EONIKO MET=Z0BIO NOAYTEXNEIO

2XOAH NMOAITIKQN MHXANIKQN
TOMEAZ AOMOZTATIKHZ

EpyaoTnpio MetaAAikov Kataokeuwv

AinAwpaTikn gpyaocia

TOoUu AnunTtpiou E. ZTavTidn

MEO©OAOI ENIZXYZHZ KATAZKEYQN ATMNO
OEPOYZA TOIXONOIIA

EniBAEnwv: Xapng MFavteg, Avan. Ka6. E.M.MM.

AOHNA 2007



NEPIAHWH |

EONIKO MET=0BIO NMOAYTEXNEIO

2XOAH MOAITIKQN MHXANIKQN
Top€ag AoOHOOTaTIKNG

Epyaotnpio MeTaAAIkwv KaTaokeuwyv

AInAwpaTikn epyacia Tou Anuntpiou E. ZTavTidn
«MEOGOAOI ENIZXYZHZ KATAZKEYQN ANO

OEPOYZA TOIXONOIIA»

EmBAEnwv: Avan. KaB. E.M.M. Ap. Xapncg Favreg

NEPIAHWH

>Tnv napouca dINAWMATIKNA £pyacia enixeipnbnke pia NPoosyyion Twv HeEBOdwV evioxuong
KATAOKEUWV anod (pgpouaa Toixonolia. AOyw Tng eupUTNTAG TOU AVTIKEIUEVOU N OINAWUATI-
K €pyacia enikevTpwBnke otnv donAn Toixonolia Kal o€ KANOIEC EMAEYUEVEC HEBODOUG

evioyuonc.

2To NpWTO KEPAAalo, yiveTal pia npwTn yvwpipia pe To UAIKO TNnG Toixonoliag kal Ta €idn
Tng, (avaAoya Tou €idoug TwV ToIXOOWHATWY, TNG AEITOUpyiag Toug Kal Tou TpOnou doun-
on¢ Touc). Eniong yiveral pia avagopd oTic duoxEpeElec nou napouaialovTdl oTo HNXaviko

KaTd Tov enavaoxediaopud HIag KATAOKEUNG.

>To OeUTeEPO KePAAalo, YiveTal pia napouciaon Twv HEBOdWV aANOTIUNONG TNG PEPOUDAC
IKavOTNTAG MIiAg UQIOTAUEVNG KATAOKEUNG ano Toixonolia. O1 peBodol auToi pnopei va Ba-
oilovTal €iTe O €ni TOMOU E£iTE O €pyacTnplaKoUC €AEyxouc. Mepiypageral n diadikaoia

£(QAapuoyng Toug Kal divovTal kanoia gToixeia yia Tnv a&lonioTia Touc.

>To TpiTO KEPAAQIO, YiVETAl NApoUCiaon TwWV KATAOKEUAOTIKWV AENTOUEPEIVV APKETWV TE-

XVIK®QV EMIOKEUNG KAl EVIOXUONG Mou UnopoUv va £QapUooToUV €iTE OE OUYKEKPIUEVEG Me-
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NEPIAHWH I

PINTWOEIC BAABWV 1 YIa va EKNANPWOOUV CUYKEKPIUEVEC anaITHOEIC BEATIWONG TNG CEIOHI-

KNG OUMNEPIPOPAC UPIOCTAUEVWV KTIPIWV.

To TETApTO KEPAAAIO, avapEPeTdl oTn HEBodOoAoyia EAEYXOU PN EVIOXUMEVNG AOMNANG TOI-
xonoliag 6nwc¢ npoBAEneTal and Tov Eupwkwdika 6. MepiypdpovTal avaAuTIKAa Ol TECOEPIC
Baoikoi EAeyXol piag KATaokeung ano aonAn Toixonolid, ATol 0 EAeyXo¢ TNG dIATHNONG, TNG
BAIYNCc, TN KApWNg evTog eninédou Kal TNG KApWnG eKTOG sninedou. Eniong enixeipeital
pia ouvToun avagopd oTig duoxEPEIEC Nou napouoidlovTal KaTa Tnv avaiuon uiag karta-

OKEUNG ano Toixonolia £&vavTi ogiguoU.

To NEUNTO KEPAAAIO ava@EpeTal aTn peBodoAoyia EAEYXOU EVIOXUUEVNG TOIXOMOIIAC PE TN
xpron ouvBsetwv UAikwv (Fibre Reinforced Polymers — FRP). EEeTalovTal TPEIG HOPPEC Ka-

Tanovnong, n dIaTuNon, N Kauwn evrog emmnedou Kai n Kapyn ekToc eninedou.

>To £KTO KEQAAAIO EMIXEIPEITAl Wi MPWTN YVWPIRIA HE TNV TEXVIKN TOU E€KTOEEUOUEVOU
okupodEnaTog (gunite) kal napouaoidlovTal kanoia ogroixeia yia tn Aoyikr diaoTagiohoyn-

OEWC TWV PAVOUWV EKTOEEUOUEVOU OKUPOJEUATOG.

To £BOoMO KEPAAAIO AVAPEPETAl OTIC TEXVIKEG TOU dppoAoynuatog (pointing), Twv eveos-
wv (grouting) kal NePIYpAPETAl O UMOAOYIOUOG TWV BEATIWUEVWYV PNXAVIKWV XAPAKTNPI-

OTIK®V pIag Toixonoliag n onoia £xel evioXUBei KAvovTag Xprnon Twv Napanavew TEXVIKWV.

270 O0yd00 Kal TeAeuTaio KepdAaio, napouaialovTal Ta ANOTEAECOUATA piag osipdc avaAu-
oWV £vavTl ouvnbwyv Kal OEIOUIKWV dPAgEwY EVOC dIWPOPOU KTIpiou and pEpouaa ToIxXo-
nolia, XpnoiponolwvTag dUo npoypdupaTa nenepdopevwyv oTtoixeiov (NASTRAN, ETABS).
AEloAoyouvTal kal gxoAialovral Ta napandvw anoTeEAECUATa o€ pia npoondabeia va OoBei
anavrtnon oTo HEyeBOC TNC ANOTEAECUATIKOTNTAG TNG EVIOXUONC TNG TOIXOMNOIIAG ME TN ME-
Bodo Tou Bab&og appoAoynuaTtog (deep rejoining) KAl oTo PeaAIoUd HIAC oUYKPIONG EAEY-

XOU TNnG Toixonoliag og eninedo TAoEwWV Kal O€ £MINeEdO EVTATIKWV PEYEBWV.
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ABSTRACT

The present diploma thesis concerns the strengthening methods of masonry structures.
Due to the broadness of the topic the diploma thesis was concentrated in unreinforced

masonry and in selected strengthening methods.

The first chapter presents masonry as structural material, and its various forms (depend-
ing on the kind of bricks, their function and the way they are constructed). It also refers

to the difficulties that a civil engineer has in redesigning a building.

The second chapter presents the methods of assessing the load-bearing capacity of ma-
sonry structures. These methods are based in laboratory and in-situ tests. It also de-

scribes their application rules and their credibility.

The third chapter describes the existing methods of repairing and strengthening masonry
buildings. These methods are used in order to repair damages and improve the seismic

behavior of masonry buildings.
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ABSTRACT v

The fourth chapter refers to the methodology used for testing unreinforced masonry un-
der shear, compression, in-plane bending and out-of-plane bending as it is described in
Eurocode 6. It also refers to the difficulties in a masonry structure analysis under seismic

loads.

The fifth chapter refers to the methodology used for testing masonry strengthened by
using composite materials (Fibre Reinforced Polymers — FRP), under shear, in-plane

bending and out-of-plane bending.

The sixth chapter refers to the methodology used for testing masonry strengthened by

using gunite.

The seventh chapter refers to the techniques of pointing and grouting. It also describes
the calculation of upgraded characteristics that a masonry building has after its strength-

ening by the aforementioned methods.

The eighth chapter presents the results of a series of analyses of a two-story masonry
building under static and seismic loads, using two finite element software, NASTRAN and
ETABS. At the end, the conclusions derived from the comparison of the results are sum-

marized, in an effort to give answers to the following subjects:

1st: The effect of deep rejoining on the strength of masonry structures.
2nd: The comparison between checking a masonry structure using either stresses or ac-

tion effects.
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