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Comparison of the Behavior of Steel Frames under Blast Effects

M.S. Shahidzadeh, E. Shahlunejad, A.M. Derakhshannejad

Abstract

The performance evaluation of structures, particularly steel structures against blast loads, is of great importance. One
important prediction for dealing with destructive lateral forces in structures is the application of structural steel
framing systems. In this study, seven samples of lateral load-resisting systems were developed in a five-story steel
structure, considering the provisions of Standard 2800. Using ABAQUS and SAP2000 software, numerical analysis was
performed on these systems under blast loads. An aerial explosion was considered, with an explosive material quantity
of 200 kg in terms of T.N.T, located at a distance of 2 meters from the centerline of the beam-column connection, in a
height of 2.8 meters from the ground level. The results showed that in all models, the adjacent column to the explosion
source experienced severe deformation, and plastic damage occurred in the connection region. Additionally, the
stresses in the beam web and connection plates at the base of the column reached their maximum values. This
occurrence was less observed in moment frame models, while special moment frames and intermediate moment frames
demonstrated better performance. In various shear wall models, no plastic damage was observed at the base of the
adjacent column to the explosion source, and the energy absorption per unit weight of the structure was obtained.
Consequently, the special moment frame had the highest energy absorption capacity, and the lowest was associated
with the concentric moment frame.

Keywords
Steel lateral bearing systems, Blast load, Abaqus software, Steel shear wall

b /3Ugb 9 ojw (iingh) 9 pale ayps

ICeb 10l - o1 9 o (s0) L - pgu g (w

L pralpl 03ljr1gi @lvrane

3)> (uaprol ol

2

jsg


http://journalisss.ir/

e 5 (TVF) L 3 [¥] OLs 5 3lanes 5
Lol DL 3 cos oV laesle 55 suslee sl San
Lsls D13 () 230 50

e T) Il 53 [P] OLKes 5 STl
P ol s LI ez 30 L S s (Sl ok
3ladde (o sSLT L L oS w035 (63 gee Jlaskd g5 51
23S 3 e 3, 5 A

Sy ez 4 (TOWV) Jl s [A] ODSes 5 (s lax
S ol gyl pln s gle S oV B n sl
ol o mmine 310 Ahols o eiie 3le ltie 3U 5 SUsp
Lz 5y dies 5,808 S 5 By

Ol L L (YOVF) Jle s [V o] 0b s 5 alsls
ol e slie o ) shiteas [ 435 5L ln o3 pslie (s3Y 58
313 13 bl 3 e s sl mse il 53

# olextle (Y010) Jlo s [WV] 0L 5 TISL
A Sl il b mdie 3l g0 Ol 4 Ol L i ) Slazd
s S gl HSde S5le 51 GSUS Lol o5 5 s
A8 (gled e asl s s

63V b dmis (Y VA) Jlw 53 VY] 0L s 5 o slid
G g /00 Sl 5oz ¥ kE L1, UK (glenls
e 0 Aol B TINT £ SAS O Ol e il (5510550
SR 53 15 0T 5 esls 13 63V b dmis o 51 5V
A3 8 g3ledde SAR lata sy ole bau g

S Jlos o a (YY) Jl 5 VY] T
oo b eslinal b g ledil syl cos 63V 8 CB L ol
sy S S 055

Wlas s p a0 (YoY)) Jlo s ] 0L 5755
Db e S e ooV glae sl SO L, (gods 5 o 2
sy o)

o 4 (TYY) Tl s V0] 0Les 5 ldllesl o8
e Gl b S, bkl S e 420
2kl S sy e sSUT e 5 5 eslinad b (62958
on s STl pd s o3V B e SoB s,

A S

! Coffield
2 Priyanka
3 Song

4 Zheng

4ode —
ol pdigy o3l 835 53 Ol alo 5 Olaalils Jiags
sl Jlie s e Mladlys Sl glagtes &S
Slpe s s bkl 5 ok Wiy dexl (Salus 5w
s o s i) K oS e il il e sl
5 Sl ol odelsyls Sl Ll e Lab 5o glsel el
Jgame rd 35 50 3V 5 Slaojle oS (ol a5 Lt e
ol st e (b ol los ) 5 JB gl bl
Sope Sl 51 36 sl o baosle ol 5 Shas sl Sl
o sl Jelse (8,5 ks b ITT 5,8 U s
sl Ll o3 oV gl o pastas bae sl 5 Shas
Slp e st Bl Sl Sl ol el
I] cl ol b (g5l il JL ol 53 05l aaslis
Ol ke 55 (5L ealall @58 HLiS s o 5 sl &S Sles
Sl 5k 5o ok 5L [0 5 F] a5 e dlesl o3l 4 aU S
Crpe Ll S S gL Saebs sl obs
3 R Sl Sl S 38 o5l St Sl 5 S o
D3 s bl e OIS cnl Blas 53 glosle lalled]
b sl Sl Sl el B e LIV 5 PT ALS
Sda 30y e Do o3l ol i 1S g e
ol AT obele b s s b faslly s Lol
Losle ol ofs n (saladl Com 5 0w J 28 (Sl Ol
3038 oo KoVl Cpson ) Sl G 5l e
oled o () S 5 il o 8 0500 1) il
St 53 5l b alaly 5o ile b sy [V 5 0]
oo bl 3 DT 51 ol sad oS sl 4B S &y 5o (gl sl
1 le s

Ly sy 4 (TVD) Dl 53 [Y] OLSs 5 o
bl 5l 2l (Salus glasl S cos oV OB oy 5
s

5 Sas s (YY) Jl 55 [TT O 5 05 e
Dle 5 Lol (OIS0 o 93V 5 B35 et U

Astls e SU

2Wgd g ojlw (ilingfy g ¢ale aypts / bV




auwlio

0)

Jladil Bl Cuns (53¥96 slowils )

53 LB el b s ol Sl K2 55 P-Delta il ool
DL, Lo 3 8 cule; b (goaie Jalpoi s dl 5 bl
e S Ll s 5 S1os g dal o sl jlen ot 8
SOy 5 and Gla i b et sl Cla gLl s
L oaly e OB K Sl b e bl (o8
5o VLl s 4ol O s 5 b0 SOSS e glia
Jomi 5 Jos ol Al et OB slasl 3 (S
Gille) ol O s 5 b et Lt ) D3 (Sl

() [

—T " ]
r—-—{ ]
! | {
- L= -
( ' ‘
N /
B3 1
] i /
c a b

@JJJ&QGMQL;@ME)@&J%J&LQ—\J&:

7] ol s

g

Slagi g5l 51 S LS (OB s slan i
Loolge e o3l Slab sl sl bcad b b
sl ol 881 5 ISl Ds il Sleay | Sea
V+ B (CBF) s S il e oS gosbay sl YL
ool b el pl by tdey s 55 (MRF) s SO 0l
@3Bl sl 5k b e sa e bl b ablis (6l pteens
i et s i A g S S s e
o S 53 5 O st o b 2 b et 53 050 50 sl
3 S Dot Lo 5 s dadkiol om b= glasl
() J.(,AL,JUM) [\F 5 7] das e J.i.ﬂjw o b

1
e
b el
) =\ L e [ ‘I’J"
. LN s bl
Ll
SHsp Sid s Vi A

D11 s le glapitomn =Y 53

PN /Y98 g ojw (o) g Golc apls

A Sl Gl (b ass ) Sl Saa
(V5 g5 5 (Sow) (has B dles o2 Ul
2 LU mig o oime Gl 5 eyl Gl
St 53 Saedly a5 S ) ctlises Glaptn
S S e Gt 51 2l e Alie 5 e
gt (5528 (Gakos al (55515 o el il L
Sk blie 5o Lo S5 5 s 2550 (3Y5) lesle L
sl oo B el sz 4 Goos (gl 53 el ]
A s g lemdil 1S L Jlesl S8 5t

$3Y¥ g slaosle s o L, -

O3 4 Canglie VL o 5 0L 6 p s IS0 ol L oY 58
2 omle 5 el Slale alas 51 S Olges Ol
Cle 4V 58l S a eV cl el at b (gsleOle L
Lon 53 Loy OT 51 30 55 S 5 5 ndpe sla LG
by RS e ad DL 555 Sl A S ) el 2
e GRS W Calis 4 2 e S L Gus Gl
Lot 5 5 Loy (il oz (RS dadilee 5 b0 5
Ji\b el 4 5 |6 g(._"lé b e o ;s P-Delta [l 4
23 S SonS Gl Hlele 55 G5 Obels pr e
oy b S o b i VLl alle ol
S el sl gl S A by SOL i S e
b M Lol Sl Jool Sas 5 e b g SRS
Ol b sV g IS s s LY sl S &l
cmelin 5l BT Ol oo g3V 55 (laosls s a5 LU (5550
5 e sl i Lol fan ol oS a2l
Ol 23 Sopgot S (b wlad Dslas 3 b (g IS
S Bl s o

Demand < Capacity QD)

‘5>Y}§ ‘5|AJ'L» r}uﬂ d\hw C‘y‘ -y

o OB o -\-v
Lol o o SVl 22l L (MRF) i O o
Sl X oo IS0 Al 53 Ostw 5 500 o &l Lai
AS o Jer O s 5 a5 o ol e il ) b
WO s b 3y Jols 3575 4 Ol o o (2l LT3 S
Sl sl ol s oS e Slsay Ll b S oL

ol O s rils Clea (s (2l 3 At Cans

1 et

ICeb 10l - o1 9 o (s0) L - pgu g (w

agih @lorano

L pralpl .03l

3)> (uaprol ol

2

150



S s e Osllish 4 a0 ps LIS (gl
s Jam By 55 HtS Sladds L 5 sddalony]

—_— WV —_—
Oor Oy

ar X

Ty Oy Oer

—~— v S m—

(0] @aV5 iy s 53 L2dS Oldee sl 650 —F K3

Sl sy —¥
2 s S VL ol LS s L leiil g8y s,
B Yerr spd o Solm azyn 5 LS Yee B Ve 550
Jol LS8 s 555 e STl ol S il 3 S e e
sl Sl s Cod Glaa 5 Al ann s Copa Hlndl
Sl a¥ S am js Wipd e ekily Oy Ddda eAsJlisl
Dol 3633131 (5351 e 5 o o SIS (gl 53 03,25 (gl pm
a4 bl Gl ol a8 5,8 e ISl
DL & Oy B g o500 iy 1) 350 LS (a1 O sbLs
e S akols SR LS al 5 das e SEalS 1 OF el
3ol sl i Sl el s il e SRS Gl
3o s 4l J2alS eosd= U Lol JLad 5 el 5w ]
S lad S o s oo 5 ncall L I 508 (5olde ke
Aol 5 5 GV 0oy 5 daes &S = b 53 50350 20 Sl
25 Shgms Ll &S = 53101 6 aules o b 1y (65 o
g5 ol oale 5ot s Salys lonist L clis |
S3lesln puikign 3,158 g OF 51 30 (IS 5 L 5
€3 305 (Sl &ind 4 53 1 om0l 55 o (S5 sboas 555 0
Sl il (O pland bl (0 (Sosd lomill (L)
2 S VEY Ol JEr il S i e 501 S
G e P00 5 0T el s 5 e e i L
3 g Olsse TNT g5 dmin bl ) eslind ol
23wl s 5 Sler 2,08 Olndil 4 by e Slilos
a1 cl laine Ls 83le G Ol poas W b5

(T e -0
)\ cuﬂ.hj}l U'll BE a.l...::(:bu\ LSLAJ'“’[""“ W)L&O\ )}19—«6\.«
‘&J’:""AJ}% u;l BE .ﬁln}a_} salaal [VV] Qb&mﬁ E) f.a_': é.:ih.?
Sl b o dlie Jlgr oY 58 sl (Seelis muly

CJ)‘}..&M. Q}I...u 'Y L{«}.«m Cnﬁjf )\J'; SO 3,90

1515 shds,lge U (s Y=Y
baojlo Sl Sadle sond J 25 g iy sladlal s
et o B 4 el sdiiles LB ) el
Vb o e a4 (o p0 ool eoman sl S(golatdl
goarg 5ol el olo S8 00 L G 7l
S5 SVl 5 ol B g S O e enli
el Olgsas (EBF) 131y saiiles RS
s 0l 533 S o e | e Aol s (51 onlie
S3A S e S e Sty Jolis 85 28 LSS L
Sldn Lol pl el b ke, 5 S e gt 5
Ol s et Coaslie Cod gy 5 I 4 4l
() UK illas) sl s dsm 5 Ol les Ll s e

......................................

| H i ' r )

P | z P =

|- J ' | |
' ' K

@l Kajp @i AR

AEQ R IPRRGRITIPYRNSLIPEIES g LS

1815 s s T
Glra sl «(EBF) (gomelsp) 1515 tojles oo 53
2385 LS 0 3y 50 A O g e Ll Joee w5555
5 Oy 4 Ll e b ausl Jlasl e o 5 S ol
.x;;u.uxms@l,;)l;cuxﬂ);@;LJ;JLQ\M&Q
S S S OLEls Sl 503 S Jee d ISE (550
Lol ol 45 S o (68 gl L0l [2lS 5 batsl 4 A
Lo e sl S nn Gk Sl 55 Sdled 5 ol
L Ry e T

DVl sasods 6551 05 saiSgias 3

@3V (B ols 0T
SOz (o3V 5 lad s sl (SPSW) o3V 55 5 Slss
g JSES Al sz il a5 s S Gl s Bl
Lo, 2 8as b Ul 1 Vs Gapn sl ke,
ool b SB S Sl pnle () IS 55 5 S (ileand
kel a5l el eals DL 3L Ol L B0 5 ooV
saib Gl 26 s L sl s Ceslie (et ()
Lo sl (B el OF 51 30 58505 S L el
G hsS S & pon oddalen) S S o 513 bl

290 g ojlw ¢ ing) g ¢ole apil /P9




auwlio

0)

Jladil Bl Cuns (53¥96 slowils )

Shls a8 sl ol S iledde Sl sdelasa =l
Gl 035 O dalae iolojT Gsad b o3 LB pllas 5 3o
S sods Ol = O s zb e ((F) I iles)
3550 gl 5 SUT Il 5 51 Je s 5 b Gillae (515 503
A |l andlae

gl e i i o
AT
is
o
§
El
g2
i
n1
0
0 2 4 ] 8 10 [— O it o e
Time (ms)

s JU I ged 5 e sSUT s el b Jue —F IS

J.M E) c)'Lw » )l?d.:\ J.?\ o ‘Qb)—g)&»ff{:

SR s eslaiul 390 Je —F

¢35 3 Bl ok Glaptes S8, Auslie (la g3y cpl 5l s
SRl s bdde 5 eap ledil ol 5o Jslize 5 (63Y 5
i S 13 o 3y50 5 edd b s (Siluand e sSUT
o ) 03 ealiad 5y 5e (65N 8 il sl Sla et
(OMF) Jsore ot U A

(IMF) Lo gte 2ot 5

(SMF) o35 ius b

(EBF) | 315t )l

(CBF) | Sea 5140

(WALL) 6 iS o 5 ot 152

.< .‘O .(> .‘6 .4 ‘e

(WALL#S) sdeS s b 55 Sl

Silwdds V-7
dpr 4 dlail glasyy 5 bose oledle sk
sl ialS 6 SJLKS as, 5 SAR Ol i beeaSesen
a5 dw 34l ool3T as s s oS A el o enlizad
S o o SAR oLl 185 6331 a3 aw g Sl sl
%::Ju&.o\jwjijb)é \) 3 gdoes 6‘]"\ LSLAU""'JS)&)J‘
S L BT gl cpl b aS e sl | el s
5 Sl o OT S50 Ogul gy o &S sdlas 5 S5
ol e 3lgn ks GAS Lo & a5 (65 150 43 uomen
el b 2 e Cbbu Clasls dies Colis (das &)
e I LT N-RGIVIE S R SN EL sl SJ
S o oslinal anl alS 5 SISl 5, Kl S4AR Ol

1 /30 g ojw (ling]) g palc aypl

515 e 33lo 0 S S YO GO0 londil b 5 o3l yod
oz 3| il = po Sl S35 23 S5 0ge3l 3550 a0 s
Oloj 4wy plrals romen 5 CUSL HLS o) 5 LS
O3 e 5550 65V g slael Cilie LB 5 lis 5 ol
Cd e bdsad ol S 5 bl 5l o ol 5 28 S
Sy50 e YEVY Jsb 4 (03V 55 0 gnas VW G oyl 5 0
5 WI50524 shis sl gy 5o Lles S5 eslind
((0) S5t Gola) Jiledds Slssl ad g ol (51 » W200x71

| |

; L=2413
@ 16
-
16 ! L ~1
Mlsi ng— -
< RN I i
| * Nz F eé
8= x—4f—x i) GO | i
Ty | +——
RSl A En ol
=t Ty L |y
}——mz——{ |‘72°6
W 150 X 24 ® W200X71
QUK@))@&M};nu;M\:)}»CbUAQW—OJQ
[Vl

b 55 5lndil ) 50 iy Sl (S G2 53 b SIS 8
il e Aol i 3515 olite 055 5 abol LS 5 L
Dt o it slge s 5 % VT BV 5 il s
Gl sl pplie s Ol 6 LS YO
Sl 03 mol a5 Gk S e e gl
Bl Slie Joli (1) s Lledd Ol sy 3550
et S ol e Aols 5 51 kil e Asls o e
A3 o QLS ) 55 Joee 5 soie
5 halesT 53 elial 3 50 o pite 350 0359 dhsls -V gt

V] o,

J'SJ‘ A.L.ﬂl.‘! osle )\Jin

SR : o e
(m/kgl/S) o= e s Clz.d
(m) alais (kg)
Y/A ARV o W150x24
A7AA \o/X Yoo W150%x24
\/#4 a/e \or W150x24
\VAR! \ZK Yoo W150x24
\/0N 8/00 YO W200x71

ICeb 10l - o1 9 o (s0) L - pgu g (w

agih @lorano

L pralpl .03l

3)> (uaprol ol

2

150



450
400
350
300

'-'1’ 250

g 2%°

2 150

= 100

50

o 0/05 o1 018 0/2

v
A36 SV gl S S-S e -V S

S b Gt el Sl () p Y7

G ol S s s opl 5l Gl &S il
sl J8 oledde Sl el dylize Sl il slagiann
boarg bk sy OB giledde 4 kb 5 6o gad Sl
wtlsy il s ghie B it 4 it Slole e
Gl o3 eslid 3hse e wiged Olgea (pmmen 35
et S Dhson U5 s 5 S Sl S5 SRk
b bedie sk il sl Ol Ll JLasl L (MRF)
g 5l easgsladledl Sl (bl zse 5 U
YAl s eSS Yo alis LTNT Jslas 055 b (5l
Ll e e LS e VA G jlndil dbE g5l 5 (6 e
Soge B8 S 4 a5 L Set 5 Surface bl
55 bla eolaas Juls ol s5eds (slos gumee Set I 5hate 15,8 o
EE B RTE ST WP LI d:iuﬂd_u)\fla.ﬂz)'k{&
il 22 Jlasl b SIS (s3lad e ST 5 s e ol O
(s50ks, 4ol off Stand 4 o g0 4l = b
EXPLICIT) o o S Jdows 51 o (sl 2 oo ol
Jebos (8 65 (53,030 53 S il ol 51 ok ealizad )5l
338 o eslinal sl SWl s 0y L3 Jde Salus
Sgdeee gl Blae > sl 059 Jandly s S Explicit
S o oaliial (g3de 55 e Selys s Sl s e
3555 dle Salus o558 5 1,08 Bleos Lo (6l 3s, ol
Jola VU Gl 2 d s b Pl Lo e 5 oldl
i s () S 3 o] s ol i
ol ol o351 de aled woman 5 53 pe il

S8 1y dmis S 50 53 (68018 Ak S b oS (g ia
s Ny s b SFGE mB LIS s s ol s
33 65Kl a8 plasldl 3l eslizal Sl w0 Jl e
Bl 53 opasar 5 35d0 il oS o pon WO

Aas e alS LSl a |y e Ole g

C.‘La.» Slasein —Y-F

S dlas SO b5 (S Slasiie olast] s
Goledde Gl p Gtz opl 45 5 el a4 S LS Property
VU slaii S F5 Joa 'S S0 milr ool Slas 515V
Sl 4T3 55 S el ol a5 LB &S0) Ll sl ealizl
5 5 dlal Gladises (~b Gl (Aas o 55 s 58
33 S0 gmilr el Jo 5 A 03 IS4 A36 5N 55 0o
55 5 eslimal )5 o] WSS ForS et Slp
ol 03308 and Jue ppl Col alia lanl js oS ey
Ogonl 30 o 5 JSKLLIES YV 0 Ll ez e (Joke
2 eSS VAN opaste O35 prmer 5 T L s
Slkes g5 LV g opl s a8 B s CaSe e
5 e slesle sl OF Sl s el salinal LB (80
(V) JSa 5 (7) (1) o allae) 338 oo oslisiul o

A36 sV Slasiie =Y J i

Uske s
T ss s N
P L2 P g .

Ol ()

(MPa)  (MPa) (GPa) (Kg/m3) i

YO A\AK VAN Yy A YA« A36

A36 Y55 gl s S SOyl onl glacali - Jgi

D1 D2 D3 D4 D5

UARAE ATARAY —-V/AQ4 +/+ 240 VYV

* Johnson-Cook

290 g ojlw ¢ ing) g (ol il / 1|

lICob jnly - 05 9 o (s0) Lot - pgu g (w (Juw



auwlio

0)

Jlaail Sl Ciad 53090 slaoils )

A
Y
Al Sr A A
el -
/
L
1
/ )
slogyy A ol s b G
n / T™
J 9%
il | e ||
»aelas o %: d
s ol - S8
A
1

DY TWFPJlasl (il -V e s

.
|

|

|

| \
! \
|

U

| S tipslgn b o 5 (EBF) | S5 dipslen b B -0Y S
(CBF)

sbteas S e S5 S 55 gladie 1 b L bLSSI s

Olales & candlas 5550 slads Ol AV¥sle (glauslan
b 30T Sl b e 6 e o3V Ab O (shasan
5550 ETABS2018 Ji3dlo 5 L dd a8l s ojle o
Coge i b 02 delee Dlaie (23S I8 e
500 o3le gl eddams S i 5055 5L 5 63, 5L &S ol
oo 31 aslind S Je ol e e o S SAS YOS
AT Ol o Ol 20 r.a:wb&l.b e Sl
el o =Ll V] YA sl (gl Ll yss
ok bl s ekd a3 ks 5 esY Slasis

NG| A.L::u.é}jid (5%

10 /396 g ojlw iiag]y g (ole aypis

Sl Sl 1 ey A S

Bl S ke b 5 pedtes JLasl -F-F
Srdly ks JUiS| (RBS) aily 2ol st b Jlasl 24 5

Reinforcing
Fillet Weld

D] a8l 2alS ot b 5 eitens Jlas] -4 S5

Srop) 9 Sy SBOY KS 4 g Jlasl —0-F
(WFP)
ozt S Il 5 Jess (Gl s SBs8 el Ak

G| uji..uduj:})‘ aa)b

RV CCU (CH (W
s by, b (PAD) sdsul Jio 5l oVlasl 5l eslinad
O [\] YA« :‘)‘.L';U..u\ B o,\..i':OL:..r (_;LAJ}AJJ
Ohe Bl ptes ) gble s ol Llys 03 Scsle,
M;QL«A C»m:) L;ok?- h‘}.ﬁ}dﬁﬁb}@)a:fﬂ.&u&‘
s ekd b ny 5l oVl el psae VLS sl ol 5l S
b s dlal g pl SHOIS e 5 LI J 28 s 4 5L
S3ed oolial on LA pote ) ble o g4 ¥ slassle

OF) IO K Gllas)

ICeb 10l - o1 9 o (s0) L - pgu g (w

L pralpl 03ljr1gi @lvrane

3)> (uaprol ol

2

jsg



b0 s ie si b Olestla s sddobisl CB -\ K
ETABS ,i33ls 5 L 53V

(CBF) Jus g1 ablis liasiis ¥ Jad>

Looles Oge S Slall ot
Y40 F)ee  ¥YYS Jsb
\E A A Ol ol
Ve \E A b sl

Voo £0 £0 U o e
Ve A Y ol sl

s s e gade sl wblis Slasie -0 gl

(WALL) Jus 5 sdiSosew O3k 3Y358 L3 s = \Y IS
uu)(WALL'*'S) J.La BE) a&SWLébyjs Af‘i'ﬂ )\ﬁ}j

(OMF) Jus 55 Jsone V55 Jias

s s bde

Dl b dae
+ Y g o Olasiia
oS e SN
FYY. Y. 5 dsb
£0 £0 5Ll e e
4 4 o db Culbs
A A ol gl
V& VA 8 Ol Calbis
Yyee Ty O s Jsb
10 10 Ot J 3T 5 e
\0 \0 O Jb sl
Y Y O Olr ¢l
‘Y VY Ot Ol s
o - SIS S8
¥ - oIS St Sl

Jde 53 (WFP) Jlast b o sz 2V 5 e 6 = VY IS
(SMF) Jse s (RBS) Jlwas! L o35 63V 55 it o 5 IMF)
AL sl S el Ay e L oolele
Bl e 1 SAP2000 153l 3 5l eslizl L 5 sSme
el (0F) K8 Gillas Sl 22l Sle &las 3 cedaolbl
2w S G SO L e QB s S Do ks
Sy e ol Ol 5 Jb Cubis (S50 5 Cussdou
Cogot 3l ge nl > eddas S K5 Jlail b Sl s
SLG,s L) WBF) Jlail 5 ool s OB s exlu Jlas]
dlail 5 Jav e Jhast OU o (Cislias 5 (6w 25 (S w0
A 53 ey ohest Ob s (a8l talS shis zko) RBS)
(O JSs 5 () JH(E) Gladsis Glle) sl o a3 S

290 9 ojlw (iling]y g Gole ayplis / PR

lICob jnly - 05 9 o (s0) Lot - pgu g (w (Juw



auwlio

0)

Jladil Bl Cuns (53¥96 slowils )

@ 55 SOl adn dde ol 53 3 Ot gL (SS35 o
L0F) 500) K5 3las) dewy Js55LS ¥YF 550

b Jue ¢l PEEQ Sadly (538 550 055 25 =10 K3

(OMF) J yons _tast

450000
400000
350000
300000
250000

00000

ENERGY (J)
PO

50000
400000

50000

] 0/005 o/01 0/015 0/02 0/025
TIME (SEC)

Je sl b il Sy e s i 351218 Ko
(OMF) Jyone c2ax U

bu g dws OB L Jas Y-V

(IMF) Lo gzo st OB Jabe s sdelcests b L alal 5 5o
Liled ol 03 S 5g5 (WEFP) sdss b i 5 Jlasl o S
SR ghils Ot by 5o b Jsane e SB L Je
Syonn i OB Juke b e (sl s ol Wl sl iy
il Oddaly peamen 5 58 @SB SO 05 Ol o
35 doee 5l (SIS Cosl 5 (G 05 Gus s 5 03 o o
Lol dde ol sl ol atllS s Ol 5y b i
IS0 Gillas) 5 Jasks FAY spd s sliSlgs 655
LOA) 5OV

DIC /30 g ojw (ling]) g Galc aypl

e DB gladde ol wblis Dlasiie - J g

S

ke L L g2 PR Slasiio
S WER) Jlst e

(RBS)

Y Y Y 5 dsb
£0 $0 £0 LT o e
0 o $ S5 db Culis
Y \AD Y. 2 ok gl
\& A4 A 5 Ol Cwles
¥i¥ \BAD TI¥ O 5 Jsb
Mo Mo MO Oy dbslsT s e
v it Vs Ot Jb Caalies
Yy A A Oy Ol glis )
VA \ VY O gt Ol il

(EBF) Jus 5l bl liasin -V g

Loolee O g B oll el
YO\« Fie Y. Jsb
\e A & Ol Cwles
Ve Ve A b Cslies
Ve 50 50 J Lo
Yoo VA Yoo O plis

Bl S wate b 5 (sl eddas S k0 s polis —A Jpdr

'4 a
\0 b
¥ c
AV/AY R

ST 158l 3 51 et Sl s -V

Py (et DB L e V-V
Prere et B Jde 3 sdsloasa s Lokl s
05 53 A Gl o3 LS mp 45 A5 sdalie «(OMF)
e o 35 Ot Jl 5o Ll 5 005 aiy Sl o
55 S el S8 ddo cnl 5> A edalie il

}uu L;Lhuji.w)é ‘-;:‘l’”“)‘j:;‘ f‘f JLAJ}QM odalia

ICeb 10l - o1 9 o (s0) L - pgu g (w

agih @lorano

L pralpl .03l

3)> (uaprol ol

2

150



T T

Jue sl PEEQ Saodly L5 S ime 058 L5 V4 IS8

(SMF) °}lj ‘;.La:- g_)b JJ.A LS‘]'! ct.u

600000

500000

400000

300000

ENERGY (J)

200000

100000

0 0/005 001 0015 0/02 0/025
TIME (SEC)

e 1 gl il Ky Dot 3 sk (55,1 -Y0 JKS

(SMF) “}1} L;\-:w&." uu

| Ko )lge b Jate -V
L3 edalie | Ko dioslge b Jue s sz | gl ol 4 ax 57 L
s Ay bl s Sloniil e (S35 3 e ddadls 52 &S
OF v 33 53 3 Obr Sy 1 lamdil 5l 30 Gla 5 aalsl s
Ot Jb dde cpl 5o dd sl bt jlee @ Joaie 40
Sy sl 5 S Ot Sh 3 Ol (e 5 il 5l
bosly Al pl nsel w1 o 5 585 ol
53 e b 5 Ll 5 Ll Jlesl ()il o Sy
Sede 53 (65 Ol aiy Jde cpl s Al edaline s ylee
LT 5 (7)) UK illas) 555 I35k ¥V

b Je (sl PEEQ Sy S5, e 08 25 =YY S
(CBF) | s sl

b Jde (sl PEEQ Saudly 55 0me 058 25 -V K
(IMF) Lo sta _fast

600000
500000
400000

300000

ENERGY (J)

200000

4100000

L] 0/005 0/01 0/015 0/02 0/025
TIME (SEC)

s gl S loni] Sy e 3 sl 551V S
(IMF) L sia et

059 e OB L Jdo Y-V

b Jue gl Jlasl il S sdalsa @B L b s
T 03 et Sl 5 4S5 AS sdalie «(SMF) o35 ot
55 ladde s w0 Ot 53 AT B3 sdoes 5 sl 03l
DRSS b el s el es s 508 e OB
Sn3) et b g0 st 5l S a8 L sdaline Sxudl
£33 Osiw g ok st 2 AmUosyls SUE bkl moe o
B I R e RIS FIP e EPRE)
bl Jb o s 5 (SBLGRS Ced s o e
s i g (65 5 acdon Jde ol 53 .l 55600 ol 8
A7) 5 0) Ko slae) 55 Js55kS OVF 350 s

2Wgd g ojlw (ilingfy g ¢ale s /00




auwlio

0)

Jladil Bl Cuns (53¥96 slowils )

0 0/005 o 0015 0/02 0/025
TIME (SEC)

b Jie sl gl bkl Sy ke 3 skl (3,0 -YF IS
(EBF) I 515 )les

oS Couw O gy ($3Y B byl b dbe PV
@V ol dde gl sdelcse mli L bl s
55 Wi dd 4 A3 sdalie (WALL) oliSCoin Ot
S 83 pmn 3 e 55 s 5 030l G o e e
P b dde ol 3 s i Ol 4 Ko 05 gL o
VL g 8 edalie (SKatly oS @ b b
25 5 edd a8 AU sl olntl (S5 s b p Sl
adde ol 53 558 el edaline el )l 8 85 gdoe O gt Ol
s e FlE Al b dp Dles A e
adasly pl po bt 4 a5 Dt 5 LS (551 Sl il s
GSA L BLl g cd eased a1 e A
YA s5d= 53 (655 SHlgal aies (Jde cpl 5o sdaSgias
((9) 5 (70) e ellas) A edalie 55 5kS

ke sy PEEQ Satdly 25 5 5300 058 i ~YO S
(WALL) kS Csew O3y Jlj.v _)l):!:

¢ /398 g ojw (o] g colc il

400000
350000
300000
~ 250000

5
& 200000

¥ (

150000

ENER!

100000
50000

[]
o 0/005 o/od 0/015 0/02 0/025

TIME (SEC)

L Jis (sl gl Gkl Sy ke 53 okl (3,1 -YY S
(CBF) | San ii5lge

1815 2,lee b doke —0-V

salie o S15 e L Jte sl obalmsay b b sl s
S o35 et il e 4 S5 05 I sl o5 A2
Ldie cnl 5ol 508 1S diplge b Jbe b alie s
2 S M edalle (I mSs e b b s
Sk SLdus pemes 5 025 Jos s S5 ms SAS1y
x5 b e (pl 53 les sl e 1) (6 5 rer Gl RS (0 s
A sdalie S Gla i S L ddal, 53 edelnsa =B e
sl s 5 Lgm 8 Qb Joee 0 K5 AU 2 osdle
B3gde Jdo pl ga ad o 4l syl olesl
Lolee b dde b anslie 53 Oy sl 5o Sl slayn S
oAl e e opl 0 men Sl g 505 1 Res
U5 le) s sdalie J535hS FFF spum s sliSlgrs

(YY) 5 (YY)

L dae 12 PEEQ Sadly (558 5 09 (25 -V IS
(EBF) | S1, i1 les

ICeb 10l - o1 9 o (s0) L - pgu g (w

agih @lorano

L pralpl .03l

3)> (uaprol ol

2

150



450000

400000

350000

300000

250000

200000

ENERGY (J)

150000

100000

50000

’ ™ e "
e 8l gl bkl Sy Se s el (5551 - YA UK
(WALL#S) saiScon 5 lps

Jlie 52 G55 Glaptom 51 G a5 Shas ) Cer
Sloslo w2 o 5 sl reasd (5551 (5ol L
Jsb 55 &8 555 0 aamdle .ol ol ol (il (Y4) K3 s
03,8 St 1 55 e s shast S Glnill e
bt ol & Cond O cibie 3 Shas Saasolis oS
Sl Se Hs o 1S usles e b AL
el a2l 1 55 ol 50S omly

SV Sl St SGEs Al ) sl
Ladsdr bl 5 Jie 8 055 655 o e ) sddslo]
Sl Olge 5 A amlne e a3 3 e Slaaelon
(4) Jstor s el Cowsay QLI 035 p S 5hS 2 3l & 6551
Sl o arsloms (e )3 el (6551 aden 5 055 Ol e

() S Gllas)

Ladde 055 glila sl (g5 5 dlons =4 J gt

o iy
Sor o O3 .
L Sor .
GM%J"- a.)..fm.:mbu JM V’L
(J/Kg) o (kg) R
J)
FA¥/VYYA00 VOA YVO,b e CBF
04y A0 AR EBF
OAV/OAZY Y vYo FYS,0en OMF
ZOATAIZ VYo AEAREE IMF
FENYOY (A% IARED SMF
O¥4/YFVIVY VY)Y ACTREE WALL
OOY/SAZYAA vYY AEERER) WAAL+S

450000
400000
350000
300000

-

2 250000

& 200000

&

¥ 150000

w
100000

50000

0
0 0/005 oot 0/015 0/02 0/025

TIME (SEC)
Jde 6l = ol Sy e 3 sl 65518 JSS

(WALL) o LS s d)u\) ‘5\.2)' )‘}iJ

ediS Couw b (63Y g b Hlas b Jde -V-V

s diS i b i s die 3 sdelsa @=L bl s
@IS e O gy b )lgd Jde ASle LS sdalie (WALL-S)
B Jy o i oV 5 les 53 b S 8s s
laul edsS s O3 Jde b acslie 53 Jibe ol 53 a5 LG
S e 5o a8 A edalls iomen ol A Sl S6S
FeS S g3 3 amis Sl ol gLl S csn b G
055 4 olp3 (Sadly S 4 am 5 L e ul ps s e )
Oiw Ol Caand 5 A ol )l el 5l oYL dad s
ol dde ol s ol el ol Oaky S sba
Gillae) L sdalie J555kS ¥rv s 3 sdd S (551
LOA) 5 (YY) L

Jue sl PEEQ Kby 55 g 03 L5 — YV S5
(WALL#S) s diS e b by jlgs

2Wgd g ojlw (ilingfy g cale ayps /Y

lICob jnly - 05 9 o (s0) Lot - pgu g (w (Juw



auwlio

0)

Jladil Bl Cuns (53¥96 slowils )

ol el el 508 e B gladis gl a5 Lus
éﬁéwaﬁ}uﬁjbﬂ‘;ﬁ&u&dudhqj
Sl (i sasles a4 b Jde 5 53 55 5 dails
S sbay A ess sl e ay sloms 0550 sy 3 Szl
O b o el 35 4 Glacaw] 4 g L1, ladhe
55 Sr 3 st Ol

(Wall+S < Wall < SMF <IMF < OMF < EBF < CBF)

OB 3 oS A edalie slie i lge clade L bLo )l o
Sl 53 53 Saadly slacan I S15 &) poas sddis s lgn
38 el 880l U5 ol el n 3 s L 8
b Ly sy dalsa Jde ) 5o SN 655l
23 5 eliSES b 2 s Jde 5o el es gy 4l o
¢85 3 oy aS A edalie sdiSC S Ol o )les Je
Cred 53 3 Al 3 g s sl IS 53 ool s slabol il
S350 03 (g A 0> (6 5 S Ao Sl 2ol bl Ol
et ) odss S e diS S 4 e oyl &S
A S als 5 J S (o5 Olge 4 1 Lalodl il 5
S s glie o dlaly e 55 ble 3o | S
Sl Jpeme et SU s S L sdalle e OB
Ot Obr 5 b4y Jas 18 db 5 odld oy 5 5 Sl
Jlasl 4y jgmn 5 b gie et G 3 Ol oyl 55 Al 5 pdms
Gus s 5 b Jb s SK L E s s S
4l 534S Adedalln ohi s (et OB )3 A 0dyd (6
Sl D5 Ol 53 ol o 83 pdome 5 45 55 Sl RalS
o 2050 St O ,eis b ddaly 3 el S Ly
O i (At (Jomme (st 2B Ol DL 2y s
Ot Ol (530S codiSom b (Sl 5 lr
L bUl s 1 bdde 015 e IS5 sbay ol a2ils 1, il
S 2 Sopens skl L Cod Sl O i Ol e
3 yed

(Wall+S < wall < CBF < EBF < IMF < SMF < OMF)

SSA o Olgn 4 by sdslnsay i b ddaily s
Olsen 5 0403 8 alous e 2 055 «Jsime (slaslin ) lataey
Ole ool 53l ol 0 dsloms p S5 o8 (sllas (65 50 o
Lolee 5 GOF e Ol At ey et B
SSosba Ll anils 1 (G550 e JlRe g F0S o saes
O35 & Lawd S5 oo Ulgee a5 L1y ads 015 0
B e RS S sen

(CBF <Wall < Wall+S <OMF < EBF < IMF < SMF)

0 /309 g ojlw iiogfy g pole aypds

ouh Julaxd 5l I (51 3t (2020 0 > (5 i Al
10000000
9000000
8000000
7000000
;-'snnnnnn
£ s000000
2 aooo000
w
3000000
2000000
1000000

]
o 0/008 o0 0/018 0/02

TIME (SEC)

e CBF e Walll ebf M e i f

AJJJ.:M 6\.&5;_)\.; 6‘]1 L;La:r_? ;J\.\JUJ} ng).l\ L,.LLM -Y4 JS.::

o (39 813 & sinria g5 51

=, 600
% 500
4 a00
Yo
‘3. 200
5‘; 100
0
> CBF  EBF  omf Imf smf

wall wall+s

Juo pls
Ladds 855 lila sddodo (g3 - IS
é .
S S o A

S s oSS 508S Ol e s (Selis Dl o Lol
el e ey Lol ole G gl plralr 5 20
e & sl Sl A sdalie caslllas 3550 sladie
Joe) dlasl fair 4G 53 5 0is S bl slosl s il
A sl St s e L (D5 5 L5 Ul
0o Ll a8 i edalie ) 3500 Gladde 53 oo
At ale e 4 05t by s Jlail g, 5 L5 Obr
foar g b ek ol (GRS 5 95) (e 55 o 3
o (05 5 55 Jlall el oee )5 ol 55 surface  set
Al a8 ka5 Ole) 4 S sddod (655 dade 31 K
Ol s o a5 Lo sSde 5ok Slagtnm slie ioman
o 3550 SVl 5 edddr (9551 Ol 5 51 61080
S OISO @35 sy onl 0228 15 e 5
Ui o5l el S 5 (Salus (18,L) ol - s
5o 350 Sle3l g o 5 amglie 5 (WOT Jlia 5o
ks dilgs GLB & by e e 93 5325 8 15 s
53 ol e 4 slms 5 sl 5 Sy 5 25

&Lﬂ)&i pr :)U 6}M’Q LR Lodls )‘f; Lf‘)’” Sijoun

ICeb 10l - o1 9 o (s0) L - pgu g (w

agih @lorano

L pralpl .03l

3)> (uaprol ol

2

150



Engineering and Materials Application. J. Civil Eng. 6(1),
PP.13-24.

oy iert sl CB LB (OYAY) O sl 5 e wal3BT V5]
NPAY amios oo s DL OLg K53V

[17] Nassr, A.A., Razagpur, A.G., Tait, M.]., Campidelli, M., and

Foo, S. (2012), “Experimental performance of steel beams

under blast loading”, Journal of performance of
constructed facilities, 26(5), PP.600-619.

olastle gl 5 ook was Eoe Olnl Olastle Lo Sl jhe A
OlesLe B u'{“*‘ C,JJLQA ngijé.;: B ab C))b'} (\Y4Y) 6>\J}s
el Shls ol e o s

elr -t
Sl (W5 ol 5s Lokl b abonl) YA s ikl [V]
ool (S5l 5 Ses ol Sl S e VAT sl s

e = YO i

P Ly f}ﬂu (YY) - ‘_}Jl> 5 ep (S ij sgl:s.é [¥]
ez il 515U Sals U e oV et lasls
A=\ amin LJALI ‘Q,‘lja.ﬁ sl JLA af<'5

o3 t;\;&?' g.,'B Jf% Jﬂ)ﬁ" E(W‘\Y) id ‘Lf’)ﬁ. 9 4.&;.,\5)_).9..4:2- [Y“]
aomio Ol plojle wdige o len sl glil JL o 3 g
A-VY

Sl e S, " OYAD) O 3 len b 5 s s (Y]
SSLAS s el L o o3V s Glasile 5o | Ses
A=Y o 5 e Olas ol Ol (el

[5] Chaman, M.H., Yazdanian, M., Izadi, I.T., and Tabaeh, R.

(2015), “Dynamic Analysis of a RC Shear Wall Strength

CFRP under Blast Loading”, International research
conference in science and technology, Malaysia, PP. 1-29.

S ot esbe Jde ] " (IVA0) L Gl 15 5 S (sST e ]

5 e RS it Ml @V 2y slaslps sl

Olpos pdign 53 st Sl sl 5 mlliae ol (01ES (e s
A i oy

[7] Rajendran, R, and Yamini, R.S. (2016), “A Review On

Performance Of Shear Wall”, International Journal Of
Applied Engineering Research, Vol. 11 (3), PP. 369-373.

Sl s s,Shes Jalps 5 Sl Wl b el s [A]
aabQu.;.a:djsjas‘_g)‘l.mj.ﬁ}aijojlj)‘(\f'\).u;)la:}ufju

MY oled cd il el 5 S

o s S, J“Jﬂ" (YD) s g8 9 e Olulgs 5.&4‘5)\.&‘ [4]
eia "y e sobmil bl aly 53 le XS ooV
Y=Y aomis O V5 5 o5l e il S

[10] Coffield, A., and Adeli, H. (2014), “An Investigation Of The
Effectiveness Of The Framing Systems In Steel Structures
Subjected To Blast Loading”, Journal of Civil Engineering
and Management 20(6), PP.767-777.

[11] Priyanka, A., and Rajeeva, S.V. (2015), “Lateral Stability Of
A Multi-Story Building Under Blast Load”, IJRET:
International Journal of Research in Engineering and
Technology, Vol 4 (14), PP.9-12

[12] Ostad hossein, H., and Lotfi, S. (2018), “Performance Of
Infill Stiffened Steel Panel Against Blast Loading”, Latin
American Journal of Solids and Structures, Vol 15, PP. 1-15.

[13] Song, X. (2020), “Parameterized fragility analysis of steel
frame structure subjected to blast loads using Bayesian
logistic regression method”, Structural Safety. Volume 87.
PP.1-11.

[14] Zheng, K., and Xu, X. (2021), “Experimental and Numerical
Study on the Mechanical Behavior of Composite Steel
Structure under Explosion Load”, Materials (Basel). 14(2),
PP. 1-24.

[15] Kohzadialvar, S., Komasi, M., and Beiranvand, B. (2022),
“Analysis of Blast Effect on Nonlinear Behavior of Steel
Flexural Frames Using Abaqus Software”, Journal of Civil

296 g ojlw ¢ ing) g ¢ole ap /149

Iap 0l - p%) 9 dao (so)ledd - pguw g (w



