Ji.h‘}}g—gal&dqu

oroke Ol e

VY40 ;5 g5 o led s(.»u}iu SYE

Qg 9990 5OV 99 dlgf bglad (b 51 (S1 3 wwlio Db jliro
SO shos 4 ¥ ) wiigo W92 yle> 40

Y Z. ) .
L R

u,»).,ba Ca:.:j OK.:..;\J (s ) Ja.:>r.a 9 Qb&& L;.e.,\..@,o LI W A

uw).)w g.,.:JJJ oli.i.':\.) (s ) .ia.:?ua E) Q\Jo& ‘;.«:Jwg,a oISl MJJJ) —Q‘Ja& LSJ.‘.SJ &j};&u\b Al

shakib @modares.ac.ir

DYAEANTT: oy

DYAL/TAYT il s 6

611“5;;1&;d;)wwﬁ@gjwl@);@t@qmdu)w}fwjgéuﬂ)gw_;\:..ﬁﬁf)ﬁ—ow“.ﬁg

on S8 es p gre gy a5 L ategn Osbde 0V 5h A bkt (gles ) Sl Rasg cnl Do il aile sl ep ) L e
):SJQ}ULZA &lbjwj(H/D)Jjaj‘\.g‘;,é:wg(D/I) \LJWM}BLQ}}M Lséy‘)ﬁ ﬂ\j}}jb X3 e.l.q‘fe &Q)Mw‘ ol
;\f‘mj))lebu.iu\bé)w.)w Sl W;C@\)‘gbe)f@)) wA)éU&b)}S})‘d‘@}WJ@JL&M\bM&l} Olasein

)Lh;d)\ S L_S)L.\JJ.A Lgb.jje.x\ﬁ aalau! 4.!}.‘ LS)L" JJ.A st.u )&Nﬁé)}fﬁjw;w\)l JT))ASA.L.Z rbu. S gdoe

SV 03 Sl g L Ol ) ek 5 S 53 S S S S e i eslinl s (5l 51 e
Q{L&S} &‘)\S ‘{)}:.wjg) J.:l:u)\ oalaial L1 Llels wjf#): AJ.EJL: aj}j wﬁj &:JJ»:;J)‘:M a:)JLiW)aJ.i ul:;:.u\ 4;‘..,:}:.1 Q)ﬁ_h

Mu)wcﬂlﬂ ).iauAASJ\.& u..a;:.:..nj o SeOR Q}.&.M 4:\“}:.; L;:‘}J}ﬁ U‘}J .lajl» Lg\o);! C'“L* JJJT)__: BE [N W L_SLQJ\L:&A u.:.

(sd(r,5%) 5 sv(T, 5%) ¢sa(T, 5%) ) ) Lt Lol yls Oboy L5 b Sl glajlas 50 5 (pev® /PcA 5 PGD PGV PGA

Y55 Ay bshs (sl agr Skd lns (RMSO) plralr Slagye ks S o8 A3 gles LY 53 ol LISL s slalins

ol a5 O 500

(83 S es i) e (oS (LS Slre i 0550 44 L (ST OB 319

D lne 5 ol T [£] iS5 IY] LS 5550
u\:a)'l_.ﬂ'cml.;):L;J;QS;J:S\ﬂ Sl 4553 0 e 1S
9 (:)'\J sle Jdos sl s ol jlae Olsl [0] il
oA e DAl Hlas Gl 4y pekige Ll nolae
ol U e ol 5 (M) W35 (S5 5l s wtige 5L

Lo] il (R)

1 Efficiency
2 Sufficiency

14/

Aodo —
et e 63k W5 dige 55 IS obie I S
DBy 53 39 s lacaalad 550 Cle 4 [V ] il (glos ) 5L
Slos A s Jdosd sy 5l ey J w5 baesle a8
SR Sl Sl s ol s ealinad VL
S bl paste s S e85 Sk YL
ol o3 blaabd ol Do 5005 5,8 (e
33 mS e St lme Sl sslizal | 3 Slas 1 b
(b Si L s e andy Sl b (Dl e slire

[T 35 o oalinad o3 ) cpes S s 05 S Laseia gl



Sl s 5 oS o e

Sl b i Sl o el a5 BB T s 5V
SUT S gt i ol e K baoslor cpl (gl s S
i O Sk g3 ks 4 e 0 Bld OF 53 5V slate
Slallas 53 W] 55 5 (wsSamndl ol i oals slgidg ol
L kb iy o355 O S s S 3 ojlo a3
@3V e OB K il VA ol ol Oles LA dulge
S5l V8 ol gl Oley b etiSs VLl L aib 4
Ol g ey Gllandl OVL I L azb Yo ooV g i OB
A a8 plailazstla gl 48 3l 0L mls bt ol sl
2 b Sld 038 et BB LT s SV glae
Jeme SVl ol 0553 51 555 45wy 3l 0,50 S
Dlme i [0] KBS 5 smd il ol jlre o S ol
Shesle Ll andlas 3550 slaosle iz S 3 me s s
UBC94 sliw naS 39 aab Vo 54 7 o3V it Ob au
ples (sl oS s el LS gl anlllas 53 s g ot b
) SmliS 5 SE IS 5 sb as Sa(Ty) el oy slaesla
e VT O 5 (o ol (I35 (S50
$les A il oldde 5o il glajlne Cls 5 1S
b CAE A S S el QLA s S S aT e gla o
A S o) S e 5 S b s LS e e
YT 0L 5 SO ol (el o s o 5 S
Stz Sos s o o S K es e gl
bl s S slasslo ) b sla i 5 s
313 OLES s sty el Ay 5 das 20 sl S sl Ol gl
S el 5 e SRS fre DS glaslae
Je e ks b WS Osli ey L sla ol sl
e 03555 o (Stead 1] OLISes 5 uSlzes 1S o
o g i Sl ez A LD o3 ) ey S
S )3 el e p 03l oy (B 45 A 03l 0L s S
Sa (Ty) ol glajlas b 5 4555 Ol Sl glaab -
ﬁcv;;)_auujw;ﬁl»uﬁguﬁu@aom

At SISl ol 5 ks A e 8 b ke (Sa

2 Velocity Spectrum Intensity (VSI)
3 Housner Intensity (HI)

143

4S Sad lajlas 03 S atiie sy )3 s BB Oldlae
A Sl 5 LS s ol (sl oy ey o o 8
o 4t o o)L T 5 slosly & bl s &8 ol o ol
GV et O SO a8 el 605 [V O
313 DL sl s & il L3 S anlllae adb oy wlas e
o3l ol SVl gl Oloy 5s b Sk 3l eslizad o
w3l g el Ly SLLS ud e < (Sa(Ty)
S an S eI A 5 V] sl sl 5 S RO
it Jt dnel S5 slaly ol sl Do 3 b olis
i polde b alie 53 e il b O S 5 Lo s
S ay e ol Ot 5 oo (OB Jn 05 ) 0
i (Sa¥) gl 48 sl ol Lol lallas as e
el Laoss ol (8l ol Slrs o 5 oS L s SIS
o3 (51 Sa(Ty) S 315 L [T Oen 5 JB 358 LI b
5 Sl e it St 1 LS L ol e s O
e SOl s e Ol 41y [Sa(To), 8] Y] LS
b St a2 ST ol el Sle e aS s S
S ol b s b 2 5 SwalS dal 5l Jel
ol o 80 sl Bl s Jgl sl 53 5555
Sl L5 S eslizad dow 53 gl o8 (glojl . Saials dla, 5l
ol b iast glacl b aib cis o oletle
Sl aslial S o 53 48 5ls DL il g (530 Tr ans
L aslie 5o (glojlus (sla 5y 3 sl (5515 0 Dl Jlms
Al el ol 5 b o SEalS IS S lrs 5l eslind
D] s 5 SOb 5 il i s ol ColiS O35 5V
La o3l (6l cmlio ol jlme bt 355053 1y Slalllas
5 adh L ey SO e O o3l gl isls ol
S 55 L35 OSUS Glosle ol shils ST b s 1,8
b alralr Sl eslind o sl 0l Sladlas mls i S
G o e T 3 gl 550 168 plaosle gl Szl
[Sa(Ty), €] (ols = i Jlme 55 5 Sl i Skl @

lasse i as glasile sl &8 Lol 0L gl ol o

1 Peak Ground Acceleration (PGA)



Y40 J.;J/Y e)w/r.hbjue)}é

S g
Ll oo aS ) b Ay 5o S () g5 (S5m0 A

Bgs e Ol oo pl 4 s s i S

-1+ K,
Ty =7xDac+zDHy tan o
2
0.274 0.695 (\>
a =0.608-0.123¢c — +
3
c +1 c¢ +1

Hoady Ol bl SLs St C gl Sy, kiD oS
For g Al 055 7 ) S e 5l S mhan Aol
3 Sher upa S 0S L K, S
wlral ol S5 dy ol SKhsl 4l 8
Ao Sl sl esls gL 55 (V) ISSe j0 &S T, s A,
le @S|t asle gl o e Ve 50T Sl S

.@l[\O]ALA;L@.;.iﬁ&UMWJw,)w

St st e sla s (V) K2

Qu pu e
.\F\M [~ : :
r -
: qu a,
-{Q,
-k Wl

(O3} ol
Fig 2. Nonlinear soil springs

ol o ol 5ss Jie d) o
P =N cD+N »HD
ch gh

u
N =a+ bx + ¢ + d <9

ch x+1)2  (x+1)° (™)
th=a+bx+cx2+dx3+ex4
Sl e a Bk b s Ny s N, &S

c(¢) L;L}‘J LSKJG.J‘ 4.“:_5\‘) > o 8 Sl MLA_}&)
ol el cpkr 5 (HID) Wy Jlas 4y 3 Gee o

Ly e s (1) Jor Gllas

149

G lld s S e Sl 2 (V) IS

ok, e 2 S agid
o S i

Fig.1. Soil-pipe system and boundary conditions

3ygme DA S kae 3l (Slas gorme oS 5 LS Wlie 1l s
on Qe @V bl (glos )y ol
St olasia b 5 gl ol (Soobus Jos 25
o s iyl boglast il 5 355 e ol gl
el SRl U5 (slls oS glo3 ) 5L el oSGl A1
Sl 53 5 3 e Sl (el e ) b s (gl )
2 Ll G 5 CUliS el o (g3l s slaslns
Syhis 2Ll Do d) g 5L bl ot
&S 5 ot (83l Joo -V

G e g e e (Sealas Jodes 5 gsledie
SLaobdl Sl eslinad bl ol s plosil 5 sutoes 53|
0,5 a5 aS Cowl el giledde A S 53 Sda an
X Slay e S 5o plrals) oolil ey (i sl
el (T Js 055 52 5y

(S Slaigr s Wyl Glbl St ledie sl
(Jls Sadly WD) et 53 sl 51 (26 5 e
Jslas sla 8o 5 5 0] ol Sbt e SOl oS
U e i eslinal ol Sl Sl oS
(V) U2 5o o ol i 5 - s SOl
] ol 03551

sl 5 S 8 S o, e ala bl
Sl b oo 0l (V) JS5 55 48 5,80k ¢ oo
ol ol oY S a S s e gl b iy s

1 Incremental Dynamic Analysis (IDA)



\Y40 sls =/ Y e)La.':/‘,.aszie)}A

[Ve] th 3 Ny s LS‘)-! B e L§u):“\)l:f M) J}"’

o AL
e d C b a x | )¢ )
r
] VAL N | ese | wveY | HID | N,
SAvesx) e | Syoaxy T | —aw sy | YRR L HID | Y | N,
-¢
SA/FVAXY §
oY | —na AR | YATY [ HID | Yo | NG,
—4/104%\ " B
! Yvex YT | Al [AYE | g/08 | H/ID | Y | Ny,
5
SVARXY §
vAeXY T | e [ yaa |l VA [ HID | Yo | Ny,
Syvyerxye Tt &
—0/£YOX\ o/e b0 V/IVAY | V+/404 | H/D i Ngn
SV /vaaxy -
—VEEFXY o Jeth | Ya | wmen | HID | te | N,
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Abstract:

Investigation of the correlation between engineering demand parameter (EDP) and intensity measures (IMs)
has received substantial attention in performance-based earthquake engineering for prediction of seismic
demand of structures.In this study the seismic demands of buried steel pipelines are investigated in a
performance-based context. Several nonlinear dynamic analyses of two buried steel pipe models with
different D/t, H/D ratios and different soil properties and different pressures, performed under a suite of far-
field earthquake ground motion records were scaled to several intensity levels to investigate the behavior of
buried pipeline from elastic response to failure. Several scalar ground motion intensity measures (IMs) are
used to investigate their correlation with engineering demand parameter (EDP) which is measured in terms
of peak axial compressive strain in critical section. Using the regression analysis the efficiency and
sufficiency of candidates IMs is investigated.

To investigate the effects of different material and geometrical properties, two buried pipeline of API 5L
Grade X65 models with different pipe and soil properties are considered. To simulate soil effects on pipe in
axial, transverse and vertical directions bilinear force displacement curves (elastic-perfectly plastic)
representation of soil are employed based on suggestions of the American Lifeline Alliance. The FEM was
used in the analyses. The buried pipeline and the surrounding soil are modeled using shell, spring and
damper elements. Each node of the model was connected to three spring-dashpots.

Before deciding which ground motion IMs correlate well with seismic demand on buried pipes the first

guestion to be answered is: how is the seismic demand measured? Usual failure modes of continuous buried
pipelines are tensile ruptures or buckling because of compressive strains. Compressive straines that result in
bukcling are smaller than strains induce tensile failure. Therefore, the peak axial compression strain at the
critical section would seem the obvious candidate to use for EDP of buried pipe. It is necessary to examine a
wide range of potential IMs for determining the best IM for evaluating the buried pipe response. Therefore a
total of 16 different IMs are considered.
Using an efficient IM results in smaller variability in the structural response for any given IM. Chosing an
efficient IM causes the number of analyses and earthquake records needed to evaluate the probability of
exceedance of each value of EDP given the value of IM to be reduced. In this paper, a one-parameter log-log
linear regression of peak axial compressive strain on IM is utilized in evaluating the efficiency of each
alternative IM. A sufficient IM results in EDP conditionally independent, for a given IM, of earthquake
magnitude M and the source to site distance R. Using a sufficient 1M, yields ignoring the effects of
magnitude and distance in accurately predicting of EDP. Quantifying the sufficiency of IM is done by using
the one-parameter regression of peak axial compressive strain on M or R for a given IM. Among the models
investigated in this study it was seen that RMSd is the optimal IM for buried steel pipelines based on
efficincy and sufficiency conceptions.

Keywords: Continues Buried Pipeline, Intensity measure, Efficiency, Sufficiency, Performance-based
earthquake engineering.
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