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Deformed YWar: Il Deformation Scale Factor: +1.000=+00

DAMAGEC o
(Awg: 75%) ’
+9.415e-01
+8.630e-01
+7.846e-01
+7.061e-01
+6.277e-01
+5.492e-01
+4.708e-01
+3.023e-01
+3.138e-01
+2.354e-01
+1.569e-01
+7.846e-02
+0.000e+00

ol

0ODB: Job-3.0db Abagus/Exzplicit 6.14-1  Mon &ug 15 10:04:51 Iran Daylight Time 2016
Step: Step-1
Increment  407612: Step Time = 12.00

Primary War: 5, Mises .
E)_ef_urm.e_d War: U ._Defurmatlun Scale Factor: +1.000e+00

©led ol (o saaS o3 (WIABAQUS bl e 5 1o g ysible,l 1o (Swgm (25 s (-0) S5

TA



T (i i (glalalls duw (hod g bojT dguzme (sl ko Y0

P 529005 oo s8lesT @ (50 5l g5 JE s o g y53le)] (b i 3 Shes (o)
s ol Sl e ot Al S sla 5 a4 38 L] 5 o (i g

alo salgs s Iy 093 (g G Hpileyl g oad (i p0 sgleyl B o (Siwgn 924

C_iP

(-0 JS5)

I

| \stlesses on conc1ete
I I

I I

I Stl’GSSeS on steel :

<—<—|—>—>—><—<—<—|—>—>
= S e

[\c/\] T 2 55 59 Hoilesl g o (Siwgm ,l3, (Ve-0) JSs

‘S)L»J-\.o -\-Y-4

5 O O (g JB8) (o yslate @ ¢ SlS Gg5m Glalejl jo (Siwgy L5 )y 5l e
Gl o0 solatul ) San 5 ' 65 Lawgi oo plmil iolesl 5l alae 0 slo s 0,Sdee 5 (ygibe,]
oo o3ls yLad MV S j0 ol Kes o 65 Lioleyl 4o ool ooliiwl (sladiges Slasie [F4]
0,800 b olyon o lo YY ootV e e a0 olol & Lo alade b (20 5 Jow ol o .ol

Gyt el 00 5l Joe alEigles] IS b alive (e yueis S g0 b Jlasl g oope

y. Guoetal

14



Siledae ;0 CDBR (San (25 A 5 gom 4w plall 5l (oo¥sd 5 b slaaisel (55luoe

ol 00 solau

b 6@150 stirrup A 2 & 10mm plain bars
=
D E
o
3 H B H H =
. danami - ansissEcEsnamdinannEannn ITTLLL T (]
A 50111111‘4 150mm
2200mm 2 deformed bars Section A-A

[¥a] ohlSen 5 65 Lialoj] (siges (semain ©liy> (V) -0) JSi

é‘,.o ul.».»ag.ua} -Y-Y-0

SVgbiSe Jao g byl b gael Gl Beb s 4y L2iS g g lad 15,5- 15 sla lagel

ol Joo 5l Saodly sl o 40 oy g oy S5 S5 slp g ead &l g xVlaly  auiS

LHle,] Slasin (Y-0) Jgax

el 00l ool S8 s (gonsd

(MPa) oudes 25

Ol oo po

Yo-

YY)

O Slazin (F-0) Jgux

Soee !.“ B3 "

(MPa) s lad

":’ S '.. :’0‘0

(Mpa) LY

(MPa) L, Jgue

LPFa>e ()9
(N/mm?)

Ol oo p

YAS

YA

\AAE ARM

AL IR

tlas (b p ()5 4 o (16,5 Samnd (L3I glust saugly) (Y1) i glasl aggl jlode (pioron



JEERTJNEIJI J CY

Sleogas a5 (sl oals ool (Siwgn Jsb o Translator sae FA 51 oS ool (o 05 cqe
o ,i8 pl a4 oo ool Lolatsl w5 ,55ke,l § o Sliogas 4 ax45 L Translator s ,Ls,
Joe (o33 —(Sossm G5 sabaly olyem a4y ol ool 5 (Dol QBT oleity Joo ol
el 00w Cowsy (CEB-FIP

(Embeded Region) ;g0 o8 5l 5, lad sla,gile,] ol e & Loy slo,gile,] iy a5 g
Loldl 51 28,5 L ledl a8 axl ol o el ool oolawl oo J21o j0 05 sdue Sy
G4z yd Bl axsls JIE Gl S 50 Gedse plall 0 STuosd oo silule Gl ol 5o
4 e (b 0,5 JUEH Sl S5cn gbie o & i o 5 Bd o 1 o Ul g1
Cyiols o5l yg8ae slayledl g o ybiwe Hlall jo abgs 1o sol3T Sl s Sbyg,ys 5l ol ke
Slas asl axsls JEsl golyl Ol o wlgs o aid 15 e ledl5lo |, i > soliT @l o
Qb b ledl 5le,8 SO o gyl slaws pl sl ygdae ledl 5108 S5 o Jlsl sol;] Sl o
b sslid 5 oo sloygile)l plad 5 00,5 oo Jiicd o yoile)l 5 o5 G G233 51 55l cnl 5o
S o0 S Wilboe (0 5 a5 ljee Gldl )3 (ygBe 4l a8 5l ool

G —F-Y -0

Szl Gly Jod BB B b 5 conie (sloaSiuds walizee (gloganaSils ol g gy 51

Al ol Jae i

\A



i
W

o

s
it

5 (VYW-0)

5 (1 Y-0) S

]
LQ)}:Lo)T R

GRS

alee

s ol

A

(\¥-0)

]

I

L,
\Al

Sob sl

9

S



Jeli 9 6,105,k -0-Y-0

oV Seelus (6 135, ce o b (Dynamic Explicit) zu po  Soolus )5 Jdod sl ool b o
6978 4 5,105 )L G S Cenl ool Pl ST pl a4 az g Ll ool ol 4B B e e

20,55 s dlge A1 (65, a0 VO (I e sl olge o sdiie (65 5] Cad aST Cel oulls L]

0dds (G 5lw e YZ axis 4 Cawnd (VY) oy)ldie Oygo 0 |y Jow (Judos ylo)y Soe oS co>
Sade 4 dilas Ly e s 51 L Jlesl Gz 00,5 c0 0valin VOO S 0 a5 jshiles .ol
e Sl de Gy omizran sl 0als oolatwl (Ampilitude) e 66X L 5 e Lo VO
Cnly 9 o Cow jo 1) late 5SS (Lol 0 Bib g0 0 Jolos sl L o5 Ss Lal b

el 0030 5 (g 3lwas
S35 Ol AESS ol S ;5 B iy sl g 353 15505 (s ol g

Al oo Cands Jlasl 55 4 azg5 b 1) oals ol

o 0 Sages 13 iy Ll 9 )15 L goges (VO—0) S

Sl (2955 (owy g (oo —F-Y-0

4 5y Sleeis g )53l 5 Jelos gl 51 ezl b ol38le 5 e 5o (g5t Joke plosil 51

Cands 18405 9 o) Ke2 5 65 Lalejl Jloged VF-0 IS 10 el ey glxals bz polia gl

A



o el aseiis a5 jsbylan el o ool (Lt 5l 5 4o onds almil (goas ulo 5l ookel

3,08 83925 s03e i 5 Risley] bl s Jeud LB

45
40
35
30
25
20
15
10

(P 9w9kS) 950

0 10 20 30 40 50 60 70 80

(o (ko) 5 ailos Loy 55

Gzl Joo b o) )Ken 5 55 allile;l (saiges ailos bawy cduwd (55, Olyts (sdunlio (VF—0) JS&

dy.\.’?us

-0 S5 50 a5 455Sles .l ool 00ls iulad 5,05 g ailes lawg 5 O jse a4y diges Jodod gl

5 W oo sl @l ies sloS 5 lanl wilss Ly 10 sbals Jlal b wgd oo oanlice VY

Db oo ABenS 5 Cales 0 5 Wsd oo hle B8 Caos 4 i 0529 S 0 bS5 T Jlis 4

DAMAGET

(Avg: 75%)
+6.591e-01
+6.041e-01
+5.492e-01
+4.943e-01
+4.394e-01
+3.845e-01
+3.295e-01
+z.746e-01
+2,197e-01
+1.642e-01
+1.092e-01
+5.402e-02
+0.000e+00

QDB Joh-5.0db  Abagqus/Explict 6.14-1  Sun Aug 14 13:09:44 Iran Daylight Time 2016

i i Step: Step-1 X
Increment  134253: Step Time = 40.00
Primary Var: DAMAGET
Deformed War: U Deformation Scale Factor: +1.000e+00

oS Gley 4o oilS i 2l Ll egms (VY—0) S

A&



] *
*

*

/S *e

P S99 Pl oy
SW i (Swogu HLI,



doddo -V -F

Qs oy soslu lxl g (Al jo Gl pac a5 Cunl ools lis alhdS gans g0 Dlo
Sl 0l 6 pdb e Sllus 4 e )50 ()l jo Jaume Lyl il 4 ax gl poe pgas
&S Shme s Plaw @ 2y mhoe G slogs Sl 5 (b 5o Grwaige ST Aliulie
sl 1 b5 05 Ol dely 505 sl atsls glodwe i byl (50,55 g cuyBs 50 Bilgs e
093095 (SO B 4 e gime (§)lS pae g ygile,l Glale g (50,55 gzmen lale oS
Sleslaiwl b pdace 0 sloojln 28l 7 b ae cioyion ol wles b5 alex 5l S slaole
el 430 g jleds 6y AL @ s (5095 slagiales]
solys ol ay (A SO eyl Jolo o iy oy (Siwge (L8, p (T8 Sl S0 jslaiea
aox slaosle b gly aal> Joadljgiws S B o 1) L8l gt coLB U cls
d )5 ks 0 (S, anld oime j0 mhee

b,y it Jalge 136 oy & (b Slagile (35,5 Sl 0 b Juad cnl 5 jskiie cpoy
wale> 13 byl 990 Jad (nl jo a5 byl Sed e wiBls y mhes 1 Sl (s
g ol ) a4 L8 S

(Siwogs Caaglie p (5095 anlp 50 -

e Zenglie (955wl il -Y

S5 dnld e 10 s Caoglie p gile,] Ll LSG Y
S5 Wb e 53 (et Cuaglie i Suaglie S -

b (So)5% gt Al j3 (hes 5 (SS9 Glalesl oe Jao J Juad j0 a5 jsboijlen
Jae 1) 358 glo sl 5l il s ol Sen LSen 5 55 5 gJaili calliules] gaigas

el 03505 cwyyr 90,5 Jlogl (goue

v



diges —Y-5

VARRYA SRVA RIIE CSPEE LE P XWS | F KVH RN PR W S SN [ Pt WS VRSN = SONPS
L g 09905 oy PUI-OUL) o0 J51s 5l ye5le,T oS g pm tolosl Jow w1, 7Y+ g7V« 0
Sales Ly 39,0 40503 5l ednl ey bl pw § S5 o dmnlie il aKisle;l ol
IXY0 5 VY JE0 (S, oo, o oae Jow L) o) Kea g o5 allisle;] saiges
Joae w1y TXe gUY e SN0 TN TD (Fo,05 i oo 0 izes Db o Jolod g dnslie
o Senglie 5 553yl Jlad 36 Coled 0 00,5 so Jelo g (qusy p (lAbE d e Glalejl go0s
D950 gy 5 Ao ;06 L oad (53 polie ;5 (F0555 9 (5995 e LIl o )

Cond 43 bgy o P O3> a5 0l oo Jlal 0,90 Gl £55 4 bog e brdiges gawlil o B> 4l
Db oo slabaki dw ied Cud @ bgs e F > (PUl-OUL) n 30 51 jgile,T ancS g
Lo a5l g cnl )3 Sl i (6 lad Cueglite & by e badliges ganlid ;5 By (g
polde (pl Bire H g M L o 5 a5 el 0l oozl JLWLIKe Y2 ,2 g YAS Ve slacuaglin
AY )'bﬁl‘)“)"“-’*‘)"“-‘CBB ‘Ad‘sc"“‘)ﬁsu)]f"’é“t"b%ﬁ &> u*“&“u“-”“’-“’Ml-‘gs“
alyo a0 3550 (Saiged (53,95 w0 (i Klo (pleml due g wll 0 17 5 VY

ST gy Gl Hl Cov (sdiges p (sae sadlllae Kby PMB5 I jslaie Jlie olsie 4
Al oo (S90,85 000 0 g yie Jue VT lad g JIKLLIKe VAP Coglin 4y 0 b

53355 ST Jloc o925 Y7

onl S5y godle @ ot Brpan V5 5l (tewd s el (59,93 oy ghes G g0 0
P ol el b 258 00 LS5 5] b 3 S g dtgy gy D50 a4 oS 255 0
les yis oS j5b a4 gae 6p)b bl 2gb e el g ools halS I jgile)] ahafie pelas

Gb kel ahie mhaw alS (( 55,55 3l ot mhas i gas gl Joe 5 s o cnlnly

A%



I¥Al el omss 3 Jleel V-0 salal,

A T0e _TAp—aX)’ Vs

4 4
S5 oley S 4z b (F8,55 SYgame 355 lie X g 5ile,] sadsl Shad o )] yo oS

@ N & (o p0 @ Grizred 33,5 o0 dnlns V-0 galal) Gk o5 ol o Gl > ©ad
5 31 S05% Gln o ¥ plp C3eSy (50,65 lp o ke Ysame a5 0)ls (Foy55 anyl 8 g4
PV plp @ s cSeSy (Fo,95 (58,5 i b iegh cpl jo adb e AT o gl e

X=5.85 It Y_¢

ool (HAICM?) 5,65 <N game by o | g (Jo) (5,55 ooy Do t
oo o lael (Siwgy J18) p ol 236 ) 5 (0,55 anlp Jlesl cuz Ghagh ool 5o
aS aigS Lo .l ool oolazwl 1y FWY lawgs ool &3l Jawe 5l ol o )Ll aw fad o aS jshailen
Sasl 5l e o lae,S slaws 10,5 o b Julos olej bl gz s S oanlin ¥ IS5 4o
e GRS B 0 b eghy cnl po ol el Y (SG o (Swgn g (S0,95 S i Jad
byl ikl elad cuz o ) i es)ly ()lad A (e ( Soye an )l Lab S
on S g (SaiS gy Gialesl el 1) (50,635 5 5 (Stge JL8; 5 0y0 )5 Jlasl

u,uL..u‘ Oy g2 ‘ol o..\.ib)f

a=—T+r2+(v-1).2rx—x2) Y5
Upeor - @

Eeor = :?ia g

b, = Keor &4 b5

i V 03,5 o dolma Y-8 salinl, 51 45 50,55 Sod e X opgila)] i T clasly, cpl o
Mbdﬁ‘;d)? uysm)‘ IR W) J..al.’> ‘Scwwﬁuw;ctnsscor WML’@ ‘;aﬁ:-

YA



(Keor =Y -\f GPa) wil oo (59,95 SYgame Ssew Keor g Cawl (P=V) ol yil)b P g
& 9 9905 (oo |y (S, 8, » (555 5 ( FansS m slagimlesl el b o SN
Olme a5 8905 (23 ol culple wpg bl o o m SBhsl 5 (Soys anlp Gl aS
e eslize SWhaol g0 b gile,T 5,55

H(K)=K(X/).4,(K), but £(K) > 0.4 s ¢
e b ceslite a5 el gyl KOXUT) 5wl o (55,95 SWShaol oo H(K) ala, ol o
loiin i 17 JSE Bllan (59,55 N gams S5

Sl 0als &IINV-0 Joaz ;0 (59,95 lisee slodo o 4 axgi b Jlosl ool 25 ol
5 B> (2boge S0y it slaas s 4 axg L SKhol (oo e polie (pizes

e v/ = (00

1-2 1
1 3 T N WS XS Xir = 0:01
0-8
08 xir = 0:05
. - 0-6 ..
LDB =N T, i
0] 0-4 e
0-2 02+
0 T T 1 T T T ] R B e S B S M e T
00 002 004 006 008 01 00 5 10 15
xIr Slip: mm
(a) (b)

[Y7] Gl zobaw ;o (59,60 SKaol oo b) (55,65 395 ol bl KX &l oss (@ (V-7) S

vAa



e VY S5es] 3 olad 5 e g ol a2l 01F) o

P I B B R o IO B
(00,) (celo) & 29 2,95 5l b 095 3 U el (MPa)
(um) (m) (um)
\ YYVVY | vty ¥4y - FAS SFYE |-yl yys
Y 500 | £Nf0 Adis LAYy N A7 AW AT
Y FA,YYA L7VY 4,7y VLYYV -+ ¥YY =YV, av¥
I\ VYASF- YOATA V7,048 Y,o\# AR -Y6,41)
7,0 TN ARAY Y- Ay Yya-y \A Y4 -+, Y00 -YAYYA
Voo | Yoe.f | YYLFOA YEAYY Y.AQ- S $5A | STESAY
Ve ¥V, VA | FA,eve Y, FY Y,AvY COEAE | fRELY
Y- DFY.SYO | VOYA VA, ) Y, TV A X RS
AR V-AL,0VA | YFFAAF YYALLO Y,v¢ =007 [ =YYV YAL

;M 09 quo)T 5 go”_& MT)S ).ub 3 ool Caw @Lu -f-#

5 oy blie SElasl col o g V-F Jgaz 5l odel cands olad sla s polie 4 axg5 L

ol ol b gl Lo 38,5 5,50 (slaialegl b plao 52 5 sl (St 1, sl

g oo >l goae axlllas ol

w@lize glads,s ly u»).'J—‘;...w% oS s goue B-F 4 -5 NP VP Gl SO o

S5l o0 0dalie PMA diges ‘_;o”}



PMA2

e (2) A ] 450 o (1) A ] AT 50T eeeeen (§A3e 4 ga

N
(9]

N
o

=
o

(€]

(JSwblKe) (Sowgey A5

o

0 1 2 3 4 5 6

(o (hes) A54)
o JI 5 ile)] (SantS (g oo (pRialesl 5 (goue aiged (aiab (S (A5 (i (V-F) S

S9,5> 1Y ,o (Pull-Out)

PMAS

e (2) AL Asa e (1) (AL AT 50T eeeeees ($Ae 4 gad

(JBwb o) (Smgy s

J31s 51 ygile, ] (FowiS g pm und pBiole)l § g00 Gaiged il Siwgn (i e (Y-F) JS
S99 10 yo (Pull-Out) o

AN



PMA10

e (2) AL el — (1) AL A eeeeees (£ 4 sal

10

9
f;i) 8
.7
& 6
i
—~ 4
g 3
=t
J 2
2 1

0

(e o) 353

U5 51 5550,] (FoS g e S]] 5 5908 (S35 3 iy 5 ionie (F-F) JSC5
S0y 1)+, (Pull-Out) o

(€]

H

(LK) (Kowgey o5

2
1
0 P TP PP ——
0 1 2 3 4 5 6

(o (ko) 33

S50 515k, (SatS g S liulo3] 5 go0e (saigal Shjal (Siwsgn (i Siomie (0-F) S
So,8> 1Y+, (Pull-Out) -

S 0y95 2oy 90 (g03e sanlllas 4 Siwg L8 p (50,95 10 5880wy p Cux uicren
SOy o ,d —  (Swgm Cuwglie (gdiion Hloges 3l e Gile U ad aSly 55 UY 4 1)

YW W E

AY



25

i
L=
]
=

0.00%

--a-=a] 00%

(b

S0y iz slas s o slals blas o Siwgn i Ol s (P-F) IS
Aol oo (S99 doye il b (SKiwgn Cwglin gaiinn Olpss godms las V-2 S
b 5ile,] 5 i o (Simogey G laie (( F9y55 Gl b el jasiia logel 5l a5 joboylen
9,0 b a5l 1 JJo b go hals o 4 )T 5l am 5 wbge Gl Y sga> (5055
Bl sy Gibe a1y 6 )Lad daygile,] (50,65 5l 36 SY gase cozme blusil (( So,55 w3
L 00,8 oo 1Y 090 b jsilel 5 i (m (Simgey Conglin Gali8l ) ponie oS iS00 05 y5ile]
S O (§ 055 S S A e WY game ceze blundl | L3 5 Retar L3S W) cnl ST
a5kl g o (Shwgm Cowglie 0 o3 Wgy S 0T 9 5kiws a5 555k 4300 5 o yg5le T L
slowl oS 5« S99 ol (il Ladl oo S 5 YAy o Fo,95 Y gaxe dsi5 o

el 50 g H9le,] o (Swg Cglie [2alS T (cdm A5 Wigh o 5 Gaes 0o

AY



20
18
16
14
12
10

(JEble) (Komgry (o5 aipion

o N B O ©©

0 5 10 15 20 25

S99 we)3

L;%MS D9 J;.,"LA)’T 40 Sglaie ;oﬁé sos s cusp u_i:.w%, sl i gaiw (V-F) IS

Slabds aw s quo)T P S9ye MT)S gt gy ool Caway = L-0-7
e S oy 0 Slee ol 86 cwyp 4 ((Siwsn Caglie p (F9,55 85U oy 3l

833 dxllas )‘ 0 J.«ob- @Lu L ul,&w E) 9§ h-wj-’ "-~9)f Sy LSLQU‘“"L“)] L d‘LLu' ZEL‘“"

g oo asloy

FMAG.5
....... JERTSPEPVC P\ L W1 D PPN
45
0 20 40 60 80 100 120

G (Jeo) b ailas Loy 55

2 glahi aw Gied cud pBiole;] 5 so0e saiges ,0 5 sailes g olrale-g,s e (A-F) S
So,55 150

At



FMA14

....... Series1 _UA&_...J\.AJ‘ 43 gad

=
[€,]

(S 9skS) g0
. )
o o

o un

0 20 40 60 80 100 120

30 laladl dw jies Cawd ‘Smli;’;%uﬂ 5 (8§04 (SAigad ;0 1 (sailes lawg gloale—g i S (-F) SO
S0, /Y

FMA32.5

A 5l 4 sad

(F9039kS) 90
=N
v o

=
o

o wun

0 10 20 30 40 50 60 70 80

5 labi dw Gied cud ol 5 soae sdiges ;o 5 Gailes bawy olral—g 0 s (Vo-F) JSS
53,55 IXY.0
JB o Sen Baolesl mli b gose Judow 5l sanl Cavsy polie 058 oo sanlive a5 jghilen

G Slade YY,O U £, (50,05 oo jlas 0,5 axgh a0 0pl 4 b uoren o)l Jou8
5 @Bilejl Jloged jo aritn 55 Ghals pae cle b o ialS diioy 55 5 o)k cod)b
aiilen 39 oo Hatil 135 0505 S8 Glev oo (2Baslejl sllas | (55,65 0o )0V F Sl o (geiged
QU1 yins o o A 18 5 05 alS” jgile | alatio grlas 51 (F0,55 anl B (2l L (soas diged

Bedse G SS el 4 e o5 Wil
Sl 0als @l S e F0,95 doys aw yo ol 6l cd b rals Ol s VV-F S o

awlS cied b bl 5 ] S0 51 50,95 doye il b ogd e ai>dle a5 jshilea



gl (28l 5 H5ileyl 5 o (St Caslin (2alS 5l 56 Gl e |, T Lol e S 090

Candls ;5530 (59,95 slaas,s ;o gile,l alaie

el )b eud b ol s

0-6.5

6.5-14 14-32.5
XY0 5 VF F0 (5,55 sloao,s 1 sl b b b Sials Sl s (V)-F) JSKs

e e~ = ]
o N b OO 0 O

Aoy St (G958 Lol ws o

o N B O

S99 e yd

lie slono,s 15 FHB 15 stilos Ly 5 ciod (ggy lyoais ,SibLes VY5 S

S 257 deys SRl L 09d oo alamNe oS jsblen b oo 30 o sl ond Jol> (595
ol Sde 058 ped snalin lalaxde LB palS 5 gk codib e j3 o )d &y Gl @
Jele b a5 ol yoile )T BT o 4y (50,95 S game 81k 5les)ls (6,La8 (59,08 Ol |y 4!
L osdier il udyb ugeime (2al5 5l mle 5 wleipe ablie ko)l ghaite glaws (goaials
copo L) (50,05 SVgame S9i g gl alaie mha 1alS (S5 Sy, Ll salsl
oo il ol games 098 00 (5 ko] om0y Cunslie SRl 4y e (5 mly Skl

ABlge yS sl cud b s 5 (K 5 55k

AT



— 0% 5% 10% 15% 20% 30%

60

50

H
o

(F5e55keS) 90
]

N
o

10

0 20 40 60 80 100 120 140

Bgad )0 (So,95 Al sbbas,s o 2 0 gailes hawg 35 blas 10 sied (59, Ol s (VY-F) S
FHB

il lo ol S oy b g e odnlie VO-F b VY- 5 \V-0 laJSh o a5 sbplen
(X TN e b e) (50,55 alizes Glaas s )0 g3as Jodod s 5l 0 (ol (cidS Cuglio
@ et 5l CaSlh s S eired 9 G 50 (S90S LRIl GRSt b bl aslie g
S 2S5 e b ekl (Siwgn pas Glgise |y el ol e 085 oo ali>dle 85 Sl
S 5 4 gehene G 5 0 Slee cplpli 5005 o e 50 53l ] 8l duoyd 1l 4 e

g g0 Su 5 eolw

AY



DAMAGET
(&wvg: 75%)

+6.591e-01
+6.041e-01
+5.492e-01
+4.9432-01
+4.394e2-01
+3.845e-01
+3.295e-01
+2.7462-01
+2.1972-01
+1.648e-01
+1.098e-01
+5.492e-02
+0.000e+00

CDE: Job-20.0db  Abagqus/Explicit 6.14-1  Sun Aug 22 15:01:02 Iran Daylight Time 2016
Y Step: Step-2

Increment  213649; Step Time = 10.00
Primary “Yar: SDEG
7z Deformed war: U Deformation Scale Factar: +1.000e+00

SOy 1D cov SunS by paiS o ol Ladl geges (VY-F) S

DAMAGET
(Avg: 82%)

+6.591e-01
+65.041e-01
+5.492e-01
+4.943e-01
+4.394e-01
+3.845e-01
+3.295e-01

+1.098e-01
+3.492e-02
+0.000e+00

Y ODB! Job-66.0db  Abaqus/Explicit 6.14-1  Wed Jul 05 22:24:22 Iran Daylight Time 2016

Step: Step-2
Z Increment 6186: Step Time = 10.00
Primary “ar: DAMAGET

Deformed var: U Deformation Scale Factor: +1.000e+00

Soys TN o SidenS o o ohiS o > Ll gog (VF-8) IS

DAMAGET
(AvQ: 85 %)

+1.648e-01
+1.098e-01
+5.492e-02
+0.000e+00

QDB: Job-22.0db Abaqus/Explict 6.14-1 Wed Jun 25 18:24:20 Iran Daylight Time 2016

Primary Var: DAMAGET

Step: Step-2 )
S Increment 321325: Step Tme = 1,000
z Deformed Var: U Deformation Scale Factor: +1.000e+00

Sy Y Cod (SienS loy 4o o288 o o Lasl segs (VO-F) S

AA



Pl pi s Cwoglio 9 y9iloy] phad W56 51 ol Cawss gl -#-F
095
ous &Lyl Lulyy 4y azgi b (S0y05 il G i e Cunglin yy ygilel Jad 13l s jskiie &

Olyee VE-F S 50 ol oas ooliiul oauiS Al o Sglite Hhad 4 sl ygile,] 5l aw Jad jo

Coslie b grhos (5 125 50 e e (V7 5V OY) jgile)] (had 5 (Fo,55 g0 > o 6

] 00 dulie YALS

1.2

1
0.8 \’\‘\’\‘\’

i)
< 0.6
o
0.4 ——FMA
FMB
0.2
FMC

0 5 10 15 20 25 30 35

S 0,95 oy

YAS Caglin b cies 5 50 y55le,] (50,55 auojo- ol Hb s Jlogad o eike,l Jlad 56 (V2-F) JSi

2 Gl e )B Glie skl Hlad lE L a5 00 se oaalive ()l b )b Dl i 0 b
S 997 Y gazme Gl Glgi oo | oy (nl Clde b oo 1ol (i 531 (59,55 OF 99>
aalol o cesls jgile,] ity whaiia ghans (28l g H93le;l 5 i (o (Siwg Cenglia ()] 130
gl 25 s a4 a5 0,5 axg YL (S0, sbhaoys ;o (Jop ol 4wl (S5 W,
S S b (B pead I 5l S e i 4y e Ol e e e 5 )58l T el

Exe G Sl (S0, anligilel s 8L as cdl e g ol b 08,5 o0

A4



L syl 53 e (53 8 (T 3,5 et o (glaisF & 0 5 ailod Lag 558 s s

Lol Jiion (59,55 YL oo, o 555 yhad

Pl e i Ao Coglio g o Ceoglio U 31 ool Cowas gl -V-#
S8

odd &l Laly) 4 azxgi b (59,55 S oS 13 (pded Saeglio p G Caeglite 23U (g 0 solate 4

Cud b Caid e VY-F S o Lol ealds solaiwl Gglaie Coglae U slays 5l aw Jad o

Sl 5 b s 4 (NY e gAY N N e D e) Soy55 slao s 4 azg b sl

Slgile,l b gl o 8 53 JWLBe (V28 5 YAS Y0) (1 (5)lad (25 5 (59,55 (9

1.2

A

o
2 06
<
T 04 —A—FLB
FMB
0.2
FHB
0
0 5 10 15 20 25 30 35

S ,95 do)yd

sloygle)] b iz 15 50 55le)] (59,55 o jom oo )b S Jloged 10 (5 Cuaglie 3L (VV-F) S

foea V¥ i 4y s
2 slaba>de BB 86 0 Cwglie (ol a5 050 0 samlivn (s 0k Cud b Ol s pwyp b

S, (5o ,65 ciliie slaas s 40 6k sl



Ololgiuiion g (6 5 axis



doddo-Y-V

5 dlae cpl 5l solawl 4y o953 Jliiul a5 awe slojle plae dox 3l e 5 sloosle
sl203ls 51 (6 5kmr A5y i (Sl 0 39290 (sloejle 4 09050 g g Cenl 030 )5 5l g 23l
el oo ool plue 0 5l o] sl (0 a5 0 6l g o 1) bl )b g A>Les

9,09 By5ile)] (50,95 5 (Siwgm caSs b 5l (Mt b s 5 slaojls 15T il
P b el e (Gl yo bojle nl 5l (gl a5 00,8 8 iy lr B ggoge (al 5 Wlows
W05 o0 69 Yl sl > s oad s S L

a1 o e (o sl 5 L8, o tes Sl L so0e Jow G oll Baa b iegh ol
5 i 5338 o jobite (ot o 458,08y S0 Sy szl i, f oozl b S8
5 Pl o S 5l eileyl (FantS ggrm plalesl 4 barye o (Soy05 anlb cod e o
el .28 )3 sl (P-VF-) asel) oS Ll Jle o )L Ken g 65 (slalads aw ias bl
(goae Jow izl eolaiul b aelsl jo ool olis Gfbli&.ll.o)'i =l b 293 sl sgaow sl
Gl o @bs a5 88 18 Judow g (owyp 990 50 Caglia g g5kl b Ll sl sl

=

D3,5 o
S 35 Axpdi -V -V
Bl o le Glegh cnl (IS @S ead ploxl slaow) 2 4k 2
Bond-Link Ll o5, « 2aBislej] bl b goae Judoo 5l o] Cavss s gauslio b -
g wibsa yglo)l g b (Siwge (a3 pd 18, (iladae S calie (SBg) Glate
doyg5lo,l (55,55 5l (b OV game oz blul (Y g0 b (59,95 0,8 g9,8 L Y

(Shgy Cuaglie Lol 4 jzmie oS wlei oo o)y jeile,l B Sy (ibg 4 ] (s5led

ay



23,82 IXF e 4 y5le)] 5 o5 oo

1.4

1.2

0.8
0.6

0.4

0.2 —0

0 5 10 15 20 25

53,55 oo
Pull-out gslejl ;o (5,55 auoy (il b Swgn (i85 acdon Olass (V-V) S

o Bl 2 ot L sl & ke 5,55 ) G5 IS sl o

G345 559k 4 00,5 o yeiley] BLLI i (il (50,555 5 5 (5995 SV gams

oS5 YaY ;o (59,55 SV game S5ii o @ j5ile,l 5 (2 (g Conglia ;o o3

GAs &S Wigd oo 5 Baas 0l 3wl GloS 5 ( 50,95 Sad oIl b 0gd co e

el jgiles] 5 5 G (Swgny Ceaglia GRalS ]

sanlin 2Bl mlo b sooe Julow mls sauslio jl ool Jol> ol Koo s azg5 b

B 285 ) 5,55 an T8 silds S 0T b ool s, 85 53

ol 10555 5 (J9ed

5 St b o EAIS e (55 s el s b lagile 55,5 5

038 oo e i 5 el aw (les iolejl o

Wl gbige sl ales b Cud)b Gials liess ol 5l (S0 ey Gl L

Lol i 2led sk Sud b elS 3 pll (5,05 slaas s o s o le

(o S Sy g e (50 1S (6 R KD el 4 e (59,95 duo o il

ay

¥

-y



D05 o0 3y Sl Ao Ay

i oGl 535 5ile,] adaiie phaw 45 jad> 12 O 39a> B (55,55 doj il L -A
S 5S 50 D)3o St DB L sl eyl als

Thme 5 5 2l b Sedyb p 68l G Caeglie I3l F0,55 auo s Gl L -4

Sl

Ololgaaday -Y-V
O Sl S (Kwgey )8, (o) ey ) Olidiod aslol (gl coaliplonl (gl gy 2 4 a2 g L
20,5 oo dlpiian oS 0)l50 (50,95 il o e
S5 Alie glans s jo y5ile)] Bkl (Fodsame fl cwyp )
oo i slo s L3, 5 (Lol laygile)T ol yem 4 (b sl ygile)] (Soy55 51 (o p Y
oo (5 by L8y 1 (5995 Al glaas o o (Kiws Job Sl (qwyp =Y
oialesD) (IS Jb Sl con S0y it Glaae,s o e G 5 8, owyp -F
(S
CSHESe (59,55 b (smdge (59,55 o mhas (5 5 L) (ganlie -0
Al eod e o Gla s (SKwgn L8, » (G SKeal) o789 J= 56 omyp -F

S 09>

q¢



[)]

[¥]

[¥]

[¥]

[o]

[7]

[V]

[A]

[4]

[)-]

V]

[)Y]

VY]

[VY]

[Vo]

[V7]

&b

A. A. Elbusaefi, “The effect of steel bar corrosion on the bond strength of concrete
manufactured with cement replacement materials,” Cardiff University, 2014,
X. Liang, “An investigation of bond-slip behavior of reinforcing steel subjected

to inelastic strains,” 2013.
M. R. Esfahani and B. V. Rangan, “Bond between normal strength and high-

strength concrete (HSC) and reinforcing bars in splices in beams,” ACI Structural
Journal, vol. 95, pp. 272-280, 1998.

Z. Achillides and K. Pilakoutas, “FE modelling of bond interaction of FRP bars

to concrete,” Structural Concrete, vol. 7, pp. 7-16, 2006.
K. M. A. Hossain and M. Lachemi, “Bond behavior of self-consolidating concrete

with mineral and chemical admixtures,” Journal of Materials in Civil
Engineering, vol. 20, pp. 608-616, 2008.

D. A. Abrams, “Tests of bond between concrete and steel,” 1913.

D. Darwin, M. L. Tholen, E. K. Idun, and J. Zuo, “Splice strength of high relative

rib area reinforcing bars,” ACI Structural Journal, vol. 93, 1996.
M. R. Esfahani and M. R. Kianoush, “Development/splice length of reinforcing

bars,” ACI structural journal, vol. 102, 2005.
P. M. Ferguson, R. D. Turpin, and J. N. Thompson, “Minimum bar spacing as a

function of bond and shear strength,” in ACI Journal Proceedings, 1954.
P. M. Ferguson, J. E. Breen, and J. N. Thompson, “Pullout tests on high strength

reinforcing bars,” in ACI Journal Proceedings, 1965.
J. Chinn, P. M. Ferguson, and J. N. Thompson, “Lapped splices in reinforced

concrete beams,” in ACI Journal Proceedings, 1955.
H. H. Abrishami and D. Mitchell, “Analysis of bond stress distributions in pullout

specimens,” Journal of Structural Engineering, vol. 122, pp. 255-261, 1996.
S. Viwathanatepa, E. Popov, and V. Bertero, “Effects of generalized loadings on

bond of reinforcing bars embedded in well confined concrete,” in Report no.
EERC 79/22, ed: Earthquake Engineering Center Berkeley, 1979.

D. Darwin and E. K. Graham, “Effect of deformation height and spacing on bond

strength of reinforcing bars,” ACI Structural Journal, vol. 90, 1993.
J. Zuo and D. Darwin, “Splice strength of conventional and high relative rib area

bars in normal and high-strength concrete,” ACI structural Journal, vol. 97, 2000.

S. Soretz and H. Holzenbein, “Influence of rib dimensions of reinforcing bars on
bond and bendability,” in ACI Journal Proceedings, 1979.

q0



[\V]

[VA]

[V4]

[v-]

AR)

[YY]

[vY¥]

[V¥]

[vo]

[v7]

[YV]

[YA]

[va]

[v-]

ARY

G. Rehm, “The fundamentals of bond between steel reinforcement and concrete,”
Deutsche association for steel reinforcement-concrete, p. 59, 1961.

L. A. Lutz and P. Gergely, “Mechanics of bond and slip of deformed bars in
concrete,” in ACI Journal Proceedings, 1967.

T. P. Tassios, “Properties of bond between concrete and steel under load cycles
idealizing seismic actions,” Bulletin d’information du CEB,(131), pp. 65-122,
1979.

R. Tepfers, “Cracking of concrete cover along anchored deformed reinforcing
bars,” Magazine of Concrete Research, vol. 31, pp. 3-12, 1979.

H. Stang, Z. Li, and S. Shah, “Pullout problem: stress versus fracture mechanical
approach,” Journal of Engineering Mechanics, vol. 116, pp. 2136-2150, 1990.

F. Aslani and S. Nejadi, “Bond behavior of reinforcement in conventional and
self-compacting concrete,” 15, Advances in Structural Engineering, 2012.

S. Glasstone, “An introduction to electrochemical behavior of steel in concrete,”
ACI Structural Journal, p. 12, 1964.

Z. P. Bazant, “Physical model for steel corrosion in concrete sea structures—
theory,” Journal of the Structural Division, vol. 105, pp. 1137-1153, 1979.

A. M. Neville, Properties of concrete, 1995.

D. Coronelli, “Corrosion cracking and bond strength modeling for corroded bars
in reinforced concrete,” ACI Structural Journal, vol. 99, pp. 267-276, 2002.

A. Ghosh, “Modeling the bond stress at steel-concrete interface for uncorroded
and corroded reinforcing steel,” Ann Arbor, vol. 1050, pp. 48106-1346, 2004.

C. Fang, K. Gylltoft, K. Lundgren, and M. Plos, “Effect of corrosion on bond in
reinforced concrete under cyclic loading,” Cement and Concrete Research, vol.
36, pp. 548-555, 2006.

F. Shang, X. An, T. Mishima, and K. Maekawa, “Three-dimensional nonlinear
bond model incorporating transverse action in corroded RC members,” Journal of
Advanced Concrete Technology, vol. 9, pp. 89-102, 2011.

G. Al-Sulaimani, M. Kaleemullah, and I. Basunbul, “Influence of corrosion and
cracking on bond behavior and strength of reinforced concrete members,” ACI
Structural Journal, vol. 87, 1990.

P. S. Mangat and M. S. Elgarf, “Flexural strength of concrete beams with
corroding reinforcement,” Structural Journal, vol. 96, pp. 149-158, 1999.

41



[¥Y] A. A Almusallam, A. S. Al-Gahtani, and A. R. Aziz, “Effect of reinforcement

corrosion on bond strength,” Construction and building materials, vol. 10, pp.
123-129, 1996.

[vv] K. Bhargava, A. Ghosh, Y. Mori, and S. Ramanujam, “Corrosion-induced bond

strength degradation in reinforced concrete—Analytical and empirical models,”
Nuclear Engineering and Design, vol. 237, pp. 1140-1157, 2007.

[¥f] Y. A. Mansoor, and Z. Q. Zhang, "The Reinforcement Bond Strength Behavior

under Different corrosion," Research Journal of Applied Sciences, Engineering
and Technology, 5(7), pp. 2346-2353, 2013.

[vo6] F. Tondolo, “Bond behaviour with reinforcement corrosion,” Construction and

Building Materials, 2015.
[v#] K. Lundgren, “Bond between ribbed bars and concrete. Part 2: The effect of

corrosion,” Magazine of Concrete Research, vol. 57, pp. 383-396, 2005.

[¥Y] K. Phuvoravan, "Effect of steel corrosion level on flexural behavior of reinforced

concrete beam", Lecturer, Faculty of engineering, Kasetsart university, Bangkok,
Thailand, 2010.

[¥A] I. Seether and B. Sand, “FEM simulations of reinforced concrete beams attacked
by corrosion,” ACI Structural Journal, vol. 109, pp. 15-31, 2012.

sgame slizl OAYAY peliese . BLal 5 Loyaeme bs dlojames ilae sal> [¥4]

ol oEzils ol Lasl pgw ol "(ANSYS)

"FRP (laad,g 5l oolitul b el o0 cdlasl (6 pdo JSo il ol dww Ll oD [F+]
AYAY 50l Olerol cmio oKadls )l owlil )5 gaali Ll

[fV] D. Kachlakev, T. Miller, S. Yim and Chansawat, “Finite Modeling of Reinforced

Concrete Structures Strengthened with FRP Laminates,” Final Report for Oregon
Department of Transportation Research Group, Internet File, 2001.

(ol 055 Ll qeay Sl oS Ul cole @ 1o 5 elSTe ) litigs o LS 39 [¥Y]

[fY¥] Systemes D. Systemes, “Abaqus 6.10 {Analysis User's Manual}, Volume 11

Analysis Procedures, Solution and Control, ” ed: Dassault Systemes, Las Vegas,
NV, USA, 2010.

[f¥] P.A. Vermeer, R. De Borst, “Non-associated plasticity for soil,concrete and rock,”
Vol. 29, Nr. 3, 1984.
Oy 15 Bgie 3gld gaze 132l gy 4 FRP o jaralS jo jguame oo ,ld, oo ien [F0]

v



Obasli A Al LY o leds ol oo g oo oRidls cwaige pole  Jadlpn 4 a5 caiaiolew
AYAP

[f#] B.L.Wahalathantri, D. Thambiratnam, T. Chan and S. Fawzia, “A material model

for flexural crack simulation in reinforced concrete elements using ABAQUS,”
Proceedings of the First International Conference on Engineering, Designing and

Developing the Built Environment for Sustainable Wellbeing, Queensland
University of Technology, 260-264, 2011.

[fY] D.Ngo, and A.Scordelis, “Finite element analysis of reinforced concrete beams,”
ACI Journal Proceedings. VVol.64. No. 3,1967.

[fA] P. Kmiecik and M. Kaminski, "Modelling of reinforced concrete structures and

composite structures with concrete strength degradation taken into consideration,"
Archives of civil and mechanical engineering, vol. 11, pp. 623-636, 2011.

[f4] Z. Guo, “Strength and Deformation of Concrete,” China, Beijing, Tsinghua
University Press House, 1997.

aA



Abstract

The corrosion of reinforcement bars embedded in concrete is regarded as the most important
factor in reducing durability of RC structures in aggressive environments such as marine
environments. Study on corrosion mechanism indicates that corrosion products are accumulated
around reinforcement in RC structures by passing time and increasing corrosion’s speed. This
phenomenon reduces the bond strength between concrete and reinforcement bars; therefore, it
causes deterioration in structures under service load. In this study, the effect of corrosion on the
bond strength of RC structures is investigated via Finite Element Method (FEM) for which
ABAQUS software was employed.

First, a pull-out specimen and a three-point bending test of an RC beam were modeled.
Numerical results of this model were compared with the test results. After acquisition of the
convergence between the model and experimental results, the effect of different corrosion levels
were studied by considering nonlinear behavior of bond strength in reinforced concrete. Results
revealed that the ultimate bond strength of RC structures is strongly affected by corrosion
levels. Although the ultimate bond strength is increased by starting corrosion procedure,
significant reduction in bond strength is observed in further progression of corrosion.
Keywords: Reinforced concrete structures, Corrosion, Bond strength, Nonlinear analysis, Pull-

out test, Three-point load flexural test, RC Beam.
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