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Abstract

The high vulnerability of the cultural buildings due to seismic actions urged researchers to retrofit
them using reversible and compatible techniques. The application of fiber reinforced polymer
(FRP) for enhancing the structural behavior of masonry buildings, under seismic actions, has been
studied by many researchers. The near-surface mounting (NSM) technique is a relatively new
retrofitting approach that involves bonding FRP bats/strips inserted into grooves cut of mortar
joints. This method is an appropriate technique to be used in seismic retrofitting of heritage
buildings, because of its low influence on the global mass, high strength-to-weight ratios, minimum
durability concern, ease of handling, flexibility and fast installation that improve on-site
productivity, low impact of building functions, and low architectural and structural interventions.
No.1 Educational heritage building of Tabriz Islamic Art University has flexible diaphragms with
unreinforced masonry walls as lateral and gravitational resisting system. The masonry walls have no
tie beams or columns and appropriate connection to the floors. Furthermore, the building has
irregularity in plane because of length to width ratio more than 3. Another deficiency of this
building to resist seismic load is related to the existence of small percentage of masonry wall in
transversal direction compared with longitudinal direction, which can be result in torsional
irregularity in the structure. The aim of this paper is to investigate the effectiveness of applying
NSM technique on seismic performance of this heritage building. For this purpose, a 3D
Equivalent frame model was created in 3Muri software to simulate the structural behavior of
strengthened masonry walls. The masonry was modeled by macro-modeling approach and FRP
bars/strips were modeled as attaching to the masonry walls. A safety index value according to
“Guidelines for evaluation and mitigation of seismic risk to cultural heritage”, have been calculated
to evaluate the seismic behavior of the building before and after applying retrofitting method. The
selected safety index depends on shear strength of the structure, site seismic hazard zone and the
desired building performance level. Nonlinear static analysis has been employed by 3Muri software
to evaluate the safety index for selected limit states including Ultimate Limit State (SLU) and
Damage Limit State (SLD). The distribution of lateral load is done in two different modes;
proportional to the shape of the first mode and proportional to story mass. Based on the results of
twenty-four pushover analysis, it has been concluded that inserting the FRP strips to the masonry
walls and adding new masonry walls reinforced by FRP bars, increase the safety index significantly
in both directions, especially in the transversal direction. Also it has been observed that shear
strength of the building increased considerably after applying the retrofitting design relative to the
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existing condition. More uniform distribution of the safety index between different analyses was
another positive effect of using this technique. The results of this research demonstrated the
advantages of using NSM technique for seismic performance of heritage buildings and are based on
a numerical modeling and pushover analysis which uses the performance criteria of safety index,
while more experimental and numerical studies are proposed for future studies.
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Table 1: Mechanical properties of masonry material used in the modeling
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1199 liusls g lgsJsl o loid iy Jw | 10F



http://dx.doi.org/10.29252/jra.6.1.97
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.7.1
http://jra-tabriziau.ir/article-1-216-fa.html
http://dx.doi.org/10.29252/jra.6.1.97
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.7.1
http://jra-tabriziau.ir/article-1-216-fa.html
http://dx.doi.org/10.29252/jra.6.1.97
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.1.7.1
https://jra-tabriziau.ir/article-1-216-fa.html

[ Downloaded from jra-tabriziau.ir on 2023-03-0% ]

[ DOR: 20.1001.1.24764647.1399.6.1.7.1]

[ DOI: 10.29252/jra.6.1.97 ]

gk . .
wuwb 2w Lwb o9 ju owlilad g>

ol 2225 gl ) el e (o)l csglio
5 JE iR AF (g)Ltd Coglio b 2] (@50
o 6t Caglio o dhawgie i bl
glss a5 g g0 359y JEwbKe Y/o¥ b ply ol
2l (V) k) jleads Jools jlade b (295 LB
gy 8L (1) Ay 4SSl & s 5l Aol
YN Jado @y o oy fi yiolyl (slp pdlas Slasuin
liae doasuin 5)lLid Conglie (lgicdr JBwlBe
e oA S L5 )3

bilys 3k oli dlas gl Joas
Ceoglio y il DO+ Jgoxeyolods [10, 34] (gldoli oyl
2 iVl Jodoo /YLyl 0y Jgde 5 5)lié
b cnl il g pols ddllas )3 oS 35 0 a5 S
el o ol gl by canglio sl orSosliz]
Lo e oMo oy ptalesl Byl 51 dfo) sho 15
Caoglie pand glym anl 0a s JRWLKs «/Y0
EN1996.1.1 55 (fi) ol dloae dasio by
caosls 1) 5 e,
S = S t040, (v)
P O Ao 90s (gilid 5 0 V) Ay
by cod & cul Jlaisyge 5 50 lojl guae
J o > 5)sd i lawgio elal g (A
Cowd g S (o Joob |y (S Y5 & > glaie
& ygmo 3Muri jl58lp 5 bauwgs fic e duwloe ] o
Joche 39 opieS it b oo Ul 3,5 o
LS e ds 3l o g 0.065f,
oo S{foyn=min(0.065f,., £, , )} ()
23908 slusly o 2l (6)ltd Cuglia fo o398 Ay 5
el fore (Sl JoB B Jade Sl L g b dnie
EN.1996.1.1 &byl cysiomod 5 YVE 5 Y5+ a0 )
e ST Lol tud 005 e fur sl cspliie
b a8 [FFg)+] sl ondrgiome JKublSo /Y & fo
A5 el Lol o Jdo (V) daly 0 o ()il
ol 0delandds +/VO b plp fio Jlade Sl 4 ang b
Jatim HlAe g 392 AlgS 0ALS (s St ¢ faim dywlxa 53
o 4 JKblSe /00 L )y 00656 da, ;)

too | 1199 gt g JlgrJsl ojledd i Juu

MS-14 L5 MS1 cylie b S350 9 005 s b
Cpr 4SSl 4 dngi b cunl oadodly lis oas VY
e 31 ;2T U gy (6908 bMe b2 Sialojl plx
sdicuily oyl s il ol & Sl Do ALl
2l sladised lysa Mo iy Slesl Jxe
U s oolil o] g)litb Cooglio inlol ol
T

Cnglio ) Jodn ) 00i,Sd Glasuin ybo
it Cnglio gl (pll p oo glas (6)lid
25 ol y il od b s ol dlad Sges
() ok las dasuin (g)lid cuwglie ENL1996.1.1
e o adaly Sl Jyeme ol clajld ol
7 3 :39‘3@
1=k )

5 ol oly 95 4y (S k oy o 0 &S
LYY o mlldas g0y a8),la b _»
LMoo g oy y2T b ol g (sl ENL1996.1.1
W 5l picd gog—ase ()jg 9 Jg—one Cunlidl
Cooglin fi ol /0D il oS yio oy p S5 LS
Sialafl 5 ool gl bl 1 o8 cal o] (gltd
Ly ol e e (slaigas (g9 2 (s)lib Cuoglio
&)Lid Coglio frorar a0y Kl A
Y5 a8 DY Jodn ol p oS sl L)
b ol Lol LYL) Sl aule LMo o),y
B il bawgie il (adllandyge ot L
(1) oy 53 yolie ol (il sl SISl
Y1yl 39 oo dwls fi (glym a5 (g)lads
) JEsllSo

Sl 1y (V) adasly ENL1996.1.1 Al sl 4]l
Ol Gled oyre n ol els KL ol slaylesd
L8 bMo slaas¥ (glyld lgsd &S Jyaopd g Cuwled S
Jade aol ddl 393 (20 )3 (Jlges dxio b (silge)
S 5,8 Mol /A e kel oy b1, Juols
gl dasulo ()i Coglin (gl g0 ol
D o ol Kb Y/VF Jade ¢ olo

a2 L plgie 36 V80 4l om0 ool
8 Jlie LMo caS g ol (o)lid cuoglio 4


http://dx.doi.org/10.29252/jra.6.1.97
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.7.1
http://jra-tabriziau.ir/article-1-216-fa.html
http://dx.doi.org/10.29252/jra.6.1.97
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.7.1
http://jra-tabriziau.ir/article-1-216-fa.html
http://dx.doi.org/10.29252/jra.6.1.97
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.1.7.1
https://jra-tabriziau.ir/article-1-216-fa.html

[ Downloaded from jra-tabriziau.ir on 2023-03-0% ]

[ DOR: 20.1001.1.24764647.1399.6.1.7.1]

[ DOI: 10.29252/jra.6.1.97 ]

e ol sloglaisle (glo ) (5 jlwpglio ;> NSM | jivg j 60 FRP allum 1 eslaiwl / ¢l Ses g (535951

\_swuhabm

Table 2: Mechanical property of GFRP used for

retrofitting
=)l Jode | ol lS Cueglie | CanSd )5
Module of Ultimate Tensile Failure Strain
Elasticity strength
E fra e (%)
(N/mm?) (N/mm?)
55000 967 1.76

Sy (ad Lo (s ¥-£
b glab yo (gl ilopslie )b &) 51 LS
ol il i (25 pasede (i 2lo)lno
O lainjge 3 )SMes gaw )3 (55 5 (AS ©ygod
=4S gy sbpladle Gy 2lajlee iz D90
» aler sasl g (shb clask ! blgs !
[10] Y5+ i silon gloj) gilote sloosdlygin
c =) et law gos wlowl 4 [11] FEMA-356 4
oS Cunlodd g 5 Jade yobos (g (2lr g3V
s Lol oyl sl lons o sl 51 ooliz
oles U ol 5 10 el 5,5 i elo ezl
o) 9 edllygins U g aabiopol clio ol 555
L g Laaoboyol 51 b ol plo ol osdis p g5 cine
ddllls > b Soygo (ol piine sl Joallygd
slojyd ylad ialS 5 o)l slatalp Lalgs 5l
[36] L 58 € S b & ye (Fo)5 slaly
o) &S (60)lse yd Canl poy ol 48,5115 a5 )50
L 5 Lad ol ] bulgs o)y pasis dals Lual,
= &S Ml L B yine sl ol g
alllandjse ol liio Syl e (slaplesl
e 4 oAb gdly Jas Mo iz )8 i3
035 b syl (aSls (B pme 4y 4ol ) laie
oobol 2 (e V) 5 Shos olaw (e 5 (o

ol 05 a3l )5S (cloial, Lalgs
sbaly lojyd ylas ials s byl oletal»
3 il s Wil j58 € Sinp Sl Sl
Sre b glagladlo ¢yl oy ,ts) b))
o Ulgi e gloj)) sl (o))l aSl dlojl 48 o
Lasbyy (=l 45 355 g slosl sy, S

2 90 S9aS > 4 syl (gilure 2ok
45 Ay b 4 6900 Gl le (8ye sl
485 yla )3 dgu0m jgod s (ol bl
3,5 odeus FRP pdlas 5l oslizl b 1y oyl s b wgis
ol Sy oasassyS 15y ol o lasuis
Gl 00 iall)l Y Jodo ped casdy 1> cuds (glaylgd
bl p e oo dlae @ bgrpe sla gl (los
(%) 5 (V) 1) Lelg, 5 dlizal b g ST 553 (sloaslipse]
6y Canglio eyl 43 o Sglis ol b elonslss!
Wb (olib Coglin 5 JE_wblSed sl
el &Sl 4 g b g cusl oud (58 JBulie
w3lie l lide ol id)SS &g flo jlade (s Sl
ENL1996.1.1 48 Y. ¥ Jodos )3 a3l (558 i
FOM PRV ET

FRP mlas Olasuin Y-Y-£
Sl b 5 ok ple S I FRP (lacy jouls
‘w)yuolf » a.>)|9 LSLQ)L’ Silods J..Su.u.s S C’L‘“‘n
aS Jlo > Wigd o Joou 00iiS e (sl yud Lawgs
ot Ul o lasxe Laylyd il p bayd 5l clolis
ik 095 Copabge )3 Lagl (oSS g by (e
AL s 5l assbails 6,55k ol mdlas b &

Jode Jds a caind B eyl g a4l oS
S Aty G &3m0 ) 2 ogdle > (gl 55
ool ddlas ) ooy cplil [20]cwl Sl ()8 &
Cooll 75k ;3 GFRP (glod Sl Sl Clasuin
S5 Jatne sl )l 5l g e ol Lol
3wl o odlaiiw] g g0 ol (sb)lesd > GFRP
2 (olre bS5 aind BUI 4l &S oLl LS
i > Combus 4 ol clan o] 51485 52
[20]3,8 0Ll S blao > ol o5 coglia g oo
lasedo gy 045,SD olis &S sl S5 4 p3Y
o Jolse anlS upd 3 ¥ Jin 3 GERP
Silwpglie Jodllygws VY Jouo L sillas (+/V0)

Alosds ©p ¢ [20] FRP 3l o3liil b baylazslus

1199 il g lgsdsl o o i Jbw | 105


http://dx.doi.org/10.29252/jra.6.1.97
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.7.1
http://jra-tabriziau.ir/article-1-216-fa.html
http://dx.doi.org/10.29252/jra.6.1.97
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.7.1
http://jra-tabriziau.ir/article-1-216-fa.html
http://dx.doi.org/10.29252/jra.6.1.97
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.1.7.1
https://jra-tabriziau.ir/article-1-216-fa.html

[ Downloaded from jra-tabriziau.ir on 2023-03-0% ]

[ DOR: 20.1001.1.24764647.1399.6.1.7.1]

[ DOI: 10.29252/jra.6.1.97 ]

gk . .
wuwb 2w Lwb o9 ju owlilad g>

B3y Joloo & 1S o Ll |y o] (55158 50
S 3 ap sl [27] oyl YA+ 3kl 3 (B)
P A Sl Old) olKBlo o )3 (30) g ye Sl
ol (VA< 5,k

Sl e jlade L (L) (slojyd (el padli
015 5 U35 oo Ul ol &8 smd o ot
A ) 0l plaisyge (Do s o | dilaie o ol
o hpel S il S ) S 151
ingge s clloly blito B ) > sl
N5-8lp s 5l I (el 2L (s polainds [36] o
9580 3 el 31 o3lizal b 45" sl oABo3lisol 3Muri
el el Jade S gap 71 sl yiel)l polud 2
ol 5l S o aubre (F) Ay old
Slpe Pl glaly lojd ybs als g 2bj)
do dag b eolet b [36] Lkl jouiS € Sinjd
WY ol Coyps jl g 05l (005 el il 650\
sy gy Ol HlAde yiotad Dgus odlaiwl Wl
9 SRS g Cmenl sl (i el any (St
okt glhys aS o) et oSl (sjud05)
= (SLU) olas sis cbs pd lido (pl cadllland yg0
@y g Jlobe 7 Ve csiSl sl byl ol
Jleinl U 4yl polsl o (SID) (ol (i s
4 g b 35]3gd e e Jlo 00 0 700+ cubisl b
(slo3) s b oy e > il 3,50 el oS
Jloinl U a3l el ag o el oy ol sl
YA+ skl bl o JLw e 37 Ve cusiSlys
L adjlj ol 290 485 s > /Y0 g [27] o))
oy L Gllae j JLw 0 370+ 559 Jla>!
Gl slaly gloj)) s 1l g b5l (slosal »
Jado ply IS5l Gl oo W) )5S € Simjd e
Do 7N csiSlp Jlansl U alyly el ord ymss
55 oolizl o /VF g my ¢Sl

Sl (P Sl o @lgyd S el
yoo ogls o) 0B oo Jolre &S Cunl Lo Sl
EN asbipl 38 cops g (Bo) YA+ 3kl > asl
SLS g95 3l (w5 o s ol el [37] 1998-1
s oS3l SB gy sl atlato (g pdojy) g oSl

tov | 1199 gt g JlgrJgl ogtedh i Juu

Oy & e & 1) (ynj CS o 5l iy Al 2B
PLil) 35S 0900 095 o (g s leidle
el o leidle Gl (5 5 385 O g0 (LV1
b o) I Ol b duolie )3 ¢laisyge (gl
] 298485 )18 & (L) (ol el comesd yglatosy

5 ol W) (o)l (05 & laglesle
i b 53 Gy b sloj) jlas blie > cblis
i el 3 )l Sl el (K Do (e
@bt i el sl cad b g oS g8y Jlal b
O30S 394> (£)55) g (Ultimate Limit State (SLU):
Jlenl L gl 5 pl8in 3 (63,8os 5 Jlo 0l
Damage (3 g3 cdle) o8 @ 5 5L go89
W)S> oS (6390 y 0gMe [36] (Limit State (SLD):
sla il asl) (ol gyl his oS 5905
9o dpogi il jiide (08 5 sy ES sl
361298 45 pogate (gl b oS

e 15 € (SLU) ol s o 5
9998 i olp)lS Sla (el 48739y Ll
e e S e e
9 3l 4l (Sla S Jlie > oxle Bl (sl
S L |y 595 Cooglio plad o35 el 51 cow
oo sl (SLD) b (i b 5 eioen
@l B o g pe Al 4 S o (2 AP
$bj sl )l wal i g8 Jloisl sl
25 Sdae S Sl ool el 2 ogdle 9 958 o0
30]agd 0 Lai 55 35 £58g ) an o

ol j ymols ddllas 3 a S LVE G pdaw 5o
= adaly ll b el (s s conl oadeslail
Do oo dumlro

()

o= s

" %Sa,
@) glosdlo & Cusl (o) 5l (S ais (3gb Ay 53
Sl ygmo opl )3 &5 iy g0 Jaid 90 (s> b
b sl gasiu Sygoasas (SLU) ol shs <l
Dgid oo 03> LS asip Gygwds (SLD) ol (s0s
Ol as cul w0 S g ledlo Cucdl o s P
Sl 3l plw g ot s SLS o lisee (slada Y


http://dx.doi.org/10.29252/jra.6.1.97
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.7.1
http://jra-tabriziau.ir/article-1-216-fa.html
http://dx.doi.org/10.29252/jra.6.1.97
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.7.1
http://jra-tabriziau.ir/article-1-216-fa.html
http://dx.doi.org/10.29252/jra.6.1.97
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.1.7.1
https://jra-tabriziau.ir/article-1-216-fa.html

[ Downloaded from jra-tabriziau.ir on 2023-03-0% ]

[ DOR: 20.1001.1.24764647.1399.6.1.7.1]

[ DOI: 10.29252/jra.6.1.97 ]

e ol sloglaisle (glo ) (5 jlwpglio ;> NSM | jivg j 60 FRP allum 1 eslaiwl / ¢l Ses g (535951

\_swuhabm

8155 5 s> 48’ (2ol (lp cpeyio 2 p)SkS
s A gpeyio o p)S oS ¥ee I a8
A Jalgs ddlsl ony 4l ¢lj8le 5 y> oS sabais S
oadJlasl silupglis oo ol 3 & Juo el
slacciby aang L Laciiw 83,0 (g ol
i B o g (o985 Ol g 48 Splox]
adb (i i sd)bcaio 5.5 )b .l sadbdulxe
byl )5 a bgoye yolie aiilen (gaased )b 5 (Omein)
S yass Sl el S e ) (ilupglio 51 8
(o055 g9y adib) 4l ¥ Ceond > iSon dib>
> e 41 9 0392 ilwpglie 2ok I (piSu (lgiea
ey ym pS kS Yoo 4 V0 jladb (nl 855 )L
4Bl s sivdas )b @peie g p S oS Ve e dililay
laciond (gly on; )b Sl doyd pisred
ool Jlael 31 b byl wilan o el cilisee
S e oy &S Eoglis ol b wrbbolod (g5lpglia
e A ag Ly (yejymj Al G (gl 05 )
Jods 3l aisl ials </VF & /¥A 5l ol e p)lS
b a8 lie dopd g (gaiand )b w0l Hbwdye )b Y

i g 009y I &8 5 Oy SiSSg55 Olalllas ol
35 ot (o b b 51565 2 > laiblis 45l &
MY L ol YA+ 5 bl )0 By jlado iz 8lg
EN 1998 ab oyl (ol a8 Jbs )3 fansl 0sib yuns
5wl VO L ol S Jlde a3l adl dale (glp 1
asl ol 51 3Muri jéls 5 cpols dallae )3 Sl @
o=l el VO Jlaie aoeisyd S o odlaiwl b))l

Wl o Blod el

S5k g sloj) Hge o 2L
039 ool 29290 Cunidg (gl oadang Jaa )
wddsplosl glaciby asasy b Lacad wodye
§ lodas sy o Asd bl b yd ] odddunln
el aSol 4 ds g b Jg )16 pold (6,8 il
bl andly (odjgal (608 a1l o ezl 39 00
oas blod il (gl qpepio y p)SolS Ve v 65
G (Y2) 005 )L 8yl do)d pizmen Can]
EN- aobopo] bl p pledle caliseo (claciows
Voo ol 4 (gdang b Cawl saslsesl [38] 1990

Silwpglio o ol 5l am g 18 sla Jae p3 0035 )b &S )lie duo )3 9 035 )l cgiis 4 )b o350 )b Y o>

Table 3: Dead, Partition, Live loads and live load participation factor applied on models before and after retrofitting
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. . trips Dimension . . Thickness
Distance Distance Dimension 9
cm cm mm mm cm
_ _ 100 i=1,2
_ _ 45 i=3
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i=5, 6, 11,
- - 70 12,15, 16
_ 28 — 40x7 40 Y FRP-MW-Y-i i=7,13
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Table 5: Detail of New masonry walls reinforced with GFRP bars
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Fig. 7: Concrete tie beam at the top of the masonry
walls
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Earthquake attern of Eccentricity I, DL
No. direc(iion literal load (te) [cm]} LU) 1, SD (SLD)
1 +X Masses 0 0.455 0.954
2 +X First mode 0 0.372 0.641
3 -X Masses 0 0.398 0.801
4 -X First mode 0 0.331 0.602
5 +Y Masses 0 0.108 0.178
6 +Y First mode 0 0.112 0.154
7 Y Masses 0 0.161 0.167
8 Y First mode 0 0.102 0.107
9 +X Masses 56 0.445 0.927
10 +X Masses -56 0.463 0.968
11 +X First mode 56 0.365 0.632
12 +X First mode -56 0.385 0.614
13 -X Masses 56 0.401 0.788
14 -X Masses -56 0.417 0.868
15 X First mode 56 0.327 0.582
16 -X First mode -56 0.351 0.626
17 +Y Masses 581.3 0.135 0.19
18 +Y Masses -581.3 0.098 0.172
19 +Y First mode 581.3 0.114 0.154
20 +Y First mode -581.3 0.244 0.116
21 Y Masses 581.3 0.165 0.159
22 Y Masses -581.3 0.141 0.17
23 Y First mode 581.3 0.092 0.095
24 Y First mode -581.3 0.211 0.113
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Table 7: Building safety index after the application of retrofitting design-3Muri output

S9 bl jl zo> G b | s b s
@, 47 5k sl oSy SLU SLD
Earthquake attern of Eccentricity I, DL
No. dircetion bteral load () [em] | SEVESD 1 gy
1 +X Masses 0 0.732 1.52
2 +X First mode 0 0.609 1.296
3 -X Masses 0 0.734 1.546
4 -X First mode 0 0.609 1.311
5 +Y Masses 0 0.617 1.158
6 +Y First mode 0 0.621 1.232
7 -Y Masses 0 0.584 1.171
8 Y First mode 0 0.649 1.187
9 +X Masses 56 0.731 1.522
10 +X Masses -56 0.733 1.523
11 +X First mode 56 0.609 1.298
12 +X First mode -56 0.61 1.3
13 -X Masses 56 0.742 1.528
14 -X Masses -56 0.733 1.536
15 -X First mode 56 0.608 1.308
16 -X First mode -56 0.618 1.302
17 +Y Masses 581.3 0.716 1.316
18 +Y Masses -581.3 0.556 1.013
19 +Y First mode 581.3 0.72 1.444
20 +Y First mode -581.3 0.626 1.01
21 -Y Masses 581.3 0.715 1.259
22 Y Masses -581.3 0.53 1.029
23 Y First mode 581.3 0.765 1.338
24 -Y First mode -581.3 0.572 1.051
— X st —Y b,
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Fig. 11: Pushover curves for x and y direction of building after the application of retrofitting design -3Muri output
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Fig. 12: Safety index compare for different limit states and load distribution patterns, in present situation and after the
application of retrofitting technique
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Fig. 13: Pushover curves in x and y direction of building for present situation and after the application of retrofitting design
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