_ J. Analysis of Structure and Earthquake a5 — ol U1 aslibad

Volum 18,1ssue 4, Winter 2021 Ve ol oF oyleds VA 090

ood 3,Slos 5 CFRP Chinod 13 (Sl i doul il gdas ow

Sipe Lo ple
Oyl bdg e o oMl S5l oKzl WCuddgpe I3y ¢l yas wdine 09,5 (55D alafe (ggmiiild
*oly ol
Oyl g pe oMol 3151 oKl wusng o dnly o)l yos wdige 09,5 bkl
Py )

Ayl «usdg po oMl ST olEESlS wusdg po dlg oyl pes wdizs 09,5 bkl
Ashkan.Torabi@miau.ac.ir
VE NV ol Gl gyl VEe /N /YD il G

oduS>

wld Ol 53 Slescastle sl iy 33,0 5 o iml 3l S 0lse 4 mhes o2 b ol b el
5 e oo iy W e b wlan l Sl eslizal b baesle K 5 Lozt 5l (635 slaas £Vl 5 e
FRP il dlas 1 eslizal (ol s s ol 551 5 Sl 5 Sl kS wliS5) o i a3l el
ploml Sl 5 42208 sbadl s > llas ol colin 5 Slas @ a5 L oS ey 5 0l St b 5
o % ABAQUS 55l o 5 5l aslinal b 5 ,iy Gl 3 el 43 S 13 Oluckige 51 (ol 40 55 3550 ol
5 S 53 3,08 5 A by Olse 4 el i CFRP G 3l eslial b anl 0 15 (st s U
Gus oiiS Cd b war g b S i 6,0 Sslie slado s ol ol aistls o o L0 s Shes 5
OLES sl s g gl el 43S 13 s 550 Gl (pl 53 2l Saaslie 3 S3e bl Ol e 4 CFRP
Il S L e 0T VL 228 b b s CFRP Gs 53 (SUhe 3l eslind o das
5 Bl 588 B s b anad ol o3 sl plonil (sla ek Al anils )] n la s ale Caslie 5
S aib By aiS Coslie do s ¥ 5l e LS SUS i G Ol S ol O S 0L ol 2l UG
G ok o a Bys 55 S8 i cpimmen iled gas o )La1 O w0 il Sl 3 Oliises 45 ol (63150 )
Dgd o Sl el s Soy S5

Slopslin  o2iS Cod b o S e «ABAQUS 5l 5 crhue o o3 CFRP 5,0 155519 ol


mailto:Ashkan.Torabi@miau.ac.ir

J. Analysis of Structure and Earthquake
Volum 18,lssue 4, Winter 2021

P C:9L6.’;c L;Laaoloﬂ g9 2 u.mliwlo)] 9 (s Uygod
iy a5 0 plool b 1> g b ygi el yd aile i (glo s
Sl | 515 350 gt 3 Slae g )y 25, (sliul )3 L]
V0] Cuol 039y (glas > 5 Sliwl slayb cod il Jlosl
& FRP I oslisl aiwe; 53 Jlglyd alivlej] clisgiss [VF
fles swyp b g o sboys oded Cusdl g CFRP
Cuol 0a pbl 3l sl Jlo jo Gl o)l oo Ltno]
FRP Cuslio (65l o 5l ba 50850 (ol pols [V V5]
5 il ojle Sy ) gas Ko oam ST plgisa (2 b
iz glaylb jo ‘_’j 3,50 39 5 Canglio yiul3l
P9y S Olpieds J (SIS g g (ST e Canl 0392
Glo b gl o sloojlo 3,8es dguy 50 20l )8 g Ado
38es cuw 4l cpl 3 i i Gy 5 (8IS (oS 5
Calio 3 Shas dy a9 b sl o e 3 (sl o)l i
Ol dol 3,8 4 ot (28 Cub )l 5 CFRP (sl
3 sloig sl oy cul jleslil § (S iy Sl b
23 s )0 gasge opl g0d edlaiwl plas (ol cudils
ol 258kos (59) p siz Jlios 5 485 )15 g5 3,90 iy
dA-s}(J @ uls}‘ «® ()09‘” L)" » [YQ—Y\] Cawl 0445 Pl}ul
o CFRP (sla 5,8l )15 s 3l oolitol b Guas
C diges ¥ 3l (30 U"l 5 [¥%] dged 0,5l o oS
S yonk g1 Ko 5l o3l b g o sl yiulojl ol plosil
OL 39 oS @l wCul 48,515 (il g jee 290
u.gl.e(v p«.a9l5.a B Flag 005 prend g;.’.l-?(’ W9l3.a &S ol
il A8 g0y g Gialejl 3 0l prasi S sla s
S sy wlansly Shus AW Ko b (g pdy IS5
o sl&5)] 5 Az (glofsg Cuodl glyls laojlu 4D 605 i
L l.mcj 3 ool dorg 4y slacars daude b g Leao] 3 Sles
i@l gy oleis & FRP sile (g pdlas 5l ool
R (S Bl gy JB g3 Gliedtily g iz (ggu
VAV o 3 oaae 5 (aBlojl &ypo 4 oS Sliioo ||
)] ool ).a.s;l.; ) c[YV] Canl 045 Pl?u‘ 049..4_5 u.:l 2
Cnl 2 &5 Al (o0 00 Gl (S slaye )3 FRP (slags )
u,j g 2l 0wy ose b hsy ) eolaiwl b udss
2o @b Cdil s 0928 (g 4 Oglite (sladel
Srosky sl 4 ekl b oad Cosl 0nls iy sloys

) 045 A»IQ)J

Ayl —o5lw ﬁJUT dolilad
\f" uL».u.uG) sf O)LQ.:J A 0)5»)

dodlo—)
sbadles cn mtee Sl (S plgis 4 gl g bojl
bbb g laygulS pld drgi 3)90 (o g (5500
Solite glo)lSal; o ulss il ol ply 5 gl Sl
Lok G sz e sl (s bulgs ol &5 anlai e L1,
5 oldie lawg 4B Splul Glidss ¢ Glivlejl 4 4vg
9) Og.] 5! g Sl Mol 9 ul).u;u Jd dnye Q—.’.] OIMJ&I
ol jd lblpl 8, b 5 Cogds Caa (Jalite sla)Sal,
oS il 5 syl cpl sl 0035)3 gl 131 gla Jlo 5o
dadsbpl b jop oledlo ol s s 4 cul
ol wroyi b g Cusdi Caa odldiwl 350 gdhas Slasin
P S o g9y p Slgiee ojlo > (giluge g Cugl ik
5 JLaSI dowix> g JLAB'] g eyl Aile Lg]o)’L.: LSLQ’C)["J‘
sl oleitls 1 [0-V] 20,5 pbol g By S0 cygim &
sae S lais a0 (et OB s b e oy
2 Sy o plodl cpl Cogli bl o 8 sl (Sl )b
Casts ol 23S il 3l o3l oles 3 Shos 5 IS L8,
oy Jelie 1 (S WY-F] WsL FRP (sla s, 5l odlatul o
oo 9 Cooll S ool 3y50 plas ) )5y o
(FRP) (AU xhico (sl youly 1 osds aidls (gla 59 o jlus
9 Wb (a2 BB Cuglio (gl Cg 9o b g o
G Y5 by g (25 aw 4 by ool (Sles b
FRP (slagg)g 5 253,500 guie o (B g (oot Cugis
o sleojle Cuaglie (LI (Gilo pglie Cax Vgene
9 5...’>w u“.sl)s‘ o 9 odws odlisiwl DMW l.s 9 C’L""
g oo gas Sy anl 3 (53,8 Sl Sl
bog odg glate 5)l8" £95 4 465 L FRP (glasyg (i
B35 oo SLl Jai 3)50 lall Cogl (B9 5 £ 4 g
il jn o wlas jleslaiwl  (Sops @ asg b Jb VY]
P Sl by pbxl g olul 5928 0 b Sl g
)1 ool c('flww O ‘_ngb)’L» w9.0.: L);:.’?) 9 0976 uc9.-a>
sbael Cogii coa dlas cnyml) jl o olysa FRP
Cagl 3509y 5 (o 51,8 03lital 3)90 Gl > (2 (slvojlo
P 535 b sl loand 5 il gjlopslis
5 Oliadily a2 350yl gl (58 4lop 5 (Sl
PrivCy Sl .l 48,8 18 el cas ldisxe



J. Analysis of Structure and Earthquake a3y — o3le JUT aslikas

Volum 18,1ssue 4, Winter 2021 VEe v Gl oF o los VA 090

oiylofl 3 0l arsle Jao aiilen 85 ls b od (30
P oSes lbad (58 b 39 Joo o] 2 oS Ll
S5l 4zl ol yor &y Juloss

(s 63 IS 5k () e 53 03 Jao 5 (i) ¥ S5
NPl ey 53 55 )90

Flas Olasuin -Y-Y
Al e 3Yed o oy 355 pl 40 eolitwl D50 pdlas
Jde (6ys5 5l eolawl b s pdlas Swdly Slasuie
Slud Jdo sl oad 48 )5 a5 0 0 Saedl &ylus
Cuwl (SuSS (Concrete Damage Plasticity) oy oDl
S 300 i (g lid Cooglie [YA] 50 1y oy lod 55 A
35 oinlesl 5l sdalcunay oy (S Conglie ¢ SIS YO
() ojless Jodn) conl o a8 )S Jla y KWL Y/YA
day DY gd LilS G, yolwl y 50 3V 68 las Claskin
sokie cpl (el canl 48 )8 )5 ool 3)9e malus 1S
Gy g JKwblSe FY /Y Job cbad Koo (gly pubus 5
ol o 48,8 jla5 13 jlade e 55 palud (I achgels
Cuplo &) a2 55l Sody 4l )3 5Y 98 )13 cuwl S5y p3Y
S 5l 50 Sodygin¥l &yg0 4 S jf 40l o

Ll o4

|

Ui dbul 1 eolatul b B osd (M gy i 34855 40
9 09 31y s (3 Cagl 4 CFRP 359 )3 (S5
00D sl 9 Cughl (9 grlue (50 3 b o 5 Sl @l
N8 byl g awlio d)50 (ST S g4 CFRP Gy L
25
Giwdae =Y

oo 4 oSl I ey 5l ool b s ol
Q31> 5 045 045 iy CFRP 59 b ol Cayodd iy yud )8,
oS alilejl Jao 5l )80 o5 53 jslaie oyl Cas sl o
Sgod JolS a3 B 9380 5k g0t 9 (Sl )b cod
5,Sdos gy p [YA] ol 0 o3lianl 48,5 )5 ialosl 3,90
oo (2 585 il Jho wwd 93 4 oS pl 53 )18 p
CFRP 5 sjw s 9 CFRP (5,5 jl oolatul b osd cogas
92 31l o (i Cono Cap D98 o0 el 00
Jae 096 4 sl )3 el o odlil lKislej] v
CFRP (3y9 5| oolatwl b osd Cogdi pue (i i (il
ol ol sl
03law! 3,90 o (S i Slaseio —Y-Y

2 g 9 odalie Voojled JSB ) &S psbolen
JHe S oo ¥eose Voo glado g plo o WA+ Jobo L
Wog Ve had b5, Sle 1 pioren Cuwl ol odlatwl (gjle
2 ()5 ©gels) (2350 5 Jobo ()IS)5b] ol o lio
odlazwl ¥ ojless JS 50 o 3l il Clasuiie b glade

w‘ 1AW

<
<
ogh10@7s ghro@150 oghro@7rs
100 1800 100
t t + ¢

2410

400

28512

200

—t
[YAL g3l Jae 3 o3lil 350 e (o glaie laseiio =) JS5
oylesd JSb Ballao 95lo &y90 & 1381 £ 5 53 (5l Je
ol S sl lodl &S s cpy sl 0 pldil ¥
4 a2 b g sl oy Bl Oypo 4 )l 2y
I8 G S Y ojlad JSS p ead S Slasuie

G55 pl jd odde (gl Jde Cocdl 4 aagi b slas S



J. Analysis of Structure and Earthquake
Volum 18,lssue 4, Winter 2021

pin 4 45 |y 345 0 o3kl cuwl Abaqus/Standard
S Sl QLS g Co puo 3lie Jelow b9 cnl 1 oolizal
LV ] Wb o (o yisl (65505 3] o g ALl
PSS W s slias] iS00 -F-Y
Pl Shgon ol giloJie 3 4l 4 a5 L
S50 5] dliel L b e ot 4,5 5 > ,S00S,
sokaie (pl (sly dged Dbl 1) ol Jde (sla yicu cunlin )8,
s Xl "embedded" S0 1 eslil b lEl ey
IS 5o ilodds 48,8 e )5 oy 53 eBde jquody o Jde
ol o 001y L o dlou] S 0l ¥ o jlads

8 ) 0 dbml s uSHul —F IS
P 4S5 byl g 5,158, -0-Y
sl olel ISl ekl G
o (clabi Jlos &yg0a [YV] ASTM C78 / C78M
2 Gl ol ploul B ojlens S5 50 o 0l i il
odalie £ oojlads S 0 &S job len 55 (goae Jao
aEtlojl o Billas aEASS Ll 5 (5 )HS)k @235 e

Cwl 005 Pl}ul

[ =
i

4
T

@bl Jae 2 )5,k 5 (A S5 Ll Slasie -0 S5
(V315 [¥A]

s —ojle }NJUT dolilad
\f" QL».MA) sf O)Lo.:) AA 0)5»)

o s eolaiwl 350 (i Cunglio =V Jod>

o (JSwblSe) (JSwbiSe)
Yo Y/va

b (IS e ¥l o St el Jae ()95

Setwdly 4l 53 5 (65Lad )8, (Semadly ool (lgis
9 ol Hld) bl oo Syl 4l > (i (S )13, 4
sl eyl (13905 3,15 b Wl o Sitodly 4l > (i (S
S0 sl B)S Ja > gk ob 5 (Damage) ©lus
Blpd ool (e35 )3 sl Lallyy 9. (6595 5565 )3 ool
lealy 3 uomen g Cunl oad &) Caliseo ldie lawgs
Ml 355 ©ypo p edleidn pilie il
e Sile S 3 Olgie & b iy (Kl
@ g b 3doS ol 3 (Y ojled JSK8) 35 )15 oslinal
a9 Slacl aygly jogas > (pBaL] SNl )
el wdgs (wyies 3 gl ;3 g cujSye Sl
)30 5 Cunglie g £95 4 a2yl Il sloialy (ooloiin
V0 SKlas! dolj .l odds odliiwl Baisd pl 4> ool
5 kol sboyiahl plgsar N plp cojShe jlag s g 42
ok 3,8 oy oyt Seedly slaculb pisy )3 IS b

Ll

- IR AN .
P Koy gl Gl o8 Sy S Jhas 65y gobaw T S
V2] 5gu o alitnl oy s Jao

LVDT

A‘. 3 &
RN o9, V=Y

b RSOl gy Sl GBados ol o s plosl (sl

Ol o 4l ouds edlitul Wges JolS CanSlls B g 58]
gy prew old 5 e polie sl )35 35
320 e o &5l 0 Ll @55l 5
NPl 5l odlatl b PBluso el (slodnnd )3 cnlply bl o

ol Xl oS static, general oo 5l Jgexe yob 4y ¢ woSL]



J. Analysis of Structure and Earthquake a5 — ol U1 aslibad

Volum 18,1ssue 4, Winter 2021 Ve ol oF oyleds VA 090

CFRP (4,9 3! 00l U Co gy —A-Y

B> 53 CFRP (359 513 385 5 oo (qw)p Sl
Geins OleMbl 5l ealazwl b (gose Jao bl gy i
Jae 5l ssalcamsas gl s [IY] ot ang 2Kl
JS5) ol 48,5 )15 anolie 390 olialej] gl b gae
Fogee VYo Jsbo as (2 55 (alojl e 53 (A ojles
CFRP (3,5 <SG L g oads didlo yio Juo Voot N+ alato b
B Cagi 3y90 yio e VB (25 g plo ke VAT Jobo 4
SICFRP G5 (g5lo Jdo x> Canl S5 & p3Y ol 48§
d>o5 b .Cawl os olatw] C3DBR (gldlais A (gamdu lo]]
b gase Jio i i 3 )Shoe 5 CFRP (39 ,13) Comnl &
oy Dy90 9 05 4 dg g (Bl lesl SleMbl I ool
Gl 48,8 )8 soaw Cons g
35
30
25
320

=15

T

810
|

Numerical

— — Experimental

0 10 20 30 40
Displacement (mm)
Badod 3l eoe o and b wgSUT 58l a5 omiwcons —A S5
el

2 odd Jao CFRP 5,5 ,8, cos 3l lucb! 5l

3l Jao oo 50 5 o 2 Blej] Jua sl odlial L ljale 3
3 ookl b ccwnss (yis 53 48)S )8 (uyp )90 9 oS
Cagl (39 Clasule Cul 485 )] )5 o 3)90 CFRP 35
03> LS Y ojlad Jgdo 33 (a0 (pl ) edlaiiwl 350 CFRP
2 gse Jae g9y 00 plomil Cugli (rizpen Cul 0
o (5 505 ol 0 001y LS A 0jles S 53 pelaane (4
ookl b cu gl plodl Cpa Cunss Lisy jd edd (g3l Jde
)50 ¥ oylaid Jodo j0 zydie Glasuiv L CFRP 3,9 j
5 CFRP adlas clasuin 4 do g b .Cunl 48,5 1,8 oolazwl
LU oss (oW Gaiss opl o ol (oY aiiS cuoglin
Ols CFRP 5,5 10 calisee sladuoyd b (Suus iy ol
Gl 22 5 hed 3Slas g )18y 5 1) S5ty 40
b (S solate cnl lp 2905 ooy |y 35290 005
CFRP (3y5 (oS Cuoglio duopd £+ g Fr Fr v slado)d

2 e Jde j0 ()81 g 2BaSS byl Glasuie —F S

oSl 58le
plodl gy sas 4,5 i o byl —F-Y

Jelog

C3D8R (sldlais A camauw lodl 5l 4 (g5lw Jde sly
ol ol 1 lacgals g Job slaa Ko (gilo e sl
ol 04 00\l 30 opl > T3D2 (gldlads ¥
83 Jdo (Suuw oo —Y-Y

oo @ilas ord s Jae oo 5 )I55L J)
L odse Judou 5l Jols ol ay b —g,0 )laged ‘Gmli@"lpﬂ
5 or g ool ol gl 4l — gy loses
pbl s (dds o 3l lgi oo 4loged cpl 4 a5 b g iy
505 0dlatwl S el yby dalllas

300

Load (kN)

Basical Verification

— — Experimental Data

0 10 20 30 40
Displacement (mm)

G5 3l s3a8 Jue 4 b posSUl I3l oy (rtwconos -V IS
AR
B gplell Jlle s (o coma plosl I u
(5 g5 o 9 00 BLSI (Lol Jo 4 (CFRP (3)9) dbogs o
owyn & dobl pd ol 4 S 148 688l Cod el Co ol
&30y i ol 50 0dlatwl 5y50 CFRP 39 (g lo e 0550

Sl 04



J. Analysis of Structure and Earthquake
Volum 18,lssue 4, Winter 2021

OR )L 5y oS amd e &y (Sloj (53 (ShEd

3 CFRP (285 &Y s oy o Slone (3587 Sl 4,

i ke CFRP 559 50 i)S oS sl aaled slasl sloj

) S 135 2 L2828 GBS 4 R )
g (B T

Slgi o 55 CFRP 5)5 ;0 Sadlis 1 56 cusls

@ 29y (pled C)b | (2 BB e ialS

Sailis ) o6 bS5 cusd ol sl 5l gpSols skt

osd &l Y alaly 51 om0 i )S" WL 0 CFRP wlas 4o

3l S S

£, =041 |1 <095, ()
nE,t;

o o SICFRP Salis 55 8= €1g
OB ol Caslis =
CFRP sl 5,95l =1
CFRP _::8" Jste = Ef
CFRP 3,5 Culbes = tf
CFRP 3,5 S8 25,5 = €y

NBley 33 CFRP (35 siloJde Cue dipmi¥] oo
Caa cpitmed odd 48)S 5 > JKWbe WY re ply
Silode Sl 4 425l (i gaw 4 CFRP (55 Lol
ool 0 o3lizl “TIE” LSyl 5l ond a5 By o
CFRP (4,9 30 (S (i Jlos! -4-Y

sl oSl ey (Sasite o Jlesl
Al o pbosl BB ybg, 90 4 CFRP (gl 559

Oyl ookl b (Sas i ool =)

o 3l edlael b (Sas i sl Y

CFRP el p3 (SauS i bl caa 3uds cpl

bosly (Sabihe Ol g Cosl 0ad odlatal pg> o) |

I dB8 5k 000 (SaBie ey b calite (35 5
ool 00 Jlos! CFRP 5,0 4 diges il 5 ()l35)L

Ay —ojlw l;,,llﬂ dolilad
\f" QL».MA) sf O)Lo.:) AA 0)5»)

b > (FAGihe o Olgie 4 Caghl S ol 350
P CFRP (slasys 00 (SaSjhn ol Caol odd a3 S
by o Hld, yia0 )3 Cagn g 0390 Cglisio o ploul ilisdiss
Oliee Jos 50 Cunl )85 & p3Y il onds Qbsl 558 polde
&9 9 el Ol b padts dally bnsyg 50 (S4B
hls oalatwl 5y50 e doulins )l eolatwl dyge e
Sl g0 daw I CFRP 5,5 (Sasls wils S5 cuwglas
Qe Jolas 4 b Cowd Caa 3L 3)50 loj e L8] Aales
sl 55 (S 5 eolital 3,0 ansy Canglio 1oy
il oo CFRP G55 (S0 by duoyd OBl 4135 050
b b 7Y) ol GBSl JBlas ojl 93 Guiis opl 3 13
s 5 (45 i Jls! cap CRRP 35 i
529 A by 5 0) oyiss > ellnn 5 o] LIS
ool 438)5 4118 ()2 3590 (S5 iy Jlos! g CFRP

Sl Jde yd ookl 5y90 CFRP (5,9 clasuin =V Jgio

Culs Jsb wE
(520 k) (520 ) (320 ke)
/A Yoo -
é)ﬁ «.J?"\" _ B
CFRP ol S Ceaglie | (SaznS E5)S
(JSeabi) (J8wle) (5,55)
WYeoo 8% YaA- -

CFRP$)9}‘°>u1“]l€°md}LOJAAELM@J{ﬂJCAﬁ9§j_°\J_{JJ
ghaie (oied Cunglio (bgy cpl 4 Cogi pbul cax
Db (S o cwsls gy 4 a8F B Cosdl 390
Tro 4 e b oy (lp ed  SunS slacdls
SYod (0 (5l 5l g 5Lad o oo s a ()
Wed i oyl Jis & CFRP sy 3L (¥
Lsg
IS Y8 s )l s 4 )Li > o b s (Y
ot on &Y J CFRP &Y susls (¥
Ol (S s )3 o B (Sasle (0




J. Analysis of Structure and Earthquake a5 — ol U1 aslibad

Volum 18,1ssue 4, Winter 2021 Ve ol oF oyleds VA 090

300

Load (kN)
=
3

100
50
—— PT-20%-FRP
0
0 20 40 60

Displacement (mm)
Jlesl L CFRP L o ¢y iy diges oloduls = gy lages —VY S

Loy Ve Glie 4 (ST Lo

300
250

=N
o o
o O

Load (kN)

[y
o
o

— — Basical Verification
PT-20%-FRP
------ PT-0%-FRP

a1
o

0

0 60

Diszp(iacement (4an)
Coghh JAa g Coghi (ot JAo olraly g)5 jlges dualie Y S0
@ (S Gl Jloel b g (S Gl Jlos! (g CFRP (359 L o

dop Ve oo

8 Gl Cud)b Ll Ny 4 e L debl

S5 iy U 4 CFRP (39 b 003 Cugll oo

3)50 CFRP (59 jbre (i8S cud )b ho 3 #e o ¥e l5e 4

o jebolen (Fad G Jlael b sl 00 il eolizl

SN i liee (ioliel o ealy i VY o jlaus S5 5o
VEITA oligo 4 005 Caghs dignd (63l bl l8] copm

ol 04 (S0 i (ol 0d Cop ol diged dy Cuund Juoyd

bodd Jolbs (gl cudjls Julidl g cosl gy 4 a5 L

Al Jdos @l CFRP (39 )3 (Sab (I oolisl

A s e (0 5 Gl Cadb g5 BB L))

Sglito yolio 13U 35 VY 0jlad KD )30l g0 oo (9

03> L5 Cagl (o (5 385 Sl Syl (S Gl

D)5 (oo odmlie V¥ ojles S5 3 &S jslatlen .l o

Ol 590 Jlosl L 0l oo (gla diged 5 Cud )b il

b pied Cogl ol 0dd 5 (B Gl o (Sa

5 0l b suud Cugdi Jaw Julod gl —Ye-Y
CFRP (3,9
bzl poeSbl I3l 5 51 ool b Jubows plowl 1 ey
Sl 20 o odaliio Vo ojloui S )3 aS el len Ll
4 OFRP (3,9 jl edlanal b gl (29, sl o)l byl
crl A8l oo gl YEIEVY ply (1) (Sasbigiy Jlac]
O Jlosl gy 038 Cugi Jas 53 85 a3l o] Sl ot
D% o & S 5 35 s Sl 20 V0 (S
(O o3kt JS8) sl arsly il jal gl
300
250

N
o
o

Load (KN)
[EEN
a
o

100
50
—— PT-0%-FRP
0
0 20 40 60

Displacemet (mm)
09 CFRP L oad ool diged (alrals = 95 )90 =)+ IS5
S5 ey Jles!

50 — — Basical Verification
0 PT-0%-FRP
0 20 40 60

Displacement (mm)
Coghh JAa g Coghi (9 Jao 2lrale g0 jges aaliem)) S
S5 i Jlesl (5940 CFRP (59 b oss

P o Ve e 4 (Sl Gl Jlesl ©j90 0 b
65 (igsh YPAIMAY & 2 (5l b s CFRP G
O e 4 dgl diges dy Cun jlado oyl S Dges sl 1oy
S5 &S il olyom 1) (i y5 o)k cudybs GaliElao
Oy Jlos! (93 CFRP (35 b o0d Cogll digad &) S
Al ol yor & Cunglio i3l duo > Y/OF e 4 Su

Y 5 VY oylesd JSU5) cans



J. Analysis of Structure and Earthquake
Volum 18,lssue 4, Winter 2021

Mmax: +3.8020+002

ODB: Jub-12.0db  Abaqus/Standerd 6.14-3 Fri Jun 21 00:25:57 Iran Daylight Time 2019
Step: Step-1

2 g, Rlo 55 ol bl i Hlade keSS 5 oy ks —VO S

Cogdl (g

Max: +1,184p+002

Min: +0.000e +000

0DB: 11-609%.0db  Abaqus/Standard 6.14-3  Thu Jun 27 18:04:53 Iran Daylight Time 2019
-1

g, Rlo j5 ol bl i Hlade keSS 5 oy s =V S
Loy Fe plie 4o (S4 G Jlesl LCFRP (559 b osd oot 2

O 8 2o By 3 I35 sl el el 5 Ses (S
Ol Jeb la 5, 8Le jd sad dbul ool e
O 5 o s 3, Sle 3 ol 4 b e oy 0l
Ol (yiozad Ml (oo plo oo DA ply o o5 (93 gelune
b ord s H05 Job ils 3,5ko 5 ol ale ol
sogke YY 35 (F0) oa5 iy CFRP )9 5l osliwul
‘om D)I) UL»J \f D)Lo.«:ﬁ L}S’“) ).) 6 )9]0 uLo.b "‘\""L’Lf"
o (30 y 3D (dlied Cugl ylgis 4 CFRP 354 5l oolaiul
ORIl 035 oo (S Il g sl JSB Rl G
w3 She ol by LialS Cuw 55 odal g3 4 (B
ol 0 o (400 55 0 Jobo

Min: +2.35Te-001

Standard 6.14-3  Fri Jun 21 00:25157 ran Daybight Time 2019

15 s ,Slis )3 00 dloy] lels i 5 5 31yt ()
“"‘5‘” OV (<2

Load (kN)

s —ojle l‘,ﬁJUT dolilad
\f" QL».MA) sf O)Lo.:) AA 0)5»)

bl o o (40 505 50 045 i CFRP 559 3l oolatul
(¥ ojled Jgiz) 29800 s 0% JS5

— — Basical Verification
PT-0%

--=- PT-20%

50 = =="PT-40%

- - - -PT-60%

0 20 40 60
Displacement (mm)

b oad ol gl digad (plaals — 9,0 yldged duglio -V S
sopFeg¥eXe i fie & (515 Gl Jlos] L CFRP
b odd Cogll e (1 5 530 el | Juol> ol =Y g
oss5 i CFRP )5 51 oolazal

Ol

Caoglio 5
o L:Leé A B o
S (550 o) (3o o) | (20 (ko)

- YOO/FA oY/« a/¥A N

Y& IPVY ¥Y/o0 MY INARE
Y- YEUMY ¥e/f. Ay o/+¥
¥ YoolYe YV/AY vivY ¥/IAY
i< YAY/5e Y¥/vY viay ¥/00

5 Cagll (g diged 53 3 ySlo )18 (g 4 Al
ol ol ainly yy 0dub Cy g

d).ww) w0l 0l u‘w:«) VO O)Ltp:\ Jiw JEl 4 )9IouLo.R>
e Cogll ol b lad, Rl 3 e ool i
Cooll (b pi sl lde opl &8 abb o JKWLISs YA /Y
Ap (o 1) (Sa5 Gl Jleel b CFRP (39 b 003
Yol oA Gliee 4 9 (V8 oyles JS5) ably oo JSLSe VVF/F
OLES oo (ol o5 4Bl alS Cogli (9 i 4 Cod 2o
dges )0 Cuols 4Y lgic 4 CFRP 359 uous 3,Slos oind
W PR



Max: +5.447e-004

LIN-3-1.33
a4
.000e+00
REBAR-1.67

Node: 68

Min: +0.000e+000
0DB: J1-60%.0db  Abaqus/Standard 6.14-3  Thu Jun 27 18:04:53 Iran Daylight Time 2019
: St

& : Step Time = 1,000

12 01 ) i ) Kbl 5,5 e 250 5 5 ()
Fe) (S5 ey Jlosl LCFRP (359 L oad ol (o2 y5 slad,She
v
o1 2l (cotn)l8) Sty (23S e (e gy VA JSS
s e yShe

& 5 4o
Cadybo 32Vl jolate 4y (silopglie Do) cul 5l eolil
g b dlioo dudo Jlan 9 030 e (0 585 (sde3
ol d e o5 o VA o plaud JSUS 50 0 00ly LS jlages
530 5k CFRP 59 )0 (Sauid G 5l odlaiis] aS” ud oaee
CFRP (3y5 ;0 (Said i jl oolatwl bl o a5 LB 4
O 58 2 Rl Ceglie g et Ced)b (BIE  ogMle
G g 0350 (1alST ] 03y (slacsl g3 Shos 55 e
ol el 55 4 oY 325 o 5 et 3 Skes da
S5 B 53 5 93,5 0 (s IR s s Ll
s 3 & psbplen ppizien ble oo by (E2 504
OiblS s a0 gy oyl 5l ooliinl el 00l> s gl ymadi
ol 8335 (o Job sla 5,8 )3 Sy 15,87 5 5
R 8 Sle 4l 3 S el G Wy e 9290
Oolite (gl Mo pd awoyp 358 (pl jl Bas 20,8 mlue
o 55 0Skes p ol st 5 CFRP (39 5 (S i
01 plogl (slo w5 sl 4y drg b sl 039 o
Lo 0 IV g (oo ]y Brg > (ST G ojk e
9 39290 Olias 4 drgl ge plo o] (S Canglie
o) 0k Mg e s bug ond asle glacue
bl (pizman g ploxl LB (Sas Gl Jlie ol s3gleisS
Sy Eo90 Olgisds 3)90 (nl D9 Walgd cuslio 3 Shos
238 o dlping (2Kl wladss ploul s

J. Analysis of Structure and Earthquake a3y — o3le JUT aslikas
Volum 18,1ssue 4, Winter 2021

AR ul.......m) g c)l.o..f.v AA 0,99

Mas: +6.0980+001

IN-1-2.28

<00
1-LIN-9-1-LIN-4-1-LI-LIN-10-1.6

Min: +1.206e+000
96.0db  Abagus/Standard 6.14-3  Thu Jun 27 18:04:53 Iran Daylight Time 2019
op-1
it

s 5 gy Sleo p3 0l Sbul ol lade S g oo ()
(£ 5+) (S5 L Jlosl L CFRP (59 b oad o
boo Sl 3 o bl plaals Hlade (eSS 5 (o pude —VY S
2 o sla 3)She )3 aaal D2 4 Sz 15,8
odlitol ; b Cogfl grlue 2 4 9 Caghl (g s (2
s e 52 55 2 oo sl 2,Sho 85 Slej el 03
M LiblS o5 Cuoglio Cands (D Ngd (0 Suiwdly dl
)ﬁﬁﬁ‘wlaxﬁ)mu&&d”x o> 'dlmw&.:" "95))5
25 Sl 4ol 3 Job gla 5, 8e a8 Szwdly (i
Dged ) ()8 oMy J15)5 (e 235 0 sdnlie
o) Sty 2355 je g+ /0 M plp Cosl o
P S35 ey Jlo) LOFRP 39 L 0 gt aigmi 3
3 Saiodl 5,5 galS ol bl o /o0 OFF ply (7
9 5 8y D9 o Mg o e (i 55 Sl 4l
2,5 4l pl ol S5 liwe Sials

-1-LIN-1-2.5

0DB: Job-12.0db  Abaqus/Standard 6.14-3  Fri Jun 21 00:25:57 Iran Daylight Time 2019
Stop: Stop-1
Increment  97:

53 03 byl (o) 8 SsoMly 45,8 e 508 g (o ks ()
Cooll ek (S 8 sl Ko




J. Analysis of Structure and Earthquake
Volum 18,lssue 4, Winter 2021

and sandwiched concrete jackets. Thin-Walled
Structures. 2020; 155.

[9] Xu C, Guo C, Xu Q, Yang Z. The global collapse
resistance capacity of a seismic-damaged SRC
frame strengthened with an enveloped steel jacket.
Structures. 2021; 33: 3433-3442.

[10] Trapani F, Pio Sherna A, Carlo Marano G. new
genetic algorithm-based framework for optimized
design of steel-jacketing retrofitting in shear-critical
and ductility-critical RC frame structures.
Engineering Structures. 2021; 243.

[11] ShinJ, Jeon J, Wright T. Seismic mobile shaker
testing of full-scale RC building frames with high-
strength  NSM-FRP  hybrid retrofit system.
Composite Structures. 2019; 226.

[12] Shin J, Jeon J. Retrofit scheme of FRP
jacketing system for blast damage mitigation of
non-ductile RC building frames. Composite
Structures. 2019; 228.

[13] Mostofinejad D, Hosseini S. Simulating FRP
debonding from concrete surface in FRP
strengthened RC beams: A case study. Scientia
Iranica A. 2017; 24 (2): 452-466.

[14] Dong W, Wua Z, Zhou X. Calculating crack
extension resistance of concrete based on a new
crack propagation criterion. Construction and
Building Materials. 2013; 38: 879-8809.

[15] Smith S, Hu S, Kim S, Seracino R. FRP-
strengthened RC slabs anchored with FRP anchors.
Engineering Structure. 2011; 33: 1075-87.

[16] Al-Mahaidi R, Kalfat R. Investigation into
CFRP laminate anchorage systems utilising bi-
directional fabric wrap. Composite Structure. 2011;
93: 1265-74.

[17] Ghani Razagpur A, Cameron R, Mostafa A.
Strengthening of RC beams with externally bonded
and anchored thick CFRP laminate. Composite
Structures. 2019.

[18] Bank L, Arora D. Analysis of RC beams
strengthened with mechanically fastened FRP (MF-
FRP) strips. Composite Structures. 2007; 79 (2):
180-191.

[19] Jin L, Lan Y, Zhang R, Du X. Numerical
analysis of the mechanical behavior of the impact-
damaged RC beams strengthened with CFRP.
Composite Structures. 2021; 274.

[20] Abdallah M, Mahmoud F, Khelil A, Mercier J.
Efficiency of EB CFRP composites for flexural
strengthening of continuous RC beams: A
comparative study with NSM CFRP rods.
Structures. 2021; 34: 1567-1588.

[21] Siwowski T, Piatek B, Siwowska P, Wiater A.
Development and implementation of CFRP post-
tensioning system for bridge strengthening.
Engineering Structures. 2020; 207.

Load (kN)

Ayl —o5lw l'..,‘JlJT dolilad
\f" uLu.u.é) sf O)LQ.:J A 0)5»)

350
300
250
200
150
— — Basical Verification
100 PT-0%
- = PT-20%
50 ==="PT-40%
- - - -PT-60%
0
0 20 40 60

Displacement (mm)
L odd ool (sl diges glrasls — 55 Joges auglie =V IS5
Lo Feg¥e Yoo e 4 (S0 o Jlesl LCFRP

&2l
[1] Du Y, Shao X, Chu S, Zhou F, Su R.
Strengthening of preloaded RC beams using
prestressed carbon textile reinforced mortar plates.
Structures. 2021; 30: 735-744.
[2] Dai J, Lam L, Ueda T. Seismic retrofit of square
RC columns with polyethylene terephthalate (PET)
fibre reinforced polymer composites. Construction
and Building Materials. 2012; 27 (1): 206-217.
[3] Choi E, Cho B, Lee S. Seismic retrofit of circular
RC columns through using tensioned GFRP wires
winding. Composites Part B: Engineering. 2015;
83: 216-225.
[4] Shoukry M, Tarabia A, Abdelrahman M.
Seismic retrofit of deficient exterior RC beam-
column joints using steel plates and angles.
Alexandria Engineering Journal. 2021.
[5] Le Nguyen K, Brun M, Limam A, Ferrier E,
Michel L. Pushover experiment and numerical
analyses on CFRP-retrofit concrete shear walls with
different aspect ratios. Composite Structures. 2014;
113: 403-418.
[6] Ghalehnovi M, Karimipour A, Anvari A, Brito
J. Flexural strength enhancement of recycled
aggregate concrete beams with steel fibre-
reinforced concrete jacket. Engineering Structures.
2021; 240.
[7] Ma G, Wu C, Hwang H, Li B. Crack monitoring
and damage assessment of BFRP-jacketed concrete
cylinders under compression load based on acoustic
emission techniques. Construction and Building
Materials. 2021; 272.
[8] Liang H, Li W, Huang Y, Lu Y. Axial behaviour
of CFST stub columns strengthened with steel tube




J. Analysis of Structure and Earthquake a5 — ol U1 aslibad

Volum 18,lIssue 4, Winter 2021

\f’ i ulMM) £ o)Lo..':: AA o)jé

[22] Miller T, Chajes M, Mertz D, Hastings J.
Strengthening of a steel bridge girder using CFRP
plates. Bridge Engineering. 2001; 6: 514-22.

[23] Piatek B, Siwowski T. Investigation of
strengthening effectiveness of reinforced concrete
bridge with prestressed CFRP strips. Roads
Bridges-Drogi i Mosty. 2018; 15 (4): 301-14.

[24] Alsayed S, Siddiqui N. Reliability of shear-
deficient RC beams strengthened with CFRP-strips.
Construction and Building Materials. 2013; 42:
238-247.

[25] Nurjaman H, Faizal L, Sidjabat H, Hariandja
B, Put Y, Rivky R. Application of Precast System
Buildings with Using Connection of Unbonded
Post-tension and Local Dissipater Device. Procedia
Engineering. 2014; 75 (87).

[26] Burningham A, Pantelides P, Reaveley D.
Repair of reinforced concrete deep beams using
post-tensioned CFRP rods. Composite Structures.
2015; 125: 256-265.

[27] Bedon C, Louter C. Numerical analysis of
glass-FRP post-tensioned beams — Review and
assessment. Composite Structures. 2017; 177 (1):
129-140.

[28] El-Azab A, Mohamed H. Effect of tension lap
splice on the behavior of high strength concrete
(HSC) beams. HBRC Journal. 2014; 10: 287-297.
[29] Lee J, Fenves G. Plastic-damage model for
cyclic loading of concrete structures. Journal of
Engineering Mechanics. 1998; 124 (8): 892-900.
[30] ABAQUS Theory Manual, 6.6.

[31] ASTM C78 / C78M Standard test method for
flexural strength of concrete (Using Simple Beam
with Third-Point Loading). 2018.



J. Analysis of Structure and Earthquake 35— o5le 5T aalilad _

Volum 18,lIssue 4, Winter 2021 Ve las; oF oles VA 050

Numerical Investigation of CFRP Aminate Post
Tensioning Effect on RC Beam Performance and

Flexural Capacity
Alireza Mirzaee
PhD Candidate, Department of Civil Engineering, Marvdasht Branch, Islamic
Azad University, Marvdasht, Iran
Ashkan Torabi”
Assistant Professor, Department of Civil Engineering, Marvdasht Branch,
Islamic Azad University, Marvdasht, Iran
Arash Totonchi
Assistant Professor, Department of Civil Engineering, Marvdasht Branch,
Islamic Azad University, Marvdasht, Iran

Abstract
Construction of reinforced concrete buildings is known as one of the most
common and widely used construction methods in the world and a large
number of buildings and other structures are built applying these materials
every year. Advances in engineering sciences and the utility of new materials
have improved the quality of construction and industry. The utilization of
materials such as FRP or prestressed and post-tensioned systems has been
considered by many engineers due to researches performed and their proper
performance during past earthquakes. In the present research, using ABAQUS
software, the effect of flexural reinforcement of reinforced concrete beams
using prestressed CFRP laminate (Carbon fiber reinforced polymers) has been
investigated as a new and widely used method in strengthening and improving
the performance of concrete beams. Different percentages of prestressing force
according to the tensile capacity of CFRP laminate as an effective parameter
in the final strength, have been investigated in this study. The results exhibit
that the use of prestressing in CFRP laminate owing to its high tensile capacity
and intrinsic performance can have a significant effect on increasing the
stiffness and final strength of reinforced concrete beams. Analyses in this field
indicate that the amount of prestressing force should not be more than 30% of
the tensile strength of the- laminate, which is one of the cases mentioned by
recent researches. Prestressing in the laminates also changes the cracking
pattern in the critical area of the reinforced concrete beams.
Key words: CFRP Laminate, RC Beam, ABAQUS software, Prestressing, Tensile
Capacity, Retrofitting
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