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Development of Two-Variable Fragility Functions for Piping Systems in Industrial
Plants

Mahmood Hosseini ** ,Ehsan Ghalyani 2

1 Associate professor, Structural Engineering Research Centre, International Institute of Earthquake Engineering and
Seismology (IIEES), Tehran, Iran
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ABSTRACT ARTICLE INFO
Regarding that refineries are essential facilities in oil and gas industries, Receive Date: 31 October 2018
evaluation of their equipment’s vulnerability, including piping systems, Revise Date: 06 February 2021

tanks and ... subjected to natural hazards is of great importance. This Accept Date: 15 February 2019
issue is more crucial in Iran as a highly seismic country. In this research

a case study has been carried out with the aim of seismic evaluation of a
part of piping system of Isomax unit of Tehran oil refinery. For this Keywords: _
purpose, first all required information and drawing maps have been  Fragility Curve,Two-variable
gathered to identify the materials’ characteristics, geometry, and applied Fragility Function , Fragility
loadings. Then, the considered piping system has been modeled in  Surface, Time history Analyses
ABAQUS finite element software, subjected to gravity, internal pressure .Isomaxunit of Tehran refinery
and 3-component earthquake acceleration records of 157 earthquakes, by

time history analyses (THA). In the third stage, by using the maximum von

Mises stress in the piping system for all 157 cases of THA, the single-

variable fragility curves, once by using PGA, and once more using PGV

as the IM, have been developed. Finally, the two-variable fragility

function (fragility surface) has been developed for the piping system.

Results show that the two-variable fragility functions are much more

reliable than single-variable ones. Results also show that the two knees in

the piping system are the more vulnerable parts.

All rights reserved to Iranian Society of Structural Engineering.
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3 Flange

4 Cyclic Loading

5 Tee Joint

6 Monotonic Loading

7 Peak Ground Acceleration

8 Maximum Relative Displacement
% Cloud Analysis

10 incremental dynamic analysis
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1 Elephant Foot Buckling

12 Bolted flange joints

13 Elbow Joint

14 AMERICAN SOCIETY OF MECHANICAL ENGINEERS
15 Abaqus

16 peak Ground Acceleration

17 peak Ground Velocity
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20 Atmospheric Distillation Unit
21 \acuum Distillation Unite

22 Cat Reformer Unite

YY G183 amio A1AQ Jlw (F 03599 0 ylowt <Y 0593 (ol g 0 3lu (wiign (i g 39 — (Soks 44 pid Y.f



Ol 0l gwiigo (il Jislealo

9T 31380 35 50 5l 06 oEEg Yl uSlog 33T 9Ty Algd mpas (5 3ladets Y
bl jskiie cnl dy Col 0nd (o) 1 (69550 Sz 15 SRV GuSlagil waly 5o a0 j50 Ag) w0l 0
€5 «2BaSS Lyl i llas Slasie ( cwiin sl Jolis ASME el o0l 5l Sledbl 5 j5lans g 35350 sloaiis 5,500,551
Jeloss oyl jslaie cnl & ol o0 (giladie GusSLTI a3 50 55 0590 Alg) picns e (5 5 (Bl Lad olie o350
980lid Jowo ilS ;8 oo bl 5l liseb] Jgax jshaie 4y .l oads plowl SOl &y gmy 00y (3ludae Hlas 5 90 alg) las uSlS 3
cou @l la e ojlasl gl 3l jLad g 59 Sl 28,5 a0 bsole alg) las G icnlin o S3lail G ay oloiws Baa b
Julos ol dslie b (B,b 5l sl ouds o Como () (g, 4 (g S il daslie b o] ol g 48,518 sl 3 o
sobite 4 ol alilas (g Kot OS] (g ol 40 a5 0 g algd lad WIS 8 Aol aSull jlwire g solid Joe owlS 8
S 0 LWire &jga dg) s Jow aslsl jo sl oals (6,50 Wire Jow 8,5 a5 0 b axdllas &g, delol ¢ Ldow e ps ]33
ol Lt s ity (5 ol 5 455,58 ey e ol S s e s 13 0les 0 5 U35 0,05, 10V 55
aid cpl 5l 0sd co cdmlive ol 45 oKioYL Slogpl axlg jo a5 8 90 ag) las laaci ¥ o g ) S5 50 ol ool o
sohte 4 ol sl Caws 4 gl Hhad g blusl sla i 6,518 e daoslSaSE 505,18 e dadlyd b ygmmen Sledlbl
(oo o> ALE (69, 0ad attin ol ALS AT 0ed Al el 0ud el iSu Lz 4 Lol Ayl s Sledbl pl yioles

JOM PR

2761

m
m
L
™
2
]
E
\ .
.
1249
.
S
% 1
1249 i
%
>

EL +L S1ZH—_

(o oo YOF) goul Ve ol b i 5590 alg) s 51 iy dow 1) JSCS

TY+ G18] amio A8 Jlw ¢F 0399 0 0w <Y 099 (ol g 0 3w (wictigo (i g 33— (Soke &) g



Of 210 3lw (quckigo (oot Jbeleolo

.r""-'f-
\:@F!,-' | .-M.___‘..
3 T T Ty,
r ..H."\..
EL +3. 062M A
"H....,___h‘ . . :““
b .
1281005 o
f-E&':IHH OFFSET el " E
J &
L
L | | 12128 _ l |
g +1. =Y '.'-:"f
A | e e
A s, . 1241005 AT
/ = JBSHH DFFSET [
203 r
- '
"‘--<.T,_s;_;. ‘*h

et

(e ohon FoFIA)goe 1Y 518 b 5155300 gl s 31 iy 3 Y S5

Jsie cpgare oy Joli pllas lasie Slyys ol ood 48,5 L 0 A335 o¥sb L 550 aly) L ui>

el ovalie BB Y Jgam 10 oles o 36,5 9 oled o 0 el (1S ygelys g o a0V

A335 sY gd plae wlasuine ) Jouz

et ey ¥l Jodo  awls o g b o g ald e S
Kg/m? N/m? N/m? N/m?
7850 2.1E11 0.3 2.05E8 4.15E8 0.15

Ol 5 oia Yl uTlog T wly Ayl bis (ounils )3 ol —1-Y
Solid oyledl (58,5 i jo b dlgl bz (g5ludw —1-1-Y

Oledl 28,8 Jlas o b g Cdgaly mild (ool Jolis Ylasl soled ol e 4y Hlai 0,90 dlgd Loz adlas I i cpl jo
s ,F ol o gl yise Al el ad F )18 ils 3 Lo cod g ool (giladan JelS jeb 4 pdy IS 5 (g A &g Solid
ol sdslie BB Y S (o cwaie slul Slojx b gilidas jalaie 4 ouls

YY G183 amio A1AQ Jlw (F 03599 0 ylowt <Y 0593 (ol g 0 3lu (wiign (i g 39 — (Soks 44 pid Y.?



Of 21 03l (owikigo (ol Jbeleolo

P /‘,.
y >
4
/

/

/
{

“R128.7E-03

| 28 57E-03
: =

Y.y TY+ 6199 amio AP Jlo oF 0399 0 3Lovi <Y 0553 (ol 9 0 3w (wiigo (i g 39— (Soke 4 pid



Of 21 0 3lw (wckigo o2l Jbeleolo

5/

A\
W\

FI §108.E-03

|
/

/)

04.%
v 2651 3503[

R247.941E-08 mtt= R326 507E-03

z X

.
/”l\ R457 E-03
[

\WELDOLET «VALVE «REDUCER .FLANGE «PIPE12in <PIPE10iN-S0lid Jus y5 ;i 550 alg) s cilizko gl ks ¥ JSos
ELBOW12in s ELBOW10in

FUSs ol onds lige aiss gillae olehad cpl oals (S5 _wais olal L Abaqus l38le 5 o calire olahad el 3l as
59 bledl o yid 5 olFaSs (5,5 1,8 Jowe a0 oo ylid Solid Ll b ous (s5ladae SYLas] &S ol jos 4y 1) jla3 550 alg) Las

YY+ G13% amio AR Jlo F 0399 0 5loii (¥ 0550 (Cdl 0 jlu (qwikigo (i g 33— (o5 43 g YeA



O 21 03w (wikigo o2 Hleolo

S8 g I Sy w90 B L L oFASS wpls cdle L 0,8 slaolFa st oS cwl S5 BB cel sanlise LB O S
loads aseie bl L oluddl

S5 5590 algd b lalad 5Lige :F JSCi

Y] TY+ G189 axio AR Jl ¢F 0399 0 ot <Y 0,98 (el g 0 3w (wivtign (g 33— (Soks 43 pid



O 21 03w (wikigo o2l Hleolo

Plusl sl yid g (B ST 0908 Ly pai :0 S
ol ooy a8 )3 La5 8 e /0 Oladad &S (gl vgamme sliml (g, 4 S o plodl jelaie 4y Sladad i 55l
oy o oS el S5 LB el a8 518 oun Coroe 9590 595 de e 53l odel Cews 4 z=ls 5l plaebl Jea> jolaie 4
ﬁél.ﬁ..c l.» éeUM‘KB P K> Ky Lng).;_é 6‘):’ sloLw.».:‘ (_gl.a);_é @.zw).:ol.o.n k;‘é).‘o )| ! o0live J.;Le (T oo Qhéq)é O o}‘..\.i‘
Al oo sy e VTYY e g ¥AAQe e YEFFe e Ll s b a4 ( Sl 5 ol 2] sloaiss (o oul &3l )

s0lid oLl b sole algl bas o 53101  orimwcons —V-1-)-¥
S omd,S o b osle dy) i oSy 65,5 oilS 3o« les Jow gl cemlio o 851001 Ky 4y ol skite 4y
sl ez 5 gl Ve ks Ayl s ol L5 500 ool alg) lad el 428,80 ilites clo s o)l (gl LS5 Ui 5 59

Shie 4y (3 jLad Jloel ()9 Jlasl Jolio (Seslowl pl5 90 p0 alg) as Lo 5 ouds el ai ) Jour ailie (Brae pllas wily oo
el oaalie BB 5,135l 5 pEASS Lyl s wesle alg) bas 5l oles & USE 5 il oo ol 3 O g plE S 5 JICL IS0 VV/F

GNAE5L g BEAST Lyl 1 g ool algd s ¥ JSCb

il oo 35,0 YYIADD e +/+0 i o3l b osles alg) Las il 3 e 55 o oomlive V K5 o a5 aisSilon

YY+ G13% amio AR Jlo F 0399 0 5loii (¥ 0550 (Cdl 0 jlu (qwikigo (i g 33— (o5 43 g .



Of 21 03l (owikigo (ol Jbeleolo

¥ 0ODB: Job-FAMA.odb AbaqusfStandard 6.13-1 Tue Dec 05 D5:43:49 Iran Standard Time 2017

I Step: Step-FREQUENCY

Mode 2: ¥Yalue = 20622, Freq = 22.855 {cyclesftime)
Primary ¥ar: U, Magnitude
Deformed ¥ar: U Deformation Scale Factor: +4.411e-01

o o st ) b S 3 Jalond i Y S

odd g pSe NV Ul Sl plaie oilul b g b Juw sl clin oo Layl b b puilS 3 Jdod S et 4

9y & s S 5 GesSLT l8le i b (el o bl el oad dnsle L) (g, @ gl b3 ) (558 (b Sl

Glas oo, b8l e 5 (508 s lade Glgie ay +/o 0 e o3luil o] Cewd a4y gl bl 5 sl 0ol y5le FY Jsum yo L,

099y A ewy 2 Sy Aol S el eal o a8 iy b, 4 ol dg) L iS5 8 aule Wig; delsl jo el Jg8 LB FIAY
el o ol i A US4 cilizee (sla el 5 LI,

S U 30 oy 3yg0 gl s A S

1=31G)* - (1] "

A=7(D,* =D ™

Li+L
[ml= =X AXp

m2=32—+><,¢1><p

GJ
P _ Pl MLy _ Palyt ML, -
17 2g Er ' 27 2E EI #s8

M=5 (Pihz _*"ﬂu) i (szf _a'*sz) & [P1L13+P:ng _M (L, + Lz)]
L\\zer E 2El EI L 2 El El

il TY+ G18] amio A8 Jlw ¢F 0399 0 0w <Y 099 (ol g 0 3w (wictigo (i g 33— (Soke &) g



Of 21 03w (qwigo (ool Jbeleolo

ML _ PiL,*+P;L;"

M
T, 2El _E(L1+L2)

L Ly+L, P L2 +P,L"
M (__,’_ 1 _) — 1 a2tz
6] EI 2EI

P1Lyi +Pala’
_ ZEI
M= T Lt )]
&1 EI

PiL® ML, _ PoL;® MLS?

= = A
17 3pq 2El 'T27 3Er 2EI QM

2 _ P151+P:5:
n:1513+m:5::

bl o oS3« o calg) alaia prba ¢ il Sleo Chyme i 5 4 @0 58 L MM A (gla el YU Luly, o a5
oW On.\AT wédu))lym Y¥/OY )‘..\.O.A )Ja.ié)s.c d.lsj.b} 6‘)" L’:'L") ws)bwbubwls)s )‘.\M MLVLSA(SL».»JQL}M.’[S)Bj

QD)

9T 15810 53 b udlS 3 Julnd gl ¥ Jgur

(1) b3 sy GuilS )8 polie (M) e ol

31/545 32/268 0/01
10/78 21/884 0/02
9/45 22/211 0/03
8/67 22/401 0/04
6/82 22/855 0/05
3/8 23/596 0/06
207 23/866 0/07
0/44 24/64 0/08
1/48 24/895 0/09
2/44 25/13 0/1

Wire olall (58,5 a5 50 b algd bas (g jladuio ~Y-1-Y

adyo LWire &ygar GusSLT 1580 035 b 5l 000 gl Jas 381 o35 Jelod s pos (0l jglane @y anlllas I 5 ol )0
GAdS Ll 00l (o e iSu b 4y i 0550 algd las alale cpl 4 ol enld (giladan Yl Sl e 5l oS s
U o el ool a8 5 Las o Solid o aplice Bds olSaSS 5 05,8 baylyd 5 mllas (olss ¢ gwain olal 5l ool Slasis

ol @8 )T 18 S8 o o Slge 1 e (RS il () 098 o0 cdalie Wi Jue calire ise b

YY G183 amio A1AQ Jlw (F 03599 0 ylowt <Y 0593 (ol g 0 3lu (wiign (i g 39 — (Soks 44 pid Y\Y



Of 21 03l (owikigo (ol Jbeleolo

486.E03 | .. R457.E-03
R457.E03. o " N

604.E-03 |
1
H 4
Ra81.E.03” T “R381.E03
513.E-03

v

1
2 X

2.544 : 3,519
{vR381.E-03 R381.E-03¢"

Y

|
z X

153826,  1.53826
legesy Loy R381.E-03,

4 - e o

192387  993.74E-03 3.31187

b

|
z X

R457.E-03

Wire & g dgd s Juw calizro g s A SO

Wire g Solid ¢ylodl oy, a5 58 b (waSLT 13380 o35 5o HLais g0 alg) bas oS 13 Joulons oy s dunns Uio —F—Y-¥

el a5 Vo S5 Bllan ol 438,55 adlS B il S ST I3 o5 50 155 050 oyl b aalllas (ol o
el s aSiulosT 51 el ool (Lis 1) 55,8 YAAYE Luils )3 Wire (Lol L g 55,8 YAMY uils )3 Solid Ll b aly) Las (sl

L oaicion (il awbre g Sloj azdn )b Jdow (gl Olawle wigy anlol wijlas glass @Ls! Wire g Solid cl> 50 jo oS8

D oo (6 3 Wire Jos

"y

TY+ 6199 amio AP Jlo oF 0399 0 3Lovi <Y 0553 (ol 9 0 3w (wiigo (i g 39— (Soke 4 pid



O 03l (gwiigo (ol

Jleolo

Step: Step-1

Mode 1: vValue = 327.68 Freq= 2.8810 (cyclegtimdg
Primary Var: U, Magnitude

Deformed ¥ar: U Deformation Scale Factor! +1.480e+00

2
%
S
!‘2‘ '
\ 2
?_:‘ L8
B
|
L
A,
~
1
©
Step: Step-FREQUENCY i
Mode 1: value = 399.84 Freq= 3.1824 (cycles/time)

Primary Var: U, Magnitude ] |
Deformed var: U Deformation Scale Factor: +1.450e+00

-/

Wire 4 Solid ;yledl b omils y8 Judors' dzess 1Yo S

Sloj azsu ) Judoi -Y-Y

5,5 5 5 iy ol 555, VOV Jlosl b 5 Wire Lall b Joa (sl (osSUT 331 o5 53 (Slaj a5 Jlos

b pdlas plais] g ladad il 5l ey Il a5 canl o3 ol 4,8 e ol 0ot plonil polSaSs Joms 4y cailge dus ,2

dgl bz )3 (1o JLad pgo 5 o 5 418 51,38 095 (139 5k Cod i 3,50 Aol La ol o5 50 a8y sk Cesl 00l iy a3 (511 o8

polie b 5l el oads Jlasl loolS 4S5 ooy a3l 5o yuiis 9,55, oles 8 50 5 el o0ty Jlasl JKwlyKe VV/F lade
Selond Jol> iy (A5 Jlade SG il ) gy e dindon Coy 5 QLD S i@ (Sl @ g oud gl ol ad i

el 00l 0ols yioled o Judow 1o colaiul 0590 e yuii 565, 5l diges SO VY S o

YY G183 amio A1AQ Jlw (F 03599 0 ylowt <Y 0593 (ol g 0 3lu (wiign (i g 39 — (Soks 44 pid

¥



Of 21 03l (owikigo (ol Jbeleolo

15
z10 7
g g
2 5 |
Q L
E =
o o
El E
& 5
[a] 5 =]
-10 - 3 .
Time (s) Time (s)
X Y
10
8
= 6
R
T 2
Q
£ 0
g2
o
A -6
-8
-10 -
Time (s)
A

PGV=30cm/s s PGA=0.40 L Z,Y X cuz 3 b al3) oK yusis 3595 5 1) S5

—aws bl 5 aseie b dod 1S s 4y by e i (A5 jlade il 0550 plucs (59,0 Sloj azu )b Jdod plosil 1 e
2L Gl ezl Jolow 5l aised S 4y by mlid el 0als (e et PGV 5 PGA pyolie (123)5 JLas jo L o 58, sy
b Loos 58 5l slaiws (sl anction 285 @l izren el oad ools (LIS VY S350 (Sls jLad g 09 lejen ST (85 )L

el sanlice LB Y Jsor o calises slo PGA 5 aili e sl PGV=30

S, Mises
Angle = 0.0000, Radius = 0.1287, Section Point =1 .
{Avg: 75%) Sor
+1.082e+08 )
+1.042e+08 :
=
o

W=
/

+1.003e+08
+9.630e+07
+9.234e+07
+8.838e+07
+8.442e+07 ; =
+8.046e+07

+7.650e+07 o
+7.254e+07 \ n
+6.858e+07 o E
+6.462e+07 . e S
+6.066e+07 W |

A\,
Max: +1.082e+08 ™K | iz
Elem: ELBOW-1.19 g
Node: 64

v‘\»\«" -

Y 0ODB: 201G10CMS1.0db Abaqus/Standard 6.13-i Mon Feb 26 13:24:27 Iran Standard Time 2018

I Step: Step-EARTHQUAKE |
Increment 329: Step Time = 3.921 N

2 X Primary ¥Yar: S, Mises
Deformed Yar: U Deformation Scale Factor: +1.000e+00

W) 5 o a3 5 ot I ol dindioy Gl Y S

Y10 TY+ 6199 amio AP Jlo oF 0399 0 3Lovi <Y 0553 (ol 9 0 3w (wiigo (i g 39— (Soke 4 pid



O 03l (gwiigo (ol

Jleolo

Glizo GLPGA g PGV=30Cm/s b glas g5y asws (gl (F10M8) aioins (o5 LY Jguo

3,555 0,les PGA=0.1g PGA=0.2g PGA=0.3g PGA=0.4g PGA=0.5g

Record 1 1/173 1/204 1/917 2/051 1/158
Record 2 1/798 1/617 2/071 1/170 1/546
Record 3 1/419 1/297 1/118 1/852 1/030
Record 4 1/375 1/852 1/133 1/225 1/127
Record 5 1/838 2/052 1/033 1/516 1/403
Record 6 1/798 1/647 1/055 1/424 2/070

N 9sB osly Glply ol LAY slaw ( gloj asesn )b Jdow VOV (6l acion 35 polie glyoeinl 5 Sloj azesn U Jodow gl
@ Olewle Wig, dalol g ool Byxe dlg) o> Sl o bl lgie a4y alads g0 cpl JJo cped 4 020 0 LS A o9l5 6l 1) 25 b
2B A 5505 90 605 )18 e ol oud (6,580 alai g cpl Aty 8 @l el SasSs sl s paw )i jelaise

LYY] sl ool ools ol VY S

™
\ Elbow A

N

Y

A

z X

Lo Jalxd 5 55 A (35 310 & S 32y 389 o Y S

; .‘s & . . W}:’. —f

0yt 93 § 0 piie ST D jgeay (SIS i gl b o3l flgie 4 LI3ES Jlade b jle a5 28,5 Slas o L
oolaiw! CDF &b S sl Jloyi-Sod muieh SO ancin (i polde (idilo bl 00l e 5 gl s 31 il yon alads g0 (6l 5
W‘OMMWng)}JLwlfMPGVSPGALd)js)dmé).ﬁdlfﬁow

YY G183 amio A1AQ Jlw (F 03599 0 ylowt <Y 0593 (ol g 0 3lu (wiign (i g 39 — (Soks 44 pid

\Al4



Ol 0l qwiigo ot

Jleolo

Elbow A Elbow B
1.2 1.2
s ] 1
E —e—PGVI10 —o—PGV10
ﬁ —8—PGV20 % 0.8 —e—PGV20
= -PGV30 E -PGV30
- 5. 06
5 PGV40 E PGV40
—
% —e—PGV50 2 o4 —e—PGVS0
[ae]
S —e—PGV60 o ——PGVE0
=} =9 0.2
--s--AllPGV --8--AllPGV
0
0 0.2 0.4 0.6 0.8 1 1.2 0 0.2 0.4 0.6 0.8 1 1.2
PGA PGA
A B

Elbow B (B — Elbow A (A - dlize PGV 5l 095 axkad  Fuscsl Sow VF JSb

;,J,a)lg;iiwisl,,.ooﬁi:.a_i‘;;W@mﬁBsA@yljﬁ.dywjaomwgl)@dibb506\ﬁ

w‘ 0l 00ld QL'"‘J VO J.i‘.u )b PGV g}"’l""'lj" )i)b )l.) 9 PGA u,ul...u‘ » o
oseio PGA L 6lasysS, sl B 5 A slo gy 5 Jlezs! 0atde PGV Ll S5 6l 2 B 5 Al (58 a Jual
1 1
0.9 0.9
g 08 % 0.8
g o7 j 0.7
; 0.6 w 0.6
S —e—FElbow A E 8.2 —o—Tlbow A
0.4 -
% 03 —o—Elbow B % 03 —o—Flbow B
B o £ 02
o1 0.1
o 0
0.2 0.4 06 08 1 12 0 10 20 30 40 50 60
PGA(g) PGV(cm/c)
A B
P PGV (gly (B - yaseivn PGA 5l (A —B 3 A sl o4il) 25 Jloia! 10 Sl
ool 0als ools (Lzi VY 5 V8 Gla IS 0B g A ol5 90 sl (SouSs ok sla covie
Yy TY+ G18] amio A8 Jlw ¢F 0399 0 0w <Y 099 (ol g 0 3w (wictigo (i g 33— (Soke &) g



iwole>lo

34

S 03k (wikigo ol

* Elbow A

X
R
0

==
—

—

==

Scs

e

—
——
—

e
———
S =

S————

S

XX
oos?

7
o
s
20UEPa39XT J0 AIgegold

PGY (cms)

15

PGA(q)

W Jss

8 5l 0 piio 93 (SaiS ol

Elbow A

....

|
\

= =

——

—_—

1)
‘..

i

—
=

—

A ¥
AL
..":..

i
i
i

()

)

fh

o

)

)

)

"

X
o

0

000"0 00

= = =
20UBPa30XT JO AY|IGEGOl

PGV (cms)

04

PGA(g)

VS

99 (Fuish zobw

Elbow B axls &y o g

=

T
[ aalllas cpl 4o
pr 0 5 3,50 Ay L

J b Jow

).i;bw

Y eSlagil asly jo ) bs

|)Qﬁo
5 3

O

“ore

5
5 plil jelaie a4y axlllas ig, anlol

| onss asdllae (65,50

J

1580
WL o

Solid e b oz usST,

o e

e

3

s

ls

Om ezl S

Jao b e

IS
Joe

SRERER

ey Lol

e

O

5 Jelos

ol s 4 Cilizee b PGV PGA L las 55, ]

ls 5429 Wire 4 Soli

.o

i

5

ire
)

b el W

Ire

w

5

Sl

S ynis 9555 10V Jloel b Jas oé

50

5
s A 25il; abis

R D)0 Sz dw Hb 0 4

K

»

96

LB
rolie lp Jle

Sl

lge a5 ol,> Slado

O

Coled 5o 9

-

S

J;_

i

5 9

&b

YA

g3 — ole 4 pid

YY+ G198 axmio A1 Jlo (F 0339 0 ylowi <Y 0,98 ol g 03l (qwiigo



Of 21 03l (owikigo (ol Jbeleolo

1) Gl 50 s dlai 55 gl PGV bl s 1555 )b s PGA Lulul s 4l Sy 0 pmicie 5 S0t clo simmio o lys Jlazs!
5 ol b alaz 51 0 pomsyi PGV 5 PGA yiiie 55,0 ) diatly S0 zobans &g wimps atlys Jlaiol aizmas 43,8

AY SEIDOW A L P\ s o o Jlael 355 0,55, VOV (51 osSUT 53 5 50 5 550 o) s oot 51y @
YY LElbow A 5 ol Sl sy #7 LEIDOW Byl pls wlodsw ;) acion i 9> 4 by ple )L Y'Y gElbow B L
ilodds (@ 15 i Sy bl lge 4y ol > G as o

Joee g olal (cwaim 08 JJo a4y B o9l a5 09l o0 bl B g A Sl o659 (nKilho (SaiiSs covo anglic L @
Ll 0als Jozwio |y gyt 2lm A o9l 4 Cond (65,13

S S Bdo N ESPVIC SOy e (v:gl.':' Gl i ol i (38,5 J1a5 10 o)lsen 4B Slasdss wb‘f:-\fu_)l;ui 3 e
aS Cowl o eolatul Hlojen jobb 4 PGA PGV i 50 3l it G sl 4 Jlais! b yoss sl G ol 5o 043
Slp FaSs g agd jshate 4 Jle jsb 4y Cesl 5005 pol Cually 4 il Wl oo (S G &5 sk los anl
5 ol Al wo s YA Soop ol Jlis! (PGA=0.20) 4y cwl)l G haid 03,5 Jlai o Ojge 0 A o5l5
Oloie 4 A o i Ao, W LY. 5l s sl (Feem/stY cemis ) PGV pgo s ol bl L a5 e Jl>
PGV=20cm/s aJy); jol )b S lass 285 a5 o & je0 40 B w5l Glp SISy g Ay jshie 4 Ko s
O« 3l @l Jleaxl (4109 B+/Vg 5D PGA pgo e (30938l L a5 o> jo ol alil g0 0o )0 VY S0 ol > e
S oo i Ao Ve b

oals oolaiul dgl bahs  SaiSls slo sovie dd Sy diniion Sy g Ol )l g0 5l aSiol o, e rogh ol o @
s @l )bl Gilolsen b aly) b s 5950 F0ml POA L slaal il 1o osase ol 53U 5 i gy 9929 oo
St A §0 AT awd oo lid ase s b ol i Caadly jo oS Jb o cnl oals 48 )5 000l Layl s ) 3T e lagad
Log Fge Oloy ecdle 0grp aiile alls sla el )y 51,500 (B 95,5 4 5l 5 0998 (B 55 yesite g9 5l eolitul ol Sauisls

V] el 80 s g ey ity anin sla ol )b LS 0 ol T o

4 YY+ 6189 axmio 1 1R Jlo ¢F 0399 0 o Y 058 ol g0 )l (wickigo (b g 33 — (ol & i



Of 21 03w (qwigo (ool Jbeleolo

&l
[1] Krausmann, Elisabeth. (2010). The impact of the 12 May 2008 Wenchuan earthquake on industrial facilities. Journal of

Loss Prevention in the Process Industries, 23, 242-248. doi:10.1016/j.jlp.2009.10.004

[2] Fu, Zhiwei. (2013). Study on Seismic Fragility Analysis for Piping of CEFR. Journal of Applied Mathematics and
Physics, 1, 82-88. doi:10.4236/jump.2013.16016

[3] Lanzano, Giovanni. (2013). Seismic vulnerability of natural gas pipelines. Journal of Reliability Engineering and
System Safety, 117, 73-80. doi:10.1016/j.ress.2013.03.019

[4] S. Razzaghi, Mehran. (2014). Probabilistic Seismic Safety Evaluation of Precode Cylindrical Qil Tanks. Journal of
Performance of Constructed Facilities, 04014170. doi: 10.1061/(ASCE)CF.1943-5509.0000669

[5] Reza, M.S. (2014). Enhanced Seismic Performance of Non-Standard Bolted F|ange Joints for Petrochemical Piping

Systems. Journal of Loss Prevention in the Process Industries, 30, 124-136. doi: 10.1016/j.jlp.2014.05.011

[6] Gyu, Bub. (2014). Seismic Fragility Evaluation of Base Isolated Nuclear Power Plant Piping System. In: International
Conference on Thin-Walled Structures. Busan, Korea: ICTWS2014,8 pages.

[7] Ju, Bu Seog. (2015). Seismic Fragility of Threaded Tee-Joint Connections in Piping Systems. Journal of Pressure
Vessels and Piping, 132-133, 106-118. doi: 10.1016/j.ijpvp.2015.06.001

[8] Salimi Firoozabad, Ehsan. (2016). Seismic Fragility of APR1400 Main Steam Piping System. In: International
Conference on Probabilistic Safety Assessment and Management. Seoul, Korea: PSAM 13,9 pages.

[9] Phan, Hoang Nam. (2016). Fragility Analysis Methods for Steel Storage Tanks in Seismic Prone Areas. In:
International Conference on Pressure Vessels and Piping. Vancouver, British Columbia, Canada: ASME 2016,9 pages.
[10] Caprinozzi, Stefano. (2017).Univariate Fragility Models for Seismic Valnerability Assessment of Refinery Piping
Systems. In: International Conference on Pressure Vessels and Piping. Waikoloa, Hawaii, United States: ASME 2017,
10pages.

[11] Zareei, Seyed Alireza. (2017). Evaluation of power substation equipment seismic vulnerability by multivariate fragility
analysis: A case study on a 420 kV circuit breaker. Journal of Soil Dynamics and Earthquake Engineering, 92, 72-94. doi:
10.1016/j.s0ildyn.2016.09.026

[12] Moayeri, Hamed. and Forouzesh,Farinaz. (2014). Finite Element Analysis of Engineering Problems by Abaqus.
Tehran:Danesh Bonyad, 805.

[13] Nowak, Andrzej S. and Collins,Kevin R. (2012). Reliability of Structures. New York: CRC Press, 407.

[14] Ghalyani, Ehsan. (2018). Development of two-variable fragility functions for piping systems in industrial plants. M.Sc.

Islamic Azad University,South Tehran Branch.

YY G183 amio A1AQ Jlw (F 03599 0 ylowt <Y 0593 (ol g 0 3lu (wiign (i g 39 — (Soks 44 pid YY.



