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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)
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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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1)8,3(7�463437)(�*36�%2%0=7-7�
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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�

in_bo Asbestos Hazards Analysis in Construction Projects With the 
)DXOW�7UHH�$QDO\VLV�DQG�WKH�)DLOXUH�0RGH�DQG�(ࢼHFW�$QDO\VLV

S. Marchello



���

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

*8%���*%908�86))�%2%0=7-7�

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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*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�
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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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%ǙȲȨǙǘǝǙ� ǙǠȳȲǙ� ǚȨǟȨȰǣȳǘǣǝǞ� ǘǤǚǝǗǥǤ�
ȱǝǞǦǣǞȨǟȨǞǘ�

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������
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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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