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Slde g odd albg QLS 50 b oslo g8 ¥ (Jad jo a5 jehailes Jlucd-3usS1) ) S ples
slacly> jshien 5 LS ol Joaz haid el ;0 Lo Ll .l oad 0050 al> 50 50 (sla el )y

’M%ﬁi Iy doli 3l ouds as8 )5

Iteration number
| 2 R
r’ 150 166 168
q° 150 166 168
f :7.\'/: 76 3.76
r* 166 168 168
q° | 66 168 168
oS 2l Jeo

A



el p 5l odel Canas Jgo

Sl Q ori2d lis X, psie g R cnias o)lid o X s

X1=150 B mat l':'“El ﬂh1

X2=150

x1=166.405258237473

x2=166.405258237473

B=3.77614982510864

x2=168.398023580788

x1=168.398023580788 BETA ’m BUN

B=3.76282030351656

x1=168.490323657254

x2=168.490323657254

B=3.76266694665612 :

Skl sz sl oS S5 Sladod g oS ol B 50 Jgero jobo 4y a7 (ST (g 90
A58 1,8 eolaiul o g0 alel co gl o oolaul @LM O sy g oleiel

wgbise (b ol Gillae (glojles giae g 090 g0 00l 2led o po b w0

3 hb Caglie solae b DSt 5 058 o ool wdly slojle giae Slastin s Lbe, 4o
@l o polie Glgion e Ha Sl Cund iy b oS cnl 4 0ed e a8 S Ll
ol 4385 18 soliiwl 5,90 dalsl ;o mg g, 4l L pl j0 0 ,9] s

M ) S 00 gl (6 S gepelS Slaaaly po pulul slapls

slo el )b o)l cod g ghaiie (wiis sl g 55kl sla el )b g ol Slastie 955 ()
@loyelly doygile] alaiie mhaw doay¥ slasi Vg polud Cunglie (% (g lind Cuaglie 5 (yano
loaslinl Cwglio (2alS Colyo & axg b ghie b Cuglio g ol Coglia puns (Y
Ly e

ookl b Jlan,o o)l ggame L 2l Cuglas oo (1,8 golune L ol aciles (Y

o o] D g0 )L o 4y 08 el (695,940 oyl s

YA



pois (590,15 Ciga }ﬂJlﬂ o9y 5l ookl b oyl g alaie QS)L"—‘ eyl golas odg (F

et S5 Cige g, 4 ¥ plS (Sl polie

Sl g Solae 5 o iy e (50> dnbls gl 5l ool b slatel okl asls s
et = 3506515 Ghgy 4 )l g Cuaglite lne

Mt 5 A8 1S sy 090 a5 (5L DleS 5 Ll

ACI318-05 asliiyel b LS 5

U =1.4D
U=12D+1.6L+0.5S

U =1.2D+1.65 +(1.0L or 0.8W)
U=12D+1.6W+1.0L+0.5S
U=12D+14E+1.0L+0.2S
U=09D+1.6W
U=09D+1.4E

398 sl )b oS 5 sl eolanl sl a4y a5l cam jo Lo en 4y el VAR Lo @ cos
LY0] sten 55 b 4 OleS 5 ol oS o olitnl (B Jb Bd>) sads (s 5lwosl LS 5 5

U=14D
U=12D+1.6L
U=12D+1.6L+0.8W
U=12D+1.6W +1.0L
U=12D+14E+1.0L
U=09D+1.6W
U=09D+14E

ol oglas fdo a4 jelatan g @a0ls J18 ) 0590 1) b oS 5 atws g0 o asl (pbl cpl o b

ol Sl e B oy 1,8 w0590 55 1) ACI318-99 asbiome ! b oleS 5 b oluS 5

AN



U=14D+1.7L
U=0.75[1.4D +1.7L]+1.6W
U=075[1.4D +1.7L]+1.4E
U=0.9D +1.6W

U=09D +1.4E

U=125D+1.5L
U=D+12L+1.2(Eor W)
U=0.85D+1.2(Eor W)
U=12D+1.5L+1.5W
U=D+1.2L+0.84E

ACI318-99 |, LS

:Jﬁ‘ d..ol;u.,ﬂ )lg uL.,SJ.;

ol 00 03,551 S 5 (s0game dlaws LS aalsl o

2 o7 doligzT gy 15

U=12D+1.6L+055 LSy

BETA
O R, N W A U O N
s

e

1

EL/D=0.5  5.705
@aL/b=1 5.057
@L/D=1.5 4773

1.2D+1.6L+0.5S

|

e,

2

6.004
5.317
5.018

|

s

2

3 4

6.22 6.3

5.503 5.575

5.191 5.259
N L 4 dlaxs

]

s

5 6

6.368 6.43
5.636 5.692
5.317 5.371

loagy slaws 5 6,158,k s yeeid b olazel Coulils asls Sl i oy (1 -F) IS5
f.=21,F, =400, =0.01,S /D =0.2

\AY



1.2D+1.6L+0.5S
5.2
5
4.8
E 4.6
) 4.4
4.2
1
1 2 3 4 5 6
85/D=0.2 4.391 4.639 4.837 4.981 5.045 5.114
@s/D=0.3 4.377 4.628 4.829 4975 5.04 5.111
ES/D=0.4 4.361 4.616 4.82 4.968 5.033 5.105
N L 4Y alaxs

=28,F, =400,p=0.01,L/D =1,k Lyls b olezel cobld ozl Ol pnss oo, p (Y-F) IS0
¢ ¥ J P g S P

1.2D+1.6L+0.5S

7

6

5
< 4
@ 3

2

1

0
@fc=21MPa  5.705 6.004 6.22 6.3 6.368 6.43
EIfc=28MPa  4.795 5.081 5.314 5.485 5.56 5.646
@fc=35MPa  5.118 5.447 5.699 5.931 6.045 6.095

N L Y alaes

L/D=0.5:S/D=02 Cems gy uoslin yoais b slaiel okl (ol Sl oy p ( ¥-5) S50

1.2D+1.6L+0.5S

5.6
5.4
5.2
= 5
w 4.8
4.6
4.4
4.2
1 2 3 4 5 6
RO=0.01 4.773 5.018 5.191 5.259 5.317 5.371
BR0O=0.02 4.746 4.903 5.043 5.108 5.2 5.216
B RO=0.03 4.708 4.797 4.908 4.967 5.019 5.071
BR0O=0.04 4.672 4.694 4.791 4.834 4.881 4.932
N L 4y alaxs

Cmss 9 555L0,1 o0 a5 b sleziel cblB ozl &l s oy 0 (F-5) JS
L/D=15S8/D=02f. = 21,Fy =420

\AY



1.2D+1.6L+0.5S
7
6
5
4 —4—L/D=0.5
3 —m—1/D=1
2 —A—L/D=1.5
1
0
0 0.2 0.4 0.6 0.8 1 1.2
S/D=02,f,=21,F,=420,n=3
12D +1.6S +1.0L L S 3
6
5
< 4
= 3
@ 2
1
0

1 2 3 4

L/D=0.5 4.592

@L/D=1 3.782
L/D=1.5 3.379

4882 5117 5289

4038 4241  4.387

3.621 3.81 3.945
N 4 sloss

5.366
4.451
4.005

5.451
4.52
4.067

Y olass 9 (6 I8, cond i b slezel bl o ls Ol s sy 0 ((P-F) SO

f. =28,F, =420, p = 0.01

5
4
=
< 3
iy
w
@ 2
1
0 :
1
Fy=420  3.83

Fy=280 3.812

Y \/

n

A |\

2 3

4.119 4.34 4.54

4.126 4.366 4.568
NW ALY dlaed

[7

o

5
4.642
4.682

Ry

4.689
4.726

WY ol g o Sloo poded 25 poss b slasel ColblB o ls Ol s oy ((Y-F) JSSG

f.=35p=00L,L/D=10,S/D=0.2

\AY




BETA
o L N W A~ U O

1 2 3 4 5 6
S/D=0.2  3.944 4.228 4.411 4.478 4.539 4.601
$/D=0.3  4.097 4.383 4.567 4.635 4.696 4.759
$/D=0.4  4.242 4.53 4.717 4.785 4.846 4.909

¥ olawi g o0 jbar By b s s b slezel ol ol Ol ks cwy 0 i(A-F) S
f.=2L,p=00L,L/D=1.5

7
6
5
E 4
w 3 ——L/D=0.5
2 ~—L/D=1
1 —A—L/D=1.5
0
0 0.2 0.4 0.6 0.8 1 1.2
e/h

Jo=2LF =420,p=0.01,n =205 5o jl zg,5 S b olalel ColilB (a3 ls Ol s gy (A-F) IS

(1.2D + 1.6 +1.0L +0.55 )b S 3

BETA
ORrNWAUON

1 2 3 4 5 6
L/D=0.5 5.762 5.854 5.993 6.061 6.122 6.181
@L/b=1 4.89 4.986 5.112 5.177 5.235 5.292

L/D=1.5 4.303 4.398 4.516 4.578 4.634 4.688
L 4y alams

¥ olass g 00 e b as oady Sl Canns s b slesel Sl e ls Ol s pwy 0 (V0 -F) IS
f.=21,F, =420,p=0.03

VAL



BETA
oOR,r N WAV O

A Falt

2 3 4 5 6

Bfc=21MPa  4.955 5.233 5.43 5.506 5.571 5.63

@fc=28MPa  4.223 4.489 4.702 4.857 4.926 5

fc=35MPa  4.361 4.664 4.896 5.108 5.214 5.262
L 4y alams

¥ olass g i 6,lid Cuglie yuoss b slezel bl s lis Ol s ow) o :(VV-F) JSS
L/D=05S/D=02p=001

BETA
H
o)

27 3 4 5 7 6

RO=0.01 4.373 4.632 4.814 4.885 4.946 5.003
@RO=0.02 4.344 4.51 4.658 4.727 4.823 4.841
RO=0.03 4.303 4.398 4.516 4.578 4.634 4.688

B RO=0.04 4.265 4.289 4.392 4.438 4.488 4.542
L A0 dlawd

fo=21LF, =420 Y Slass g g5le,] duoy s b slesel cublB as s Ol s w0 (VY-F) IS0

5.2
5 -
4.8 %ﬁ
< 46 N %g
\7
4.2 %ff
10\ ,. 0
' 1 2 3 4 5 6
$/D=0.2 4.223 4489 4702 4857  4.926 5
mS/D=0.3 4208 4478  4.694 485 492 4.995
L 4y alams

f. =28,F, =420,L/D =1

\AF



109D +1.4E ,L S 5

BETA
[
(%2

E@E/D=1
E/D=2

E/D=0.5

3 4 5
2237 2331 2399 2457 2487  2.502
2109 2191 2251 2304 2331 2344
2.033 2107  2.162 2.21 2235  2.248
W 4y s

oy olaws g a3y b cans s b slesel 2ol o ls Ol s qwy 0 :(VE-F) SO

f.=35F, =420,p=00LE/D=0.5

BETA
=
n

RO=0.01
E@R0O=0.02
RO=0.03

0.9+1.4E

3 4 5 6
2.459 2.534 2.585 2.606 2.624 2.64
2.44 2.494 2.538 2.559 2.58 2.594
2.184 2.213 2.244 2.261 2.276 2.291
N

oY olaxs § 95be,T oo yo s b slezel el jasls Ol s cwy 0 :(V0-F) S

F,=420,f,=21,E/D=0.5

2 bge Joha Js oS o0 i Bro L OLS 5 ple swp sl s o alie 4 axg b

UYL MUQﬁT ypY-Y-%

baas o cpl o cal onl oa)ﬂ 55970 (S5 4 bgie alg, aad YO a4 is o aSul Lo

Mbu.,..:" 9 U‘J‘" LS)L"T Ja;‘;.w u».al;.o‘): C;L..: X9 Cow | 00l 00)91

ot ol 4 b e s

RO PUEI g N O R O L - T (OO

\AY



125D +1.5L )b cuS 5

10

BETA

oON B O

3 4 5
L/D=0.5 5.181 6.456 7.243 7.851 8.349 8.738
EL/D=1 4.523 5.611 6.324 6.88 7.337 7.701

L/D=1.5 4.246 5.262 5.942 6.474 6.913 7.265
Ay A

doay¥ olaw g oud; [l Camnd s b slosel oLl o ls Ol yoss gy o :(V2-F) SO
Sf.=21.4poor,F, =408.2, p=0.01

10

BETA

P i

2 3 4 5

O N B O

L/D=0.5 5.545 6.839 7.51 8.082 8.556 8.927
@L/D=1 4.834 5.919 6.547 7.074 7.511 7.86

L/D=15 4.537 5.542 6.149 6.655 7.074 7.413
Ay Al

oY olawi 5 005y Hb Cand s b slozel ClblB a3 ls Ol s gy :(VV-F) JSS
f. = 21.4medium,Fy =408.2,p=0.01

8
7
6
< 5
5 4
] 3
2
1
0 LSS I HS
1 2 3 4 5
ro=0.01 4.828 5.616 6.208 6.681 7.065 7.384
ro=0.02 4.738 5.489 6.061 6.518 6.9 7.218
Ero=0.03 4.694 5.373 5.926 6.371 6.782 7.052
Ay Al

oY olaxs § 95k, T aoyo s b slezel bl asls Ol pnis w0 :(VA-F) S
f.=32.1medium,F, =408.2,L /D =1

YAA



BETA

fc=21.4
Afc=32.1
fc=37.8

ORLNWhAUIOINO®

1 2 3 4 5 6
4.537 5.542 6.149 6.655 7.074 7.413
4.532 5.263 5.82 6.268 6.636 6.944
4.093 4.812 5.365 5.819 6.186 6.509

Ay alams

oy olawi g lawgio coa S J S b i Ceaglie o b slesel ol as L Ol s o) 0 :(V4-F) JSS

F,=408.2,L/D=15,p=0.01

15D +1.5L+1.5W b oS 5

10
8
E 6
o 4
2
0
1 4 5 6

Efc=21 5.603 6.87 7.532 8.098 8.566 8.934

Ffc=32.1 5.595 6.513 7.181 7.701 8.116 8.454

[@fc=37.8 5.029 5.945 6.619 7.157 7.577 7.944

N
daay slaws 5 Lawgio coaS J S b ot Ceoglie i b slesel cllbld o ls Ol s gy 0 (Y -F) USSS

F,=408.2,L/D=0.5W/D=2,p=0.01

BETA

BW/D=0.5

12
10
8
6
4
2
0

BW/D=1
& W/D=2

1.25D+1.5L+1.5W

1 2 3 4 5 6
6.568 8.129 8.809 9.417 9.923 10.308
5.928 7.277 7.948 8.527 9.007 9.381
5.603 6.87 7.532 8.098 8.566 8.934

N

oy olasi g ol )b s o b slesel ol as i Ol s oy o (YV-F) JSCS

f.=37.8medium,F, =408.2,L/ D =1,p =0.01

YAQ



L 7 W W
z |
(1) A\

Fy=408.2 5.168 5.97 6.572 7.05
Fy=306.1 5.233 6.05 6.661 7.219 7.545 7.872
N

LotyY 8lass g s, Slos waless (5 yeais b slatel Gkl (ol Sl oy (YY-5) IS5
f. =32.\medium ,L /D =1.5,p=0.02,W /D =0.5

0.85D +1.20 b oS 5

BETA
ORNWRUIOIN®O

1... 2_. : & 4.. 5.. 6._
W/D=0.5 3.816 5.31 6.195 6.863 7.401 7.82
B W/D=1 3.694 5.007 5.821 6.441 6.944 7.34
W/D=2 3.619 4.865 5.651 6.252 6.74 7.127
N

oy olass g ol )b s o b slesel ol as Ll Ol s oy o (YY-F) S5
Sf.=21.4poor,p=0.01,F, =408.2

9
8
7
6
= 5
o 4
@ 3
2
1 H
1 2 3 4 5 6
Bfc=21.4 4257 5.731 6.483 7.108 7.619 8.017
Bfc=32.1  4.247 5.327 6.085 6.665 7.122 7.492
Bfc=37.8  3.55 4.667 5.452 6.063 6.532 6.938

N

daayy olows g lawgio coaS S bl pd o i Cuglie poid b slezel bl sl Ol s gy :(VE-F) S0

p=0.0LF, =408.2,W /D=0.5

1a-




o2l el 2 b pdtio ST (o 2 B-F

RIHIBRTENPHPSIPPSGN

ool Ceoglin b o¥ed b oy il b Ll s cCned Bolo S (6,8 as SO 050 (0l 0
ol Ly oS Sk lebl T 51 b sletel colilB Jloxs! Sl s 5550 50 g8 cod i b yieS
ol bl gy ash 0,105 o 5 slasel el asls e a5 Cansd Canglie ool i
GrSams Y8 (glp jiin puked Cwglae il b b Plae o Jle Glee 4 ool
ordad Coglie CoalS S £ a4 aliie eyl o Ll ol walgs ol (65598 alade a5 04l o
el Canglio b o S sl el 35 (S o FoSy 5 xSl 5 i ol
Slp 0g dals 1) (g yaS slaiel bl oz ls )l oo oo yiden (6,Lid Caglie ¢ yiion Y48
Dyge 4 EudsS SRS g95 g el (2l po bl ks (8,5 Sl L sl anlie ploxl
ploul oY Gl oplplo Wlosygl wal,d |, Kl pl 3490 Glologes Ogei glad (68,90
el 5 Syge ol @l g a5

WAl atdg G el ,eiS bl kyls olp aS gl p lawgy bawolie (!l ACT asbi ol ol p
Ay ol bl ple g 0,8 o0 i i )LES Zaglie L el o 285 O jse
oo, lp slazel clllB a3y polie a5 ol lis oo plodl (gl cw )y Aol o a8 5
Gl logel 4 axgi b aisS co (9, N Sl (Koo alizes oV gd pdid gloyiid oY g8 alie
Il e VY Canglie 45 0iS o sdalive cowl 00 00,51 dnlol 10 45" sla jloges fuizren g 3
Canglie o 9 JKwbKo YO Canglie ol )] 51 am g ol slazel ol jasli o ias lls
ol o Lol BB o1 glp 1) cediie o Glgf oo cplplo sl 48,5 15 KWL YA
Coyd Ol orn €9 onl 5ol JKWbBe YA Coglin b o (o)lel Lasl i 4 atsly  codis o

lacol Lo 5l el b sl iinn S0 Cdls g0 0 o 0L Jlae Bl il Jdo o SausTy,
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o obel Lyl 31 Lol acay Bl i ool Laylys o (Somleal bls 4y a8 cd, o L]

SaSTy calpo g ool colpo ) gao90 (pl pualysu ST .08 o oy SrelS slexel colls

beta
O LR N W b U1 O

1
fc=21 4.59
Bfc=28 3.848
fc=35  3.963

2
4.877
4.127
4.279

0.9D+1.6W

3
5.079
4.348

4.52

4
5.158
4.507
4.739

5.224
4.578
4.849

5.285
4.654
4.899

F,=420,p =001 /D = 0.5 ACI asbiipl (sl (5 (55128 Canglio ponis b 8 Sl i ((YO-F) S5

beta
ORLNWHhULIO

1
fc=21  4.601
Hfc=28 3.832
fc=35  3.941

4.931
4.144
4.284

0.9D+1.6W

3
5.144
4.388
4.547

n

4
5.22
4.551
4.767

5.288
4.624
4.891

5.361
4.699
4.938

F, =280,p =001, /D =0.5 ACI asbipol sl o 6,Lid Cnglio s b 1 Sl ks (Y9-5) IS

\ay



beta
ORLNWHhULIO

fc=21
fc=28
A fc=35

1

4.563
4.102
4.241

2
4.745
4.284
4.474

0.9D+1.6W

4.984
4.596
4.831

5.107
4.724
4.983

F, =280,p=0.02, /D =0.5 ACl asbiipol gl o5 5,Li8 Caglin i b B Ol s (YV-5) S

a5 olSin el Sggin 3 B clylogei 4o a5 jshilen lyl g bl Layls b LLS,|

Ll 5,5 Golad Colio 4 olg o oS oo oolin] ams coaS S b slacslio

slazel colild jasli (wglae iol8l L aS 04l o ovdlive Jawgio CuaS S 5l solaiwl pSn

BETA

ONDOOXO

FC=21.4
FC=32.1
FC=37.8

D+1.2L+1.2W

2 3
5.952 6.652
5.589 6.279
5.002 5.705

N

4
7.051
6.816
6.263

5
7.719
7.244
6.698

8.098
7.594
7.076

ol p) 4o dawgio i S b g 6)lid Cagli poss b B Ol (YA-£) IS
F,=408.2,p=0.01,W /D=0.5L/D=1

\aY



D+1.2L+1.2W

BETA

ONDPOXO

1 2 3 4 5 6
FC=21.4  4.26 5.577 6.39 6.826 7.518 7.915
@FC=32.1 2.907 4.26 5.165 5.846 6.374 6.805
BFC=37.8 3.474 4.55 5.35 5.951 6.447 6.857
N

oyl aebionn | s cuinS JuS b i 6 lid Cuglie s b B Ol is (YA-9) IS
F,=408.2,p=0.01,W /D=05L/D=1

D+1.2L+1.2W

10
8
E 6
o 4
2

O HH HEH HHEH 25

1 2 3 4 5 6
FC=21.4 4.7 5.924 6.729 7.313 7.793 8.169

BFC=32.1 4.675 5.638 6.333 6.883 7.292 7.662
BFC=37.8 4.065 5.036 5.747 6.301 6.736 7.114
N

Ol abiom] dawgte CoiS JuS b ot g )led Coglin i b f Ol (Y -F) S
F,=306.1,p=0.01,W /D=0.5L/D=1

D+1.2L+1.2W

BETA
ON A O®O

1 2 7 3 4 7 5 7 6
FC=21.4 4.499 5.64 6.425 6.989 7.45 7.824
EFC=32.1 4.532 5.447 6.115 6.636 7.064 7.415
FC=37.8 3.973 4.898 5.581 6.117 6.556 6.914
N

! aabioml dangte oS J7uS b o 6)led Caglie ;i b S Ol s (1) -F) S
F,=306.1,0=0.02,W /D=051L/D=1

\ay



V9 ek i 55T e
Onied g 8 o loges 5l aS jglailen ol 18 0 MUQ—:-:" 93 5,0 ;0 Sl oSl 0,90 cpl o
ol als o szwb s S Ol 8l (el Sgpainn ol ous oo)gi aalsl yo aS (g ,logad g0

3, 6 i slozel

1.2D+1.6W+1.0L+0.5S

5 ¥ N

2 A ] N

ERERERRE

0 el aebipm T dos Koo aues 35 pois b B ol i (FY-9) S

f.=35F,=400,p=0.01,L/D=0.5
1.2D+1.5L

. Y Y W?
: 1 ?
25\ 7

B N
B Fy=408.2 4.828 5.616 6.208 6.681 7.065 7.384

f.=35p=0.01,L/D=1.p bl dos Ko pulas 25 jois b f Sl pais (FY-9) IS

Slase! culils sl oY gd wuoyo il @
Clill asls o Slaz ol eile)] aops st CuS lgie Sezae slaloged 4y azgi Ly
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Abstract

Design problems, deficiency in construction quality, use of low quality materials
and change in the application of structures are the main reasons that make the
existing structures can not satisfy the criteria of design codes and therefore, need
to be repaired and retrofitted.

Retrofitting is performed in different elements of a structure such as beams,
columns, slabs, etc. Among these elements, columns are very important in
transferring the load and the stability of structures. Therefore, appropriate
method should be selected in retrofitting of these elements. Over the past
decades, use of FRP as a kind of advanced composite materials has come to the
forefront of retrofitting techniques.

These materials possess many attractive engineering qualities such as high ratio
of strength to weight, high strength to fatigue and high resistance to corrosion,
that are leading to their increased application.

There are many theoretical models to determine the increase in strength and
ductility of concrete confined with FRP. Comparison with available experimental
data indicates a large degree of uncertainty in these models.

The development and improvement of design codes affect the optimum use of
FRP. For this reason it was decided to investigate the index reliability design
code for Iran and United States with reliability theory.

One of the effective factors on index safety study is to identify thoroughly all
available probability factors. Unfortunately, there is not any comprehensive study
on load and resistance variables in Iran. In addition, studies on the reliability of
reinforced concrete columns strengthened with FRP, are very limited. For this
reason it was decided to make a statistical population on strength of columns and

investigate the index reliability for design code with Rackwitz-Fissler method.

Key words: Reliability, Uncertainty, Reinforced concrete columns, FRP.
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