
IOP Conference Series: Materials
Science and Engineering

     

PAPER • OPEN ACCESS

Analysis of Steel Multi-storey Building Subjected to
Halabja Earthquake Loading
To cite this article: Aymen R. Mohammed et al 2020 IOP Conf. Ser.: Mater. Sci. Eng. 881 012039

 

View the article online for updates and enhancements.

You may also like
Single-Layer Nail Penetration for Lithium-
Ion Battery Safety Characterization
Shan Huang, Xiaoniu Du, Mark Richter et
al.

-

A New Method for Triggering Lithium-Ion
Cell Internal Short Circuit (ISC) While
Monitoring the ISC Current
Mary Kate Long, Siyi Liu and Guangsheng
Zhang

-

Understanding Internal Short Circuit
Caused Thermal Runaway of Li-Ion Cells
through in-Situ Diagnosis
Siyi Liu, Mary K Long and Guangsheng
Zhang

-

This content was downloaded from IP address 3.144.240.61 on 15/05/2024 at 18:05

https://doi.org/10.1088/1757-899X/881/1/012039
https://iopscience.iop.org/article/10.1149/MA2019-01/6/573
https://iopscience.iop.org/article/10.1149/MA2019-01/6/573
https://iopscience.iop.org/article/10.1149/MA2022-02179mtgabs
https://iopscience.iop.org/article/10.1149/MA2022-02179mtgabs
https://iopscience.iop.org/article/10.1149/MA2022-02179mtgabs
https://iopscience.iop.org/article/10.1149/MA2023-023467mtgabs
https://iopscience.iop.org/article/10.1149/MA2023-023467mtgabs
https://iopscience.iop.org/article/10.1149/MA2023-023467mtgabs
https://iopscience.iop.org/article/10.1149/MA2023-023467mtgabs
https://iopscience.iop.org/article/10.1149/MA2023-023467mtgabs
https://iopscience.iop.org/article/10.1149/MA2023-023467mtgabs
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjssgQ2LsgZTaFxUha583MSP5NH0pshWPSMFm2FCAgq61SiLonkf6JOQzX1S5SYHUlmJsvmN2BQ2g4sW8C8yvfewhYBtI7gnd5gb2blXHgSArJdeYYVYmejMdKDzf0ySor-RXqjVfhuYyUlyyEbVHDPlUqNdmYqZARmb1v1uQ6sUv7JggPqhYb28hgtVlxxsDldkt-rXR4t1ua2KO-r1oivIRQkETn8TXoOBYeJaKLPTUDwt2ikkzc7xFOIH0EurqeR5d0D3gfdWOrb3kexWgDVjaCob7qOxove24gK34v-qVrCtUMly3O_Ujeh0XKTAtcRMdh9iDYFy97T_85SUy3In181HRJizq&sig=Cg0ArKJSzA6H-LY1xhaI&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

3rd International Conference on Sustainable Engineering Techniques (ICSET 2020)

IOP Conf. Series: Materials Science and Engineering 881 (2020) 012039

IOP Publishing

doi:10.1088/1757-899X/881/1/012039

1

Analysis of Steel Multi-storey Building Subjected to Halabja 

Earthquake Loading 
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Table 1: Properties, Stories, and section of steel multi-story builds models&
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$4+#&(4*/"/0&4D&/0.=(0=.%&/%$D:I%"5)02&/=H%."9H4/%#&#%+#&$4+#&+*#&H%.9"//";$%&$"-%&$4+#&"*&+((4.#+*(%&

I"0)&0)%&/0+*#+.#/>&'+;$%&?&/)4I/&0)%&)%"5)02&/04.1&*=9;%.2&H$+*&#"9%*/"4*2&D=*#+9%*0+$&H%."4#&4D&0)%&

/0.=(0=.%2&#1*+9"(&(4%DD"("%*0&UOV>&')%&k4*"*5&9+H&D+(04.&UiV2&"9H4.0+*(%&D+(04.&U7V2&O0.=(0=.+$&/1/0%9&

(4%DD"("%*0&U\V2&O4"$&Q.4D"$%&'1H%&UOQ'hV&+*#&0)%&/0.=(0=.%&H%."4#&D+(04.&U3'V&+.%&F>FE2& 2&d2&d2&F>FA&

.%/H%(0"-%$1>&

&

F%!8*(;W&X=*#+9%*0+$&/0.=(0=.%&H%."4#&+*#&#+1*+9"(&(4%DD"("%*0&D+(04.>&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

(

(

3.2.2 Iraqi seismic code 2017&requirements((

7.+8"& O%"/9"(&34#%& ?F A& H.%/%*0& 0)%& /%"/9"(& (4%DD"("%*0/& D4.& +$$& .%5"4*/& 4D& 7.+8& +*#& 0)%& (+$(=$+0"4*&

9%0)4#&D4.& 0)%&(+$(=$+0"*5& 0)%& 040+$&)4."k4*0+$&#%/"5*&/%"/9"(&D4.(%>&X"5>&C:+&/)4I/& 0)%&7.+8"&9+H&4D&

/H%(0.+$& .%/H4*/%& +((%$%.+0"4*& +0& F>?& /%(& +*#& X"5>& C:;( /)4I/& 0)%& 7.+8"& 9+H& 4D& /H%(0.+$& .%/H4*/%&

+((%$%.+0"4*&+0& &/%(>&')%&/H%(0.+$&.%/H4*/%2&+((%$%.+0"4*&+0&F>?&/%(&D"2&/H%(0.+$&.%/H4*/%&+((%$%.+0"4*&+0&

 >F&/%(&O 2&'.+*/"0"4*&H%."4#&'^2&79H4.0+*(%&X+(04.&72&T%/H4*/%&94#"D"(+0"4*&D+(04.&T2&O)4.0&H%."4#&/"0%:

(4%DD"("%*0&+0&F>?F&/%(&H%."4#&X+2& $4*5& :H%."4#&/"0%:(4%DD"("%*0& +0& >F& /%(&H%."4#&X-2&O0.=(0=.%&H%."4#&

(4%DD"("%*0&3'2&%NH4*%*0&D+(04.&"*&%8=+0"4*&4D&0)%&/0.=(0=.%&H%."4#&D4.9=$+&N&+.%&F>BF2&F>?2& 2&d2&d2& > 2&

 >B2&F>FA2&+*#&F>AE&.%/H%(0"-%$1>&

&

(

(

!4#%$& Z4>&4D&/04."%/& LU9V& fU9V& 4 & 5* 65789:& O&

! & B&  P>E&  E& F>dEC&  >F&

!?& P& ?S>E&  E& F>BB?&  >F&

!C&  ?& CA>E&  E& F>SA & F>PF&

>392$*(4G&7.+8"&/%"/9"(&k4*%&9+H&U7O3& PPAV>&
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(

H'% I3"#$3!2#3-1(-7(=-$3J-1#%8("*3":3&(7-$&*"(

')%&L4."k4*0+$& /%"/9"(& D4.(%/& #"/0.";=0%& 4-%.& 0)%& )%"5)0& 4D& 0)%& /0.=(0=.%& 04& H.%#"(0& 0)%& %DD%(0& 4D& 0)%&

%+.0)8=+K%&4*&0)%&/0.=(0=.%>&')%&#"/0.";=0"4*&/)4=$#&;%&"*&+((4.#+*(%&I"0)&0)%&D4$$4I"*5&D4.9=$+W&

&

(; &
.;<;
= .><>
?
@

(///// 000000000000000000001A3&

&

l)%.%W&&(;&"/&0)%&)4."k4*0+$&/%"/9"(&#%/"5*&D4.(%&"*&0)%&"0)&$%-%$2&&&.;B.>&+.%&I%"5)0/&4D&"
0)&+*#&M0)&D$44.2&

<;B<> &+.%&0)%&)%"5)0/&4D& 0)%& "
0)_&M0)& D.49&0)%&04H&4D&0)%&D4=*#+0"4*&+*#&0)%&Z&"/& 0)%& 040+$&*=9;%.&4D&

/04."%/>&

&

K'% >313#*(*8*:*1#(:-.*88319(

')%& D"*"0%& %$%9%*0& 9%0)4#& "/& ($+//"D"%#& +/& *=9%."(+$& 9%0)4#& =/%#& 04& 4-%.(49%& 0)%& %NH%."9%*0+$&

$"9"0+0"4*&04&#%94*/0.+0%&0)%&;%)+-"4.&4D&0)%&/0.=(0=.%>&J&=/%D=$&0%()*"(+$&D"*"0%&%$%9%*0&94#%$&9=/0&;%&

=/%#&04&#%94*/0.+0%&0)%&.%+$&/0.=(0=.+$&;%)+-"4.>&&

(
5.1 Geometry Idealization 

O0++#&Q.4&RS"&OOB&/4D0I+.%&I+/&=/%#& 04&H%.D4.9&0)%& 0"9%&)"/04.1&=/"*5&0)%&X"*"0%&[$%9%*0&!%0)4#>&

34$=9*/&+*#&;%+9/&+.%&"#%+$"k%#&=/"*5&OH+(%&X.+9%&[$%9%*0&I)"()&)+/&+&/"N&#%5.%%&4D&D.%%#49&H%.&

*4#%&+/&/)4I*&"*&X"5>&Ud:+V>&J&."5"#&D$44.&0%()*"8=%&"/&+#4H0%#&D4.&+$$&D$44./&04&.%H.%/%*0&0)%&%DD%(0&4D&0)%&

(49H4/"0%&(4*(.%0%&/$+;2&0)"/&I"$$&H.%-%*0&0)%&#"/04.0"4*&4D&0)%&D$44.2&I)"$%&+$$&0.+*/$+0"4*+$&#%5.%%&4D&

D.%%#49&+$4*5&0)%&-%.0"(+$&+N"/&"/&*40&(4*/0.+"*%#>&')%&#"/(.%0"k+0"4*&4D&%$%9%*0/&I+/&(+.."%#&4=0&04&5%0&

+&544#&(4*-%.5%*(%&"*&.%/=$0/>&X"N%#&/=HH4.0/&I%.%&+//=9%#&D4.&+$$&/=HH4.0/>&X"5>&Ud:;V&/)4I/&0)%&D"*"0%&

%$%9%*0&"#%+$"k+0"4*&D4.&0).%%&94#%$/>(

(
5.2 Loading&

')%&$4+#"*5&"#%+$"k+0"4*&"*&+&D"*"0%&%$%9%*0&=/"*5&O0++#&Q.4&RS"&/0.=(0=.+$&/4D0I+.%&"/&#%D%.&"*&[8="-+$%*0&

O0+0"(&J*+$1/"/&.+0)%.&0)+*&'"9%&)"/04.1&+*+$1/"/&+/&D4$$4IW&

+: J((%$%.+0"4*&+0&F>?&/%(&U7O3&?F AV& ;L(J((%$%.+0"4*&+0& &/%(&U7O3&?F AV&

>392$*(;W&7.+8"&9+H&4D&/H%(0.+$&.%/H4*/%&+((%$%.+0"4*&U7O3&?F AV>&
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&

5.2.1. Equivalent static analysis 

7*&0)"/&+HH.4+()&"*&+##"0"4*&04&0)%&/%"/9"(&#%D"*"0"4*&+((4.#"*5&04&0)%&7.+8"&O%"/9"(&34#%/2&/%$D:

I%"5)0& +*#& 5.+-"01& $4+#/& /=()& +/& /=H%."9H4/%#& #%+#& $4+#/&9=/0& ;%& #%D"*%#>&^4+#& (+/%/& 4D&

/%"/9"(&$4+#&(4*/"/0&4D&4*$1&0)%&/%"/9"(&$4+#/&+/&/)4I*&"*&X"5>&UE:+V>&

(
5.2.2 Time history loading idealization 

7*&0)"/&+HH.4+()&4*$1&0)%&%+.0)8=+K%&0"9%&)"/04.1&UJ((%$%.+0"4*&R%./=/&0"9%V&9=/0&;%&#%D"*%#&

"*& 0)%& #%D"*"0"4*& 9%*=& +*#& 0)%& /%$D:I%"5)0& +*#& 5.+-"01& $4+#/& 9=/0& ;%& #%D%*#"*5& "*& 0).%%&

#".%(0"4*/&e2&h2&+*#&i&I"0)"*&0)%&/%"/9"(&$4+#&(+/%&"*&0)%&$4+#&(+/%/&9%*=&+/&/)4I*&"*&X"5>&E:

;>&')%& $4+#"*5& "#%+$"k+0"4*& "*& +& D"*"0%& %$%9%*0& =/"*5& O0++#& Q.4& RS"& /0.=(0=.+$& /4D0I+.%& "/& #%D%.& "*&

[8="-+$%*0&O0+0"(&J*+$1/"/&.+0)%.&0)+*&'"9%&)"/04.1&+*+$1/"/&+/&D4$$4IW&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

(

(

%L&[8="-+$%*0&/0+0"(&+*+$1/"/:&

/%"/9"(&#%D"*"0"4*&

!L&'"9%&)"/04.1&+*+$1/"/:&

/%"/9"(&#%D"*"0"4*&

X"5>&EW(X"*"0%&%$%9%*0&"#%+$"k+0"4*&4D&#1*+9"(&$4+#"*5&

+G&OH+(%&D.+9%&%$%9%*0 ;G&OH+(%&D.+9%&94#%$$"*5&

X"5>&dG&X"*"0%&%$%9%*0&"#%+$"k+0"4*&4D&;="$#"*5&
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C'% M*"28#"(%1.(.3"&2""3-1(

6.1 Mode shapes 

'+;$%&d&/)4I/&0)%&D=*#+9%*0+$&5$4;+$&94#%&/)+H%/&I"0)&(4..%/H4*#"*5&*+0=.+$&D.%8=%*("%/&+*#&0)%&01H%&

4D&%+()&94#%&H%.&%+()&94#%$>&

&

F%!8*(HG&X=*#+9%*0+$&5$4;+$&94#%&/)+H%/&I"0)&(4..%/H4*#"*5&*+0=.+$&D.%8=%*("%/>&

&!4#%$/& !4#%&Z4>&
Z+0=.+$&X.%8=%*(1&

U31($%]/%(V&
'1H%&

!
 
:&
B
&

O
04
."
%/
&  & F>CC?&  &/0&'4./"4*+$&94#%&

?& F>EA?&  &/0&^+0%.+$&94#%&

C& F>S?C&  &/0&349;"*%#&^+0%.+$:'4./"4*+$&94#%&

E& ?>?Bd& ?&*#&^+0%.+$&94#%&

!
?
:&
P
&

O
04
."
%/
&

 & F> SB  &/0 '4./"4*+$&94#%

?& F>C?d&  &/0&^+0%.+$&94#%&

C& F>dBP  &/0 349;"*%#&^+0%.+$:'4./"4*+$&94#%

E&  > P& ?&*#&^+0%.+$&94#%&

? & ?>d C&.# ^+0%.+$&94#%

!
C
: 
?
&O
04
."
%/
&  & F> ?S&  &/0&'4./"4*+$&94#%&

?& F>??d  &/0 ^+0%.+$&94#%

C& F>C?E&  &/0&349;"*%#&^+0%.+$:'4./"4*+$&94#%&

E& F>SEF ?&*# ^+0%.+$&94#%

P&  >AEE& C&.#&^+0%.+$&94#%&

dA& ?>AF? d&0) ^+0%.+$&94#%

&

X"5>&B&/)4I/&0)%&94#%&/)+H%/&4D&B&/04."%/&/0%%$&;="$#"*5&! 2&X"5>&A&/)4I/&0)%&$+0%.+$&94#%&/)+H%/&4D&P&

/04."%/&/0%%$&;="$#"*5&!?&+*#&X"5>&S&/)4I/&0)%&$+0%.+$&94#%&/)+H%/&4D& ?&/04."%/&/0%%$&;="$#"*5&!C>&')%&

04./"4*+$&+*#&(49;"*%#&04./"4*+$&I"0)&$+0%.+$&94#%&/)+H%/&+$/4&+((.=%#&D4.&!?&UP&/04."%/V&_&!C&U ?&

O04."%/V>&b$4;+$&94#%/&/)4I*&"*&D"5=.%/&B2A&+*#&S&)+/&+&$+.5%&%DD%(0"-%&9+//&+*#&9+1&;%&($+//"D"%#&+/&

/"5*"D"(+*0&(4*0.";=04.&04&0)%&.%/H4*/%&4D&0)%&/1/0%9>&J$$&94#%$/&)+-%&+&($%+.&04./"4*+$&+*#&(49;"*%#&

04./"4*+$&I"0)&$+0%.+$&94#%2&I)"$%&0)%&94#%$&! &)+/&4*$1&0I4&/"5*"D"(+*0&$+0%.+$&94#%/&+/&/)4I*&"*&X"5>&

B:+&+*#&B:;>&')%&94#%$&!?&)+/&C&/"5*"D"(+*0&$+0%.+$&94#%/&+/&/)4I*&"*&X"5>&A2&I)"$%&0)%&0"9%&)"/04.1&

+*+$1/"/&=*#%.&L+$+;M+&%+.0)8=+K%&.%/=$0/&"*04&D4=.&/"5*"D"(+*0&$+0%.+$&94#%/&D4.&94#%$/&!C&+/&/)4I*&"*&

X"5>&S>&&

&&&&&&&&

6.2 Maximum base shear 

')%&9+N"9=9&;+/%&/)%+.&.%H.%/%*0/&0)%&9+N"9=9&5%*%.+0%#&D4.(%&+0&0)%&;+/%&4D&0)%&/0.=(0=.%&#=%&04&0)%&

%+.0)8=+K%&$4+#>&'+;$%&E&/)4I&0)%&9+N"9=9&;+/%&/)%+.&"*&/0%%$&;="$#"*5&94#%$/&+*#&0)%&X"5>&P&+*#&X"5>&

 F&/)4I&0)%&(49H.%//"4*&4D&9+N"9=9&;+/%&/)%+.&5%*%.+0%#&"*&0)%&;+/%&4D&%+()&/0%%$&;="$#"*5&94#%$&

#=%&04&0)%&+HH$"%#&/%"/9"(&$4+#/&I)"()&+.%&%-%*&7O3 PPA&4.&7O3?F A&4.&;1&L+$+;M+&%+.0)8=+K%&$4+#"*5&

"*&e_&i&#".%(0"4*/>&X"5=.%/&P&+*#& F&/)4I/&0)+0& 0)%&%8="-+$%*0&/0+0"(&9%0)4#&H.4H4/%#&;1&7O3 PPA&

H.4#=(%#&+&)"5)%.&;+/%&/)%+.&"*&/0%%$&;="$#"*5&40)%.&0)+*&0)+0&H.4H4/%#&;1&7O3&?F A>&640)&4D&7O3& PPA&

+*#&7O3&?F A&)+-%&;%%*&94.%&(4*/%.-+0"-%&"*&;+/%&/)%+.&%/H%("+$$1&D4.&)"5):."/%&/0%%$&;="$#"*5&0)+*&0)%&

.%+$&#1*+9"(&+*+$1/"/&=*#%.&0)%&%DD%(0&4D&0)%&$+0%/0&%+.0)8=+K%&"*&L+$+;M+&?F A2&I)"$%&0)%&0"9%&)"/04.1&

+*+$1/"/&H.4#=(%/&+&;+/%&/)%+.&94.%&0)+*&7O3&?F A>&')%&7O3& PPA&+HH.4+()&/0"$$&H.4#=(%&+&)"5)%.&-+$=%&

+/&+&(4*/%.-+0"-%&9%0)4#>&

&

&

&

&
&

&
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&

&

&

&

&

&&&&&&&&&&&&&&&&&&&X"5>&PW&!+N"9=9&;+/%&/)%+.&RN>&&&&&&&&&&&&&&&&&&&&&&&&X"5>& FW&!+N"9=9&;+/%&/)%+.&Rk>&

+: ! :& &/0>&^&& ;: ! :&?&*#>&^&& (: ! :& &/0>&'& #: ! :& &/0>&'c^&

>39'(CW&!4#%/&/)+H%/&4D&E&/04."%/&/0%%$&;="$#"*5&U! V>&

+: !?:& &/0>&^&& ;: !?:&?&*#&^&&
(: !?:&C&.#&^&&

>39'(NW&^+0%.+$&94#%/&/)+H%/&4D&P&/04."%/&/0%%$&;="$#"*5&U!?V>&

+: !C:& &/0>&^&& ;: !C:&?&*#&^&& (: !C:&C&.#&^&& #: !C:&d&0)&^&&

>39'(OW&^+0%.+$&94#%/&/)+H%/&4D& ?&/04."%/&/0%%$&;="$#"*5&m&U!CV>&
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F%!8*(KG&!+N"9=9&;+/%&/)%+.&U\ZV&"*&/0%%$&;="$#"*5&94#%$/&

&& e:f".%(0"4*& i:f".%(0"4*&

&& ! & !?& !C& ! & !?& !C&

7O3& PPA& PPF&  CC?&  dCd& PPF&  CC?&  dCd&

7O3&?F A& ASP&  FEd&   dC& ASP&  FEd&   dC&

'LJ&& SSd& SPE& PBP& SCC& PAB&  F A&

&

&

6.3 Maximum displacement&

')%&9+N"9=9&#"/H$+(%9%*0&+((4.#&"*&%+()&/0%%$&;="$#"*5&#=%&04&0)%&/%"/9"(&$4+#/&+HH$"%#&;1&4*%&4D&0)%&

0).%%&+#4H0%#&+HH.4+()%/&I+/&9%*0"4*%#&"*&0)"/&.%/%+.()&04&"*-%/0"5+0%&0)%&;%)+-"4.&4D&9=$0":/04.%1&/0%%$&

;="$#"*5&+*#&04&9+K%&+&(49H.%//"4*&;%0I%%*&0)%&%8="-+$%*0&/0+0"(&+HH.4+()%/&H.%/%*0%#&"*&7.+8"&(4#%/&

I"0)&0)%&#1*+9"(/&+*+$1/"/&=/"*5&0"9%&)"/04.1&+HH.4+()>&'+;$%&B&/)4I&0)%&9+N"9=9&#"/H$+(%9%*0&"*&e&

_&i&#".%(0"4*&D4.&94#%$/&! 2&!?&+*#&!C&.%/=$0/&D.49&+*+$1/"/&(+.."%#&4=0&+((4.#"*5&04&0)%&$"9"0+0"4*&

4D&7O3& PPA2&7O3&?F A&+*#&0"9%&)"/04.1&+*+$1/"/&U'LJV&=*#%.&0)%&%DD%(0&4D&L+$+;M+&%+.0)8=+K%&#1*+9"(&

$4+#/>&

&

F%!8*(CG&!+N"9=9&#"/H$+(%9%*0&U99V&"*&e&_&i&#".%(0"4*/>&

&& e:f".%(0"4*& i:f".%(0"4*&

&& ! & !?& !C& ! & !?& !C&

7O3& PPA&  FA>S& P?&  FP&  ??>d&  CPE&  EBC&

7O3&?F A& P?& BEP& S C&  FE&   Cd&  ?SF&

'LJ&&  FP& ?BE& CdE&  ??& ?S & d?F&

&

X"5=.%/&  &+*#& ?&/)4I&+&(49H.%//"4*&;%0I%%*&0)%&7O3& PPA2&7O3&?F A&+*#&'LJ&D4.&0)%&9+N"9=9&

#"/H$+(%9%*0&D4.&94#%$/&! 2&!?&+*#&!C&"*&e&+*#&i&#".%(0"4*/>&')%&7O3& PPA&+HH.4+()&/0"$$&.%H.%/%*0&

+&(4*/%.-+0"-%&9%0)4#&D4.&H.%#"(0"*5&0)%&5%*%.+0%#&9+N"9=9&#"/H$+(%9%*0&+*#&H.4#=(%&)"5)%.&-+$=%/&

.+0)%.& 0)+*& 0)4/%& 4;0+"*%#& D.49& 7O3&?F A& +HH.4+()& 4.&'LJ&+HH.4+()& %/H%("+$$1& D4.& )"5):."/%& /0%%$&
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