*

ol
ﬁ 7T il g9 ket e Jlo

e

e
(&

o>

S9, Slos HAd 15 ol Glasl il 3 pslde slaojle ol
s en s slasl 55 SEUE slacs pdicanT baojle il
L;ur;_m:.nG»_«:fljlo(.u—‘)l?..a;ljljymjuéﬁ;\;wh,\y;l
SLao 3l s b aigy Mo )l 40 255 cpl 3 bl o 16T (ol
s 5, e plal o b Saya bl s 53 3V $ s O
s aab A 3V & D F gdm 95 clals il jabate i . Coulod s

aelig T bl i CP 5LS dO 5, Shoe = gha (51 (6o 3 (M
Aol b Olyeas 550 GLasS s o> S 1 1 FEMA356
leam &l 9UFC3-340-02 asl oo T SollamNo pulasl 5 (g kel b S
b slaojla das oo Ol s L & o1 b 5L SUIG 8 5 Shee
Ol 55 Sl ool Slasl pl 5o oowlin S5 csle) J slasly il )3 0
Sl 3Y (5Ll Sl 53 a6 3 Shoe = glans 0l ) giioss 5 ims oo
L s 5 eutaliin Gt (1l 53 it 33,5 kil 55555 bl
S 3 el (slojlw (sla eyl pslae diacsls Slabs shuas il 3l
g o | Ran kel 5 (5o )

Rk ol (oY 5 ez O glojl ot (SIS O 519
(S5 b cadp g onlizl caigs ok 03 Shes ol

G odes (o3l b b I sl | ol Wisd oy S S
oLa 55 oS Lol bl L CBlim Al g o Lo 3l
2y OF 4o o (3 5> il il cglodoy o omy
Ol a4 dalsl 53 . il OT sbadsly
ol ol 53 Y slaole b din) 43w § Oy s
w‘aﬂﬁ:—‘bﬁ
Sl s Sl v oy p o [V] OLSn 5 Ol £
33 Ll gyl Olazslu ol Ulastls 1K 0T (gl oo
3353 ok (Guylge 63V 8 OB e ils 5 20 V55
gLl Jds an g 255m oSl (b 5o AL s g
2% el ol s (S 315 5l b 51 56 5 ool
Y Y KPS 3 gdses 55 (6 laedil sla )l Gdss ol
LSLA‘}_.»')J{)J_:H')"J_&B@L’S.s"_._u\au\:hé)\}hajb

tj-;) dL.aS}-‘)‘bj.u Q)}«éch::bﬁ J“)J ol 43‘)‘ LgJLaT

VYN - rdl o fo s
VYV 2 pdy fo )b

LB (alhb dups Joeo 1,
U35 2l 53 polie Y93 sihed
> il )b (gl

(U suins i) (g3 e (1 o0 drguome
oKl swligo 9 u“j oSl ‘U'L‘“‘ (swligo o})f:)é.)[&u/

Wl Sl Ol AV (i
mirzaie@bkatu.ac.ir

AUl e Sl o s
Ol oI g gk dawsgl Clidieg (S o aleciin gbc o e

dondo —
e L;jl_..vr}l_ia Sy bolasle 1k 4yl Colual
oyt oMl £ 85 3 6 S o (STl sl ol i
polie Olalw >l b dil o (goladl DlemSe 4 4 55
0953 3,31 6l 1y (ol Sl (el AL Ll ol 53
N R P PN PR PUPCNE g R
Ol 4338 sl g Olkiias a3l Olazst L zo sl
32 4D )5 G Slew 5 SLA 1 (gl 457 dans 0
35 mal 0355 Ozl 0953 51,530 (g5 a0l b i
WOl b 555 Loy st sboul Jlaz! 1 2mlS” Cota bons|
Slezln ool b Colal 51 805 (SO ol il o8 4,
i b g3l Lo 5 sl 1 5  olondl ) 55 pslie
SLedbl glyls 48 sladleasbo . Coul OT il il
B0l Dl g 5 S5m0 b oo g 5,515

J@\MH;MQM.&Q@\Mﬂé\)\:juﬁ

AR

WAR lianls oy 0yl uiin J



b (oo (sago 5 (U] Ao (Hjpo digreo

Iy dow e Hlis Cow Hlmdll Loyl i 4S540 Ot 5 51 26 Y747
2 A DS e (s & oo () 9 3500 L)
el ol azstls y Calitee SYLSI (6l 5 o Olej
23S lald,s L Ladlasl & das o Olid G @L:S
355 5l (Jsane DV ) Lo (6 i 5185 Sl il
O_L\)'\ oéw_w“\jo_i‘A_z‘\_?-}; bwu:wul_w
LS e Jime 5 S aly g fris Joe (YL
S lin b odijls (6 j b 518, (Jgane sadlail 4 o
Ol (Jlasl By Sl js Sooles L alie VLT s
LS i (Jlail (355 Caalbend 03,5 ol 5 55 48 Al o0l
A oo Al amin s
oV 5 6505 Wn s g 53 [F] 0L s 5 i
Asl3 )5 ey g 338 o2l 5T 55 a6l 5L Lo
Glaas soi 3 A 2l5T slaas sad (g5ladis s bieey
s oslinal st b 5l Ol U gol3T a8
GIME L o Oy (Saly o8 8 i 53 atesy
—Obes 1o i cdi glaas¥ 4y 5 (5,0 sbas 0 L
03 RS b S8 A e S A daloee 4 gad Ll
55 FVG lasse 1 3 8 5 s (gl cimpen s 8 olade
Gildis 55 3131 a3 iz s b Lo 5ad 5 o
Garbom T S ol OLis i ool 5 ol s il
Sl 83 Ly Laojla  5ls Hlas K T UFC3-340-02
a.x_;z45|)|¢1:ﬁjlé¢j\.uq).uu\e.u§@@ﬁu:%g},§&\s
BB awle Sl 5 ill | o5V 8> abowl ol s
5 33T y3eSS Jus @lzj Gt laa b syl GAK:.;“LA)'T
Ol om 5o Sl s 4 a5 s aseie (90137 4y i
5 6L s 3T 5380 s oli e 5 815
Sogbize 3157 4z s i Ly (33T w588y (e (o>
rfbuj_s&i\d)\:fSd\ysqﬁdb)aulém
33T 4 53880 (Slads god (bl oo 5 ol 8815 S,
Ll (305T o ys dim (Slad5ad b aST oS oM N

AS 0 431l i 3l gn 035 5 Alols am 3l
L el ol b plail 53 5 o

P e 93 b B (oY 53 S ode o 4 [Y]
addlls s ls 2T g el U 1 56 aed ge slacanT
b 5r ALeS S sl LS ojlw Glal s 555
EoVL 5,5 5 palan 53 (il ablie > SV 8
e IS s G S S s s
A0 S s ejle Cuslae Hlmdll Hl o Lael 0US (5l
Aas e mals isT

5 2 S h IS I s [Vl sl s o]
i ol 53 LT izl il 5L S (63Y 53 slae L
03 Cadides slaaslas 5 Slab slaws b (oY 8 Ol 4405 4
a5 515 ey 3 sen |y bt (6] Slasl L s
) Dl 5L o Ol8G oi — 5,5 (sla gmmte Ol
addllan )50 55 1 g S o sl 5 ss 2 ) B
sl 13

L] o) 0 5 hsode 5 (A8ly 518, (s5led e shateas
ST Ol S Sl Osb |y 6,0 Jd;l{TJ\)é\D;j\ oslzal
g0 Jde 5 (28l 5185 (Giledde bty 3 AL s
,u)_go,\_;,'}uﬂ)t_u}ﬂudqgrsu)pg;arg¢,,_|
Wil 15 (Ubl e Ol 4 ol s 45) Qe lndil 5L uimen
V5 glbel (Tl o oo gl mely g ol 5o
sstieds 35585 5 5 5 e A S Gl Slasl Lo
) oy edd Al gy S8 5 Lo (o
J B L e 503,57 oot 3 3o OL1 25 2SGS
OT (1) Ui lhas s S acwslie 555 sla iy, il (50
Sl sy 5 35mme DL 25 51 Jeol s s
L3 s 013,55 1 (a8 J6 L

Sl oS 5 Dl 53 [0] (S siar T 5 LE 5
(653 5 03,0) w5 o SLLL 5l 55 a5 1) (65N 6 el A
S g PO g S ST S RT3 = o H I RGIE S PPN SR E S
Saleols 53 0 5 LS AV 055 4 0 it 03le (5 5 513 oo

WAL il epg 05los qozin JLo

VoA



J..
()

ale

G pln s ek (b oY 8 et s b
JO ;J_iwch_wugglﬂgﬂ&;wu\j@.t,bu:”
Lol () g amslie 5 5Ll 5L 4l 55 CP LS
Sl il oo sl )L 5 5 5L sl 5o OB lojla
ot gl s aab A B F Olad slus b asdlas 55 50
CP 53 slej A 5l sl FEMAB56 ael s T bl
) Geimes saalsl s Lileds 1 L CP,LS O 65 Shes
5 ol b s UFC3-340-02 asbi 5T olul 5 Lol
Sy gty G gl o o 5L b e 81
2 el s e 5 ol (B O ok (B O3y (o
355 3Ll 5L g sl ) b o Calbes (63 Shas - sha

ol 43 & 5y

G el (g Y
Al T slol a5y 00 GO Ul ¢ Gaie ol s
sV Okl e Oy e ot Eee ] YA
>=',bCP LS d0 5 Sks Cs sl (V] FEMAZS6
o Laojle b sla £55 4 am 5 L e . Llodd
2> g o e 3 edaTownas ablie L ol il il
b T ool p baosle 5 Lo &l (golomis] b 20
[V ] Olestl Jo Sl ke oiid e 5[VY] UFC3-340-02
53 ledd (o1 b5LCP LS (10 5 Shee 75l (sl

03l u&f_l_u s‘.g:SLm_& Q)H“L}:‘b’:’.(’l"" L9y (\)Jgﬁl

b o b sl )l 2 gl £V i ol s b iy Jao )

o Bl a3 s Slallae 53 [V] 0L 5 (5555
Co 63V 58 sl siw (6 b b b addlles (ol 5 byl
Sl s e b Oladllas ol bzt ls  Slomiil 5 (25T Loyl 2
LS-DYNA 4l b Sl guolss 28 8 plonil o o 8
Sty a1 1o suslasl (gl o b 4 S sls ol
3R K 5T 8L Ol roman Bl o (6l
O OLay) Olddes o gdleas il o e () 53 Ji5 Jolse
SLaold 5o 0lis) i ol A 4 amie S ad sl Lyl 5 oS0
bl (L 5 2T 15 oS 5 Lo 358 0 63V b
RV

b alie 43 Sl 53 [A] OLSes 5 &gt
33 as bl Jlie ) e Aslen 5 (63 B 03l OB pn
)J.w‘éﬁééj_{wcpjk;ﬁjuﬁj)b sl e oy
3 Y Slab sl b gda 95 slojle sladds (s3us aslllas oyl
Losmeep Llee LS 5 6oV 8 esle OB o 95 530
~ladis i F 15 Salus oo 5, 56 Sap2000 st ,
by Caltbee o 5355 UFC3-340-02 fondly s ol
Tl G 90 L b s Jdos i s ) )l
il L S sl olis Snglie 5 5L gy s w3 Shes
2 Sled Tt (glo sl Gl polae M Dlab sliss
o3l 03 5 ol Oljn 5 a8l 5153 oy =1k g 90
bl PR S

Flrospslie gl (b aalllas Coeal 4 4 5 L

el old g Jie Sl (e ol Codn oyl LU sl o 455
 — |Gl b
3 [Eya b KE &
oo sl Aol CP 410 (LS

wbimT bl
Slp sl o1k
JIS.LJ C}L.m
D
o CP 410 LS
slas g Jbe 5 o T
f ol s “hon! ol
sl UFC 3-340-02

3485 plost Wi 1(1) JSB

ARR

WAL sl cpgd o lad eptin JLu




e Hipeo st 5 5 Ao s dipieo

o il S B S g g ol 4 e b 5 s S
3 TNT 5V e (g)lamdl L ¢l o (g 593 055>
L el o 4 S ki 55 ol 1 (g e ¥ ol
by dy &y g0 UFC 3-340-02 asli oy T bl (5 loni]
e 50 il 5L Ol — HLid Hls 4 el dewloes 53 .ol
Sype SOB Gl (Ol ol a3 & L5 s 55 (2S%)
0315 0L (1) JSa )3 0 mmite 03Le (6,8 51 5 Jous 5 anlllas
b o Ll 0laj— HLid Hls sas o(F) UK 53 .Sl 0

ool okt &1y} UFC 3-340-02 a4l s T

[TII111
T
T

50

[TITIT]
LT

S5 om0 § 0 pxdin 03l (2 leilr 9 OlousLu O3 3(F) S
(eI 890 Sbob

Positive Phase P-T

PS(]

Idealized Positive Phase P-T

Pressure

Idealized Negative
Ambient, P

. Phase P-T tof
t of 7
e NG

Positich

Negative Phase P-T

Pase Negative Phase
Duration, Duratin, tg
tﬂ
Time After Explosion

UFC 3-340-02 debipT Bab 1 slomil csbo3 — i 515ge5 :(F) UK

UFC 3-340-02 acbipsT 3o 3 (5 sluil b dslone igy—)-Y-V

ol 0k 1| atiee Oy g0t UFC 3-340-02

")0
i

Silo e wiaT ¥
B oo ST

palie ol b (6 S Il s O 4Kyl 4 4 7 L
bl r3bite Eanl slatr y3 s Ladlozs L ol 1
3 sz 25515 CP 5 LS O 5 Shes prans 4w 08 iy 5
CLAS)\ 3 loslo Joldza (P 4 A L opeiomen Ailosls
e L 4B A 5V 6 @ F SLasl 51 Laobaastle  ans
Laobs aar) (olas 620l 5 (63Y 08 e DB (gl
L&bﬁtﬁ;’j;ﬁob Ladilas 5,0 il oo ailas 4w slyls

ol ol onlatul (.LJJLJ J:.A \g

1P Ok sl -Y-Y

40 5, Shas sl gl LasB sl ) (b 5 shates,
[N ] Cmal ot o3l wl FEMA356 4l T 5ICP 5 LS
JLw0r 535l gy Jlel o3 1 0) ) st peba (51 alS
Sy glaosle Uledds o1 b (Coul Jlw FVO Jsles o8
ok (o o A L L O 48 03 sz
Olmeas o, 5L 6l e 1 b slasjle Cblfu H PR
Llods 4 & L5 )5 (g bl Sb ol > adyl Lo

)5 s )3 f Ve (e (65l 5l s ) gty
s ¢ 55 sl (1) JSCb s gad 53228 8 513 o)
ols 0305 OLis 4508 gladle )3 Olgz ol o 55 (s 5
35l g 0Ll i g g go (n) a5 el 47 ol

sladlo s w5 ol amdu )b )y p v a5 L

. . -(
N \\\K \,\q‘r\gyx\ k,s\@u\,\g;,\a.\\k«\*x;\ O ﬁ*_ SV R ‘,\?

WOlg gl g 9O (g 39 Mo Eg89 Sl (V)

WAL il epg 05los qozin JLo

VY.



J..
()

= b o b sl )l 2 gl £V i ol s b iy Jao )

UFC 3-340-02 406 oy T 3ab g (5ol 3l dwsloo :(V) S
UFC 3-340-02 4l T Gub » 5okl 3 dmolo
o3le 3l alols 5 0 meite 03le O e o sl slayl 5 Soladedn puns \(,tf

R
Ibwﬁaﬂbo}bﬂ-\iﬂW}ftwﬁA)'L.u)"ajgui.'ﬁo:bM&RG) ZG =—G1 %‘)wu\ja.&ﬁwl:iﬁwbw:ﬁ
w3
o3 eslamal slateas OB (oleml dai g Hloedil a4y gy a9 55 Hloedl HLid aculoes 5 eslinal ) ghtedy OB gl dak (ol » (AL 0

Dl 4 Sy 4 g 3 Hloed) HLES acila

UFC 3-340-02 0= ,l5 go5 bl » Py ta Ly o s Jols ol 5Lid (ol el )l dummlous =
UFC 3-340-02 14¥=Y 15 405 ulul s Cra amlons —Y
UFC 3-340-02 14F-Y 15 go5 ol s iror dloes ¥
UFC 3-340-02 Y4Y-Y 15 4o bl » Cr auslons ¥
fo A5 daly 5l eslinl Ll amloe -0
© (L+R)c,
$=min (0T o8 i b S plis,N) St 3B aloee
G=max (O jo,p Caai b S ¢l Dbl
R=S/G .
t, :% oty 51 eslinad Llof dloes =%
% Y&
Pso 512 ¥=Y Llssad bl 2 Qopens -V
(UFC 3-340-02 4l T Y,¥00-Y 2wy wlul 3 CD aesloes) Pso + CDOj0 sl ) deasloes —A
2, daly bl i abes -4
P

ra

L

UFC 3-340-02 45l TY0-Y i35035l vy 5Pro bline Z s =
1
W3
UFC 3-340-02 4sbr TAF-Y ol gos Sloslizal LYV o 3 b awlbona Z ulud 7 5 p, = arslome =Y | (0 5B drslons

t 22 el el Lp e ala ¥ !

f = 5 :
P
Sl gy 4y Olej —HLa8 Sl sad o)y ot + 02717 Alasl) dwloma =F

I e e
L

Cp X Py, 4w s UFC 3-340-02 145-Y i3 yai olul  C . tomlons Y

t, 4l s UFC 3-340-02 V4V-Y jls sai wlul » Bg  aclons ¥

w % Coie 31 awloes
t, bms s UFC 3-340-02 \AA-Y lsges olol , Tor  aalons ¥ Sl
1
W E =
¥ o

Cp Py ST Jlssas ool s ) s =0

(UFC 3-340-02 4l TY¥,10-Y Jidw wlul 5 C ) dmloes) CLPy +C o0, 4l arwlons —#

5 UFC 3-340-02 sl T YAA-Y 5145 (cla )15 ga5 3l oalizul L Lue sl t% 5C T amloe)
L w e 5B dnloue
U 5C o xPyy 4l P 4l ol

of

S 355 Olaj =5l ls sad ey 5 U+ 5T +0.278 7 anlona Y

.;,za,f,z;);_futw)ijlﬁL4)@5\@;&@@\.u.ﬁ‘s;,)u;@t\,,mrtf%uaou;—)uj,u,gww artf

BB WA Gl pgd 05ladd epiin Jlo




e Hipeo st 5 5 Ao s dipieo

Dbt & 5y 4y

Yoroan
I3

1

) B

5

z

£ O Y| BV RV Y T
Brees

(45b) Ola3

il 4 93 49 Skl b Oloj - 5LS lages :(Y) b

)Lsaﬂ.n‘vb\l.&;’bj

Yoeinn
D
3
£ )
(43) Ols )
il 4 cudy (Soleiil Hb Ol — 5L Hlages ((A) Kb
Yoouas ol
D
3
£ 7

(asl) Ol

A (S lmail 5 Ol —HLaS 184405 :(]) K&

Cob bl geds s i by a0y Lasl o Shes ulul
et s 33,8 e ealinal Lasl (6551 Sl 5 5y JSC
g3 adsl o5 Olgeas lo) ) 4l Cow sl Tmsa cblas L
33 8 o o3liul Hlomiil pl 53 ol o b

o3lw Sl L5 o & LS AU BT Sl a4 g L
iy B sl adsl o 55 b 3 IS 1 lendil Ll o
sl 0l o OB 5 Jles! 55550 B

Soels Jdsw 1 gl 5l ol 53 bojle fds o
N 158 50T ol oas onl 53 457 558 on eslisul s 2
Er s olmil il 53 Lol (b s V] e

Cwglan 555 5l (glojle sae (6 lasl LS)\K)L.’ <l oS

P, Shock o i
S ‘
) Direct . Ws
° y iy
é )
5 o
£ 3B /
: -
2
o
0 = c
— . f
P = Time
f 0.25t¢
Normal Reflection
bl 4 95 dorg 5 Hlrdl Hb Olo) —HLES s159a3 :(0) O
Shock
Front
bo_le
=Lﬂ]7 HS/ 4
TR
Section Through Structure
CePoopt - - - - - , CgPgp + Cpap
CDYob | 0.25t,
— 1
§ 0 : E b th 1o T lof
Eeen | b BTl ref T
CEFsob Time

bml 4 Culy 49 50 Hloxdil Olo —HLiS 1o ges :(P) Kb

o 0las—Lad ls sl gla eyl (B) 5 (0) sla [So 5s

QWL V) gla JKb 55 ol ol 4l (V) Jd bl
Olomiil 4 55055 Sl M85k Ole3 —Lid Slasls goi
odd dcule (V) gt bl o
Cl e in LAJi_.Z 2345 sbiler .l ol o3l isled

Ol G 5 ylomisl a5y 45 40 (S,lomdil b Oy Ol

s oS ot g et 4 Sk

il g 45 Slosoe) Glo ot Ll 5L 5 3l e
wb)u»;gsa:)lj Gy amg 4 (Ll b1, OB 5 e
gl o 4 CUS s O ) ey 0 mite o3l 5l )
Oy 812335 (0 3005 a5 chie mhaw 5ol (ST dla 0 s
st 5 n bl o3V B (1 b 5 Shas law Colal

W3l s gllae Sodn s 0 s 5 a5 blie slel i

LB (b 9 Jalos T
Ls‘aj_}J JL’ _}-"j’ DL [\Yl] SAPZOOO )‘_}_9‘(:_)_: BL LA&.JG Ll::‘

b ) 03 Nt b OP LSUO 5 Kos - s

WAL il epg 05los qozin JLo

Y



J).
G

ado o ol 5o Sl okl aitls b b 05 8 J RS 5 o

ool Sl pblis o Lael ST (5 658 0ae
03 8 S eblia (b 2 b s gl el s o

Sl 3 plie (slaosle (b ol Ss (V0) S s

el 0kl 1|

N Ol sl S I i Sy dguse :(Y) Jou

Slab il Sl TSy S dgue 5 Koz gdaw
H/50 4 3 g o3liz
H/35 S !
H/25 P23 Gkl

i slaadl —F
23 8 b e 3 se OB ¥ Gl s
Glods >l b aibA ¥ OB g3 asei Olgea (V) Ko
1S ol opl a5 Ll 0 0313 DL LS 5 Sles o shan

b o b sl )l 2 gl £V i ol s b iy Jao )

8 (Sl 1S5k Gt ST Al 4 o 6 2
e (Seolios (oLg Sanslia ol tuas o LS a8 S
S glia 1 ity a8 51,5 (5Ll (1Sl Com oS
F S hsoml 38 s gl b w07 ol (Sl
23 il 3 g e oMl (Sl 15y
g5 3 il S35 56595 el » UFC 3-340-02-2014
P I o SN - P SR I U
it e il 1y Lol gl ok 4 S a5 )3 (55 lons!

D cw 55 O)sea Olasle o Oy i

1.2 (DL) + 0.5(LL) + 0.2(SL) +(BL) )

s sl polie & sk (b (168 4 ki gl saen

4 UFC3-340-02-2014 5 dsslf Lasls, 5 o3l L pomon

Bl o3le laso,
etz (5,0l s

r 1
i . -
' S By, ‘ \ e syl ‘ {

T Laz o5l ] 3523 o3l ‘

| & T J
S glaymal)ly s
o3l 3,8as o
3 e g55 5 : ]
Ry .

’ losls piem

m

[wives]  [om ]

(e H—

ol o M8 sl 8,5 5 U]

& b | ? ‘ Lag! >0

b2l sl o

Dldil gl 58 polio Sejl b plSLo (V) IS

VY

WAL sl cpgd o lad eptin JLu




bl e i stge 5 b e Hipo dpme

RN

abA ob(O)

cpld

AL ¥ OB (G

LS 5Kk zglaw (5l o >l dido A 9 F OB 93:(11) <o

=
R |
Ko
150 5
100 'i
50 0D
0 g
7t

b s

81034 b gl 30 Sl gy wlel » OB 039 duylio (1) o

WAR lls (s 0lad i Jlu

Olseas Gloj 5L ol o OB o1 b ys eld Las| dal.ia
A edalin il o el 5L p 53 OB Ablie alyl 5 8
M,A)b‘_;‘a‘j_)‘ﬂi_ﬁ\_ﬁ).:ov\.i@bjﬂdhgﬁj\éﬁi@n4{
om@b,wl,pﬁ\jﬁ‘cpﬂsclo;,iwclu
Jobs 4 el (S ol 1 6 b s el 1 > St - sl
Ol 03 Al (glo T 5l 4 e (gl Sl Coale sl
22l Gllae et 5 ol B 0L 15 (ol 055 anlllas
35 gm0 sl 5L 5 glos ) HL oo Calin (63 Shas - 5o

el 38 F s

&P yao glo sl Wlan 39 owyp —1—F

Ol ol angy (b 53 S8 5T sla el 51 S
4 Oy slaledy Gl o) 53 AL o (B e pdlas O
ewleuaauutw}@wj,wa,yaﬁwcp
5LS 410 5 Sas how jl o b wblis ;i L a8 macpot
35 il s Lasls 05 delin Ulokn, CP 4 LS |
23 61e3 A 5Ll 5 (V) IS s Sl 5Ll 53 b
A8 das a 0L Gl gl ol 0ds 1) (VF) S
Slpsles s bl b plp 5o LOB (8 ae lojle mllas
b S22 55 4 CP LS dO 5 Slas - sha

VY




J).
G

‘Ai:la/\-.— b Ve b wlbf aib O et u.loF—-—‘

As

Ay

</

(o) plb aie 1 1S 5

o Is cp
f‘}’ 23

AP35 5 b pb dab (B Olo i :(10) IS

S ot 10 ,buisl =%— LS J}); —m—
i CP 4y 10 4} ==
WA 7
i /oY
D on
O T
4 1 e e
Q f
- B S W |
) . g p— =
fi VO EEEEE S et A — I
) R Ep— -
I T V7 S R 77 S S 7S
i

A P o3lo 30 Sl J T i Ol el duglio X(15) KB

CP il 10 ksl =%— LS4} -
LS loeiil —l— CP 435 10 &5 = %=
YD

(;:-)uh.brflub-wulg.-ﬁ

f»«b o i e _.___::::!
B------ L i *=-7
fo==--- *=-=7"

\ Vo Yoo ¥ Y/ s f/0 )
Slab

i B o3l 1o DAk J5Tus  wd OG0 i dus o 1(1Y) 6

b o b sl )l 2 gl £V i ol s b iy Jao )

055 Oles DMzl 4zl 0 5 b ¥ sl o fuones

sup@vsl,m;;,iucbwyg,adu;ucjw
Flas 055 Odastl aib a5 Cda i ol ) L
SN o s 5 b oo Rl 5 Shas o s sl
Sl () 2 358 oo odalin il Cta OB 55 055 O e
e Slojlu CJL,NQJJJMJG_AQL:; ol Ik
Slojlw mllae 055 5 esles AL 2l 53 lojle slad sol

C_mﬂ“;.o.f)bw‘ﬂ‘jj.} ol L;-\Jla Lgl.&ul.; @J»Aﬁ

Sl ply (BB 0 ptd oy 0 —Y—F
0L 5 b Sl S ) (0 Pl i (JBI OGS
Wl 0l 0305 0LE (V0) 5 (OF) (sla K& 55 5 5 4 gle )
48T dms gn O (sl ) 5 bl Db il 53 Waejle Bl
QLSJ\)LSQIO:J&;cbj\clfdlfo&sﬁ:i})h\.&a
g alS L aST Sl ol el ol s b e 2131 CP
Slome sla IS8 %5 318 CP 4 LS 515 LS 410 i s Shas
sasbaai S s 5855 b 53 (a0 sleslee)
IS s ol (B o 43 Sas o S L L
B a5 L prmmen Lol asl (515580 el IS
o33 3k 2l 5 ol pl (31 OSG ok5 p3lis codsTiumsey

ol a8 (glomdl 5l 4 e
Olib STu s O i (Y0 B (V) sla S 5o

@‘o-\.&db\@AUF&L&A)LA&\JJ&_.:JJS@}AWJJ

’q}__laf\-.— dab Ve pe= aal ¥ 4l O e a.i_.b\‘—t—l

/0
::L Al
3,
%
e S
-
j, A

10 Is cp

b s
el 3l 31 G5 b i BB Ol e (1) U

AR\

WA lials cpgd 0yl et JLu



e Hipeo st 5 5 Ao s dipieo

L;>bb):c¢ﬁsurnoL&3é§>JGﬁb4§J}bQLA.C~AaA$
Slab el Gl s (g)lmiil 5 loj I ook ply 3 LB
.¢ﬂh5ﬁumL§CP¢%L8ijs4ﬁ|O>f§kpcaM;\
S LA L 0T dols 5o oo oaln e 4y o 55 s (et
dglin U g G ol 3 0dd 4 8 a5 s (gl 5 Ol
L oS 355 oo odalio €3 Shas mlaw awr )3 ks glals god
Jbcss Lacobs ol el pllas lid (Ol sluws 51531

Wl ok 635 S 4 (655l 5 1o )

J)b;miJLLJJhuurb@&lhngu—h
$1633 )L o sl pl ail Gllae S —em

Yoo
R YA+
3
—~  \¥.
Ay,
R
LN
3
SRS
F oy

T oaby @b o b ¥ PR @b A

10 5 Ko zhaw 38 pb dinb Bltao Ol 1(YY) S

Sl 5l Coni B ply il e ks e

1033 )b i el ply 4l llas Sl —o—
Yoo
R YA»
3
—~  \¥.
Loy
Ny
oA
3
SRS
F oy

T oaby @b o by PR @b A

LS & Khos zmhaw 50 pl dib Gllao LD (YY) <o

ol 5L s B pl il llas Sl —am
134l o bl pl il Gllas Cid —a—

A
PIRE
SERLE
UL
N
i
i s
2 ¥
F v
TGl b o b AR b A

. CP o los gehaw 30 pb diubs Gllao S :(YF) <

J/.’.
oy
7

CP il 10 jlniil =%— 1S4} —g—
LS k| —il— CP 435 10 &35 =% —
AN

(P)u@;lbwu'&-ﬁ

S ey o
PN LT X
Y o ST -2
r----- - ¥o=-=—" x
¥ == =-—— ==
"y Y ¥ ¥ & 4
Sk

A § 03l 30 Db 10w OWKe i dug o 3(1A) S

CP o] 10 jbuiil =¥— LS4} —m—
LS il —— CP 43; 10 43— %—
N

=~
<
Z
-

(o) Slid Slo i OIS
: :
1
\ \

ISR ‘ i ‘;
erd -_Fl‘__:;::::x————*__
goooRIc--x-mT
) Y v ¥ & 2 v
KRH

Aib Y ol 58 Olad G5 o Ol g Ao :(11) S

CP ! 10 bk =#— LS d}); —m—
LS loeiil il CP 435 10 &) — % —
LT

N

(‘;a)u%;Lb-wu&):x
. .\ -

A A 03l 30 Sl S50 OUKe i dug o (Y +) KB

Lol pb Glhao il w0 —F—F
Tk 53 lej 5k 5 sl Jl S ol adb Gllas Sk
S B (YY) gl JSCs Sls 505 33 CP 5 LS dO 5 Sles

Y\

VAR iy cpgd 0slecd coiin JLo



&\»

1. Bogosian, D.D., Dunn, B.W., and Chrostowski, J.D.

(1991) Blast analysis of complex structures using

physics-based fast-running models. Computers and
Structures, 72(1), 81-92.

2. Liew, J.Y.R. (2008) Survivability of steel frame
structures subject to blast and fire. Journal of
Constructional Steel Research, 64, 854-866.

3. lzadifar, R.A. and Maheri, M.R. (2010) Ductility
effects on the behavior of steel structures under
blast loading. International Journal of Science and
Technology. Transaction B: Engineering. 34(B1),
49-62.

4. Heidarpour, A. and Bradford, M. (2011) Beam-
column element for non-linear dynamic analysis of
steel members subjected to blast loading.
Engineering Structures, 33(4), 1259-1266.

5. Urgessa, G.S. and Arciszewski, T. (2011) Blast
response comparison of multiple steel frame
connections. Finite Elements in Analysis and
Design, 47(7), 668-675.

6. Nassr, A., Razagpur, A., Tait, M., Campidelli, M.,
and Foo, S. (2012) Single and multi degree of
freedom analysis of steel beams under blast loading.
Nuclear Engineering and Design, 242, 63-77.

7. Forni, D., Chiaia, B., and Cadoni, E. (2017) Blast
effects on steel columns under fire conditions.
Journal of Constructional Steel Research, 136, 1-10.

8. Hassanvand, P., Rasoul Abadi, M.H., Moghadam,
A.S., and Hosseini, M. (2016) Comparison of
designing simple steel frame and coaxial brace
systems by contrast of blast, using two methods of
load and resistance coefficients and performance
surfaces. Journal of Structural and Construction
Engineering, 3(3), 112-127 (in Persian).

9. Building and Housing Research Center (2017)
Iranian Code of Practice for Seismic Resistance
Design of Buildings: Standard No 2800. 3" Edition
(in Persian).

10. Iranian Code of loads on the building (2016).
National Building Regulations No. 6 (in Persian).

11. FEMA356 (2000) Prestandard and Commentary
for the Seismic Rehabilitation of Buildings. Federal
Emergency Management Agency.

VY

b o b sl )l 2 gl £V i ol s b iy Jao )

&5 4 —0

At 33 sl (b gy (6 S s ) slatesy Gl 15
Wb AV FDF Ve ol b g s 4 il
Jgens ysbas Ol le a5l cpla a5 b .Gl ol 4l
Iy ejlo Izl s & o b 5 Jow gloj ) glasb il s
3 Js CP 5, LS dO :ngacbumkgljtg\oj)ﬂ{ﬁ!ﬂ):
o sl adsl 5 3 Ol ey sdeTlunngy ablie 503 503 (1 b
Gl gl el o ealizal Jlondil gl 5 OB b
P PR V- S I A PN &,c.» S a0l
Dol 5L ol 53 CP 5 LS dO s Shee pebans 4w 2 55 (5o )
L il 3 OB I bl gad el 1 5 Shas = glaw Olea
S dmso O b L 8 b s Mo 5 ol
Slp les 5 okl 5l plp 53 Lo $ae Slojle mllas
impen bl G i 4 CP 5 LS dO 5> Shas s
Slojbo lae 055 Ols OOl 4zl & 5 a2l F b o
& sk 5 mmg@rﬂw;ﬂ&c@uwﬁ B
s Shes T op Gloile mllas 05y Dl db A 5V
b A B s 05y Ol OV 0 i 5 b e RIB)
10 5> Shes law 3l ol JS O i p3lie .55 8 o okalie
odaT sty ol 4 5 b bl o 2l BICP 4 LS 51 5LS
Ok 4 i (Sl S b 1y 53 OBl (B OSG 8 3lie
Ol LB b il Gllae OlS (o) ASl(or S (5ol
Lol ol 4l Glas Sbs (b SIS (il L & das
el 0k 655 a5kl Sl 5 (sl ) b oo

3 el (5l (1L S sl B G a5
S spaiam g obpsbe pl e e b blons 8 b
o e 51 sl SLask il 53 0dd (b (slae s
PSSl U il Lol 53 Sl (S 3 Shas
b a5l ol S s el 1 5 Shee - sl Olea
o 5 Salite Gla s b golndil glasl 2l 53 bl
Ol gty oS Asly o (15 o = glaws ailia) lomdil ot b

2513 13 eioma ) ST SIS 5o Slhkoss ¢ gud 5o

WAL sl cpgd o lad eptin JLu




5

b (oo (sago 5 (U] Ao (Hjpo digreo

12. UFC (2014) Unified facilities criteria. Structures to
resist the effects of accidental explosions,
Superseding Army TM 5-1300.

13. Computers and Structures Inc. (2011) CSI Analysis
Reference Manual for SAP2000, ETABS, SAFE.
Berkeley, California.

14. Dusenberry, D. (2010) Handbook for Blast-Resistant
Design of Buildings. John Wiley & Sons, INC.

WA Gl epgd 05led epiin Jlo VYA




Optimized Model Design of Earthquake Resistant Bending Frames for Surface
Blast Load

Mahbobeh Mirzaie AliAbadi! and Mahdi Mirzaie AliAbadai?*

1. Assistant Professor, Department of Civil Engineering, Faculty of Engineering, Behbahan Khatam Alanbia
University of Technology, Behbahan, Iran, *Corresponding Author, email: mirzaie@bkatu.ac.ir

2 .Instructor, Faculty Member of Management Development Research Center, Tehran, Iran

The construction of resistant structures against blast loads and vibration is essential. Structures are vulnerable to
the external loads in different areas.

The initial purpose of designing against blast loads include life safety and the prevention of progressive, collapse
based on economic considerations. Structures with these qualities are of great importance and should be protected
against explosion.

1. Structures with sensitive and expensive equipment.
2. Structures with long-term guidance role.
3. Structures that cause disruption when they are destroyed.

The clear understanding of any occurrence and its consequences are required in order to provide an assessment.
The literature review of designing steel frame structures against explosion is evaluated in the next part.

Bogosian et al. [1] have modeled the blast load (300-1000 kips) on a structure, and in their result, there is a graph
that shows the relation between the chance of occurring an event with weight and the distance of explosive materials.

Liew [2] have modeled a five floors steel frame against blast and fire loads. The study on the columns of the
structure has shown that local inelastic buckling in critical sections will occur in high strain rates.

Izadifar and Maheri [3] have evaluated the effects of ductility on the behavior of steel frames against explosion.
The graph of force against displacement has been drawn and the parameters of ductility has been studied.

An eight-floor steel frame, which has been designed for service load (live and dead load) was evaluated under
explosion by Urgessa and Arciszewski [4]. The results of the research show that the joints with side plates exhibit a
better behavior than the conventional joints when blasting. They also behave more efficiently than conventional joints
because of the use of these joints to move the plastic hinge into the beam. By comparing the behavior of similar joints
with differences in the thickness of the bonding sheet, it was shown that doubling the thickness of the bonding sheet
reduces the in-plane displacement.

Inappropriate design is the main reason for the vulnerability of these structures. The optimal model for
performance-based design of steel framework structures resistant to explosion is provided in this study.

For the purpose of the study, the authors assessed the three performance levels of 10, LS, and CP. The intended
system for structures is the steel bending frame. In the first step, the structures are designed against seismic load for
three levels of performance. In the second step, the structures were redesigned against the blast load. In order to
investigate the behavior of structures, the following parameters were investigated.

Weight of structural materials used
Assessment of the designed frames has shown that the weight of structural materials consumed by the specimens
against seismic load is less than the weight of structural materials consumed against the blast load.

Examine the horizontal displacement of the roofs of the floors
According to the results, the horizontal displacement values of the roofs in the frames are lower than the seismic
load compared to the explosive load.



Check the absolute acceleration of the roofs of the frames

The results show that in designing the frames against the seismic and explosive loads, the absolute acceleration of
the roofs is reduced from 10 to CP level. Also with respect to the amount of explosive and its distance to the frames
and the amount of seismic load, it is observed that as the number of floors increases, the absolute acceleration of the
roof of the frames is closer to each other under seismic load and explosive load.

Keywords: Structural System Steel Bending Frame, Explosion, Performance Based Design, Optimal Model,
Operational Performance, Seismic Load.
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