75 g0l (1308 (wikigen g uli

FIAY B YA5Y Slio YA Jlo Y o)l BY 0,93 S yusl lpos cwiiges sl
DOI: 10.22060/ceej.2019.16570.6281

3l eolaiwl b ol o gli grbwo jud (Lo mdlao g ylge0 (gloyd & Slos Ldxi' ow)y y
oY ed sraows

-:"Y‘;LAM J..l> Jal! rn‘)yé

lypl 09,0l g ol xis ol8iils il jes al )l wlils IS gmeiils !
Ol g0l g 0ls ais olKiasls wjlu— gyl e Lol

TR 2B
VWAA-Foe ) sl
VWAA- VoA 2g S5t
VWAA- VXYt bl

VFAA- - A-YY 2301wl

S Sogliie hnd 5 by I dSE 50k (s S 4 el dlas laplaisle 13 sledlil; o iasdls
lae laojle ilupglio 5 il los,S )25 1) ooby Sllud 5 ol 0350 polie Ay pln jo o5
Caglie dgaS a3y ply o ol dlae Gl jles wilioo 0 sl g CSle )0 oz o gl 2 b
odle iy o ial3l lsps 1) 4y Jsb s a5 oo sl (s IS 50 by T o] Cinds g ol 4l

155 sl 0 Shas ooy Bk gl 5] Bad S o Iy 205 o2 )] (6 S laes Canslie alS s
b ol wlae slajlns silopglio 5 ool VY Golida b Y 5 10 Job 4 elis )| cos g0 b ol las
Cusi by wlas Jlss slos,) s, Llos ol il e 6V slraans alizes claslonyz 5l oslicl
FEMA356 s, b .ol onts aloil ABAQUS sgamme clizl 1531 o5 51 oolical b cgo¥sd sladans b oa
Fie il Suglie A 3 (Lo bl g Cenl ool (a5 badigel plos plralrg s sl jlages
o b ooV slrannd 6,518 clle o gr 45 wms e bt bl anglie K308y b g ndy IS

(euls wlls

ghed 2o bl
slos ) silupslie
sloj o, Mes

Vb dans

oﬁw ‘5‘}?‘ " g . . . pe .. A‘« 5 A .
Salp Ve ol Coglin il o jls Jles slog ) Olasein seme jo 1) 30 o yiin Jles Byl g0 (5 0,0

oY ed sladans 3l oolaiwl b ool Coall slddiged ;500 4 Cand Jien G b SS9 6 plp ¥ She S g

A2 o lid 1) dald dged 4y Cod

6ol Caglie aiS g il lag s plp o Jg Sl oo
AS go 2 |y (Falo B oled Ceaglie 4y (i 5l g g ailas
19 s glas oozl [Y N0l gogame (6 St 5

doudo —)
2 &S wie JiBle dlas (i cead 5l ols Alas
S pdpas] Jelod sl a8 5 4y (ol b ogzge slaojls
rAl Jl 5o a8 o8 slagleislo b sgrse loglonzlo 551 {0 1 allas sl 550 0 cilises slaasl el Ly |y
Lg).:daw.wT g_}'.’.)'*“"‘“" aS sloonds acslu (5’"“ CJLM )‘ JJ)L) S9>g
sl ol dlas sbasjlu 55, » loyeas asdS slaalyly o
c\.l.o..?- )‘ )5..“5 5o )i.:‘).vj le.mc\.!)l) )‘ ).._‘>‘ LSLQ:UDQ 3o | 099y
5 oleyS bl g (Jemmiom o) VTPl p3 a8 (LS ol
&Y Jle ol QlJ VY 0 a8 olisle,S bl jo 9 () VYAY JLo

ol ey lads lus cvalie 5 2Kisle;l Sldllas sl 5
olie Ll Luly, 5 il o 42535 slaalyl; 4o laojle 5 atons
las -0l 092y (ol las’ (6l IS 5 Cuglie 25,0 s
S 3 Skae (g)lad slagys plp y0 Do g 2l abex 5l ol

1 Ductility

i ol dlas glplesle I gl 18 cuBs cel b jshafaei@shahroodut.ac.ir :oLsise Jlsoage onisss ™

(Creative Commons License) oo o (Sosis 31 Luilacd o allie oyl .ol 00 0010 1S ol ol8ils ol )Ll ay 126 B g S ot g5 4y el (358>
Auileyd s hittps:/www.creativecommons.org/licenses/by-nc/4.0/legalcode ol 5l uilucd cpl bz gl sl 48,5 )8 Loy o 2 10 BY NG

AR


https://www.creativecommons.org/licenses/by-nc/4.0/legalcode

FIAY B YVSY doxin VYA o VY 0)led Y )93 6 el e suoigeo 4y s

WA oLailo,S olo oUT ¥) &35 55 pehino pué (o3 ly gllao (gl ylend &yl . ) S
Fig. 1. Damages of unreinforced masonry walls, earthquake Kermanshah 2 November 2017.
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Fig. 2. Various methods for retrofitted of masonry walls.

a) Geogid  b) FRP

‘[V]G:Lu CJLAA )‘9.3.6 c.‘a.m SS9y 2 IFRP )‘ oolawl U‘?”LS" W5.0.>
cYlasl jo 0,595 5l eoliiwl [A]TSS; 0o oV es lg 5l eolaxul
sl dlas @lajlps by G5 5l Sl (AT o
LV Tl @Mo Slegs 5,5 (oY sd slaas,lpe 5l oolaul b
55 oylal alu dlas slajles silupslie sl by, oo
LIVIY U
dlas bl gilupglin o Slos gy dlas cpl 5l Bun
T 5oV 58 sladens aliee sloloans ool b ales e Sl
Job 4 glay )l coes gyl olo Alas Jlgs.cal jlas B,k g8 5o
5 aaS IV g /0 Job el )| golasl S 53 (V:Y) ulide
SIS L Sl s aS (el renke VY0 g V8 Ll slacwlis
Srdiges pl NN Flaslad 3 18 cw)p 050 a8, SO ol
&5lwJoe ABAQUS sgama sly! 1580 o 5 5l ool b ool

Fiber Reinforced Polymer
Stainless Steel Strip
Unreinforced Masonry Wall
Steel Tie

B W N

¢) Concrete shotcrete

d) Cement mortar grout injection

2 ke Balps Sole pae tle a4 by wllas laojle ) S
35 E585 0oy o ojlo (i ndy ol 552 LT sl2l 5 (b
S s Jlo Shlas jl sloses pom el 1 2igd oo gano
L5 1,100 oojl cpl 5005 o0 Jol> (ol llas slaglossls
ol Jro (88 (il sl il o aSly s (3B (slo)b Sl o
Ol Syl ez Ll les (59, 2 )BTk s S a3l s
¥logd oo ploxl s 59, 2 o)k
Y§+ 4,25 FEMA356 ASCE glaaaliynl,s 28 olool jo
slagtsy Wil x5 bolasle (b glaadbionl Ko s
[5-¥] sl 0030 5 @) s gl (glagylozslo (glos ) (g5luse
&5 3 1555 53 35790 sbooslu 5l g ke o8 o Sl 4 4z L
©yzse slaplasle Ol jl 6 Tl gl el by slaosle
03,1y o] lyl Gl bt Wisd silete 5 silupslin Wil
Slaaand Los8 L 5 5lupslie ol sla g, 28k 5 leislu &y
@b oslo g5 5 (SLII p )b yolie (39381 5 lexle n)b g Lol
(Plasl iy Jlie )3 5L (ol 4 (oo s sl (o8l Wi oo
Slaised Cusi Gln Gl Sl 5 Rl liies

sl by dhazr 5l il oad atddy plol bty llas (sla sy

¥y



FIAY B YASY docio DFAQ Jlo VY 0)leud @Y 0593 ¢S ool (5lpos suokito & pis

[1F] by llae oyl iy o) wlascine . ) Jgax
Table 1. Experimental Specification of masonry walls.
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Fig. 3. Brick pattern of specimen URMW-C-0.5 with thickness of 160 mm and height to length ratio of 0.5.
a) Brick pattern of specimen URMW-C-0.5, first rows b) Brick pattern of specimen URMW-C-0.5, second row

%

095 Sy URMW-C-0.7 5903 Guzz 321 6ol (& Jgl oy URMW-C-0.7 digos sz 521 (551 (A

oY Job s 5 ) o 3 siobno Ve caolies L URMW-C-0.7 sigoi oz 52T 5551 F JSCi
Fig. 4. Brick pattern of specimen URMW-C-0.7 with thickness of 110 mm and height to length ratio of 0.7.
a) Brick pattern of specimen URMW-C-0.7, first row; b) Brick pattern of specimen URMW-C-0.7, second row

[14] 5L las b ylgs s5lw palio Iy 53Y 98 (sLdnu wlasuine . O JSi
Fig. 5. Specifications of steel ties for retrofitted of masonry walls.
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Fig. 6. Different failure modes of URM walls.
b) Slip-shear
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Fig. 7. Modeling methods of masonry a) Macro b) Micro
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Table 2. Mechanical specification of concrete damaged plastic masonry unit analytical specimens.
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Table 3. Mechanical specification of masonry and concrete materials.

S8 (Ton/mm?®) | atwioV] Jodo (N/mm?) | oowly cops | (5)lid cuglio (MPa)
ol yuiie VAe o) Y FYAD A AIY
e V¥ Yoo gy
oolod g ol (SilSo ilasins . B Jgozr
Table 4. Mechanical specification of interface contect.
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Fig. 9. a) Finite element model of reference specimen URMW-C-0.5; b) Force-displacement curve of analytical specimen and
experimental reference specimen.
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Fig. 10. Experimental and finite Element of damage pattern of reference specimen URMW-C-0.5

a) Experimental damage b) Mises stress c) Compression damage d) Tension damage
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Fig. 11. a) Finite element model of reference specimen URMW-C-0.7; b) Force-displacement curve of analytical specimen
and experimental reference specimen
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Fig. 12. Experimental and Finite element of damage pattern of reference specimen URMW-C-0.7

a) Experimental damage b) Mises stress ¢) Compression damage d) Tension damage
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Fig. 13. a) Finite element model of reference specimen URMW-C-R1-0.5; b) Force-displacement curve of analytical specimen
and experimental reference specimen.
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Fig. 15. a) Finite Element model of reference specimen URMW-C-R1-0.7

b) Force-displacement curve of analytical specimen and experimental refrence specimen
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c) Compression damage
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Fig. 16. Experimental and Finite Element of damage pattern of reference specimen URMW-C-R1-0.7

d) Tension damage
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Table 5. Comparison of experimental reference specimen and analytical specimen.
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Table 6. Nomenclature and shape of reinforced with steel ties specimens
h/b=0.5 h/b=0.7
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URMW-C-R1-0.5

URMW-C-R1-0.7

URMW -R10-0.5

URMW -R11-0.5

URMW -R12-0.5

= =

- URMW- R2-0.5 - URMW-R2-0.7
- URMW- R3-0.5 - URMW-R3-0.7
- URMW- R4-0.5 - URMW-R4-0.7
- URMW -R5-0.5 - URMW-R5-0.7
- URMW -R6-0.5 - URMW-R6-0.7
- URMW -R7-0.5 - URMW-R7-0.7
- URMW -R8-0.5 - URMW-R8-0.7
- URMW -R9-0.5 - URMW-R9-0.7
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Fig. 17. Force-displacement curve of all retrofitted specimens URMW-R-0.5 with height to length ratio of 0.5
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Fig. 18. Force-displacement curve of all retrofitted specimens URMW-R-0.7 with height to length ratio of 0.7
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Fig. 19. Bilinearization of force-displacement curve using FEMA356 method.
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Fig. 20. The bilinear curve of the retrofitted analytical specimens
a) Specimen URMW-R12-0.55 b) Specimen URMW-R9-0.7
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Fig. 21. Comparison of the ultimate strength for specimens URMW-R-0.5 with height to length ratio of 0.5
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Fig. 22. Comparison of the ductility for specimens URMW-R-0.5 with height to length ratio of 0.5
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Fig. 23. Comparison of the effective stiffness for specimens URMW-R-0.5 with height to length ratio of 0.5
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Fig. 24. Comparison of the ultimate strength for specimens URMW-R-0.7 with height to length ratio of 0.7
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Fig. 25. Comparison of the ductility for specimens URMW-R-0.7 with height to length ratio of 0.7
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Fig. 26. Comparison of the effective stiffness for specimens URMW-R-0.7 with height to length ratio of 0.7
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