEXIH� RYQFIV� SJ�
GSQTERMIW�� -W� XLI� GSVI� XIEQ� JSVQIH�
inside a company or are several 
GSQTERMIW� MRZSPZIH#� Ƅ8EWOWƅ� VITVIWIRX�
XLI�QEMR�EWWMKRQIRXW�SJ�GSVI�XIEQ�

'966)28� 92()678%2(-2+� 3*�
'36)�8)%1

-X� LEW� FIIR� VIGSKRMWIH� XLEX� TVSNIGX�
I\TIVXW� XIRH� XS�YWI� XIVQ�GSVI� XIEQ� MR�
WMKRMƼGERGI� E� WQEPP� KVSYT� SJ� TVSNIGX�
I\IGYXMZIW� SV� I\TIVXW�[MXL� E�QERHEXI��

[SVOKVSYTW� �&EMHIR� IX� EP�� ������ ,MKL�
level integration in construction projects 
MW�WIIR�EW�E�OI]�HVMZIV�SJ�GLERKI�RIIHIH�
JSV� XLI� MRHYWXV]� XS� FI�QSVI� WYGGIWWJYP�
�*MWGLIV�IX�EP��������8LI�XIEQ�HIWMKR�MW�
YRHIVWXSSH�EW�E�GSVI�XEWO�JSV�MRXIKVEXIH�
project deliveries, which as a whole is 
LMKLPMKLXMRK� XLI� WMKRMƼGERGI� SJ� TVSNIGX�
teams and team thinking in construction 
TVSNIGXW��%WLGVEJX�������
8LI� GSRGITX� SJ� GSVI� XIEQ� LEW� FIIR�
MRXIVIWX� SJ� EYXLSVW� SJ� XLMW� TETIV�� -XW�
TVIWIRGI�GER�FI�VIGSKRM^IH�MR�WSQI�XI\X�
FSSOW�ERH�EVXMGPIW�SJ�TVEGXMGI�TVSTSWMRK�
that there can be some industrial 
WMKRMƼGERGI� EVSYRH� MX� [LMGL� EPWS� GER�
have impact on the management 
practices around construction projects. 
�/ʞLOʯRIR�IX�EP��������
The research behind this paper is on the 
QEREKIQIRX� SJ� E� GSRWXVYGXMSR� TVSNIGX�
[MXL�XLI�EMH�SJ�GSVI�XIEQW��8LI�VIWIEVGL�
JVEQI[SVO�MW�FYMPX�EVSYRH�WM\�EXXVMFYXIW��
[LMGL� TVIWIRX� GLEVEGXIVMWXMGW� SJ� GSVI�
XIEQW� �*MKYVI���� �8LI�UYIWXMSR�FILMRH�
XLI�VIWIEVGL�[EW��HSIW�E�GSVI�XIEQ�I\MXW#�
-J� MX� HSIW�� [LS� EVI� MRZSPZIH� ERH� [LEX�
XLI]� HS#� 8LIVIJSVI�� XLI� EXXVMFYXIW� LEZI�

FIIR� WIPIGXIH� XS� I\TPEMR� E[EVIRIWW�
SJ� XLI� GSVI� XIEQ�� TISTPI� MRZSPZIH� ERH�
how they are organised including their 
assignments.

*MKYVI����8LI�EXXVMFYXIW�SJ�XLI�VIWIEVGL�JVEQI[SVO
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(IWTMXI� SJ� FIMRK� MRXYMXMZI� EH�LSG�
solutions one should acknowledge 
XLIQ�� �/ʞLOʯRIR� IX� EP��� ����� 'SVI�
team has been mentioned in the project 
QEREKIQIRX�PMXIVEXYVI�MR�XLI�GSRXI\X�SJ�
the construction industry, although only 
WIPHSQ�� %W� E� GIRXVEP� YRMX� SJ� E� TVSNIGX�
organisation, core team has been 
mentioned in the project management 
literature.
'SVI� XIEQ� MW� ER� IJJIGXMZI� ETTVSEGL� XS�
project team organisation developed by 
4681� �4MXXMKPMS�6EFMR�8SHH�
�1G+VEXL�
�QEREKIQIRX� GSRWYPXMRK� ƼVQ� MR�
QMH�����W� MR� XLI� GSRXI\X� SJ� TVSHYGX�
HIZIPSTQIRX� �1G+VEXL� ERH� %VVS[��
������ � 7MRGI� XLIR� XLI� GSVI� XIEQ� LEW�
been mentioned in the literature on 
WIZIVEP� ƼIPHW� EW� E� GIRXVEP� YRMX� SJ� ER�
SVKERMWEXMSR� I�K�� WSJX[EVI� TVSNIGXW�
�'EVQIP�� ������ XIEQ� ORS[PIHKI�
management (Eppler and Sokowski, 
������ SVKERMWEXMSREP� ETTVSEGL� XS�
XIGLRSPSK]� WXVEXIK]� �&SRI� ERH� 7E\SR��
������QIHMGMRI� �,EYKIR� IX� EP��� ������
MRRSZEXMSR�TVSGIWW�SJ� XLI�GSRWXVYGXMSR�
WIGXSV� �/SYOOEVM�� ������ VIKIRIVEXMZI�
HIWMKR� ERH� HIZIPSTQIRX� �7ZIG�� ������

TVSHYGX� VIEPMWEXMSR� �6MLEV� IX� EP��� ������
new product development (Marion 
IX� EP��� ������ TVSNIGX� QEREKIQIRX�
�;]WSGOM�� ����� ERH� WIZIVEP� SXLIV�
ƼIPHW�� )ZIR� XLSYKL� XLI� GSVI� XIEQ�LEW�
FIIR� QIRXMSRIH� MR� WIZIVEP� ƼIPHW�� SRP]�
E� JI[�HIƼRIW� MR�QSVI�HIXEMPW�[LEX� XLI�
core team is.  
,EVXQER� ������ MRXVSHYGIW� XLI� XEVKIX�
SVKERM^EXMSR� QSHIP� MR� [LMGL� GIRXVI� MW�
XLI�GSVI�XIEQ��8LIWI��E�WQEPP�KVSYT�SJ�
TISTPI�� EVI� MRZSPZIH� MR� E� TVSNIGX� JVSQ�
MRGITXMSR�XS�GSQTPIXMSR�JSV�MXW�WXIIVMRK�
and coordination. These people 
GSQTVMWI�XLI�GSVI�XIEQ��E�WYFWIX�SJ�XLI�
project team. The core team members 
know the projects and its objectives. 
They have developed the ideas, set 
XLI�TVMQEV]� XEVKIXW� JSV� XLI�TVSNIGX�ERH�
SYXPMRI� XLI� I\IGYXMSR� TPER�� %RXLSR]�
������ HIWGVMFIW� XLI� GSVI� XIEQ� EW�
XLI� GMVGPI� MR� XLI� GSRXI\X� SJ� TVSHYGX�
HIZIPSTQIRX�� -X� MQTPMIW� IUYEPMX]� SJ� XLI�
QIQFIVW�SJ�XLI�GSVI�XIEQ��7XVYGXYVI�SJ�
the core team which Anthony described 
MW�WLS[R�MR�ƼKYVI���

*MKYVI����7XVYGXYVI�SJ�GSVI�XIEQ��EHETXMSR�SJ�TMGXYVI��%RXLSR]������
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%GGSVHMRK� XS� %RXLSR]� ������ XLI� GSVI�
XIEQ�GSRWMWXW�SJ�E�GSVI�XIEQ�PIEHIV�ERH�
QIQFIVW�SJ�XLI�GSVI�XIEQ��8LI�VSPI�SJ�
project team is support and contributes 
XLI�GSVI�XIEQ�QIQFIVW�JSV�XLIMV�ƼIPHW��
4VSNIGX� XIEQW� NSMR� MR� XS� XLI� TVSNIGX�
[LIR�RIIHIH�ERH�I\MX� EW� XLIMV�[SVO� MW�
completed. According to Kaushik (et 
EP�� ������ ƈ8LI� GSVI� XIEQ� KSZIVRW� XLI�
project delivery decisions.”
/ʞLOʯRIR��IX�EP�������LEZI�VIGSKRM^IH�
that project managers and other project 
I\TIVXW� XIRH� XS� YWI� XLI� XIVQ� GSVI�
XIEQ�XS�QIER�E�WTIGMEP�WQEPP�KVSYT�SJ�
TVSNIGX� I\IGYXMZIW� SV� TVSNIGX� I\TIVXW�
[MXL�E�WTIGMƼG�QERHEXI�ERH�MRXVSHYGIH�
a core projects Team approach in the 
IRZMVSRQIRX�SJ�FYMPHMRK�GSRWXVYGXMSR�

%�GSVI�XIEQ�GER�JSVQ�MR�E�HMJJIVIRX�[E]�
MR�YRIUYEP� GSRXI\XW�� *MKYVI���TVIWIRXW�
ER� I\EQTPI� SJ� GSVI� XIEQ� WXVYGXYVI�
where the project manager, the client, 
the principal engineer, the architect and 
XLI� &-1�GSSVHMREXSV� LEZI� JSVQIH� XLI�
core team.
1EHYWEROE�ERH�.E]EWIRE�������LEZI�
QIRXMSRIH�GSVI�XIEQ�MR�XLI�GSRXI\X�SJ�
integrated project delivery where the 
owner, the architect and the contactor 
GVIEXI� XLI� GSVI� XIEQ�� 1SSVI� ������
also acknowledged that large projects 
QE]� VIUYMVI� E� LMIVEVGL]� SJ� MRXIKVEXI�
project teams where core team is at 
XLI� XST� SJ� XLI� LMIVEVGL]�� %GGSVHMRK� XS�
/ʞLOʯRIR� �IX� EP��� ������ GSQTERMIW�
generate their own core teams and the 
WXVEXIK]� SJ� XIEQ� JSVQYPEXMSR� ZEVMIW��
8LI� GSVI� XIEQ� WLSYPH� FI� JSVQYPEXIH�
JVSQ� XLI� TVSJIWWMSREPW� WS� XLEX� XLI]�
would be able to serve the project in 
XLI� FIWX� [E]�� ,S[IZIV�� MX� MW� GSQQSR�
that team members in a collaborative 
construction project should, “be equally 
committed to a common purpose, goals 
ERH�E�[SVOMRK�ETTVSEGL�JSV�[LMGL�XLI]�
hold themselves mutually accountable” 
but also “deeply committed to one 
another’s personal growth and success” 
�/EX^IRFEGL�ERH�7QMXL���������
Research methodology and approach
%R� I\TPSVEXSV]� VIWIEVGL� ETTVSEGL�
was used in order to understand the 
TVEGXMGEP� ETTIEVERGIW� SJ� GSVI� XIEQW��

Empirical data was obtained by a survey 
WXYH]� EQSRKWX� TVSJIWWMSREPW� MR� XLI�
GSRWXVYGXMSR�WIGXSV��8LI�WXYH]�I\TPSVIW�
XLI� VIWIEVGL� XSTMG�[MXL� HMJJIVIRX� PIZIPW�
SJ� HITXL� WXEVXMRK� JVSQ� XLI� I\MWXIRGI�
SJ�XLI�GSRGITX�MXWIPJ�ERH�ƼREPP]�PSSOMRK�
JSV� XLI� IZMHIRGI� SJ� GSVI� XIEQW� MR� VIEP�
TVSNIGXW�� 8LIVIJSVI�� ƼVWX�� XLI� VIWIEVGL�
WSYKLX� XS� GSRƼVQ� XLEX� XLI� GSVI� XIEQ�
EW� E� GSRGITX� GSYPH� FI� MHIRXMƼIH� MR�
GSRWXVYGXMSR�FYWMRIWW�GSRXI\X��
8LI� WYVZI]� VIEGLIH� ���� WIPIGXIH�
manager and director level 
TVSJIWWMSREPW� SJ� GSRWXVYGXMSR� WIGXSV��
8LI]� [IVI� WIPIGXIH� JVSQ� XLI� PMWX� SJ�
'SRJIHIVEXMSR� SJ� *MRRMWL� 'SRWXVYGXMSR�
-RHYWXVMIW� PIEZMRK� SYXWMHI� WQEPP�� SRI�
QER� GSQTERMIW�� %JXIV� HEXE� GSPPIGXMSR�
TIVMSH� ���� YWIEFPI� VIWTSRWIW� [IVI�
obtained.  All respondents were over 
��� ]IEVW� SJ� EKI� ERH� XLI]�[IVI�QSWXP]�
QIR�����	��8LI�[SQIRƅW�WLEVI�SJ�XLI�
VIWTSRHIRXW�[EW��	���8LI�VIWTSRHIRXW�
VITVIWIRX� XLI� JSPPS[MRK� IHYGEXMSREP�
FEGOKVSYRH�� KVEQQEV� WGLSSP� SV�
ZSGEXMSREP� WGLSSP� ��	�� LMKL� WGLSSP�

��	�� XIGLRMGEP� GSPPIKI� ���� 	�� ERH�
YRMZIVWMX]�����	���%GGSVHMRK�XS�XLMW��XLI�
ZEWX�QENSVMX]�SJ� XLI� VIWTSRHIRXW�� ��	��
had third level educational background.
-R�XLI�WYVZI]�UYERXMXEXMZI�ERH�UYEPMXEXMZI�
X]TI� SJ� IPIQIRXW� SJ� UYIWXMSRW� [IVI�
YWIH��(EXE�SJ�UYEPMXEXMZI�STIR�UYIWXMSRW�
[IVI� WYFNIGXIH� XS� E� TVSGIWW� SJ� [LMGL�
answers were broken into lines, each 
representing an item that can be 
captured with a keyword. From this 
[IVI�I\XVEGXIH�JEGXSVW�XLEX�WYQQEVM^I�
XLI�HEXE��7YQQEVM^IH�HEXE�[EW�JYVXLIV�
grouped into clusters, which were built 
MRXS�GEXIKSVMIW� XLEX� JSVQ� XLI�FEWMW� JSV�
XLI� XLISV]� IQIVKMRK� JVSQ� XLI� WXYH]��
Thus, data was treated through several 
successive reductive phases, it was 
ZIVMƼIH� F]� ER� MRHITIRHIRX� XLMVH� TEVX]��
-RHITIRHIRX� XLMVH� TEVX]� [EW� YWIH� XS�
ensure that the data was not being 
JSVGIH� MRXS� GEXIKSVMIW�� FYX� XLEX� XLI�
categories represent the data.

*MKYVI����)\EQTPI�SJ�E�GSVI�XIEQ�WXVYGXYVI
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8LI� EYXLSVW� VIGSKRM^IH� XLEX� TVSNIGX�
QEREKIVW� ERH� I\TIVXW� XIRH� XS� YWI�
the term core team to mean a special 
WQEPP� KVSYT� SJ� TVSNIGX� I\IGYXMZIW�
SV� TVSNIGX� I\TIVXW� [MXL� E� WTIGMƼG�
QERHEXI�� -R� XLI� VIWIEVGL�� XLI� EYXLSVW�
WXYHMIH�XLI�I\MWXIRGI�SJ�XLI�GSVI�XIEQ�
EQSRK� GSRWXVYGXMSR� TVSJIWWMSREPW�
and how widely it is known. Among 
XLI� VIWTSRHIRXW�� LEPJ� SJ� XLIQ� ���� 	�
LEZI� VIGSKRM^IH� XLI� GSVI� XIEQ� EW� ER�
organisational arrangement in their 
construction businesses. They have 
used or they have known used the 
GSVI� XIEQ� EW� ER� SƾGMEP� SV� YRSƾGMEP�
EVVERKIQIRXW�MR�XLIMV�SVKERM^EXMSR�
Question, “did the core team belong to 
ER� SƾGMEP� SV� YRSƾGMEP� SVKERM^EXMSR#Ɖ�
QIEWYVMRK�E�JSVQEPMX]��3VKERM^EXMSR�LEW�
FIIR�HIƼRIH�EW�ER�SƾGMEP�SVKERM^EXMSR�
MJ� MX� LEW� FIIR� SƾGMEPP]� IWXEFPMWLIH� JSV�
XLI� TVSNIGX� SV� MX� FIPSRKW� XS� XLI� SƾGMEP�
SVKERM^EXMSR� GLEVX�� 7EQTPI� MXIQW� JSV�
JSVQEPMX]� MRGPYHI�� ƈFIPSRK� SƾGMEPƉ� ERH�
ƈFIPSRK� YRSƾGMEPƉ� SVKERM^EXMSR�� 8LI�
XSXEP� RYQFIV� SJ� VIWTSRHIRXW� [EW� ����
��� 	� SJ� XLI� VIWTSRHIRXW� ERW[IVIH�

XLEX� XLI� GSVI� XIEQ� [EW� ER� SƾGMEP�
arrangement in their organisation. The 
VIWX� SJ� VIWTSRHIRXW� ���� 	� HIWGVMFIH�
XLEX� XLI� GSVI� XIEQ� [EW� ER� YRSƾGMEP��
arrangement.

8Ȩȳǟ�ǙǣǒȨ

8LI� XIEQ� WM^I� EJJIGXW� XLI� TVSGIWWIW�
SJ� XLI� XIEQ�� -R� XLI� WXYH]�� XLI� EYXLSVW�
[IVI� MRXIVIWXIH� MR� XLI� RYQFIV� SJ� XLI�
TEVXMGMTERXW� JSVQMRK�E�GSVI� XIEQ�� �*SV�
QIEWYVMRK� XIEQ� WM^I�� E� KVSYT� SJ� ƼZI�
UYIWXMSRW�[EW�YWIH��8LI�ƼVWX�UYIWXMSR�Ɖ�
HMH� XLI� RYQFIV� SJ� TISTPI� SJ� XLI� GSVI�
XIEQ�ZEV]�HYVMRK� XLI�TVSNIGX#Ɖ� 7EQTPI�
MXIQW�JSV�XLI�UYIWXMSR�MRGPYHI��ƈRYQFIV�
SJ� TISTPI� SJ� XLI� GSVI� XIEQ� WXE]W� XLI�
WEQIƉ� ERH� ƈRYQFIV� SJ� TISTPI� SJ� XLI�
core team varies during the project”.  
The question divided respondents into 
two sections. 
8LI� ƼVWX� WIGXMSR�� XLI� GSVI� XIEQ� [EW�
XLI�WEQI�WM^I�HYVMRK�XLI�[LSPI�TVSNIGX��
XLI� RYQFIV� SJ� TISTPI� SJ� XLI� GSVI�
XIEQ�[IVI�EPWS�EWOIH��8LI�EQSYRX�SJ�
VIWTSRHIRXW� XS� XLI� WIGXMSR� [EW� ��� 	�
ERH� XLI� HMWXVMFYXMSR� SJ� ERW[IVW� LEZI�
been presented in Figure 5. 

*MKYVI����8IEQ�WM^I�SJ�GSVI�XIEQ
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According to respondents, there were 
WIZIR� HMJJIVIRX� WM^IW� SJ� GSVI� XIEQW�
mentioned. The smallest contained 
X[S� TISTPI� ERH� XLI� PEVKIWX� RYQFIV� SJ�
people was eight. Most common team 
WM^IW� WIIQIH� XS� FI� WM\�� JSYV� ERH� ƼZI��
8LI�QIHMER�SJ�XLI�ERW[IVW�[EW�_�a�
-R�WIGXMSR� X[S��[LIVI� � XLI�WM^IW�SJ� XLI�
core team vary during the project, the 
QMRMQYQ� ERH� QE\MQYQ� WM^IW� SJ� XLI�
core teams were asked. The amount 
SJ� VIWTSRHIRXW� XS� XLI� WIGXMSR� [EW� ���
	�� � 8LI� QMRMQYQ� RYQFIV� SJ� TISTPI�
wary between three and twelve. The 
QE\MQYQ�RYQFIV�SJ�TISTPI�MR�XLI�GSVI�
XIEQ�ZEV]�FIX[IIR�XLVII�ERH�ƼJXIIR��
3VKERMWEXMSREP�WSPYXMSRW
The gained results propose that 
MX� MW� TSWWMFPI� XS� VIGSKRM^I� MRXIVREP�
core teams or multi-company ones 
�MRXIVSVKERMWEXMSREP�� 1SWX� SJ� XLI�
respondents have participated the work 
SJ� GSVI� XIEQ� [LMGL� [EW� JSVQYPEXIH�
relation with other companies. Based 
SR� XLI� WYVZI]�� ��� 	� SJ� EPP� GSVI� XIEQW�
EVI� MRXIVSVKERMWEXMSREP� ERH� ��� 	� EVI�
internal core teams.
Based on the survey, 66 core teams 
[MXL� HMJJIVIRX� EWWIQFPEKIW� SJ�

JVSQ� WMXI� STIVEXMSR� LEW� FIIR� MR� ��� 	��
SJ� XLI� GSVI� XIEQW�� 8LI� GSVVIWTSRHMRK�
ƼKYVI� JSV� XLI� QIQFIVW� [MXL� HIWMKR�
FEGOKVSYRH�[EW����	��1IQFIVW� JVSQ�
procurement and accounting in the 
GSVI� XIEQ�[IVI� TVIWIRX� ���	� JVSQ�EPP�
ERH� XLI�QIQFIVW� JVSQ�WYTIVZMWMSR����
	�� -RHMZMHYEP� JVSQ� SXLIV� TVSJIWWMSRW�
has been collected into the trade 
GPYWXIV� ƄSXLIVWƅ��8LI]�LEZI�EX� PIEWX�SRI�
VITVIWIRXEXMZI�MR�XLI�GSVI�XIEQ�MR����	�
SJ�EPP�GSVI�XIEQW�

8ȳǙǡǙ
3RI�SJ�XLI�OI]�MRXIVIWXW�SJ�XLI�VIWIEVGL�
[EW�XS�YRHIVWXERH�XLI�QMWWMSR�SJ�E�GSVI�
team. This was studied with a particular 
open question. The respondents 
named the three most important tasks, 
which have been assigned to the core 
team in question. The total number 
SJ� VIWTSRHIRXW� [EW� ��� ERH� IEGL� SJ�
them named three tasks. The tasks 
were grouped into clusters, which were  
treated through several successive 
VIHYGXMZI�TLEWI�ERH� XLIR� ZIVMƼIH�F]�E�
third party. The independent third party 
was used to ensure that the data was 
RSX� FIMRK� JSVGIH� MRXS� GEXIKSVMIW�� FYX�
the categories represent the data. The 
GPYWXIVW� SJ� XEWO� ERH� XLIMV� WLEVI� SJ� XLI�
total is been presented in Figure 7. 

QIQFIVW�ERW[IVIH�ERH�����TVSJIWWMSR�
were mentioned as participants in 
XLI� GSVI� XIEQW�� 4VSJIWWMSRW� [IVI�
grouped into clusters, treated through 
several successive reductive phase 
ERH� XLIR� ZIVMƼIH� F]� E� XLMVH� TEVX]�� 8LI�
third party was used to ensure that the 
TVSJIWWMSRW�[IVI�RSX�FIMRK�JSVGIH� MRXS�
clusters. The relevant trade clusters 
that were recognised are construction 
management, site operations, 
design, procurement and accounting, 
WYTIVZMWMSR� ERH� SXLIVW�� 4VSJIWWMSRW�
WYGL� EW�� WEJIX]� QEREKIV�� ETEVXQIRX�
seller or logistic manager, which were 
SRP]�QIRXMSRIH�E�GSYTPI�SJ�XMQIW��[IVI�
EPP�KVSYTIH�MR�XLI�XVEHI�GPYWXIV�ƄSXLIVWƅ���
8LI� KVSYTMRK� SJ� TVSJIWWMSRW� [EW�
QEHI� WS� XLEX�QSVI� VITVIWIRXEXMZIW� SJ�
XLI� WEQI�TVSJIWWMSR� MR� XLI�WEQI�GSVI�
team were calculated only one. This 
[E]� HMWXVMFYXMSR� SJ� TVSJIWWMSRW� MR� XLI�
core teams was determined. Figure 6 
WLS[W�XLI�SGGYVVIRGI�SJ�HMJJIVIRX�XVEHI�
clusters in relation to the core teams. 
Based on the survey at least one member 
with background in construction 
QEREKIQIRX� LEW� TEVXMGMTEXIH� MR� ���	�
SJ�XLI�GSVI�XIEQW��%X�PIEWX�SRI�QIQFIV�

*MKYVI����3GGYVVIRGI�SJ�XVEHI�GPYWXIVW�MR�XLI�GSVI�XIEQW

'SRWXVYGXMSR� TVSNIGXW� EVI� GSRWMWXIRXP]�
GSQTPI\� QERIYZIVW� [LIVI� QYPXMTPMGMX]�
SJ�HYXMIW�I\MWX�VIPEXIH�XS�XLI�GSRWXVYGXMSR�
processes. 
8LI� QEMR� EXXIRXMSR� SJ� QEREKIQIRX�
personnel involved is primary on the 
SVGLIWXVEXMSR� SJ� HMJJIVIRX� TEVXMIW� ERH�
their activities throughout preparative 
work, cooperative actions and daily 
problem solving.    Thus, when it was 
EWOIH� [LEX� PIEHIV� SV� XLI� PIEHIVW� SJ�
a construction project do, the typical 
ERW[IVW� [IVI�� TPERRMRK�� SVKERMWMRK��
HMVIGXMRK� ERH� GSRXVSPPMRK�� 'SRGIVRMRK� E�
core team, the respondents answered 
HMJJIVIRXP]��%GGSVHMRK�XS�XLI�VIWTSRHIRXW��
the main assignment was to take care 
SJ� XLI� ƼRERGI� SJ� XLI� FYMPHMRK� TVSNIGX��
The schedule control came close to this 
JSPPS[IH�F]�HIGMWMSR�QEOMRK��
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The construction industry can be 
GLEVEGXIVM^IH� EW� E� GSQTPI\� TVSNIGX�
based industry where the operations 
EVI� JVIUYIRXP]� WXVYGXYVIH� MR� XVEHMXMSREP�
[E]W�� 8SS� SJXIR�� ZMXEP� HIGMWMSR� QEOMRK�
is drowned by a hierarchical manner 
where part optimisation procedures 
EVI� LMRHIVMRK� XLI� EGLMIZIQIRX� SJ� LMKL�
ZEPYI� VIWYPXW� �/ʞLOʯRIR� IX� EP��� ������
-R� GSRWXVYGXMSR� FYWMRIWW�� E� TVSNIGX�
QEREKIV� LEW� EPQSWX� JYPP� GSRXVSP� SZIV�
XLIMV� TVSNIGX� �3EOPERH� ERH� 1EVEWW^IO]��
������ %PFIMX�� MR� GSRWXVYGXMSR� TVSNIGXW�
the high-level integration is seen as a key 
HVMZIV� SJ� GLERKI� RIIHIH� XLI� MRHYWXV]� XS�
FI�QSVI�WYGGIWWJYP��*MWGLIV�IX�EP��������
*VEKQIRXEXMSR�MW�XLI�GSRWIUYIRGI�SJ�X[S�
QENSV� JEGXSVW� �1MXVSTSYPSW� ERH� 8EXYQ��
������ XLI� LMKL� WTIGMEPMWEXMSR� MR� HIWMKR�
ERH� GSRWXVYGXMSR� ERH� XLI� MRXVMGEG]� SJ�
XLI� GSRWXVYGXIH� JEGMPMXMIW�� 7TIGMEPMWEXMSR�
MW� XLI� GSRWIUYIRGIW� SJ� HMWXVMFYXMSR� SJ�
[SVO� FIX[IIR� SVKERM^EXMSRW� EW� [IPP�
EW� FIX[IIR� SVKERM^EXMSREP� TSWMXMSRW��
7TIGMEPMWEXMSR� TIVQMXW� ER� SVKERM^EXMSR�

KEMR�KVIEXIV�HIKVIIW�SJ�ORS[�LS[�EQSRK�
members but consequences might be the 
JVEKQIRXEXMSR�SJ�ORS[PIHKI�ERH�HMJJIVIRX�
SFNIGXMZIW��8LI�HERKIV�MW�XLEX�I\TIVXW�HS�
RSX�YRHIVWXERH�XLI�GSRWIUYIRGIW�SJ�XLIMV�
HIGMWMSRW�JVSQ�XLI�TSMRX�SJ�ZMI[�SJ�SXLIV�
WXEOILSPHIVW� SJ� XLI� TVSHYGXMSR� W]WXIQ��
The result is part-optimum decision 
[LMGL� MW� MX� MW� RSX� XLI� FIWX� JSV� XLI�[LSPI�
TVSNIGX�� 0MOIP]�� GSRƽMGXW�[MPP� I\MWX� EQSRK�
participants. A core team is an optional 
SVKERMWEXMSREP� WIXXPIQIRX� JSV� QEREKMRK�
construction project teams. 

3JXIR� GSRWXVYGXMSR� TVSNIGX� SVKERMWEXMSRW�
were settled by the arrangements 
SJ� MRHITIRHIRX� GSQTERMIW� WIPIGXIH�
MR� GSQTIXMXMSRW�� %� [MHI� VERKI� SJ�
organisational arrangements has arisen 
XLVSYKL� XLI� TVSKVIWW� SJ� MRXIVHMWGMTPMREV]�
KVSYT� TVSJIWWMSREP� TVEGXMGIW�� �;EPOIV��
����� 8VEHMXMSREPP]�� WXEOILSPHIVW� EVI�
WSPZMRK� XLI� GLEPPIRKIW� SJ� XLIMV� S[R� ƼIPH�
ERH� XLI� I\TIVXW� LEZI� FIIR� EGXIH� SRP]�
with their own perspectives, which has 

VIHYGIH�TVSNIGX�HIPMZIV]�IƾGMIRG]��)KER��
������ ������ )ZFYSQ[ER� ERH� %RYQFE��
������ 8LIVIJSVI�� RI[� SVKERMWEXMSREP�
structures and linkages are sought to 
JEGMPMXEXI�MQTIVEXMZI�GSSTIVEXMSR�FIX[IIR�
stakeholders. 
The team design is understood as a core 
XEWO� JSV� MRXIKVEXIH� TVSNIGX� HIPMZIVMIW��
which as a whole is highlighting the 
WMKRMƼGERGI� SJ� TVSNIGX� XIEQW� ERH� XIEQ�
XLMROMRK�MR�GSRWXVYGXMSR�TVSNIGXW��%WLGVEJX��
������ (IWMKR� ERH� TVSHYGXMSR� WXVEXIKMIW�
and partnering arrangements have 
been used to attempt to integrate the 
construction project delivery team (Love, 
������%RYRFE�IX��EP��������,S[IZIV��QER]�
SJ� XLIWI� [IPP� MRXIRXMSRIH� EXXIQTXW� LEZI�
RSX�JYPP]�EGLMIZIH�XS�ERXMGMTEXIH�WYGGIWW�
TVSFEFP]� FIGEYWI� XLI]� EVI� JVIUYIRXP]�
superimposed onto environments where 
EHZIVWEVMEP�GYPXYVIW�ERH�EXXMXYHIW�WXMPP�I\MWX�
�1SSVI�ERH�(EMRX]��������������
4IVLETW� XLI� SVKERMWEXMSREP� ETTVSEGL��
[LIVI�QEREKIQIRX�SJ�WITEVEXIH� XIEQW�
SJ�WXEOILSPHIV�MW�MRXIKVEXIH�QSVI�GPSWIP]��
provides more value adding collaboration 
between project partners.
The core team is an interesting 
management arrangement in 
GSRWXVYGXMSR�FYWMRIWW��-X�WIIQW�XLEX�GSVI�
teams as an approach are particularly 
YWIH� MR� GSQTPI\� QENSV� TVSNIGXW� [LIVI�
the core team can bring together the key 
TPE]IVW�[MXL�E�WYƾGMIRX�QERHEXI�XS�WXIIV�
XLI�TVSNIGX�JYVXLIV���%QSRK�XLI�GSVI�XIEQ�
members the responsibilities are shared 
ERH�XLI�XIEQ�GER�FI�VIWTSRWMFPI�JSV� XLI�
SZIVEPP�WYGGIWW�SJ�XLI�TVSNIGX��
-R� HIGMWMSR�QEOMRK�� TEVX� STXMQMWEXMSR� MW�
avoided and decisions are made based 
SR� [LEX� MW� XLI� FIWX� JVSQ� XLI� TSMRX� SJ�
ZMI[� SJ� XLI� [LSPI� TVSNIGX�� 'SQTERMIW�
selected their own core teams and there 
EVI�WIZIVEP�TSWWMFPI�[E]�XS�JSVQYPEXI�XLI�
GSVI�XIEQ��'SRWXVYGXMSR�TVSNIGXW�LEZI�EPP�
XLIMV�S[R�YRMUYI�JIEXYVIW�ERH�IEGL�GSVI�
XIEQ�WIIQW�XS�FI�JSVQIH�EGGSVHMRK�XS�E�
project. 
8LI� GSVI� XIEQ� MW� IWXEFPMWLIH� JSV� XLI�
project, thus tackle the management 
MWWYI� TVIWIRXIH� F]� ;EPOIV� ������� XLI�
TVSFPIQ� SJ� QEREKMRK� GSQTER]� ERH� SJ�
managing a project. 

*MKYVI����1EMR�XEWOW�SJ�E�GSVI�XIEQ
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A typical construction project is an 
IJJSVX�XLEX�MRZSPZIW�E�RYQFIV�SJ�HMJJIVIRX�
organisations brought together. The 
challenge is to organise the participants 
SJ�HMJJIVIRX�SVKERMWEXMSRW��WTIGMEP�ƼIPHW�
ERH�JYRGXMSRW�MRXS�E�JSVQ�SJ�ER�IJJIGXMZI�
TVSNIGX� XIEQ�� 8LMW� TETIV� JSGYWIH� SR�
HIWGVMFMRK�XLI�VSPI�SJ�GSVI�XIEQ��8S�HS�
XLMW��XLI�VIWIEVGL�YWIH�WM\�EXXVMFYXIW�JSV�
I\TPSVMRK�XLI�IRXMX]��
8LI� VIWIEVGL� ƼRHMRKW� WLS[� XLEX� XLI�
concept core team has been recognised 
MR� WIZIVEP� ƼIPHW�� [LIVIEW� SRP]� E� JI[�
I\EQTPIW� [IVI� JSYRH� [MXL� E� HIXEMPIH�
HIƼRMXMSR� SJ� GSVI� XIEQ�� %HHMXMSREPP]� MX�
[EW� JSYRH� XLEX� XLI� GSVI� XIEQW� GSYPH�
I\MWX� FSXL� MR� ER� SƾGMEP� SV� YRSƾGMEP�
organisational arrangements in 
GSRWXVYGXMSR�TVSNIGXW��-X�WIIQW�XLEX�XLI�
SƾGMEP� EVVERKIQIRXW� EVI� E� WSQI[LEX�
QSVI� JVIUYIRXP]� YWIH� ETTVSEGL�� 8LI�
RYQFIV� SJ� QIQFIVW� MR� E� GSVI� XIEQ�
GER�FI�Ƽ\IH�HYVMRK�XLI�TVSNIGX�� �&EWIH�
SR� VIWIEVGL� EPQSWX� XLI� LEPJ� SJ� XIEQW�
reported being like this. Usually a project 
GSVI�XIEQ�MW�GSQTSWIH�SJ�WM\�QIQFIVW��
&EWIH�SR�[LEX�X]TIW�SJ�WOMPPW�EVI�RIIHIH�
MR� XLI� HMJJIVIRX� WXEKIW� SJ� TVSNIGXW�� XLI�
RYQFIV� SJ� QIQFIVW� GER� ZEV]� HYVMRK�
the project.  The core team can be 

organised inside one company, but it 
WIIQW�� XLEX� SVKERM^MRK� XLI� GSVI� XIEQ�
interorganisational are a somewhat 
QSVI� JVIUYIRXP]� YWIH� ETTVSEGL�� 3ZIV�
���� TVSJIWWMSRW� [IVI� QIRXMSRIH�
FIPSRKMRK�XS�XLI�GSVI�XIEQ��-X�[EW�JSYRH�
that construction management and site 
operations were the most represented 
GPYWXIVW� SJ� TVSJIWWMSRW� XLEX� LEH� EX�
least one member in the core team. 
During a construction project, the tasks 
SJ� XLI� GSVI� XIEQ�EVI�QYPXMJEVMSYW��8LI�
VIWIEVGL� ƼRHMRKW� WLS[� YW� XLEX� XLVII�
QEMR�XEWOW�SJ�XLI�GSVI�XIEQ�EVI�XEOMRK�
GEVI� SJ� XLI� ƼRERGI�� WGLIHYPI� GSRXVSP�
and make decisions. 
We see the core team as an important 
HIZIPSTQIRX�SJ�TVSNIGX�WXVYGXYVMRK�XLEX�
HSIW�RSX�LSPH�E�JYPP]�HIZIPSTIH�TSWMXMSR�
EW� E� TEVX� SJ� JSVQEP� TVSNIGX� WXVYGXYVIW�
MX�GER�LEZI�� -R�XLI�JYXYVI�� XLI�QERRMRK��
mandates, contractual recognitions, 
established approached and decision-
making practices are the dimensions 
where developments should take place. 
8LMW� OMRH� SJ� RI[� XIEQ� GSRGITX� GER�
FI�YWIJYP� JSV� XEOMRK� XLI� JYPP�FIRIƼXW�SJ�
project teams as project structuring 
approaches.
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