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Carboniar sistem®  
1.0  .RPSR]LWQL�PDWHULMDOL�RSüHQLWR 
 
3RMDP�³NRPSR]LWQL´�SUHGVWDYOMD� VYDNL�PDWHULMDO� X�NRMHPX�VH� MHGDQ� LOL� YLãH�QHVWDOQLK�REOLND��RSüHQLWR�
VDVWDYOMHQL�RG�PDWHULMDOD�L]YDQUHGQLK�PHKDQLþNLK�NDUDNWHULVWLND��VWDSDMX�X�MHGDQ�VWDOQL�REOLN� 
Stari EgiSüDQL�VX�L]UD LYDOL�NRPSR]LWQH�FLJOH�PLMHãDMXüL�JOLQX�L�VODPX� 
.RPSR]LWL��V�NRMLPD�üHPR�VH�VUHVWL��VX�SODVWLþQL�PDWHULMDOL�RMDþDQL�NDUERQVNLP�YODNQLPD��SR]QDWL�NDR�
&)53��&DUERQ�)LEHUV�5HLQIRUFHG�3RO\PHUV���9ODNQD�VX�RMDþDYDMXüD�NRPSRQHQWD��D�VPROD�UHGLVWULbuira 
VLOH� X]URNRYDQH� YDQMVNLP�QDSRQRP��5H]XOWDW� MH�PDWHULMDO� NRML� VMHGLQMXMH� YHOLNX�þYUVWRüX� L� NUXWRVW� VD�
L]QLPQRP�ODNRüRP�L�WUDMQRãüX��D�&)53�MH�]DLVWD�RWSRUDQ�QD�NRUR]LMX� 
 
 
 
                             2-$ý$1-(              KARBONSKA VLAKNA 
 
 
                                                                                                                      C.F.R.P. 
 
 
                                   KALUP                         SMOLA 
 
                                                                                                                                   Sl.1 
 
 
 
 
CFRP je u uporabi u avio industrLML�YLãH�RG����JRGLQD��D�X�JUD HYLQDUVWYX�]DGQMLK���� 
8� JUD HYLQDUVWYX�� QDMþHãüD� XSRWUHED� MH� NRG� VWUXNWXUDOQRJ� RMDþDQMD� SRVWRMHüLK� JUD HYLQD�� JGMH� VH�
&)53� SRåHOMQR� XVSRUH XMH� VD� þHOLNRP� X� RMDþDQMX� XJODYQRP� VYLMHQLK� GMHORYD�� NDR� ãWR� VX� SRGRYL� L�
grede, u ogrDQLþDYDQMX�VWXSRYD�RPDWDQMHP�WH�X�RMDþDYDQMX�]LGDQLK�REMHNDWD��VO���� 
.DUERQVND� YODNQD� VX� VX� JUXSD� QHSUHNLGQLK� VORMHYD� XJOMLþQLK� NULVWDOD� GRELYHQLK�� VHULMRP� YLVRNLK�
temperatura, iz nusprodukta naftne industrije poznatih kao poliakrilonitril (PAN). 
Takva vlakna predstavljaju nekoliko iznimnih karakteristika : 
a) L]YUVWQR�SRQDãDQMH�SUL�VHL]PLþNLP�GMHORYDQMLPD 
b) iznimno malen zamor materijala 
c) izvrstna kemijska otpornost na otapala, kiseline te baze 
d) HODVWLþQR�OLQHDUQR�SRQDãDQMH�GR�ORPD 
CRFP materijali mogu se dobiti�NUR]�GYD�UD]OLþLWD�SURFHVD���SUYL�REOLNXMH�YODNQD�L�VPROX�X�WYRUQLFL�SRG�
YLVRNLP� WODNRP� L� YUXüLP� L]YODþHQMHP� WH� QXGL� XJODYQRP� VDPR� MHGQRVPMHUQH� ODPHOH� SUHNR� �PP�
debljine; 
Drugi koristi karbonska vlakna tkana kao trake ili platna, sa jedinom razlikom u njihovoj širini, ne 
impregnirana sa smolom, stoga suha, što dopušta proizvodnju kompozitnog materijala na mjestu 
ugradbe, a ne u nekoj udaljenoj tvornici. 
2YDM�QDþLQ�WYRUL�RVQRYX�&DUERQiar sistema, što ga upotrebljava Akroterij. 
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2.0 Carboniar sistem  
 
Carboniar MH�]DãWLWQL�]QDN�]D�NRPSR]LWQL�VLVWHP�NRML�NRULVWL�NDUERQVND�YODNQD��NDR�RMDþDQMH�WH�
posebno formuliranu epoksidnu smolu kao kalup. 
2MDþDYDMXþD�NRPSRQHQWD�Carboniar- a je suha traka ili platno karbonskih vlakanD��NRMH�GUåL�QD�
RNXSX� PLQLPDOQL� EURM� WUDQVYHU]DOQLK� VWDNOHQLK� YODNDQD�� VDYUãHQR� VDYLWOMLYR�� V� PRJXüQRVüX�
impregnacije te prilagodljivo bilo kojem obliku. 
Carboniar VLVWHP� PRåH� VH� SULODJRGLWL� ãLULQL� VWUXNWXUDOQRJ� HOHPHQWD�� VPDQMXMXüL� GHEOMLQX�
RMDþDQMD��D�]DGUåDYDMXüL�L]QRV�RWSRUD��1D�RYDM�QDþLQ�PRJXüH�MH�L]EMHüL�SUHUDQH�L�QHRþHNLYDQH�
pogreške raslojavanjem. 
 
 

 
 
 

 
2.1 .DUDNWHULVWLNH�L�PHKDQLþND�VYRMVWYD�VWDQGDUGD�NDUERQVNLK�YODNDQD 

 
6XVWDY�RMDþDQMD�&DUERQiar nudi : 
9 0LQLPDOQR�GRGDYDQMH�WHåLQH��RELþQR�PDQMH�RG����WHåLQH�VDPH�VWUXNWXUH� 
9 Minimalnu debljinu (oko 1mm) 
9 5HYHU]LELOQRVW�SURFHVD��EXGXüL�GD�MH�PRJXüH�XNORQLWL�RMDþDQMH�]UDþQLP�SRVWXSNRP 
9 9HOLND�RWSRUQRW�X�YODåQRP�RNUXåMX��þDN�GR��������MHU�NDUERQVND�YODNQD���]D�UD]OLNX�RG�GUXJLK�

VLQWHWLþNLK�YODNDQD��PLQLPalno apsorbiraju vlagu 
9 .HPLMVNL�LQHUWQD�HSRNVLGQD�VPROD��NRMD�SURL]YRGL�DPELMHQW�SK!����SRPDåH�X�SDVLYLUDQMX�þHOLþQLK�

šipki u betonu 
9  Znatno smanjeno vrijeme za obnovu te kasniju uporabu 
9 PRJXüQRVW�GR]YROMDYDQMD�SULVWXSD��X�YHüLQL�VOXþDMHYD��MRã�]D�WUDMDQMD poslova 
9 L]YUVWQD�NHPLMVND�RWSRUQRVW��QDURþLWR�X�OXåQDWRP�DPELMHQWX 
9 PLQLPDOQD�]DYLVQRVW�RG�UD]OLþLWLK�KLJURVNRSVNLK�XYMHWD�]D�YULMHPH�DSOLNDFLMH 
 

širina 
širina 

debljina 
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Otporna komponenta Carboniar sustava sastoji se od standardnih karbonskih vlakana spojena u suhe 
trake pokazuMXüL�� 
� YODþQX�þYUVWRüX�---------------------------- 4 900 MPa 
� PRGXO�HODVWLþQRVWL�----------------------------230 GPa 
� lomno produljenje -----------------------------2.1% 
� koeficijent temperaturnog širenja ---------0,4 * 10-6/°C 
� JXVWRüD�------------------------------------------1.8kg/dm3 
 
9DåQR�MH�XRþLWL�RGQRVH�YODþQH�VLOH�L�YODþQRJ�PRGXOD�HODVWLþQRVWL�X�RGQRVX�QD�JXVWRüX���]D�NDUERQVND�
YODNQD�RGQRVL�VX����WH��������PQRJR�EROMH�RG�þHOLND�JGMH�VX�YULMHGQRVWL�����WH����� 
7HåLQD�]D�WHåLQX��NDUERQVND�YODNQD�VX�XLVWLQX�VXSHULRUQD�þDN�L�]D�þHOLN�QDPMHQMHQ�]D�SUHGQDSUHJQXWL�
beton. 
6YH� WUDNH� NDUERQVNLK� YODNDQD� LPDMX� DWHVW� GRELYHQ� RG� SURL]YR DþD�� NRMH� LVWLþX� PHKQLþND� VYRMVWYD�
SURL]YRGD��NRMD�VX��RSüHQLWR��MHGQDND�LOL�EROMD�RG�JRUH�QDYHGHQLK� 
7UDNH� L� SODWQD� WDNR HU� SUHGVWavljaju indikator ispravne impregnacije, korisno za provjeru sigurnog 
prijanjanja na podlogu. 
Visoko vrednovane karkteristike Carboniar –D� VX� PRJXüQRVWL� SRQX HQH� SURMHNWDQWLPD� GD� L]DEHUX�
L]PH X� UD]OLþLWR� XVPMHUHQLK� YODNDQD� WH� GD� VHOHNWLYQR� RMDþDMX� NUXWRVW� X� MHGQRP� LOL� YLãH� åHOMHQLK�
smjerova. 
0RåH�VH�UHüL�GD�MH�RMDþDQMH�³NURMDþNL�QDSUDYOMHQR´�GD�]DGRYROML�VYDNL�SRVDR� 
 
 

2.2 Kvalitativni standardi sistema Carboniar  
 
6LVWHP�PRåH�JDUDQWLUDWL� L]YUVWQR�SRQDãDQMH� DNR� MH�SRGUåDQ� L� VD� NRUHNWQLP�SURMHNWRP� L� VD� VWULNtnim 
SULGUåDYDQMHP�SURSLVDQLK�FLNOXVD�QDQRãHQMD� 
Zbog ovih zahtjeva akroterij�QH�QXGL�SURGDMX�GMHORYD��YHü�LQ]LVWLUD�QD�REXKYDWQRM�VXUDGQML��SRþHYãL�RG�
VDPRJ� SURMHNWD� VD� DGHNYDWQLP� SURUDþXQVNLP� PRGHOLPD� �DQDOL]D� JUDQLþQLK� VWDQMD��� SD� GR� YLVRNR�
kvalificiranRJ�RVREOMD�]D�DSOLNDFLMX�VLVWHPD�RMDþDQMD� 
akroterij MH�REXþDYDR�VYRMH�UDGQLNH�X�VXUDGMQL�VD�WDOLMDQVNRP�WYUWNRP�,�$�5��L]�5RYLJD��NDNR�QD�SUYLP�
poslovima u Hrvatskoj, tako i na gradilištima u I taliji. 
2ERMH�� SURMHNWQL� NULWHULML� L� SURUDþXQVNL� PRGHOL� NRML� Ve koriste u sistemu Carboniar� SRGUåDQL� VX�
]QDQVWYHQLP�L�HNVSHULPHQWDOQLP�LVWUDåLYDQMLPD��NRMH�MH�L]QLR�,�$�5��X�VXUDGQML�VD�YDåQLP�WDOLMDQVNLP�WH�
HXURSVNLP�6YHXþLOLãWLPD� 
Izvanredno ponašanje Carboniar-D� � WDNR HU� ]DYLVL� R� SURGLUDQMX� VPROH� NUR]� YODNQD� QD� SRdlogu za 
YULMHPH� SURFHVD� SRODJDQMD�� GRN� RYR� QLMH� PRJXüH� VD� YHü� LPSUHJQLUDQLP� RMDþDQMLPD�� NDR� ãWR� VX�
ODPHOLUDQL� RMDþLYDþL�� 5D]OLþLWL� NRUDFL� FLNOXVD� SRODJDQMD�� SDåOMLYR� ]DYUãHQL� X� YUHPHQX� SURSLVDQRP� RG�
SUL]YR DþD� VPROH�� GRSXãWDMX� L]YHGEX� KRPRJHQRJ� L� PRQROLWQRJ� SRVOD� ]DKYDOMXMXüL� SURGRUX� NUR]�
RMDþDQMH�WH�WURGLPHQ]LRQDOQRM�SRYH]DQRVWL�SUHVMHND�PDWULFH�WLNVRWURSLþQRVW�– bitno svojstvo epoksidne 
VPROH���L]EMHJDYDMXüL�ELOR�NDNDY�UL]LN�QHGRYãHQH�SROLPHUL]DFLMH�L�SRVOMHGLþQRJ�]DSOHWD�SODQRYD� 
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2.3  Trajnost sistema 
 
3R�GRVWXSQRM�WHKQLþNRM�OLWHUDWXUL�NDURQVND�YODNQD�QH�WUSH�QLNDNYR�VPDQMHQMH�PHKDQLþNLK�VYRMVWDYD�
SUHNR�SHULRGD�RG����JRGLQD��âWR�VH�WLþH�VPROH��SURL]YR DþL�LVWLþX�GD�VH�HSRNVL�VLVWHP�NRULVWL�DSVROXWQR�
pouzadano i s povjerenjem, preko 40 godina. Usprkos ovome kao dodatnu mjeru, uputno je planirati, 
RG�SURMHNWQRJ�VWDGLMD�SHULRGLþNH�NRQWUROH�WH�DNR�MH�SRWUHEQR�RGUåDYDQMH�LOL�]DPMHQX� 
 

2.4 �3RQDãDQMH�QD�89�]UDNDPD��UDGQD�WHPSHUDWXUD��SRåDU�L�VWDUHQMH 
 

1) .RULãWHQMH�89�RWSRUQH�VPROH�LOL�]DãWLWD�åEXNRP�QD�YDQMVNLP�VWUDQama 
2) 5DGQH�WHPSHUDWXUH�VX�X�SRGUXþMX�RG�– 40°C do +  80°C 
3) 8�VOXþDMX�RþHNLYDQRJ�L]ODJDQMD�WHPSHUDWXUDPD�L]QDG������&��QDQLMHWL�DGHNYDWQX�WHUPR�]DãWLWX 
4) 8�VOXþDMX�SRåDUD��HSRNVLGQD�VPROD�PRåH�GRVHüL�RWURYQX�UD]LQX�LVSRG�QDMYLãH�GRSXãWHQH 
5) Zaštitni efekti produljXMX�WUDMQRVW�]DãWLüHQH�VWUXNWXUH�WH�VKRGQR�WRPH�VPDQMXMX�L�VYH�WURãNRYH�

RGUåDYDQMD 
 
 

2.5  Upute za izbor materijala 
 
3URL]YRGH�VH�UD]OLþLWL�WLSRYL�WUDND�NDUERQVNLK�YODNDQD�L�SODWQD� 
.DUDNWHULVWLNH�RMDþDQD�PLMHQMDMX�VH�VD�XUH HQMHP�YODNDQD���VO������ 

1) Jednosmjerni, sa svim vlaknima u jednom smjeru 
2) 'YRVPMHUQL��JGMH�VX�YODNQD�XVPMHUHQD�QD����WH�QD������DNR�MH�NROLþLQD�YODNDQD�X�RED�VPMHUD�

LVWD��RMDþDQMH�MH�

EDODQVLUDQR

��X�VXSURWQRP�MH�

QHEDODQVLUDQR

 
3) Biaksialni, gdje vlakna idu pod 45°  

âLULQD�RMDþDQMD�PRåH�YDrirati od 1,3 do 126 cm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

jednosmjerna dvosmjerna biaksialna 
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THåLQD�WUDND�VH�PRåH�ELUDWL�L]PH X�����L�������JU�P2���RYR�MH�SDUDPHWDU�]D�RGUH LYDQMH�GHEOMLQH�WH��
VWRJD��SUHVMHND�RWSRUD��âLURN�L]ERU�WLSRYD��GLPHQ]LMD�L�JXVWRüH�VX�HNVNOX]LYQD�VYRMVWYD�&DUERQiar 
sistema kRMD�GR]YROMDYDMX�GHILQLUDMQH�SULNODGQH�VROXFLMH�]D�UMHãHQMH�VYDNRJ�SUREOHPD��L]EMHJDYDMXüL�
SULWRP�JXELWDN�L�VORåHQH�VWDGLMH�QDQRVD��8�VWYDUL��NRULãWHQMH�WHåLK�RMDþDQMH�PRåH�VPDQMLWL�EURM�VORMHYD�
]D�PDVLYQH�REQRYH�LOL�LK�þDN�VPDQMLWL�QD�MHGDQ�VORM� 
8QDWRþ�Vvemu izbor mora biti unutar zahtjeva projekta.   
3URL]YRGH�VH�WDNR HU�L�ODPHOLUDQD�NDUERQVND�YODNQD�DOL�V�QMLKRYRP�XSRWUHERP�WUHED�ELWL�NUDMQMH�
RSUH]DQ�GD�VH�L]EMHJQX�PRJXüL�SUREOHPL��WLP�YHüL�]ERJ�QMLKRYH�VPDQMHQH�IOHNVLELOQRVWL��]ERJ�QDþLQD�
nanošenja te ]ERJ�VPDQMHQH�NRQWDNWQH�SRYUãLQH�L�SRYHüDQH�GHEOMLQH� 
7LSLþQD�JUDGLOLãWD�JGMH�VH�&DUERQLDU�XSRWUHEOMDYD�]DKWMHYDMX�VDPR�VXKX�WUDNX�NDUERQVNLK�YODNDQD��
SRSUHþQR�SRYH]DQLK�PLQLPDOQRP�NROLþLQRP�VWDNOHQLK�YODNDQD��VDYUãHQH�JLSNRVWL�V�PDNVLPDOQRP�
debljinom 0,6 mm. 
2WSRUQL�SUHVMHN�MH�SURMHNWLUDQ�L�SURL]YHGHQ�]D�VYDNX�DSOLNDFLMX�SRVHEQR��PMHQMDMXüL�X�VYLP�VOXþDMHYLPD�
ãLULQX��þDN�L�GR�ãLULQH�VDPH�NRQVWUXNFLMH��XPMHVWR�GHEOMLQH��NDNR�EL�GRELOL�QDMEROMX�GLVWULEXFLMX�
QDSUH]DQMD�L�VSULMHþLOL�UDQD�L�QHSUHGYL HQD�RãWHüHQja. 
Ovakav proces je minimalno nametljiv u prostoru, ne zahtjeva zglobove, reverzibilan je jednostavim 
]UDþQLP�SRVWXSNRP��QH�GRGDMH�]QDþDMQX�WHåLQX�REMHNWX��QH�]DKWMHYD�SRVHEQX�RSUHPX�WH�QH�]DX]LPD�
koristan prostor. 
0RJXüH�MH�VSDMDWL�WUDNH�RGJRYDUDMXüLP�SUeklapanjem. 
 
6WDQGDUGQH�WUDNH�NRMH�XJUD XMPR� 
 

TRAKE 
Gramatura 

(gr/m2) 

Visina 
trake 
(mm) 

Efektivna 
debljina 
(mm) 

Otporni 
presjek 
(mm2) 

9ODþDQD�
þYWRüD 
(MPa) 

Modul 
HODVWLþQRVWi 

(Gpa) 
Carboniar jednosmjerni pleten 
FCU 800/ 100 827 100 0,40 40,00 
FCU 800/ 200 827 200 0,40 80,00 
FCU 500/ 100 520 100 0,248 24,80 
FCU 300/ 100 300 100 0,167 16,70 

4900,00 240,00 

Carboniar dvosmjerni pleten 0° - 90° 

FCB 600/ 1000 656 1000 
0,160 
0,160 

160,00 okom. 
160,00 vodor. 

4900,00 240,00 

Carboniar biaksialni pleten + /- 45° 

FCBX 400/ 1000 400 1000 
0,100 (+ 45°)  
0,100 ( -45°) 

142,00 (+ 45°)  
142,00 ( -45°) 

FCBX 400/ 1270 400 1270 0,100 (+ 45°)  
0,100 ( -45°) 

180,00 (+ 45°)  
180,00 ( -45°) 

4900,00 240,00 

Carboniar jednosmjerni termospojen 
FCUT 300/ 200 300 200 0,177 35,40 
FCUT 300/ 1000 300 1000 0,177 177,00 

4900,00 240,00 
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Biaksialna (posmik) 

����7LSLþQL�SRSUDYFL�VLVWHPRP�&DUERQLDU 
 
Na zidanim konstrukcijama koristi se: 

1) ]D�VSDMDQMH�RãWHüHQLK�REMHNDWD�LOL�GMHORYD��]D�NUSDQMH�VORPOMHQLK�NUDMHYD� 
2) za smanjenje uvjeta nakošenosti 
3) ]D�DSVRUSFLMX�YODþQLK�QDSRQD�VWDWLþNRJ�LOL�GLQDPLþNRJ�SRULMHNOD�VYRGRYLPD��OXNRYLPD�L�

kupolama 
4) ]D�SRYHüDQMH�RWSRUD�KRUL]RQWDORP�VWUHVX 

 
Na drvenim konstrukcijama: 

1) ]D�SRYHüDQMH�QRVLYRVWL�L�]D�]DGUåDYDQMH�GHIRUPDFLMD�X�SULKYDWOMLYLP�JUDQLFDPD 
 
1D�RãWHüHQLP�NRQVWXNFLMDPD�RG�ãOMXQND�L�SLMHVND(�LVSXSþHQMD� 
]D�YUDüDQMH�VLJXUQRVWL 
 
 
Na betonskom konstrukcijama: 

1) ]D�SRYHüDQMH�YODþQH�L�SRVPLþQH�þYUVWRüH 
2) ]D�RPDWDQMH�VWODþHQLK�HOHPHQDWD�L�SREROMãDQMH�QMLKRYH�åLODYRVWL��X�VPLVOX�PRJXüQRVWL�RWSRUD�

RGUH HQLP�GHIRUPDFLMDPD�X�SODVWLþQRP�SRGUXþMX��XJODYQRP�]a vrijeme potresa 
3) ]D�SRYHüDQMH�RWSRUQRVWL�VWUXNWXUH�QD�]DPRU�SRG�KDUPRQLMVNL�SURPMHQMLYLP�QDSUH]DQMHP 

 
 
 
 
 

 
 
 
 
 
 

Jednosmerna (omatanje) 

Jednosmjerna 
�YODþQD�þYUVWRüD� 

 Dvosmjerna 
(omatanje i 
savijanje) 
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Na prednapregnutom betonu: 

1) za nadoknadu opuštenih ili slomljenih šipki  
8�WDNYLP�VOXþDMHYLPD��NDG�JRG�MH�PRJXüH��RWNORQ�WUHED�VPDQMLWL�LOL�þDN�YUDWLWL�SRWSXQR�SULMH�QDQRãHQMD��
RMDþDQMD��NRMH�üH�SRWRP�ELWL�QDSHWR�WHåLQRP�VDPH�VWUXNWXUH� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

dvosmjerna 

biaksialna 

biaksialna 

jednosmjerna 

jednosmjerna 
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4.0   &DUERQLDU�]D�RMDþDQMH�DUPLUDQR�EHWRQVNLK�NRQVWUXNFLMD 
 

4.1 9ODþQD�þYVWRüD��RSüHQLWR 
 
9HüLQD� VDYLMHQLK� VWXNWXUQLK�HOHPHQDWD�� SRSXW�JUHGD� L� SRGRYD��PRåH�VH� HIHNWLYQR�RMDþDWL�QD�YODþQRM�
VWUDQL�NRULVWHüL�MHGQRVPMHUQX�WUDNX��V�YODNQLPD�X�VPMHUX�SRVWRMHüLK�ãLSNL��2MDþDQMH�PRUD�ELWL�QDQLMHWR�
EH]� QDJOLK� SUHRSWHUHüHQMD�� MHU� WUDNH� SRþLQMX� GMHORYDWL� NDGD� VDYLMHQRVW�� NRMD� SRVWRML� ]D� YULMHme 
QDQRãHQMD�EXGH�SRYHüDQD��.DG�JRG�MH�PRJXüH��QDQRãHQMH�WUHED�SRþHWL�QDNRQ�LVSUDYOMDQMD�VDYLMHQRVWL��
X�WDNYLP�VOXþDMHYLPD��RMDþDQMH�üH�SRþHWL�GMHORYDWL�SRG�WHåLQRP�VDPH�VWUXNWXUH� 
6WRJD�MH�PRJXüH�SUHGYLGMHWL�GD�NRODSV�RMDþDQRJ�QRVDþD�QH�EXGH�YODþQRJ�WLSD��RGQRVQR��GD�üH�SRþHWL�
VD�WODþQH�VWUDQH�EHWRQD� 
 

4.1.1 9ODþQD�þYUVWRüD��SURUDþXQVNL�PRGHO 
 
6OLMHGHüD�DQDOL]D�MH�SULPMHQMHQD�NRG�SURMHNWLUDQMD�RMDþDQMD� 
3URUDþXQ�NRQDþQRJ�PRPHQWD�SUHVMHND�EHWRQD��RMDþDQRJ�MHGQRVPMHUQRP�&)53� WUDNRP��PRåH�SUDWLWL�
XRELþDMHQH�PRGHOH�WHNWRQVNLK�SRUHPHüDMD��2þLWR�MH�SRWUHEQR�X]HWL�X�RE]LU�WUL�UD]OLþLWD�PDWHULMDOD��VYDNL�
VD�VYRMLP�RVQRYQLP�NDUDNWHULVWLNDPD��GRN�XQXWDUQML�YODþQL�QDSRQ�PRUD�ELWL�SRGMHOMHQ�L]PH X�þHOLND�L�
CFRPa. 
3URUDþXQ�VDYLMDQMD�MH�VOLþDQ�RQRP�NODVLþQRP�]D�$%�SUHVMHNH��SRG�SUHGSRVWDYNRP�NODVLþQH�WHRULMH� 
1DGDOMH�� LGHDOQL�SUHVMHN�RWSRUD�VDVWRML�VH�RG�WODþQH�SRYUãLQH�EHWRQD��SRYUãLQH�þHOLþQLK�ãLSNL��WODþQLK�L�
YODþQLK�� SRYHüDQ� NRHILFLMHQWRP� KRPRJHQL]DFLMH� þHOLN-beton, te površinom karbonskih traka, 
SRYHüDQRP�NRHILFLMHQWRP�KRPogenizacije karbon-beton. 
2MDþDQMH� QDQHVHQR� QD� YODþQX� VWUDQX� X]URNXMH� GD� VH� QHXWUDOQD� RV� SRPDNQH� SUHPD� RMDþDQMX��
SRYHüDYDMXüL� WDNR� WODþQX� SRYUãLQX� SUHVMHND� EHWRQD� VD� VPDQMHQMHP� WODND� SR� MHGLQLFL� SRYUãLQH�� WH�
VPDQMHQMHP�YODþQRJ�GMHORYDQMD�QD�þHOLN� 
Pravilno dimenzioniranje ima svrhu preuzeti, u dopuštenim granicama, vlak na svakom materijalu. 
6WUXNWXUDOQD�SRWYUGD� ]DKWMHYD�SURUDþXQ�XGDOMHQRVWL� QHXWUDOQH� RVL� RG� WODþQRJ� UXED� �L]MHGQDþDYDQMHP�
VWDWLþNLK� PRPHQDWD��� NRML�� X� REUDWX�� GR]YROMDYD� SURUDþXQ� PRPHQWD� LQHUFije presjeka prema istoj 
neutralnoj osi. 
.DG� VX� QDP� SR]QDWL� RYL� SRGDWFL�� SRPRüX� 1DYLHURYLK� L]UD]D� PRåHPR� RGUHGLWL� QDSRQH� QD� VYDNRP�
PDWHULMDOX� � QD� LGHDOQRP� SUHVMHNX�� WH� LK� SURYMHULWL� SUHPD� GRSXãWHQLP� YULMHGQRVWLPD� �RGQRV� L]PH X�
NDUDNWHULVWLþQH�YULMHGQRVWL�L sigurnosnog koeficijenta). 
 
 
 

4.1.2 �2MDþDQMH�SURWLY�VDYLMDQMD���PHKDQL]PL�NRODSVD�JUHGD�VD�&)53�
RMDþDQMLPD 

 
8� QDVWRMDQMX� GD� SUDYLOQR� RGUHGLPR� RMDþDQMH�� HVHQFLMDOQR� MH� UD]XPMHWL� PHKDQL]PH� NRODSVD� &)53�
pletiva. 
U stvari, bilo koja varijacija u karakteristikama oMDþDQMD�PRGLILFLUD�EDODQV�GXå�PRJXüLK�X]URND��DOL��X�
VYLP�VOXþDMLPD��NRODSV�MH�SRWDNQXW�X]URNRP�NRML�LPD�QDMPDQMH�RSWHUHüHQMH�NRODSVD� 
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3UHPD� XRELþDMHQLP� WHVWRYLPD� VDYLMDQMD� �QD� þHWLUL� WRþNH�� $%� JUHGD�� RMDþDQLK� MHGQRVPMHUQLP� &)53�
trakama s donje strane, mogXüH�MH�SUHSR]QDWL���RVQRYQLK�VOXþDMD�PHKQL]PD�NRODSVD��VO������� 

1) lom CFRP-D�X�SRGUXþMX�PDNVLPDOQRJ�PRPHQWD�SRG�RSWHUHüHQMHP��VO���� 
2) ORP�EHWRQD�QD�JRUQMHP�UXEX�SRG�WODNRP�X�SRGUXþMX�PDNVLPDOQRJ�PRPHQWD����� 
3) ORP�EHWRQD�SUHPD�NUDMX�RMDþDQMD�VD�SRVOMHGLþQLP�RGYDMDQMHP�RMDþDQMD� �RGQRVQR�XVORMDYDQMH�

EHWRQD������� � �� �RYLVL�R�QDMVODELMH�]DOMHSOMHQRP�PMHVWX� L�GRVWLåH�QDMEOLåL� NUDM�RPRWDQH�JUHGH��
2YD�WRþND�VH�QH�PRåH�RGUHGLWL�XQDSULMHG������ 

4) ORP� EHWRQD� L� SRVOMHGLþQR� RGYDMDQMH� RMDþDQMD� �� VWDUWQD� WRþND� RYLVL� R� QDMVODELje zaljepljenom 
PMHVWX�L�GRVWLåH�QDMEOLåL�NUDM�RPRWDQH�JUHGH��2YD�WRþND�VH�QH�PRåH�RGUHGLWL�XQDSULMHG������ 

5) NRODSV�QD�SRYUãLQL�L�SRVOMHGLþQR�RGYDMDQMH�RMDþDQMD������ 
6) ORP�EHWRQD�RG�SRVPLþQLK�QDSRQD�QD�NUDMX�RMDþDQMD��RGQRVQR�SRUHG�RVORQFD������� 
 

 
 sl.7 
 
9Hü� RSLVDQL� ODERUDWRULMVNL� WHVWRYL� SRNDXMX� GD� RMDþDQL� EHWRQ� VD� &DUERQLDURP�� XYLMHN� NRODELUD� ]ERJ�
VORPOMHQRJ�EHWRQD�QD� WODþQRP�UXEX��2YR� MH� MRã� LVSUDYQR� NDG� MH�XNXSQD� UH]XOWDQWD� WODND�SRYHüDQD��
]ERJ�PDVLYQRJ�RMDþDQMD�WODþQLK�GMHORYD��������ODERUDtorijski testovi) 

7.1 lom CFRP-D�SRG�YODþQLP�QDSRQRP 

7.2 lom beton pod tlakom 

7.3 

7.4 

Lom betona sa 
odvajanjem 

7.5 odvajanje CFRP-a na površini 

7.6 lom betona na kraju CFRP-a 
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3ULVXWQRVW� NDUERQVNLK� YODNDQD� VD� GRQMH� VWUDQH� X]URNXMH� VQLåHQMH� QHXWUDOQH� RVL� L� SRYHüDYD� WODþQX�
SRYUãLQX�EHWRQD��/RP�WODþQRJD�UXED�MH�VWRJD�SRVWLJQXW�NRQVWDQWQR�YLãLP�QDSRQLPD� 
Zanimljivo je primjetiti promjenjeno ponašanje armiranog betoQD�X�SULVXWQRVWL�OLQHDUQR�HODVWLþQRJ�
RMDþDQMD�GR�ORPD� 
 
 
7LSLþDQ�GLMDJUDP�QDSRQ�SRPDN�]D�UDYQL�$%�VD�&DUERQLDURP�SOHWLYRP�SULND]DQ�MH�QLåH�VO���� 
 
 

   
 sl.8 
 
 
8�SRþHWNX��YODþQD�VLOD�MH�SRGMHOMHQD�L]PH X�ORQJLWXGLQDOQLK�ãLSNL�L�NDUERQVNLK�YODNDQD, u proporcijama 
SRYUãLQD�� SR]LFLMDPD� L�PRGXOLPD� HODVWLþQRVWL� VYDNRJ�PDWHULMDOD�� =D� LVWL� QDSRQ�� VLOD� L� GHIRUPDFLMD� QD�
þHOLNX�VX�PDQMH�QHJR�QD�QHRMDþDQRM�JUHGL��SD�MH�WRþND�SRSXãWDQMD�YLãD��.DGD�þHOLN�SRSXVWL��SRMDYL�VH�
pregib (gubitak krutosti), ali još zaGUåDYD�SR]LWLYQL�QDJLE��MHU�VH�QDSRQ�SRVWXSQR�SUHQRVL�RG�þHOLND�GR�
CFRP-D��NRML� MRã�]DGUåDYD�QMHJRYR�HODVWLþQR�SRQDãDQMH��ãWR�REX]GDYD�RWYDUDQMH�SXNRWLQD� L�SODVWLþQX��
GHIRUPDFLMX�þHOLND� 
'UXJLP� ULMHþLPD�� RMDþDQMD� VD� &)53-RP� GRSXãWDMX� SRYHüDQMH� QDSRQD� þDN� VD� þHOLNRP� X� SODVWLþQRP�
SRGUXþMX� 
.DG�VH�GRVHJQH�NUDMQMD�YODþQD�þYUVWRüD�JUHGD�RMDþDQD�&DUERQLDU�VLVWHPRP�VH�ORPL�X�WODþQRM�]RQL��2YR�
je najbolji mehanizam kolapsa, i za projektiranje i za sigurnost. 
 

4.1.3 Laboratorijski testovi 
 

1) Usporedni testovi savijanja na iGHQWLþQLP�$%�X]RUFLPD��RG�NRMLK�MH�GLR�RMDþDQ�&DUERPLDU�
VLVWHPRP��D�GLR�VD�&)53�ODPHODPD��VD�YODNQLPD�VD�LVWLP�SUHVMHNRP�L�MHGQDNLP�PHKQLþNLP�
NDUDNWHULVWLNDPD��SRND]DOL�VX�UD]OLþLWH�UH]XOWDWH� 

Grede sa Carboniar sistemom su pokazale: 
x Viši napon pri lomu 

N
ap

on
  >d

aN
@ 

Deformacija >mm@ 

$%�JUHGD�RMDþDQD�VLVLWHPRP 

$%�JUHGD�QHRMDþDQD 
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x Savijeni kolaps u sredini grede sa tlakom betona 
x 'REUR�SRQDãDQMH�þDN�L�EH]�VLGUHQMD 

Grede sa lamelama pokazale su: 
x 3UHUDQR�VWDUHQMH�L�QHRþHNLYDQL�ORP�VD�NDWDVWURIDOQLP�NRODSVRP�]ERJ�RGYDMDQMD�ODPHOD�]DMHGQR�

s podlogom 
2YR� VH� PRåH� REMDVQLWL� PDQMRP� NRQWDNWQRP� SRYUãLQRP� L]PH X� ODPHOD� L� SRGORJH�� WH� QHL]EMHåQRP�
razlikom u procesu ljepljenja. Sve zajedno stvorilo je tangencijalne napone nenosive za armirani 
beton. 
2GYDMDQMH�MH�SRþHOR�SRUHG�QRVDþD�QD�MHGRP�X]RUNX�EH]�8�VLGUD�QD�NUDMHYLPD�L�QD�FLMHORM�GXåLQL�X]RUND�
pUDWHüL�8�VLGUD�GXå�FLMHOH�GXåLQH� 
1HQDOLMHJDQMH�NDUERQVNLK�YODNDQD�]ERJ�QMLKRYH�YDORYLWRVWL��L]JOHGD�QH�XWMHþH�QD�NRQDþQL�RWSRU� 
 

2) Test prijanjanja na betonsku podlogu dosegao je vrijedost od 5 MPa, što je granica opreme 
koja se koristila, bez uklanjanja uzorka.  

 
6YL� L]QHVHQL�SRGDWFL�SRWYU XMX�YULMHGQRVW�&DUERQLDUD��]D�VXKH�WUDNH�L�]D�SODWQD��D�WDNR HU�L�]D�FLNOXV�
polaganja. 
 

4.2  2MDþDQMH�QD�SRVPLN 
 
&DUERQLDU�� VH�XJODYQRP�NRULVWL�NDR�RMDþDQMH�SURWLY�YODþQLK�VLOD��DOL�NDG�JRG� L]YRUQL�SUHVMHN�QH�PRåH�
L]GUåDWL�SRVPLN��PRJXüH�MH�QDQLMHWL�QD�VWUDQH��ELOR�MHGQRVPMHUQX�WUDNX�NDR�GRGDWQH�SRGXSLUDþH��ELOR�
ELDNVLDOQX�QD�����XPMHVWR�WUDGLFLRQDOQRJ�RMDþDQMD�þHOLþQLP�/�SURILORP� 
=D�SURUDþXQ�RMDþDQMD�QD�SRVPLN�&)53-RP�PRJXüH�MH�NRQYHUJLUDWL�SRSUHþQL�SUHVMHN�þHOLþQRJ�RMDþDQMD�
X� SRSUHþQL� SUHVMHN� NDUERQVNH� WUDNH� GMHOHüL� SRYUãLQX� þHOLND� NRHILFLMHQWRP�� MHGQDNLP� RGQRVX� L]PH X�
YODþQH�þYUVWRüH�NDUERQVNRJ�YODNQD�L�SRSXãWDQMD�þHOLND� 
 

4.3  7ODþQR�RMDþDQMH�RPDWDQMHP��ZUDSSLQJ� 
 
&)53� VH�PRåH� HILNDVQR� NRULVWLWL� ]D� RPDWDQMH� WODþQR� RSWHUHüHQLK� HOHPHQDWD�� WDNR� GD� VH� SRQDãDQMH�
VWXSRYD�X�]JUDGDPD�L�QD�PRVWX�SRG�SRWUHVQLP�GMHORYDQMHP�PRåH�SREROMãDWL�MHGQRVWDYQLP�RPDWDQMHP�
trakama karbonskih vlakana.  
NapoQL�QD�VWXSRYLPD�PRVWD�VH�GUDPDWLþQR�PMHQMDMX�SRG�SRWUHVQLP�GMHORYDQMHP��MHU�VH�QHXRELþDMHQD�
horizontalna sila dodaje na normalne vertikalne. 
 
Razlozi rušenja mogu bit (sl.9) : 
1. Rušenje zbog posmika. Ovo je najopasnije zbog njegove lomljive i eksplozivne SULURGH��2SüHQLWR�����
zbog nedostatka stupova. 
��� 5XãHQMH� SUL� GQX� SRG� QDSRQLPD� VDYLMDQMD�� 2YR� MH� WDNR HU� YUOR� RSDVQR�� 7R� MH� RSüHQLWR� ]ERJ������������������������������������������������
QHGYROMQR�SRVWDYOMHQLK�þHOLþQLK�ãLSNL��� 
���5XãHQMH�JRQMHJ�SODVWLþQRJ�Rkova. Ovo je manje opasan oblik zbog njegove povezanosti sa velikom 
UDVWH]OMLYRãüX� 
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sl. 9 
 
 
0HKDQL]DP�UXãHQMD�PRåH�VH�XVSRULWL� LOL�RGJRGLWL�SRYHüDYDQMHP�YDQMVNH�SRWSRUH��RPDWDQMHP�VWXSRYD�
MHGQRVPMHUQRP�WUDNRP�NDUERQVNRK�YODNDQD�SRORåHQRP�GXå�KRUL]RQWDOQLK�OLQLMD��1D�RYDM�QDþLQ�UXEQD�
HNVSDQ]LMD� EHWRQD� MH� SURPLMHQMHQD�� ]DKYDOMXMXüL� DNWLYDFLML� WULDNVLDOQRJ� VWDQMD� WODND� ]ERJ� VLVWHPD�
omatanja. 
 
Sistem nudi niz prednosti kao, 
x 3RYHüDQX�RWSRUQRVW�QD�RVQH�WODþQH�QDSRQH 
x 3RYHüQX�GXNWLOQRVW��MHU�VWXS��QDNRQ�SRSXãWDQMD��SUHOD]L�QD�GHIRUPDFLMX��X�SODVWLþQR�VWDQMH��WURãHüL�

YHOLNX�NROLþLQX�HQHUJLMH 
x 3REROMãDQX�SRVPLþQX�þYUVWRüX��MHU�VH�WUDNH�SRQDãDMX�NDR�EURM�GRGDWQLK�VWXSRYD 
 
/DERUDWRULMVNL�UHVW�SRWYU XMH��GD�VWXS�RPRWDQ�WUDNRP�QDVWDYOMD�RWSRU�GR�GH]LQWHJUDFLMH�Eetona. 
'D� EL� þYUVWRüD� QD� VDYLMDQMH� ELOD� SRYROMQD�� GYRVPMHUQH� ������� WUDNH� WUHEDOH� EL� VH� NRULVWLWL�� .ROLþLQD�
YHUWLNDOQR�SRVWDYOMHQLK�WUDND�üH�SREROMãDWL�þYUVWRüX�QD�VDYLMDQMH� 
 
'D�]DNOMXþLPR��SRQDãDQMH�VWXSRYD�SULOLNRP�SRWUHVD�PRåH�VH�]QDWQR�SREROMãDWL�MHGQostavnim, brzim i 
laganim postupcima. 
 

4.4  Strukturalna dogradnja armiranobetonskih zgrada u potresnim zonama  
modernim tehnikama uz korištenje karbonskih vlakana 

 
,VSUDYDQ� SULVWXS� SUHGRVWURåQRM� VWUXNWXUDOQRM� QDGRJUDGQML� DUPLUDQREHWRQVNLK� ]JUDGD� X� SRWresnim 
]RQDPD�SURSLVXMH�SUHWKRGQX�SDåOMLYX�DQDOL]X�þYUVWRüH�L�NUXWRVWL�QRVLYLK�HOHPHQDWD��VWXSRYL��JUHGH� L��
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ako su prisutni, nosivi zidovi), rebalansiranje njihovih parametara te poboljšanje duktilnosti navedenih 
HOHPHQDWD�SRPRüX�DGHNYDWQH�WHKQRORJLMH� 
Kro]� NYDOLILFLUDQL� � SURMHNW� ED]LUDQ� QD� DQDOL]L� NRQDþQLK� VWDQMD�� NDNR� SURSLVXMH� (XURFRG�� L� XSRUDEX�
LQRYDWLYQLK�NDUERQVNLK�YODNDQD��PRJXüH�MH�SRVWLüL�WUDåHQL�VLJXUQRVQL�QLYR�L�VSULMHþLWL�UXãHQMH�VWUXNWXUH�
�L� PRJXüH� OMXGVNH� åUWYH�� X]URNRYDQMHP� GD� QRVLYL� HOHPHQWL� SULKYDüDMX� HQHUJLMX� QDVWDOX� SRWUHVLPD��
SULKYDüDMXüL�RãWHüHQMD�VWUXNWXUH��þDN�GR�YUOR�R]ELOMQLK��EH]�UXãHQMD� 
3ULQFLS�MH�JUDILþNNL�SULND]DQ�QD�VOLFL�����L�SRND]XMH�SRQDãDQMH�VWUXNWXUH�SRG�SRYHüDQMHP�QDSRQD�GR�)2 
PDNVLPDOQR�� NRMH� VH� PRåH� RGUHGLWL� RUGLQDWRP�� WH� VH� PRåH� SUHGVWDYLWL� VHJPHQWRP� �%� LOL� �$&�
slomljenom linijom. 
 
 
 
 
                                   napon B 

 F2 

 
 
 
 
 
 
 
 F1 A        C 
 
 
 0 
 D E udar 
 Sl.10 
 
 

8�SUYRP�VOXþDMX�GHIRUPDFLMH�RVWDMX�X�HODVWLþQRP�SRGUXþMX� L�PRJX�VH�SULPMHWLWL� NDR��(�Vegment na 
DSVFLVL�� 7DNYR� WHRUHWVNL� LVSUDYQR� SRQDãDQMH� QH� PRåH� VH� GRELWL� X� VWYDUQRVWL�� 7UDåLOR� EL� SRYHüDQMH�
RMDþDQMD�GR�QHSULKYDWOMLYLK�GLPHQ]LMD�L�SRVOMHGLþDQ�JXELWDN�NRULVQRJ�SURVWRUD� 
8�GUXJRP�VOXþDMX��QDNRQ�ãWR�VH�SUYD�HODVWLþQD�ID]D�SRNORSL�VD�SUHWKRGQom, predstvljeno segmentom 
0A i 0D deformacijom, nakon što je F1��SRYH]DQ�VD�WRþNRP�SRSXãWDQMD�þHOLND��GRVHJQXW��VWUXNWXUDOQD�
GHIRUPDFLMD� XOD]L� X� SODVWLþQX� ID]X�� 3ODVWLþQR� SRQDãDQMH� MH� SULND]DQR� $&� VHJPHQWRP�� D� SODVWLþQD�
deformacija apscisi DE segmentom. 
Takvo ponašanje je dobiveno razlikom sila F2 – F1� NRMH�VH�QH�PRåH�SURþLWDWL� VD�RUGLQDWH��QHJR�NDR�
GHIRUPDFLMD� QD� DSVFLVL�� 'UXJLP� ULMHþLPD�� VDJUD HQD� VWUXNWXUD� PRåH� L]GUåDWL� GR� )1 i ne više. Sve 
dodatne sile, do maksimalne projektne vrijednosti F2 proizvode SODVWLþQH� GHIRUPDFLMH�� 8� RYRM� ID]L��
VWUXNWXUD�WUSL�YLãH�RãWHüHQMD��DOL�VH�QH�UXãL� 
5D]YRMQR�SODQLUDQMH�SUHSRUXþXMH�(XURNRG�L�QDMQRYLML�SURSLVL�]HPDOMD�VD�YLVRNLP�UL]LNRP�SRWUHVD� 
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,QWHUHVDQWQR� MH� SULPMHWLWL� EDODQV� HQHUJLMH�� NRML� WDNR HU� SUHGVWDYOMD� GXNWLOQRVW�� RGQRVQR� PRJXüQRVW�
VWUXNWXUH�GD� L]GUåL�EH]� L]PMHQLþQLK� FLNOXVD� ORPRYD�]DWHJD�X�SODVWLþQRP�SRGUXþMX�� L]UDåHQ�SRYUãLQRP�
QDVSURW��%�OLQML���HOVWLþQR�SRQDãDQMH�VWUXNWXUH��MH�XJUD HQ�X�VWUXNWXUX�L�NDVQLMH�RVORER HQ��GRN�X� 
 
 
  
                                   napon B 

 F2 

 
 
 
 Carboniar 
 
 
 
 F1 A        C 
 
 
 0 
 D            G E udar sl. 11 

 
6OXþDMX� HODVWRSODVWLþQRJ� SRQDãDQMD�� ãWR� MH� �$&� VOXþDM�� ELW� üH� UDVLSDQ� WLMHNRP� SODVWLþQH� GHIRUPDFLMH�
VWUXNWXUH�� L]EMHJDYDMXüL� RSDVQX�HODVWLþQX� UHDNFLMX� NRMD�PRåH�uzrokovati udaranje same strukture ili 
VXVMHGQLK�HOHPHQDWD��VPDQMXMXüL�RãWHüHQMD�X�]JUDGL��6O���� 
.UR]�DQDOL]X�HIHNDWD�YHOLNRJ�EURMD�VHL]PLþNLK�GRJD DMD�QD�DUPLUDQREHWRQVNLP�]JUDGDPD�LVWDNOR�VH�GD��
X� YHüLQL� VOXþDMD�� VX� NDWDVWURIDOQL� UH]XOWDWL� GRELYHQL� ]ERJ rušenja stupova ili vertikalnih nosivih 
HOHPHQDWD� RSüHQLWR�� 7DNYL� HOHPHQWL�� SUHPGD� SRND]XMX� YHUWLNDOQD� RMDþDQMD� DGHNYDWQD� X� NYDOLWHWL� L�
NROLþLQL�]D�QRUPDOQX�XSRUDEX��þLQH�VH�PDQMNDYL�QHGRVWDWNRP�KRUL]RQWDOQRJ�RMDþDQMD��NRMH�NRQWUROLUD�
duktilnost) i, vjeroMDWQR��WUSH�]ERJ�QHSUDYLOQRJ�RGQRVD�þYUVWRüH�L�NUXWRVWL�YHUWLNDOQLK�HOHPHQDWD�SUHPD�
horizontalnim. 
'XNWLOQRVW� VWUXNWXUH�PRåH� VH�SREROMãDWL�SRYHüDQMHP�KRUL]RQWDOQLK�RMDþDQMD� L�� X�RYRP�SROMX�� QDMEROML�
rezultati su postignuti omatanjem sistemom Carboniar. 
 
Prošireni testovi izvedeni sa Carboniar-RP�SRWYU XMX�GD�SRQDãDQMH�RPRWDQLK�VWUXNWXUD�SUDWH�X]RUDN�
0AF krivulje. Slike 11-12. 
 
7R�]QDþL�� 

x 3RYHüDQMH� GXNWLOQRVWL� L� SULPOMHQH� HQHUJLMH� X� SODVWLþQRP� SRGUXþMX�� MHU� MH� SRYUãLQD� LVSRG� �$)�
NULYXOMH��VO�����YHüD�RG površine pod 0AC slomljene linije (sl 13) 

x 3REROMãDQX�þYUVWRüX 
 
8NUDWNR�� PRGHUQD� WHKQLND� NDUERQVNLK� YODNDQD�� X� RYLVQRVWL� R� YDOMDQRP� SURMHNWX� GRSXãWD� L]YR HQMH�
zgrada prikladnih za projektirani VHL]PLþNL� UL]LN� LOL� RVSRVREOMDYDQMH� ]JUDGD� RãWHüHQLK� SULMDãQMLP 
potresima. 
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5.0   &DUERQLDU�]D�REQRYX�SRYLMHVQLK�JUD HYLQD�L�VSRPHQLND 
 

5.1  2SüL�SULQFLSL 
 
.DG� VX�SRþHOH� VWXGLMH�PRJXüQRVWL� L� SUREOHma povezanih sa uporabom karbonskih vlakana u obnovi 
SRYLMHVQLK�JUD HYLQD�L�VSRPHQLND���þLQLOR�VH�ELWQLP�SURMHNWLUDWL�L�UD]YLWL�SRWSXQR�VDYLWOMLY�PDWHULMDO�NRML�
GRSXãWD�SULODJRGOMLYRVW�VYDNRM�SRYUãLQL��þDN�GR�QDMVORåHQLMLK�L�QHSUDYLOQLK�IRUPL��1DGDOMH��WUDdicionalna 
VODED� þYUVWRüD� VWDULK� SRWSRUQLK� VWUXNWXUD� SRWDNQXOD� MH� GDOMQD� LVWUDåLYDQMD� QD� SREROMãDQMX� QMLKRYH�
þYUVWRüH� SULMH� QDQRãHQMD� RMDþDQMD�� ýLQLOR� VH� ELWQLP� GRVHJQXWL� QDMEROML� PRJXüL� NRPSURPLV� L]PH X�
SURãLUHQMD� SRYUãLQH� NRMX� WUHED� RMDþDWL� L� DGHNYDWQH� WUDQVSLUDFLMH� X� VPLVOX� VSUHþDYDQMD� PRJXüLK�
RãWHüHQMD�VOLND�L�IUHVNL��.RQDþQR��SULMDQMDQMH�PRUD�ELWL�QDMEROMH� 
Svi ovi zahtjevi usmjerili su finalizaciju Carboniar-a, koji nudi optimalnu soluciju svim navedenim 
]DKWMHYLPD��ãWR� MH�SRWYU HQR�UD]QLP�YDåQLP�UHVWauratorskim radovima izvedenimu ovom osjetljivom 
SRGUXþMX�L�UH]XOWDWLPD�DWHVWD� 
5D]OR]L� L]ERUD� PDWHULMDOD� SRVHEQR� GL]DMQLUDQRJ� ]D� DHURLQGXVWLMX�� WDNR HU� QD� JUD HYLQDPD� L]QLPQH�
povijesne vrijednosti, kao što su Bazilika Sv. Francesca u Assisiu, Sv. Marco u Veneciji, Caldogno Villa 
pokraj Palladia, mogu se razumjeti kroz analizu napona, koji mogu biti nametnuti na takvim 
JUD HYLQDPD� 
8NUDWNR��QDSRQL�VH�PRJX�SRGLMHOLWL�X�GYLMH�NDWHJRULMH��QDSRQL�NRML�SURL]YRGH�WODþQH�VLOH�SULKYWOMLYH�]D�
povijesne materijale i RQL�NRML�SURL]YRGH�YODþQX�VLOX�NRMD�VH�QH�PRåH podnijeti. 
8� SUYRP� SULPMHUX�� UHVWDXUDFLMD� VH� PRåH� SRVWLüL� XSRUDERP� SRåOMLYR� IRUPXOLUQRJ� PRUWD� NRML� NRULVWL�
KLGUDXOLþNR�YDSQR�NDR�YH]LYR� L� VOLþQR� MH�RULJLQDOQRP�PRUWX�� ]D� UHVWDXUDFLMX�SRG� WODNRP��1DãD� ILUPD�
proL]YRGL� WH� PDWHULMDOH� VD� UD]OLþLWLP� IRUPXODFLMDPD� SULNODGQLP�� QD� SULPMHU�� ]D� LQMHNWLUDQMH�� SULRQMLYH�
VPMHVH�]D�ãWXNDWXUH�LOL�]D�NUSDQMH��åEXNH�PDNUR�SRUR]QH�]D�GLVSHU]LMX�YODJH�L�]DGUåDYDQMH�WRSLYLK�VROL� 
8�GUXJRP�SULPMHUX��PRJXüH�MH�NRULVWLWL�VDPR�PDWHULMDOH�YLVRNH�YODþQH�þYUVWRüH��%LOR�NRML�GUXJL� L]ERU�
YRGL�GR�QHL]EMHåQRJ�JXELWND�VWUXNWXUH�SRG�YODþQLP�QDSRQLPD� 
,PD�YLãH�X]URND�NRML�YRGH�GR�WRJD��]DPLVOLPR�NRPELQUDQH�YODþQR�WODþQH�VLOH��L]EDþHQH�L]�UDYQLQH�]ERJ�
pomaka temelja, nasuprotan udarac krovova, vlaþQL� QDSRQ� X� VYRGRYLPD�� OXNRYLPD� L� NXSRODPD� L�
zadnje ali ne i najmanje, potres u visoko potresnoj zoni, kao što se dogodilo 1997. u Assisiu gdje su 
OMXGVNL�åLYRWL�L�MHGLQVWYHQR�XPMHWQLþNR�ERJDWVWYR�SRSXW�*LRWWRYLK�IUHVNL�ELOL�L]JXEOMHQL� 
ýDN� L� WUHQXWQL� L� WUHQG� REQRYH� ]D� SUHQDPMHQX� QHNLK� VWDULK� JUD HYLQD� NRMH� VX� LQDþH� RVX HQH� QD�
SRWSXQR� SURSDGDQMH�� QHL]EMHåQR� VH� VXVUHüH� VD� GRGDWQLP� YODþQLP� VLODPD� ]ERJ� YLãLK� SUHRSWHUHüHQMD�
NRMD�VX�L]D]YDQD�SUHQDPMHQRP�REMHNWD��NRMH�QLMH�SUHGYL HQR�X�QMLKRYRP�SRþHWNX� 
Za povijeVQH� JUD HYLQH�� &DUERQLDU� NRULVWL� VXKH� WUDNH� NDUERQVNLK� YODNDQD�� D� QH� ODPHOLUDQD� YODNQD��
.UXWRVW� ODPHOLUDQLK� YODNDQD� þLQL� LK� SUREOHPDWLþQLP� ]ERJ� QHPRJXüQRVWL� SULODJR DYDQMD� ]DREOMHQLP�
SRYUãLQDPD� L� WDQJHQFLMDOQL� QDSRQL� QD� VXþHOMX� VD� SRGORJRP� VX� JODYQL� SUREOHmi s kojima se u tom 
VOXþDMX�WUHED�ERULWL� 
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5.2  &DUERQLDU��VSHFLILþQH�NDUDNWHULVWLNH�REQRYH�SRYLMHVQLK�JUD HYLQD�L�VSRPHQLND 
 
Intervencije sistemom Carboniar nisu napadne i reverzibilne su jer se trake mogu ukloniti 
MHGQRVWDYQLP�SRVWXSNRP� YUXüLP� ]UDNRP�� QH� SRYHüDYDMX� RVMHWQR� WHåLQX� VDPH� VWUXNWXUH�� D� WR� MH� RG�
L]QLPQH� YDåQRVWL� X� VOXþDMX� SRWUHVD�� QH� ]DKWMHYDMX� QLNDNYH� VSRMHYH�� PRJX� VH� EU]R� SRORåLWL�� QH�
]DKWMHEDMX�QL�SRVHEQX�RSUHPX�QL�RGUåDYDQMH�WH�VX�NRPSDWLELOQH�VD�SRYLMHVQLP�PDWHULMDOLPD��1DGDOMH�
ne mijenjD�

NDUDNWHU

�JUD HYLQH��GRN�þXYD�IXQNFLMH�VWUXNWXUDOQLK�NRPSRQHQWL� 
2YR�REMDãQMDYD�]DãWR�RYL�PDWHULMDOL��LQRYDWLYQL�DOL�MRã�RUJDQVNH�SULURGH��QDLOD]H�QD�UDVWXüX�SRWUDåQMX�X�
uredima za zaštitu spomenika i kulturne baštine u svijetu. 
3UHGORåHQH� LQWHUYHQFLMH� VX�RSWLPDOQL�NRPSURPLV� UHVWDXUDWRUVNLK� ]DKWMHYD��X]�SDåOMLYR�]DGRYROMDYDQMH�
istih i novijih Eurokodova, koji inzistiraju na kompatibilnosti, reverzibilnosti, efikasnosti i trajnosti. 
 

5.3  Laboratorijski testovi: Test prijanjanja i kombinirani test tlaka i savijanja 
 
Testovi prijanjanja izvedeni su u IARovom laboratoriju na uzorcima Carboniara nanijetog na 
ãOMXQNRYLWR�NDPHQX�SRGORJX�LPDMX�SURVMHþQX�YULMHGQRVW�RG������03D�VD�NRKH]LYQLP�ORPRP�SRGORJH��
7DNR� YLVRNH� YULMHGQRVWL�� VD� YUKRYLPD� GR� þDN� ���� 03D� SRND]XMX� GD� MH� SRGORJD� RMDþDQD� WUHWPDQRP�
površine Carboniar. 
7HVWRYL� VDYLMDQMD� QD� ]LGDQLP� VWXSRYLPD�� WDNR HU� QDELYHQLP� WODNRP�� WH� RMDþDQL� NDUERQVNLP� WUDNDPD�
UD]OLþLWH�WHåLQH�L�PRGXOD�HODVWLþQRVWL�� L]YHGHQL�X� ODERUDWRULMLPD�6YHXþLOLãWD�X�3DGRYL��GDOL�VX�UH]XOWDWH��
NRML�VH�PRJX�VYHVWL�QD�VOLMHGHüH� 

¢ 1XOWD�OLQLMD�XQXWDU�SRSUHþQRJ�SUHVMHND�L�YUOR�EOL]X�RVL�OLND 
¢ Vrlo visoke vrijednosti tlaka, te lom na gornjem rubu (oko 14 N/mm2)(cigle 42,5 N/mm2, mort 

RG�KLGUDXOLþQRJ�YDSQD���1�PP2) 
¢ 1HPD�UDVORMDYDQMD�QD�YODþQRP�UXEX 
¢ VisoND�GHIRUPDFLMD�QD���������YODþQRP�UXEX�EH]�YLGOMLYLK�SXNRWLQD��PRJXüH�PLNURSXNRWLQH�X�

mortu ). 
 
Trajnost popravki 
 
EUROCODE 8 '' Projektno pripremanje za otpornost strukture na potres dio 1-��� 2SüD� SUDYLOD� – 
2MDþDQMH�L�SRSRUDYDN�]JUDGD��$QHNV�)����2VRELWR�UD]PDWUDQMH�]D�SRYLMHVQH�JUD HYLQH�L�VSRPHQLNH

� 


7UDMQRVW�� ,QWHUYHQFLMD� WUHED� ELWL� L]YHGHQD� PDWHULMDOLPD� L� WHKQLNRP� þLMD� MH� WUDMQRVW� GRND]DQR�
XVSRUHGLYD� VD� GUXJLP� PDWHULMDOLPD� JUD HYLQH�� 0DQMH� WUDMQD� LQWHUYHQFLMD� MH� SULKYDWOMLYD� DNR� MH�
SUHGYL HQD�]DPMHQa''. 
.RQDþQR�� NDG� JRG� VH� NRULVWL�PDWHULMDO� UD]OLþLW� RG� L]YRUQRJ�� XSXWQR� MH� SUHGYLGMHWL�� YHü�X� SURMHNWQRP�
VWXSQMX��SHULRGLþNH�NRQWUROH�L�PRJXüH�RGUåDYDQMH�LOL�]DPMHQX� 
 
Završni tretman 
 
.DGD�RMDþDQMH�]DKWMHYD�åEXNDQMH��SRSUVNDMWH�WDQDN�VORM�NYDUFQRJ�SLMHVND�SUHNR�VYMHåH�VPROH� 
$NR�üH�RMDþDQMH�RVWDWL�YLGOMLYR��WUHED�L]DEUDWL�89�RWSRUQX�VPROX� 
3RSUDYFL�PRJX�ELWL�WUHWLUDQL�GD�L]JOHGDMX�SRSXW�XODãWHQRJ�þHOLND� 
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5.4  2MDþDQMH� YHUWLNDOQLK� ]LGRYD�� RPDWDQMH� VWXSRYD� L� NXSROD�� RMDþDQMH� ]YRQLND��
svodova i drvenih greda: prRUDþXQL 

 
.DR�ãWR�MH�YHü�QD]QDþHQR��NDUERQVND�YODNQD�EL�WUHEDOD�X]HWL�NRQWUROX�VYLK�QDSRQD�NRMH�QH�PRJX�QRVLWL�
WUDGLFLRQDOQL�PDWHULMDOL��RGQRVQR�YODþQH�QDSRQH� 
3URUDþXQVNL� PRGHO� MH� X� OLQLML� VD� XRELþDMHQLP� X]RUNRP� WHNWRQVNLK� SRUHPHüDMD� NDGD� GYD� PDWHULMDOD�
suUD XMX�� VYDNL� VD� VYRMVWYHQLP�NDUDNWHULVWLNDPD��XJODYQRP�þYUVWRüRP� L�PRGXORP� HODVWLþQRVWL�� .DGD�
YDQMVNL� QDSRQL� WDNYL�� NDR� ãWR� MH� SRMDYD� YODþQLK� QDSRQD� QD� WUDGLFLRQDOQLP� PDWHULMDOLPD�� XSRWUHED�
karbonskih vlakana se sastoji u tome da pomakne nultu liniju unutar strukture, tako da dio presjeka 
YUDüD� GLR� VYRJ�SULURGQRJ�SRQDãDQMD� SRG� WODNRP�� GRN� YODþQL� QDSRQL�� QDJODãHQL� X� YODþQRM� ]RQL� LVSRG�
QXOWH�OLQLMH��üH�ELWL�SRPDNQXWL�SUHPD�NDUERQVNLP�YODNQLPD���VO����� 
7DNDY� SRPDN� üH� SRVWDWL� YLãH� L� YLãH� ]QDþDMDQ� VD� SRYHüDQMHP� RGQRVD� L]PH X� PRGXOD� HODVWLþQRVWL�
karbonskih vlakana i onoga kod povijesne podloge. 
 
 
 

 
 
 
 
 

Na zidanim strukturama, karbonska vlakna se moraju oduprijeti horizontalnim komponentama svih 
VLOD��SRJOHGDM�VKHPX� LQWHUYHUQFLMH�QD�FUNYLFL�X� UHJLML�0DUFKH�,WDOLMD���VO�����RãWHüHQX�X�SRWUHVX��JGMH�
NDUERQVND� YODNQD� SUHX]LPDMX� VYH� QHSODQLUDQH� KRUL]RQWDOQH� VLOH� VHL]PLþNRJ� SRULMHNOD�� QDURþLWR� QD�
prednjoj strani, koja je potpuno odYRMHQD�RG�RVWDWND�JUD HYLQH� 
Stukturalna provjera je bila proširena na horizontalne sile i njihove momente. 
1D�NUDMX��LVSUDYQL�SURUDþXQ�SRYUãLQH�SULMDQMDQMD�GRSXVWLR�MH�EDODQV�KRUL]RQWDOQLK�VLOD�L�WDQJHQFLMDOQLK�
sila prijanjanja. 
 
 
 
 
 

Sl.14 
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 SL.15 
 
 
 
 
 
 
 
 
 
 
 
 

2-$ý$1-( 
 
REKONSTRUKCIJA 

ISTOK JUG 

  ZAPAD SJEVER 

REKONSTRUKCIJA 2-$ý$1-( 
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6WXSRYL�RG�RSHNH�PRJX�VH�HILNDVQR�RPRWDWL��ãWR�SRVWDYOMD�WURRVQR�WODþQR�VWDQMH��XYHOLNH�EROMH�QHJR�
MHGQRRVQR��NRMH�ODJDQR�SUHNRUDþXMH�GRSXãWHQH�QDSRQH�VWYDUDQMHP�VLVWHPD�SDUDOHOQLK�SXNRWLQD�VO����� 
 

 
 
6WRJD�,DU�WDNR HU�SURL]YRGL�YUOR�XVNH�Wrake, oko 1 cm širine, koje se mogu umetnuti u fuge i potpuno 
SUNULWL�� 6D� WDNYRP� WUDNRP�� ELOR� MH� PRJXüH� SRYH]DWL� NDPHQH� NXWRYH� VWDUH� JUD HYLQH� L]EMHJDYDMXüL�
EXãHQMH�L�þHOLþQH�]DWHJH���VO��� 
 

 
 
 sl.17 
 
 
 
 

Stari neotporan 
mort 

Nanošenje  
CFRP traka 

Zatvaranje CFRP  
traka novim  
mortom 
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 sl.18 
 
.XSROH�VH�PRJX�RPRWDWL�QD�LVWL�QDþLQ��QDURþLWR�X�NULWLþQLP�]RQDPD�RþLWRYDQLP�NUR]�VWXNWXUDOQX�DQDOL]X�
�)�(�0���RSüHQLWR�VX�VPMHãWHQH�SUL�GQX�LOL�QD�YUKX��DNR�SRGXSLUH�VYMHWLRQLN��VO���-19). 
 
 
 

 
 
 
 sl. 19 
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 sl.20 
 
 
 
6ORåHQD� YODþQD� VLWXDFLMD� X� YLWNLP� VWUXNWXUDPD�� SRSXW� ]YRQLND�� SULPRUDOa nas je da dizajniramo 
XQXWDUQMH� RMDþDQMH� NRMH� VH� VDVWRML� RG� GYD� SRORåHQD� VORMD� WUDND� NDUERQVNLK� YODNDQD�� MHGDQ� QMLK�
dvosmjernog tipa 0°- 90°, te drugi biaksialni r 45°. (sl.20) 
 
 
 
 
 
 

biaksialna 

Dvosmjerna  traka 
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.DGD�VH�UDGL�R�VYRGRYLPD��SUHGLPHQ]LRQLUDQMH�VH�PRåH�GRELWL�JUDILþNRP Mary metodom, koja dopušta 
NRULãWHQMH�MHGQDGåEL��6SRQWDQR�IRUPLUDQMH�WULMX�SXNRWLQD��MHGQD�EOL]X�YUKD�WH�GYLMH�GUXJH�QD�ERNRYLPD��
PLMHQMDMX�VWUXNWXUX�L]�KLSHUVWDWLþNH�X�L]RVWDWLþNX��WH�VH�GRELYD�OXN�VD�WUL�SXNRWLQH��VO���� 
 

 
2MDþDQMH�NDUERQVNLP�YODNQLPD�DSVRUELUD�YODþQH�QDSRQH�GRELYHQH�NRPELQLUDQLP�WODþQLP�L�YODþQLP�
naponima u zoni gdje centar potiska pada van središnje jezgre inercije, zbog  iznenadnog 
SUHRSWHUHüHQMD�LOL�SRWUHVQRJ�GMHORYDQMD��=LGDQH�VWUXNWXUH�L]LVNXMX�NDSDFLWHW�YODþQLK�VLOD�RG�&)53D� 
(Sl.21-22-23) 
 
 

 

 

 
 

 
 
 
 
 
 
 

Sl. 21 

Sl.22 
 

pukotina pukotina 

Zaglavni kamen 
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 sl.23 
 
Kod drvenih greda problemi proizlaze više zbog spore deformacije radi starenja, nego zbog 
QHGRVWDWND�þYUVWRüH��3ULNODGQLP�SRVWXSFLPD�PRJXüH�MH�EDUHP�GMHORPLþQR�REQRYLWL�SRVWRMHüL�RWNORQ��WH�
VSULMHþLWL� YUDüDQMH�� QH� NRULVWHüL� ODPHOLUDQH� JUHGH� neprikladne za restauraciju ili drvene grede 
SRYHüDQLK�GLPHQ]LMD��NRMH�EL�SRNYDULOH�DUKLWHNWRQVNH�NDUDNWHULVWLNH�JUD HYLQH��VO������ 
 

 
.RQDþQR�� NDUERQVND� YODNQD� RPRJXüDYDMX� XVSMHãQR� SRYH]LYDQMH� VWUXNWXUQLK� HOHPHQDWD�� RVWYDUXMXüL�
þYUVWR�GUåDQMH�FLMHOH�JUD HYLQH��ãWR�MH�HVHQFLMDOQR�X�VOXþDMX�SRWUHVD��VO� 15). 

Urušeni svodovi 

dvosmjerne 

jednosmjerne 
dvosmjerne 

      podizanje 

Sl. 24 


