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Evaluating the Effect of Earthquake Vertical Component on Large
Bay Steel Gabled Frame Located on Flexible Substrate using IDA

Mohammad Malekizadeh?, Ali Akbar Pirasteh?, Navid Siahpolo®*

1-MSc, Department of Civil Engineering, Institute for High Education, ACECR, Khuzestan, Iran

2- Assistant Professor, Department of Civil Engineering, Shahid Chamran University of Ahvaz, Ahvaz, Iran
3- Assistant Professor, Department of Civil Engineering, Institute for High Education, ACECR, Khuzestan, Iran

ABSTRACT ARTICLE INFO
Because Steel Gabled Frame, SGF, is essentially a lightweight, in most Receive Date: 07 August 2017
cases, in addition to the horizontal earthquake component, their vertical Revise Date: 06 February 2018

component is also ignored. That's while with an increase of SGF bay, Accept Date: 03 March 2018

structural mass increases significantly and as a Result, vertical motion can

produce large inertial forces in the structural members. Previous research

. . . Keywords:
shows destructive effects of this component in both concrete and steel Steel Gabled Frame .
structure systems, but so far the effect of earthquake vertical component on Vertical Component ,
SGF has not been Studied before. Therefore this paper could open a new Soil-Structural Interaction,
window of study on this type of Structure against both horizontal and Incremental Dynamic
vertical motions. Moreover, reviewing the behavior of SGF under the effect Analysis,
of Soil-Structure Interaction (SSI) can help to achieve the better Performance Level,
understanding of the SGF Structural Behavior. For this purpose, in this Fragility Curve

research 4 types of SGF with 20 and 60 m span, and 6 and 12 m height has
been considered. Incremental Dynamic Analysis (IDA) with and without
regard to the effects of the vertical component as well as SSI was conducted.
Then, results were presented in the form of fragility curves at three different
performance levels. Results Indicate that vertical component of an
earthquake has an important and decisive role in the behavior of SGFs. For
example, with considering both vertical and horizontal motion effects, the
SGFs enters nonlinear region immediately in comparison with considering
horizontal component only. Moreover, reducing the capacity and
increasing the probability of fragility and collapse are the most important
effects of vertical and horizontal motion simultaneously. But, Consider
Soil-Structural Interaction has a less impact on the seismic behavior of
SGFs.

All rights reserved to Iranian Society of Structural Engineering.

Doi: 10.22065/jsce.2018.94460.1283

*Corresponding author: Navid Siahpolo
Email address: n_siahpolo@yahoo.com

“ Y GIA amio ATA Jlo o) 0 5lods ¢ 0599 ol 96 jlw (wiigo (i g 3 — (oke &9 gt



O 21 03w (wckigo o2l Jeleolo

doddio —

0 o Ay Ay gy gy A Az gl b sl (oo peie j5iS Sy (Gake WD) 50 e 5 hel sl 5l (S Saie sl plesle
5o Aans 3l Sy cgle ailoo b aio ol lezsle Sidsy csly ogepel [V ]ced adly il xio e olls cile oyl oS
b dow lawgy o Lad iSTaS 5,9k a4y c00gy i 518 SLad slo o5l a4y s o g glyzl a5 04l o ool [SLAd slo ojle
3)lge el ;5 ol canlin 0 Shas ¢ Jlo (5w (30 S5 glo wilas sl alex 5l gl oty sblie Jdo & o g igds oo Clablon
il 5 el oo 3 e SVLa] e 4,550 M50 4y ojls JUEl el ccsl o040 5 g VLSl e ) e i ey 5yl e 4y
silize sl 6l sl o i 5o Lam 5 iaio slo S s 53 1o olo ol 5l gmmg sk 4 0350l ol 3l olal 3925 b o 5
LS o ooliul g b gl ciglen gl ol ¢85 olb degormes o Lol o ciaio sl A1 Laylen alosT Jod 5|

oS 55 o 4l 5 Lol el wiz g wsd o5 e gies b oo iz b 30 ilnd 50 ailns S5 &g 4y b g oda S
0,5 dSGyel aiile (gl aidying 5 Sixio Glo j5iS 0 00 1) 0,5 o yides 5 00g 5 Jolaite ailad ST OB S e slo QB (o
I¥] sl a2l (g oKz by nye ailos 5l by olo agms il g b copls ¢ gt

22 L oS Jolie shaos iS5 b 5 ks st M 5y JSCB s 0 (gtanels Sl s & s g as L
Gl a4z b (Jg Bl (oo pogm e Gl b dlge sl o 28 sl elos plowl s (e 4 08 dalgS obml b ojle Sl g9
3,50 1 ol 18y (s yof 4l 0 a5 sl sl aies oo (i 955 5| Jate S5 4y S (90l Sl L ojl Sl ggi ol &S
35 ol el ol &y e 4235 o ol 5| £33 ol sl "ol SSaliys el 31 ol 45 sy on 5 2y 5 5,05 3 s
1l oS Slalllas 5 oga ooliil &y 4y b Alges o s b gle Juloo alowl 5 oads 53 500 o 4y pekie o5 sl >
el 00l 518 b3l 5 (o) y90 |y I Agu (a i

Ao Sz S alas il L as ol s zols caisls ploxil dgw sae VA (55, » o, g 0oly (S a5 adod ulul 5
a3l g pefataz Gralidlosle o (pw il s, O JWo & g 03l o2 g (oo (b ol (LS 5 05 b aihis o &5 ol
Sy oo b sle alges 40 a3l b Coadl odims (Lt 500 ol 45 s wnlys ol b 5l 5 e il 4 35 L a5 gl aisS
axgi B sl g ctao Sl cafin slo auie 4 ax g b b dgw ales 5l cro slo laisle gloj) ol egdle o [Y] el
2l (oo o3 o)) 4l 12 50 (ulS Eadge So g 009 1593 (VL Coeal sl e o5l cnl o )5 4 Jgrie ol 3

G0 3 o ] G5B adlge 5l aljly 28l addge pogdle 0)lge el jo ] o Lot 4 S slo o5l 25 b g a5l s amg5 L
£S o s 5 5 il Gl sl Al LB 45 & 3l o s g i B ailns al 3L S el U 0 5 a5
2l adlie Gl o yme Sl il iliios mls wisd ojle slasl 3 gzrg BB syl Gl 5505 (el 0925 4 Lol Wl oo (e @38
addio 3l 5950l 4 U oumio Slallas o8 e (Jg s dalgs o lil o o1 5 golass a4 dslol jo a5 &S o 0l (s0V8 5 b sl ojlu
sl 23855 )18 (om0 990 L Algas )5 A3l 3B

b oS ool oa; 4 cnl g 00ls )13 oy 990 (i 03l d (59, 1) W5 RSB adlie ST (25 5 Ly YT Lo o
ol Al a8 a8l )0 iz (nl 50 (rizme 09 (oo 005 0) ) () @B adlge Sl cojl EliS,] (rnizmen g 02 Cu S e 5l iz SIS
3l o6 ailge 51 goae oy b oolialiilr o yoo Yo VE Jlo yo [Floal ity ot 4ol 4 Cond s e 4ol o ailhe
s 38,5 e BB il (] 45 sl (L5 Ll s (5990 alllas) (ST (sl s (Saliys 55, 2 o5 035 sl
olo Y10 Jl o [0]s))s o b ol S p o Sials g o jeome B3l gla S0 s ol cas o FO sgu o 2
O et (a8l Sl adlie l (28,5 Hla y0 a8 sls Glis g eols )13 (o)l 3 )90 Y 93 lo Sl L3, I Al B addse S
S8 YV E o jo [Plewt anslas 1) (uileS gl g9 oyl 4o Slauz Sl aly); o506 adlge oS ol lis aized 0gd oo ojle JS

Y Incremental Dynamic Analysis (IDA)

Y GAA amio ATFAA Jlo oF 0339 6 ko ¢ 698 (ol 9 0w (wiigo (i g 3 — (oIE 4 pid



O 21 03w (wckigo o2l Jeleolo

1 45 815 5 o Jelo ol 30,5 gy ST 5 b 9V (st sl o (513 slo il Iy a5 o3 adlpe 5 s i 5
7 head Sy by o IR 2 Sl by antls o gt et S 5 (6y9me o IR S Sy 3l ailsa
5 o> TV Jlo o [V]al oo Lials adlse cpl 5l cov wlid 88l S s g Slids (o a5 ol b 0 ol g o)ls o
alas o addge (pl a5 wisls ylis (go¥sd la ladle o wlas 55 ied slo OB (g, » ay); 56 adlie S Sb3,IL 1T 00
o5 o 4l T 55 355 L, 1 45 ke 2 sl 0008 el G &1y (oot sl 5 g S polie e Vo5l iy sl
[Aled s ks o, @B addge Sl ol

6 0 Teilr ST 2 ] 31515t o ol o i (53 Ly Al S 5 il 505, o i an Lo
S g9y dgu 1.l SWl s b dgus )0 o3-S uS 0l @l 5l aie j0 ool plosl Sladios Jdo e 4y il oo ks
Ll oy SB s pojle a5 all J13 ST Ll ail cod (s ol (5,8 0l S> aS il @l 3l 5l o 87 Sl dd o el Ly o
e 05l S L S ail 5165 s s pae o jlee el o i e all azgs BB ojlu-ST i jasl Sl ST el Soe w0 gl
Gl & e bl i Sy o Gl (e Lol il walss ol jor 4y (solaidl slo a s s g ol wales daw YL Caws b
5 ome S0 @ dilg oo ojlm S Syl Il 8 S o bl ol Sl ggi onl S8, g etz []00,5 (sl ojle slo
WS S8 ol s, 5 5 g8

ools 1,8 axlllac 590 dgazme ladl gy 4 s leislo & 53, p ) il 1S )l Bl ) g 8 el YV L o
[V ] 058 oo 5 et o5l (39 uiu”‘)'.é‘LgQTé:.bd..gjo}u eyl Galdl b ojlu-S i )uil 3las sl ol b Judod zolis ol
L as wisls plas wlil az s aiz sl ojles (Sealino JLd, 5 ojlem aaim S 25,08l 51 Sb;) L o, § (Bolo YV F Jlo o
0 2z ojle bawgi Sl cw bl G9p5 mey S5 Al 50 g ead i gl polie p3 (pies S Gl £ wsle el B
o 30 8l o5 DIl (285 L o (ygn g dae 55 59y 1) o3l S Sl Gl (6508 g (e TND Jlo o [V 05
YL 5 s (ol Bl iomas g sdes ST gl G melS Celojlu-ST S jaslas sl L sdel s 4 ol sl )3
Nl Slaxl o3 S (g9, p oS ol YU (6,5 Caslus g0l elas )| L sl dguw 1o a5 sl o] [ Silo ol cpl a5 058 oo algu
05 slazel CoblB oy p b o) ao 5 Jol ciige Y V8 Jlo ;o [A] 0gd Bld o o] (>lb j0 o5l S a8 050 @l jl el i
Fepy slo S 5 Yl 55 03,0 b Gblis s a5 wisls s wojlom Sl il 31 luisl b (i LB 2 sl lezslo
YW Jlo 5o [NV]00,5 o0 s i 5l sl 0, Shae 0 Jgam 10 il sl o3les sloiiel coblB ojb 2alS s Wilg5 o 03 10l
5 ewdid oabaial glyls goVYed sl leisle SYlaisl liebl coll Fshw o 1) ojlu-Ss 1Sl I RN VSR &)
855 S ) poe a5 (5 0k 4 ond gl )3 1S e ge o)l SIS AU 0l oS il eds ) A (pl 4 g 0310 18 (o) 2 9590 £
DYT 05 03l (slo3) 0 ,Shae 5l (s joli 3510 4 e Wlgi (o0 (Hyb o O]

~SL S il g aljly o adlie Sl Sl e 0 s39e 5 (025 Sladllas pas ) (Sl ety Sliiien g (8 Shasl g5
Lol o g o 4 b Al 5 00 b dlgw itad OB (gl o)) o Ses (59, p SYleixl g s Ll sl Lo LIB o o5l
Ol 6y a5 10 pas (Wgd oo aBlw p i S g9y p &S ol daw pired g e oo b sld g o a5 ol b jo ol
s el 5 68 Sl o o 5 5y JSD s a5 42805 5l g5 il 51 03, sl iy 53 (st B 5T g5 (om 0000t
S A5 g ojle susige ple 0 61952 ol S p2le Ghaghy plal b (es & 0S8 (c)p 0j5e o e T L8, oS
D9 (5

2 Rigid Base (RB)
3 Soil-Structure Interaction (SSI)
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4 Allowable Stress Design (ASD)
5 Load and Resistance Factor Design (LRFD)
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6 Open System for Earthquake Engineering Simulation (OPENSEES)
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ID No. Event Station (M) R (km) (m/sec) PGAV / H,max Record Set
1 Duzce Turkey Bolu 7.14 12.04 293.57 0.248 Far-Field
2 Loma Prieta Capitola 6.93 15.23 288.62 1.087 Far-Field
3 Chi-Chi Taiwan CHY101 7.62 9.94 258.89 0.417 Far-Field
4 Landers Coolwater 7.28 19.74 352.98 0.424 Far-Field
5 Imperial Valley-06 Delta 6.53 22.03 242.05 0.407 Far-Field
6 Loma Prieta Gilroy Array #3 6.93 12.82 349.85 0.613 Far-Field
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7 Superstition Hills Ce"tézr:’tnp' co. 6.54 182  192.05 0.358 Far-Field
8 Northridge-01 Canyon-W Lost Cany 6.69 12.44 325.6 0.641 Far-Field
9 Northridge-01 Beverly Hills-Mulhol 6.69 17.15 355.81 0.667 Far-Field
10 San Fernando LA-Hollywood Stor FF 6.61 22.77 316.46 0.73 Far-Field
11 Kobe Japan Shin-Osaka 6.9 19.15 256 0.289 Far-Field
12 Imperial Valley-06 Bonds Corner 6.53 266  223.03 0.685 Nea:;:g (No
13 Imperial Valley-06 Chihuahua 6.53 729  242.05 0.885 Nea;ji‘; (No
14 Kocaeli Turkey Yarimca 7.51 4.83 297 0.752 Near-Field (No

Pulse)

15 Duzce Turkey Duzce 7.14 6.58 281.86 0.671 Near-Field (Pulse)
16 Imperial Valley-06 El Centro Array #6 6.53 1.35 203.22 4.167 Near-Field (Pulse)
17 Imperial Valley-06 El Centro Array #7 6.53 0.56 210.51 1.235 Near-Field (Pulse)
18 Erzican Turkey Erzincan 6.69 4.38 352.05 0.474 Near-Field (Pulse)
19 Northridge-01 Rinaldi Receiving Sta 6.69 6.5 282.25 1.099 Near-Field (Pulse)
20 Chi-Chi Taiwan TCUO065 7.62 0.57 305.85 0.333 Near-Field (Pulse)
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7 Immediate Occupancy (I0)
8 Life Safety (LS)

% Collapse Prevention (CP)
10 Intensity Measure (IM)

11 Engineering Demand Parameter (EDP)
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