Evioyuon tolyomotiog

1) YmoAoylopoc BAUTTIKIC 0VTOXC TOLYOToLLaC

H OAMTIKA avToxn TwV €EWTEPIKWV TTAPELWVY TN Tolxomoliag Sivetal amod tov TUTOo Tou

Tdoolou:
2
g\/ fbc _a+ﬁfmc
f =
A [ 3.5*(\/m /VW —-0.30) (1)
omnovu :

foc: N BAUTTIKI) AVTOXK) TOU TOLXOOWOTOG

fimc: N BAUTTIKN AVTOXH TOU KOVIAOTOG

o LELWTIKOG OUVTEAEOTNAC yla Totyomolia anod puoikol¢ AiBoug mou kupaivetal anod 0.5 yia
Aageupéveg METPEC LEXPL 2.5 yLa KPOKAAES (yLa TexvnTouc AiBoug a=0)

B: ouvteAeotng mou Aappavel unoPn TNV cUVELOPOPA TOU KOVIAOTOG OTNV avToXr Kal elvat
B=0.5 yia AtBodopn kat f=0.1 yia ontonAtvBodoun

Vi/Vy: 0 AOY0og GYKOU KOVIAUATOC TTPOC ToLXomoLiag

YrnoBétovtag OtL ylo TpioTpwtn Tolyomotia n BAUTTIKA avtoyn Tou Toilxou saptdtal Kuplwg

oo TLG EEWTEPLKEC OTPWOELG, N CUVELOPOPA TOU ECWTEPLKOU TtupHva €xel ayvonOel. EtotL:
fwc,O = (Vex /V)* fex,c (2)

010U V.,/V 0 AOYo¢ OyKwV EEWTEPLKAG OTPWONG ToLXoToLiog tpog oAOKANPN TN ToLxoTmoLia.

AVTIOETWG, O TTAPOAKATW TUTIOC XPNOLUOTOLE(TAL Yla VO UTTOAOYIOEL TN BALTTTIKA AvTOoX TOU

EVIOXUEVOU TOIXOU LETA TN XPHON EVEUATOC:

fo = Fooo *[1+1.25%(V,

mk inf

N)*@]

wc,0
Omou:

Vine/V 0 AOYOG OYKWV ECWTEPLKAG CTPWONG ToLyomoLiag mpog oAOkAnpn tn toLxomotia.

fgr: N OAUTTIKA QVTOXN TOU EVEHOTOG



2) YrtoAoylopodc OAMBOUEVOU U KOUC GOTTANC TOLYOTIOLLOC

To pNnkog g Tolxomotiag mou Pploketal otn BALBOUeVN Lwvn |, e€apTdtal AMOKAELOTIKA aTto
TNV anmooTaon AoKnong tou afovikou doptiou amod to onpeio Acknong TnG POmAG.

Edv n ekkevtpotnta e=My/Ngy gival pikpotepn omd |,/6 (6mou |, To prkog Tou toixou), tote
OAn n toomnotia BABeTaL, SnAadn I = |,
Eav n ekkevtpotnta e eival peyalvtepn and |,/6, TOTE TO HAKOC TNC TOLYOMOLAG ToU
OAiBetal divetal amod tov TUTo:

l=3(l./2 —e) (4)

3) YrtoAoylopuog peylotnc mapapopdwonc oxedaouou L.Y.

H péylotn napapopdpwon oxedSloopol Tou cUVBeTOU UALKOU Slvetal wg n eAAXLOTN Ao TIG
600 MAPAKATW TIUEC:
. E
g, =min(n, —, ¢

fd ( a fdd) (5)
OToU:
n,: mepBarovtikdg mapayovrag (ioog pe 0.95 yla ecwteplkod meplPAAov Kal yla evioxuaon
Je oUVBOeTO UALKO avBpaka, mivakag 3.4 Tou KaVovIoHoU)
Vr: ouvteleotn¢ aodaielag olvBetou UAWOU (mivakoag 3.2, {oog pe 1.10 kot 1.20 ywa
edappoyr TUMou A, SnAadn eAdcparta, os meplintwon Bpavong Kat anokoAAnong avtiotowa
Kot (oo pe 1.25 kat 1.50 ywa edapuoyn tumou B, SnAadn uddopata, ywa Bpavon kot

amokOAAnon avtiotolya)
£q: N Mopapdpdwon aoctoxlag Tou UALKOU evioxuong

Eqq: N TOPAPOPPWON aMOKOAANGNG TOU UALKOU evioyuong, n omoia umoAoyiletal amno tov

Tumno:

]
fdd — Ef (6)

Kal frgq N avroxn oxedlaopol amokoAAnong tou oUvBeTou UALKOU, n omola Sivetal amo tov

Turmo:

(7)

ffdd =

VidVm



omovu

mk " mtm (8)
UE:

Ym: ouvteheotng aodpaleiag Tolonoliag oog pe 1.2

C1: ouvteAeoTtn loog pe 0.015

E; To pH€TPO gAaoTIKOTNTAC TOU 2.Y. KOl

fim: €PEAKUOTIKN avtoxn Tolxomoltiag, n omoia AauBavetal ion pe 0.10f, mou eival n
XQPOKTNPLOTIKN OALTTTIKA avIoX TNG TOLXOTOLOG TNG OmMoilag O TPOTMOC UTOAOYLOUOU

0KOAOUBEL mopaKATW.

4) Evioyuon towomotiac o kaun eviog smumédou

H pomr avtoyng towomotiag umo kaudn evtog tou enunédou unoloyiletal wg e€NG:

*t %2 *
o, *t*l (1_0'd }/M) )

M. =
Rd 2 f

wk

Omnou:

t To mayxog Tou Toixou

| To unkog Tou Toiyou

04 N Tdon 1ou tpokaei N afovikn dUvapn oto toixo ion pe Nsd/(t*l)
fwk N OAUTTIKA avToxn TG Tolomoliag

KOl Yy ouvteleotng aodaleiag loog pe 1.5

Y& MePLMTWON OV N poTtr) Iou TPOKUPEL amd To oxedlaopd My eival peyaAutepn amd tn
POTII AVTOXNG TOTE n TOLXOTIOLLO TIPETEL Va eVIOXUBEL e katakopudes Awpideg oL omoleg Ba
elvat kavég va mapaAapouv pormr) AM= Mgg- Mgg.
‘Eotw oTL TomoBetouvtal n Awpideg og kABe akpo, n pia SimAa otnv AAAN. e mepimTwon mou
ol Awpldeg «umaivouv» kol otn BALBOUEVN Teploxn TNG TolXomouag Tote MaUoUV OTO
KOMUATL auto va cuvelodpEpouv. To GUVOALIKO UNKOG Tou KataAapuPavel n evioxuon elvat
n*w; 6mou w; to MAATog tng K&Be Awpidag. Emopévwg yia Tov poxAoPpaxiova tng evioxuong
amo to BALBOpevo akpo Slakpivovtal ot e€n¢ SUO MEPUTTWOELS:
- Eav n*w;>|,,-|. Tote 0 poxAoBpaxiovag tng evioxuong eivar z= (ly-Ic)/2 (10)
- Eav n*w<l,,-l. Tote 0 poxAoBpaxiovag tng evioxuong eivar z= l,-l- n*w;/2

Avtiotolya, n Uvapn mou mapaAappAavel o OMALOUOG evioyuong sivat:
-F= n*Wj* tj*Efd*Sfdd eqav n*wj<lw—lc Kol (12)
-F= (lw'lc)* tj*Efd*Sfd gav I’l*Wj>|W-|c



H pomn mou mapahoapPdavel n evioxuon umoloyiletal ywo kaBe pio mepimtwon Tmou
avadEpbnke wg To ywwopevo AM=F*z. AvtikaBlotwvtag tnv T AM wg tv dtadopd tng
POTING OXESLAGHOU Ao TG avToXHG, UTIOAOYIZETAL O OMALTOUUEVOG ApLBOG Awpildwy n.

Eneldn n evioyuon tomoBeteital kot oto Se€i kol O0TO APLOTEPO AKPO TOU TOlXOU, WOTE va
KOAUTTETAL N Ttepimtwon va undpxel ebeAkuopog Sefld Kal aplotepd, mpenel va SoOel
TIPOCOXH OTO VA UNV EMLKOAUTITETAL O £Vag OMALOUOC Ao ToV AAAOV OTO UHKOG TOU TolXou.
EMopévwe 0 HEYLOTOG aplBUOC Awpldwv Tou pmopel va €xeL To kKABe pLo6 Tou Tolxou eivat

(|W/2)/Wj

5)Evioyuon towomotiag o€ dtatunon

H al&non t¢ Slatuntikng avioxng TETPLVOU Tolxou, o omoiog €xel evioyuBel pe
opllovtieg Awpideg avBpakouddaopatog, umoAoyiletal pe BdAcn To Tpocopoiwpa Tou

ItaAtkoV kavoviopoU (CNR-DT 200/2004) amod tn oxeon:
Vra = {Vram+ Vra,,Vrdmaxt (12)

VRam : N SLATUNTIKA OVTOXN KN EVIOXUHEVNG TOLXOTIOLLOG
Vras: N SlaTtpunTikn evioxvon pe ouvBeto UAKO
Vrd max: HEYLOTN SlaTpntikn SUvapn mou npokaAel katdppeuon Tou BAuTTpa

Veam= 1/Vrafia t d (13)
Vrar= 1/Vra 0.6 d Ag, frg /ps (14)
VRd,,maxz 0.3 fh mdt d (15)

d: elvat n améotacn tou BABOPEVOU AKpoU TNG ToLyomotiag and to KB tou katakopudou
OTALOMOU , t: TO maxog tou Ttoiyou ,f,g: N SLATUNTIKA aAvToxr TOU Toixou, n: apPLOPOC
OTPWOEWV 2.Y, Vrg: MEPLIKOG ouvieAeoTtn¢ i(oog pe 1.2, Aq,: MOOOOTO oUVOeTOU UALKOU
napAAnAa otnv SLaTUNTIKA SUVAUN, pr: AMOOTOCN OO KEVIPO O€ KEVIPO TLG EVIOXUONG LE

oUVOETO UALKO, kKaBeTa otnv SlelBuveon TNG SLATUNTLIKAC SUVANG
Awatpntikn avroxn toixou fy-f,+0.404 610U 04=Nsd/(t*Ic) omou |. to OABOEVO prKOG

Y& MEPUTTWON TOU N TEUVOUOA OXESLOOUOU TPOKUYPEL PEYAAUTEPN amod TN aAvioxn TNng
@omAng Tolyomoliag, TOTE 0 TolXoG TPEMEL va evioyuBel pe opllovrieg Awpideg ouvBeToU
UAWKOU ol omoieg Ba mapadapBdvouv téuvouca ion pe AV=Vey=V4-V g m-AVTlKOOLOTWVTAG
untohoyiletatl o Aoyog An/ Pr . Avdloya pe tn yewpetpio Tou LY. mou xpnoulomoleital,
umoAloyiletal to Apy Kol EMOUEVWG UTTOAOYLeTaL TO pr. O amattolPeVOC aplOUog Awpldwy ,
Sebopévou OTL TomoBetolvtal EeKVWVTAG amd Ta Akpa Tou Toiyou elval loog pe (n-
1)*pewij=h—->n=(h-w;)/ps+1.



6) Evioyuon toworotiog og kauhn ektog sermuedou

H pormn avtoxng tolxomotiag umo kapn ektog tou emunédou unoAoyiletol wg e€NG:

*42 % *
o, *to*I (1_c7d yM) (16)

M. =

wk

Je mMeplmtwon TOU N POT) OXESLOOUOU €KTOC emunmeéSou MpPokUPEL PeyaAUTEPN amo TN
TIAPATIAVW OVTOXH, TOTE amalteitol evioxuon pe oploviieg Awpideg mou Ba mapaiapfdavouv
v Sadopd Twy SVo pomwv.

H Awpideg Eekvave va tomoBeToUvTal amd To MAVW AKPO TNG TOLXOTOLOC Kal n KAaBe uia
napolapBavel pomr ion pe F*z 6mou F= Wi* t*Erg* g kaL z=t/2. EMopévwg yia n Awpideg, n
OUVOALKN poTtr Tou TtapoAapPavel n evioxuon sivatl n*F*z tnv onola av e§LOWOOUVUE PE TV

napanavw dlodopd Twv PoTwy MPOKUTITEL O ATIALTOUEVOC apLOUOG opl{OVTLWV Awpldwv.

Elvat apketd mBavo, n amoattolpevn evioxuon o€ kappn eKtog emumédou  va

UTTEPKOAUTITETAL ATTO TOV OTTALOUO TIoU £XeL TomoBeTnBel Evavtl Statunong.



Seismic Retrofit of Masonry Structures (Stone Masonry)

1. Evaluation of compressive strength

The compressive strength of the external facades of a masonry wall is given by:

S —at i

f =
¢ " 14+3.5%(V, /V, —0.30)

(1)

where:

foc: compressive strength of stone/brick

fmc: compressive strength of mortar

a: reduction factor. For masonry made of “natural” stones it varies from 0.5 for
hand-carved stones to 2.5 for “natural stage” (for “artificial” stones a=0)

B: Factor accounting for the contribution of mortar to the overall strength of the
masonry wall. It is taken as B=0.5 for stone masonry and PB=0.1 for brick
masonry.

Vm/Vw: volume ratio (mortar over whole wall)

For a three-leaf masonry wall, one may ignore the contribution of the
internal core, thus the total strength can be obtained from:

fwc,o = (Vex /V)* fex,c (2)

where: V/V is the ratio of the volume of the external facades over the total
volume of the wall.

The following equation can be used to calculate the compressive strength of the
wall after strengthening with injected resin

fmk = 1:wc,O *[1+125*(V

inf

o)

wc,0 (3)

where:

Vini/V: volume ratio of the internal core volume over the volume of the whole
wall

fgr: the compressive strength of the injected resin

Calculation of the masonry section length under compression.
The length of the masonry |. that is under compression exclusively depends on
eccentricity ratio:
e= Msa/Nsd
If e<l/6 (I is the wall length) then the whole section is in compression I.= |,.
If e>l,/6, then the length of the wall under compression is given by:




|c=3(|w/2_e) (4)

3. Calculation of the largest design strain for FRP.
The largest design strain is selected as the minimum of the following two values:

. €

gy =Min(N, —, &) (5)
f

where:
na: environmental factor taken as 0.95 for interior placement of the CFRP, from
Table 3.4 of the code
vs: safety factor of FRP (Table 3.2, taken as 1.10 and 1.20 for type A application,
i.e., lamina, for fracture and debonding, respectively, or as 1.25 and 1.50 for
type B application, i.e. fabrics for fracture and debonding respectively )
gq: failure strain of FRP
€r4q: deponding strain of FRP, that is calculated from:

. fra
fdd — =

B (6)

And fs4q4 is the deponding design strength, that can be obtained from:
1 2EfFFK

ffdd =
Vid\rm t; (7)
Where:
FFK =C fmk fmtm (8)
With:

vm: safety factor of the masonry wall taken as 1.2

c;: taken as 0.015

E: : modulus of elasticity of FRP

fmtm: tensiile strength of masonry wall, taken as 0.1 f,« which is the
characteristic compressive strength of the masonry wall as calculated in the
following section.

4. In-plane strengthening for Bending.
The in-plane bending moment resistance of a masonry wall is given by:

*t*|2 *
Mgy = 20— (- 2o 1) (9)
2 f o
Where:
t = wall thickness
| = wall length

04 =the stress on the wall caused by Nsd/(t*1)
fwk = compressive strength of wall
vym= factor of safety taken as 1.5



b)

If the desigh moment My is greater than the moment resistance Mgp, the wall
can be strengthened with FRP strips placed vertically that could undertake a
moment.

AM= My4- Mgy

We consider that the strips are placed next to each other at the edges of the
wall. The strips on the side that is under compression do not contribute. The
total length covered by the strengthening strips is n*w; is the width of a strip.
We distinguish two cases regarding the lever arm.

n*w;>lw-Ic then z=(lw-Ic)/2 (10)
n*w;<lw-Ic then z=lw-lc- n*w;/2
where: t is the distance of the mid-midth of the FRP strips to the central axis of
the wall.
The tensile force developed in the FRP, respectively, is:
-F= n*w,-* tj*Efd*Efdd if n*wj<lw—lc (11)
-F= (lw-lc)* tj*Efd*Efd if n*wj>lw—lc

The moment undertaken by the FRP reinforcement is calculated from AM=F*z.
By substituting AM as the difference between the moment strength from the
design strength, one can calculate the required number of FRP layers.

Because the wall is strengthened at both ends, to account for the possibility of
tension to the left and right, care must be taken not to superimpose the
strengthening of the two sides. Therefore the maximum number of FRP strips
that can be placed on each half side of a wall is (I./2)/w;.

Strengthening for shear

For a wall strengthened with horizontal strips of CRFP cloth can be calculated
according to the (CNR-DT 200/2004) from:

VRd = {Vrdm+ VRd,f,VRd,max} (12)

Where:
VRram : shear strength of the unstrengthened wall
Vrat: shear strength from FRP strengthening
Vramax: largest shear for compression failure

Vrdgm=1/yrafua t d (13)
Vra,f= 1/Vra 0.6 d Aqy fra /Pt (14)
Vg, max= 0.3 mat d (15)

d: the distance of the compressive edge of the wall to the center of gravity of the
FRP strengthening strips,
t: the wall thickness,



fua: shear strength of the wall,

n: number of FRP layers,

Vra: safety factor=1.2,

Asy: area of FRP reinforcement parallel to the shear force,

ps. distance between the centers of resultant forces of FRP layers perpendicular
to the shear force direction.

The shear strength of the wall
fvd:kao+o-40d

where:
04=Nsd/(t*Ic)

and l.is the wall part in compression,

When the design shear (demand) is greater than the design strength (capacity)
of the unreinforced masonry, then the wall can be strengthened with horizontal
strips of FRP that will undertake a shear equal to AV=Vgq=Vs4-Vigm. Through
substitution one can calculate the ratio An,/ pr. Based on the geometry of FRP
one can calculate the As, and consequently the P:;. The required number of
strips, starting their placement from the edge of the wall is equal to : (n-
1)*pe+wi=h then n=(h-w;)/ps+1.

Wall strengthening for out-of-plane bending

The wall strength for out-of-plane hending is calculated from:

o, *t2*| o, *
Mpy = 74— (=24 T) (16)

wk

In case the out-of-plane moment is greater than the Mgy from equation 16,
horizontal FRP strips could be used to undertake the difference between the
two moments.

The strips are placed from the extreme top side of the wall and each one
undertakes moment equal to: F*z where F= wj* tj*Esg*€qg and z=t/2. Therefore,
for n strips, the total moment that can be carried by the FRP is n*F*z, which
equated with the difference between the moments provides the required
number of horizontal strips.

It is possible that the FRP strengthening for shear may satisfy the out-of-plane
requirement for bending.






