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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�
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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.
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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]�
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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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