A
&)

;(M
:‘t}z AR ).uLv Pogw o)l@fb Pogw JL..;

S a5 |y (65 g AT Cadiee Vs 4 (6505 slaolas Lo
ool b lokile Il Oloman o5 6T 51 6ok A3 o OLES Sldalice
(U'chdj'bt;é) Jlaz| 55 b kias oo aslsl 55 (6 )8 & o5l alls
2245 gaslie Slas e Ll 8 53 05l LT a8 508 gy 5 ol
candlan ol ys o b sl e s etd s 8 s 55 0T sl p 1 b
Ssoliw 93 Cous (b 3l e aib Vo 5V F o3V 5 has b 4
e O 0,8 it Golas sl B il 8515 0k G ~
A e 65 e b g 0> Sl b g sl 1SS s 2k G
$l s ble Syl amy a5 5 Ola ST 65V 9 OB (ol
3 i (65 g o T AT )35 g oSl 0Ty O 3 s 5 J g
b e (SGlal o By 5l eslital U B slej ) ks, (ol
4S AL o3l (slas e das oo DL gl ol ol g
O o5 cpaindn Gl b p 53 (i8I 3 slo3 ) o8k o
5l sl s u;@_uu)s;;\uzﬁs,u)u LTS PTG -
4o 25 O 5 L slaole (Sodes Sslss putomad il () g 5T
S5 T Cnd g G Gaib L o el 5 (55w T
258 4 55013 S e sl Ak Slome d plrale e 4SS

3385 gt b 50 3 o Sl 5 e sl sl L ps )
(b e Sl ko (65 g ST ) ey 315 1T Olals”

Sl by —les e c‘_;jyuiJT S5k

03 Laolest Lo ol U s plonil 0580 3,L8 ) &l
eSS Habte iy 5,8 51,8 3050 LG 65w T
IS 535 b ulsl ST L il Cia Olazs L
Sllas s wstlo 05803, 3 A8 8,5 gladsly
S5 Slejln Sod b 1 o b 33 5 6o 45 s e 0L
ol il e Yok 3 8 515 () 3,8 o 1Ol
SO Slasetia YU o)l a3 53 W s 2 b
ol JS b b 2l w4 e a5 esls 2l T
3ol o VU (glas 1 453 3 o 5 515 (Y 50055 s
L (Sl Bl 51 6,8 gl s @) Jsls slay

sla S Jds ) ojlw sliel )5 (6 g Lgl_AJg_.';

)

YN cdl s o,
A0/ - ANA 25 pdy Fu,b

SBOB (slojy) ;L8 o)y
Sl 5l om o (g3¥ 45

(Jghumno 030m3) (ylaon )5 21> ol
L;U‘*'”t)ﬁ? olKisly wjlo ‘_')//m.c (swlige .w)/wu)L{d,;msb
(o)) (siwos plol
h.hajikarimian@edu.ikiu.ac.ir

Sl &l .8
(o)) (s plof Mol s olKiishy Hholiw]
3,8 603 il
(o)) (s plof (Mol s olKiish Hholiw]

dode —
b as Ll5 o (655 ST sl s Laplazs L s
ISl o a5 o (ol i p s s ) i
edbazsl B 5l gn Cony3b (6,15 ¢ I8 L B Sl s
Al g Sl 3 0did S (603 55 L g i
L st (BB O ot Ll 5 g (65 5 T o 5500150
3 ST Gaslm g hy Yo plold o ja AL Gdee
Sl ol Ll OT 51 (6,8 sk 51 05 (slapltsl ploni
Wls a5 53 1y (55 g T g g8y ezl o)l gen Al s
;)}_ﬁL;_ij_,|ﬂ);ua)'u)L:é)U¢_w|r)'Y}LL>‘- Y
o3 VA gaas Lo ulsl 53 V] 5,8 51,5 )
BRE 5,50 a8 b3 Olasst L 3 Slidios (g03 2uS

AR ).uLv Pogw o)l@f} Pogw JL...


mailto:h.hajikarimian@edu.ikiu.ac.ir

3pdceasl ilie) sl il o ylassS ol Lol

Lol o &) potn T Syl o a5 7 65V 5 sl
ST lesls plonil [ Glllas el oo SRl C 1S e
G0 g 53 edal 5525 a0 ol o S i 5 g
2 e s e b Sy Gu e B 02 Y
Lo 5 o atls y OT 4 Sl b (slaaslin T 5 bas il
DU it nl sl el 88 15 anlllan 350 [7] 5
oS LT 1l 5 Sl eslinwl L glaib Yo 5 oF (e
o 3 JES 5 0L RS Do 53 4 5 edd giledia
o slag s aS das e Ol oddiplnil Sl o alas Lot
AU 5 e ol Bl 5165 sl s 4 0T 5
Ll i 5 oY 55 O S 5, Shes )3 @3l Db
b1y S osmee o ol b il s (65 g 25T
5 OB B (S Sl edaT s 4 slag s 51 s T
35 55 ol bt 5, sl 1 el slag
el 2B gla (b 4 e 2558 i 3 At
Al s g
TS BLa i (ool DS (g 5Bl ies
Slasetin S oI5l 5 5 Syl aomy3 Sl L 25 S
s (28 Caglie ol 205 05 ((SOLSe pge
0355 33 Laaises Jpb G133 5 ot s ot
Sl ged S35 21038 5l b 53 5 gles gla 5T
A7 s o 03 L2 LT ol ok plonil a2 Le5T
Salsa Ve 5|Jyg6u>5@ujuou;ﬂ,r;.@;
35 oai Y55 s 25 53 g 5 BB a8 sl uiSS
Slabeiin [A] S Y 5o 5 ubshyle K3 (ganlllas s [V]
5488 515 G e 534S Slale V5 SO
sk ol A lenls H1,5 sy 3yse 1y 35 e 3 e
SLas¥ 3 sl m o3l (S5 5 mllas (STKG Slasie
el 45 5 13 ) 355m uaglie 5 uaglie oS
slael godole L b b 4 basli T a5 pols QS ol
Cl ok oaline .l 0l Ol gie (65 3 25T 51 s 5V 8

a5 6l cnglin o slas¥gs gan s slasy¥ s as

%
S
22
Al (A5G 5 a8 od (ST 5o ceSaudly
Lo ielasT slaeslu 1 (5 T 513,108 e
Sl b sl el s s Tl 5 0580,
> Shee sl b Bl s 53 350 el 1 3 Shee
Lot ol B pds sy Go o 2l oo eSle (b o
Laolest b (o> b (sl 2 5 6 Sedomm Loty b=
Lals iy ol 3 s bois S wl Gy o 5L Joond shates,
23 ol e san3 3 0583, sl LT s
corlal oml S i Ol 1y Laamdly had ¢ G2 ol p
cLaolazs b 55 o pas s coiln S (g s 25T 5
Y] =00 5 el [Y-V] 20ls 6t (s 2 5L 45 a
I35 50 g S5 AT o me 5o Al 2V slae sl 1
3 o5l (2Ll il 53 (65 5 25T &S 5 5ba ol
Sy bl o BLE| 15 YL Olab s esie 0L
Gl Cadten (g sl dw glate ol (1 ilosls 15 asllas
3 @ladde Gl ol ods a8 8 L5 53 (5 gw 25T
Nl s 3l (s b (SSlwl o (sl 5 SAFIR 1 8le
A 53 o iomte .l 0ls o3lizul SAP 2000-V14
D5 SB35 5 reb B e 5 Sl cekd 3 8
b G sl e oS das e 0l AT b
0313 OLE gl s oaly (5L s 5T b lie Sl
AU VL Slib o G o 65 02 Gl b S
2 551 ey (3 am T Lod l l8  g 5 6
Cmotl (65 5w T Loyl 5 55 a8 das oo OLiS Oolalllas
AalS i a glojlw Glagldl js [laS (gedo
Ol 55 VU Gyl > a5 53 3Y 6 SUIKG Slaseie
e ganlllas F] 0L TR RUNEVRUE TR
g lesls el G0 ,5 5 26 S B oy b
T a2 a0l ss Ol Jeke 8L Sk B
plasil 3V 53 GLaB,0,5 02 S 26 S b Gate Sl
Ghmloes GLa sy O sl ([0] OLLSKn 5 Slaie . Llosls

s e sloul ol sla i S s e S i (Lay i

AR ).ul:v Pogw o)lo..ﬁ Pogw JL..:

1)



03V oy LBl 4l bzl bl 5 Ailes HIbl (65 g 25T
5 i 3o A3555 ol 53 3 el ol Sl b
ol s3Y 55 oL i cadlin ol 3 5500500 8
Sl H S Glacl e ol b Siee glaael T
2360 3 (adom o Sl e 5 0l (G ST (Gameils
S A LTk, 5 0,8 a3 035 8L o
5 dslin 3 g0 Ul 813 slos 3 1L o me 3 e

W8S dal g 1 e

G 959 Sl -
& Ssloge —1-Y

Y sane 45" (g3 Ikl ol ga5T Slaseiin o o5 28
«(ASTM 2007) ASTM E119 15,5 o 51 15 eslicul 5, 40
I1SO 834 4 (UL 2003) UL 263 «(NFPA 2006)NFPA 251
318kl ol Lo glasltitinl Kos.asb . ISO 1975)
5,ldikwl (BSI 1987) Y¥ L Y+ (gla s BS 476 Uik
Wl wl 5 lkkwl s (ULC 2004) CAN/ULC-S101-04 15618
el 3 > 1[Y] Leb e (SAA 1990) F 25w (AS 1530
cgladaly 45 Lan p b 0058 o 151 Ol j—los somin ¢ Lo
e Shslad gteas 1 Ol b Dyl dr s (e y b i
e Salaly [10] S or G 5 a3 851 30T j3 05l oS
oy g G o oyl a3 03451 Cawdas g, ISO 834
LIV 35500 i 2 (V) (sl
T =345log,,(8t+1)+ T, D)

Gdsles 5 ol Jals bl Gdlslas Gl » Cpimmen
13 4 Olaj —Las oia (6 S SIS i g 5 5
L Gilke [VY] Gl 4l ann 5 4 568 5 S8 5 5L 0lae
ol o (5 el )Ly Olej —les (sla ot o) K gy S g
O iy 2D B S Coln b Gy o oSSl o
Slael ¢SGLI 6z F gLl S (ol 5 a3 550
05 Camed 535148 555 s bl gmie S sbas 3l

JYY] 390 o Lg.....'» L OS5 e g O

4l

ol jl o (£3Y58 (ol gloj)) b8 (o

A3 VO Jilas UL ekl Fe TC VL sla ) >
S Coal S 53 ol 5 yls 1y 5 s Sl Sluaseiie
ot 35533 s 0ukd ) 50 8 Y (s ks nslie
SalS o3 Fr BV TC YU ol o a5 (6l
HLs, oSy AN5Ble s LS cpiizes | (g3la A] b
LS a1y 3Y 55 slaolest L (Salys 5 (St
Lyl b Co b sn 5 (S S s ey sla =l A
45" 0305 QLS ol lesls 518 o) 3 5 g ST
oS i A 5 S e sl m sl St
el OT 31 (S gl K5 (S 51 g oo s e B
ol 0T (Sl (s QB IS 5 Sl a2
[4] el
gsds L ablis ol o (o)l slaaslionT &5 0T 525 L
dr g ol (St oys 8 s 5 4 o3l Jlal Dol
Sl Laejle (b 6l b s ge glaaal T o8 iy
e G s el Sl s sl m L s Y
S b @l sl g3 pl S 5 S 0T Jl diless S
S das e 0L Sldalie [¥] Sl ol 4 5 b5 55 65l
Olizmen (G o elibl 5 (65 5w 25T 1 g oSl 51 (65l
O 51 i @loile BTl il o oslizal L 5035 5lb
25358 (655w 25T Ghslm Hlas A8 4 2 |y Gl &
uu;:;:wq‘@h;l.utjsb_ﬁﬂﬁssﬂul{U'Lw
30 daal g Sglite (65 s T 5 U Llewy a2 S
S 4S5 Gl ool sy 1 S ad g ol Coda
Sy g2 Sl Bk S Bledile Sl Olomen (55 sm 25T
Gla ) s bl sb Laasb o Teglo) L 1l 55 baojle
Lsasbiom T 51 eSS 53 Jl pl b ilos S slgidy 1) il
5458 13 ($5mtST S0 me 34 plaosla /L§|°)'J5 B8
OLs 0l ot 4 S a5 55 (UloSle LIl 0T 31w
ot a1 el (glo S B, (655w T S 5 JS
ool 3l ol 3 8 S35, bolea 8 0T b oo

3 g ol Km0k 2y L Sl b

AR )...vl:v Pogw o)lo..ﬁ Pogw JL..:




3pdceasl ilie) sl il o ylassS ol Lol

6,=06

g~ “Ymax

250 £ X)) o 22 (o)

m,
S s by 9 emax 03 5 bpayx = tnax] oT B oS

X =) 265 by olg e

S3gw i T w4 03k 215 sbro —Y-Y
OTL o3l 55 G o (odign 457 Lo Ml 51 (S
S ol i Asb e oile 58 Al ek (Zawy gs
Lo g g 25T 55 T (5lMe 03,57 Joosd 05l &5 (6l 5
Olp5 a8 25 b o Sl ol D Bl (2 s B 5 o
ol (B 53 e 355 00 9 P oSl 18 0 4 Lagd
Olimpas g oals JSb it a0 g2 b a5 55 g 5T o8
50 55 oSl 5 dyls 0 s e Candy 5o OLab Cadu
il gl A e Sl obme 4 56 e [VF] Sl 4y
Sl A iiu BS 5950 535,15 5 g 5 (65 s T o8l
W PRV-IC 3K S P M [P S
Lg|ﬂb_.\_win\_;mzi0 P I g R . e e
STREUSPE SIS0 ENFIEIS 3—10 S AE s sl
WSS 5ol sl Gas Rl p 40t e la
VYo sgdo 5o Ogim ol K0 ok S T 10 gt (ol —

100] das 55 oo o

Sloj ) Julo —¥-¥
Jloi s 5 adllas 5 e Lol (sloj ) o 6l

e U ol sbate oyl a5 58 go oolil b 2 Skl
O i S o andllan ol 53 457 558 o bl o OIS
les sad jadeiia |y OT (gloj ) gasl T a8 Col (5 5loes
aib a8l e ol O S YA+ el TL ollas
2o lm /Y8R 5oL b =l U ol 6,
(Wb ooz gyl B T 5348) o /0 Yo h 51l Oless L

T 3 S Gl s cpl 53 5503l V] e sl

AR ).ul:v Pogw o)lo..ﬁ Pogw JL..:

%
&7
O p 5 Sl o))=Y
(V) el 31 04t o, gad o 53 Olaj —Las i
0, =1325(1-0.324¢ >~ 0.204¢" 7" -
0.472¢7"°")+20

")

t*(h) 5 G ST glga Sl 453 0,(0) 0T Ho o8
AT o Cawsas (1) (gabasl ) |

tr=tI )
s g Sl (F) gabaly 51 T 0Ol 5586 0T H5 a8

I =(0/b)*/(0.04/1160)* (f)
Sl b(J/m’s'PK) 5 555k o s Om'?) 48

T o Cwsas () 5 (0) alal
A
OZZ\/E ®

b=4/pch )

VerSBSYYor 50 AYS O /Y Glacysgdos 5 Laly) s
1T 5o 8 6250 J 587l

(1) basl 5 (olad (535 2 03B slas5l JS Sl A
(M) Gy o ames JS Sl s 4

(m (V) salasly) 1o glasisb gl 55 oSS thgg
(kg/n7) G = SSb! FHlas I ip

(J 1 kgK) G <SSb1 mlas (5059 sbfic

(W/mK) & ¢SS! Blas ol obles 1A

— bWL’W+ded v)
eq
Ly + Ly

230y S50k sb pln e Ly s Ly 0T 5o 8

sl o

O O g (Sl o —Y-1-F

(el 03 S 151y 5 dauls ) Ol 5w (gl po (15 ST 55

0 = O —625( — X)L <0.5 W
0 = O = 25003~ N — b X) 0.5 <t <2 (@)
£¥




G303 s ) 53 48 e B AT e 35 4 sbley
Sl et il O o Jlasl b ot 2 SSll Jos
Shmlome (Sl ol ol 0355 o0 e3liul LLOB (glo) J 5y o)
(5L2e 8 oy OSG 6 L b Jlas! Sl O o5 e
O 5 Ol b 5 03)5T sty (655 5T 1 o |5 48
U 5 Jlaml 5 Sl (6 10Le5 rsy S 3505 pa iy
Lo 5 VU (6 smme (e ot &S I L WL OT s Ll
PEREUCN BV P A
4 85535 53 T 1 g OF Wloey il SOSS ois
el Sl e (03 Y game OB I tu ol (il i
Sl 0L i glyls o, S (goldm b e ol 3 STl
Iy LT oliae Ol 55 o il (G o (sadom o 51 L) il
e 33903 3,305 53l gy o 55 gl S5 kb ge O s

3 303 braler il Sloms il 0K o8 ST Ol e 1 05l

O ) gee
Y
. e OXF I
L e |

S TXY/7

ol jl o (£3Y58 (ol gloj)) b8 (o

@C&)‘M}b‘/b Ol jen a5 (65 3w 5T (G5 25 3 oy 4l

Ll (i psba aib i)l Ao)5 ¥ Ol 4 OB lu

N RSP Poy SRR T

wexo -V

Glie 53 ol i lmand gladus iwlons ) i
2l L OB s 5 b g e sty sl o (gl n [VV]
S 5 ke Slaste .l ol plnil [A] Ol 5 Olw
ol S (1) S8 53 (i Coms ol S anlllas 3 50
Gladies 51 S aewlons domd « aates ) g bas Lol
LG =l s S () S8 55 0L 5 Ole (g4l
Ly o SUT 5l 5800 5 55 sdbiplonil (g5ladde 7 A8 o
sl sy B8 5 08 s 5

e JSs i 63V 53 O slael 53 (65w 35T 5

Q)Ub' e

Iﬂ
—1

)',AC.:AJ;

B)
|
|
|
|
! Oslie b (g,
1
|
|
|

Bl

.Clﬁ c2 c&_

- 5T - T

T pluil (Sl oud 48 F (15 50 (Sldgy sl 9 SV e s DB Dilaskio (V) Kb

VY-
R e
N | ey
N T e \
KA \
%,
o ‘
~ ¥ /
Y —l -—-2
........ C3 o “u:il“‘“

[ Yoo Yoo [ Dee s

(C°%) &yl o amys

ST 15l 5 53 0 (gLt (Sladits (55 o Sy 5 ()

\Yeo ’
_____ o-_ | !
——_——_ A \\' g
\ l“— ) ;\':
............................. ’.{
R N s e e S S v
;{\; A E
: ;
\—,l: 1
. 7
ks
2
Feo |
!
Yoo I
—ClI -=--C2
........ 3 .
\ Y Ver  Fae o B e ¥

(C%) &)l o amys

DATOLE s 5 Ole Sk 305 (55 32me (sla g5 ()

B 0 693 b (S B Ogie (S970 SIB9 p8 (S lio :(Y) UKD

50

AR )...vl:v Pogw o)l.o..ﬁ Pogw JL..A



3pdceasl ilie) sl il o ylassS ol Lol

SS90 Sl -¥
oo Slaseio —1-F
Dy Y g9 Slasedo —1-1-F

SRS Yl Ol gy S candllae 3 50 oS (51
¥ O Oyl am s 53 Y 58 W g 5 s
03 3Y 5 Olasin il YV Gpa 5YVO MPa il , Cs 5
ol ol 53 Faals Gl o, LVL glas ) > 4 s
ol T o Csas Y0 7O Syl 4y 5 Slabeiie
(Gl =0) S 55 andllas ol )3 oslizul 5550 3Y 2 S als”
YL 5 S— A5 6l yls se 3l (S1as sazme .l 0l &1 )]
JSi 53 VL lass )l o am s 53 Glezstlu SY 6 gl 0k
Llidl (o b o g pimman .l 0dld 0l OLES (0 -0)
A=Y e ¥ a5, L il 5Y 5 5l >

el ods w3 & i 3 V/Ex) 0/ C
Ve Sl s s
VO \\ \C::]("L‘“ Coeglis
/0e N\ SOV
RN
— ]

Yoo S Qe VYoo

(OC) =S

YL.LSLAQJIJ.:»A?););;Y}QM;MK%IR(JD

\V/Y

Y.°C
A L) CT

e
/8 /// a~~°C‘/

=] |
z
= /
I
/ 9..0(:./
A
VeoC
fere .
/ A..OCI
o /0 Ve V/0 Y/
(u\-sa)b) ‘f';a;

VU )l a3 53 laslu sY 8 35 8= 25 layls i (O)

(Y] Y G o o 4o 38 30 Slaisbo 3Ygd Ko ilaseia () b

P

Sy

=

B bl S5 ) amelons jshna bl s
S B L Ll B 51555 bl b Co alas eled
o 3 eglie 3550 43 8 515 Ll Sl Sle silas s
GOl ok 1 gad (gt lie () i ol 4 S 1 5
Ol Sl 55 0 sl = 1y ol saib 5 Jsl saib il
Sl 53 a aly S slasls el amlie poran a3 e
33 ooy ol gl S Ll eds Syl (F) s 5s

(('Lg Saab) 4las 53 55 Sl O ots Jlos! soedees
(ol s4ib) aalas oles )3 il OIS 1o Jlos! = =0- =
(Js sarb) &las 35 53 il O8G oi Jlas! - - W -
(Js) gaab) balas sl )3 il 0K ,uis sl — o0+ =

A

(o 3l) (ool O i
-

(azds) b

8 Jlos!l cdl> 95 (515 L 9 (Sl Ol pudd (G o :(F) S

e ol
e . -
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1
1 1 ) .I.. 1 1
.
R R P i e B b ST LR
1 1 1 1 1 1
1 I.' 1 1 1 1
1 . 1 1 1 1
Yooddooen Y AN A S S
v 1 .l 1 1 1 1
. l l l ‘
A
1 A 1 1 1 1
1 . 1 1 1 1
T b il i | ity Sl Bl
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1
1 1 1

(F s aly iy
s
|
i

Glas 55 53 il O a5 Jlesleeses
balas b 5o Sl 056 ,i Jlas| amm—
Vo Y. e [ O S Ve Ar

Grn L) ol (il O s

G e OB s wl oy (Slawlie 50905 :(F) IS

AR )...vl:v Pogw o)l.o..ﬁ Pogw JL.-J

55



B> BB 9 5 y> Sy sl Dlasein —F-1-F
andllas 3550 SLAB 5 Jlas!l (g1 (65 5w 25T (Sla g 5l
ods S, (V) 8o 55 5 ous a8 iy 3 lime Oy pony
e S5 Y B B (g5 g 25T Jlasl (6l s
oY sbejle sl (M) sba .l 5L s, se Ol —Les
G I S e JLD SV 55 (VL ol 5 bl o
Q)|J}L?):AS:J5U}JJQ|)J@(J§156M4{M
G ST (lsa Oyl am 55 b (6 e T i Lz
055 3 oy o5l alllae (1l 53 oS nl L [¥] ASL il
Jold Ol —Las oomie Sl 05N ol ol €355 o0 5 o (0D
Les (g eyl gt ik O 3 5 OB 0 S ide 53
s g e SLV] Y US55 9 g 53 355 50 Ole
e (O 3 508 (Gl jo 53 o 4y Tl 135 5
S aboler 3 S5 dlaly 53 51 Olej-les (5 by
S 4o 55 6 el Olej—Les mete cdd S3Y 23w s

Szl jl g o (99Y58 Sl (o)) Sy (s
aalllan 5590 D Slasio —Y-1-F

sz dosmaib Ve 5V F (¥ OB an Jhags opl o
Gills 555 Ao 63 (Sl (1L lad 5513 aalllae
Jdos 3w s ad s Oy 40 [Y+] ASCET-10 LguUQﬁT L
5 o g 3ludibe okt -1 L [YV] ATSC360-05 L (3las
[YY]ETABS V9.7.0 Ji3lp 5 5 anlllae 3, 50 slolb 1 b
155 e Ol et

53yl 15 LS eTodsae VL sl ,adls L s &l

22

Sl g 53 Bl o plon]
g:,_ﬁ,;umﬁdj»‘,u\‘m@ﬁtw,nugl;@u
Sbdile oAl OT 5 sges S 555 20 ¥ ol ool
A ediioks ppe el Fas SO Rl Ok aen 5303 5
oS sl ot a5 8 15 )5 aje el 5 s S ASTYID
035 5ol3l g Slekd a3 8 i 53 0T (61 QB oS Slazs L
ASCET- (el T gtz b 3llas C & S g5y p
C};,'|Laoj.wcbuﬁjlcbuﬁws;|ujgcbuﬁ.;,|>,|J,§10

(7 JS) Wlokss sl gl bolie

S15X42.9

S15X42.9

S15X42.9

S15X42.9

S15X42.9

S15X42.9

S15X42.9

S15X42.9

S15X42.9

S15X42.9

S15X42.9

S15X42.9

S15X42.9

S$15X42.9

S15X42.9

S18X54.7

S18X54.7

S18X54.7

S$18X54.7

S18X54.7

S18X54.7

S18X54.7

S18X54.7

S18X54.7

S18X54.7

S18X54.7

S18X54.7

S18X54.7

S18X54.7

S18X54.7

S18X54.7

S18X54.7

S18X54.7

S18X54.7

S18X54.7

159 | W14X159 | W14X159 | W14X132 | W14X120 ] W14X120 ] W14X120] W14X120

IW14X176 W14X176 | W14X159 | W14X159 | W14X159 | W14X132 | W14X120 ] W14X120 | W14X120 | W14X120

‘ |W14X1§ W14X120 W14X82 W14X82 W14X82 W14X82 W14X82 W14X82 W14X82 W14X82

| w1axa7e| wiaxize| wiaxisof wiaxise | wiaxsso| wiaxtaz| wiax120f wiax12o] wiaxtzo| wiax120

IW14X17G W14X176 | W14X159 | W14X159 | W14X132 | W14X120 | W14X120 | W14X120] W14X120 | W14X120

' _|W14X1& W14X120| W14X82 | W14X82 | W14X82 | W14X82 | W14X82 | W14X82 | W14X82 | W14X82

S18X54.7 S18X54.7 S18X54.7 S18X54.7 S18X54.7
ki
S18X54.7 S18X54.7 S18X54.7 3 S18X54.7 S18X54.7
9
S
x|
3
S18X54.7 S18X54.7 S18X54.7 3 S18X54.7 S18X54.7
9
x|
3
3
5X6 m

‘ $15X42.9 $15X42.9 $15X42.9 S15X42.9 S15X42.9
g B g E |
¢ X X X X
3 3 3 3 3 3
3| s15X429 3| S15x429 3| S15X429 3| S15x%429 3| S15X429 3|
2 8 8 g 8 3
2| stexsa7 3| stexsa7 3| stexser 3| stexsar 3| swexsaz 3| ©
o E E E E d 2
3| s18xs47 3| S18xX54.7 3| S18X547 3| S18X54.7 3|  S18X54.7 3|
S S S o
g g b 2 3
x| x| x| x| x| x|
3 ki ki ki 3 3
- 5X6 m -
E $15X42.9 $15X42.9 S15X42.9 S15X42.9 S15X42.9
co. 2 §| § i
X B % X x4 X
Q3 3 3 3 3 3
X 3| s15x429 3| s15x429 3| sS15x429 3|  S15X429 3|  sS15x429 3
e 4 E E E 8
- x| x| x| %] x| x|
3 3 3 3 3 3
3| s15x429 3| s15x429 3| s15x429 3|  s15x429 3|  s15x429 3
g 8 & & 8
x| x| x| x| x| x|
3 3 pi 3 3 pi
3| s1exsa7 3| stexsa7 3|  s18xs47 3|  S18xs47 3| s18x547 3 £
S o o o
g 5 5 ¥ g g <@
3 3 3 3 3 3] ®
2| s18xsa7 3|  stexsa7 3|  s18xs47 3|  s1exse7 3| s18xs47 3 X
N~
o 9 9 9 of
b4 3 3 X X i
3 3 3 3 3 3
3| s18xs547 3| s18x547 3|  s18x547 3|  s18x547 3|  s18x547 3
gl 3 3
X X 34 3
ki 3 3 3
3|  s18x54.7 3|  S18X54.7 S18X54.7 3|  S18X54.7 3| S18X54.7
&l 3 3|
X X X X
1 ! 3 3 3
3 S 3 3 Y
- 5X6 m -

adllan 8590 SV SB Dilastis :(£) JCb

AR )...vl:v Pogw o)l.o..ﬁ Pogw JL..A




3pdceasl ilie) sl il o ylassS ol Lol

S S S S S —

-

Sl
e
S5

h,=1.76 m
A =564 m’, A=1968 m’
0=5.64x+/1.76/196.8 =0.038 — 0.02< 0 < 0.2
A =100.8 m’, A" =48 m’,

AT =48

b=957.188 (J/nts**K)

2 2
r=( 0.038 ]/(0.04] 138
957.188) / \1160

B2 BT Slasedo § byg sl :(Y) S

Sle s et Tocwsas (fra) ST Ola) Gupw 5 Ulas
Gadaly b b J,m8T L Colg 5o s el b Ol 5 sSTB
S 0 gadaly (DA 3w gl 0 53 Olej—les Gla st
g Ll dalgs Cowsas Ol j—les gowie OS5
oled Ol pf&u,f el (s151 4 o plowil (sl s
s 94 JolS sba aids Yl feST Sie Ok Lot
3 5d oo o3limal GUd 3w gl 0 6l 5 (A) gabaly I ol by
S i 534S ol S b glaslme v a5 L

s 5 oS ol s o 0L addllae oyl s i3 8
Lad i cdauy o ¥ ide 53 odld o s Hldie 44 5o
sl S5 k5 S e i (e et e e il
b5 5 polie g ol 53 4 Sl Ol o g ol o0
Yoo g sl S8 o) o shies el (ST
23 Cmmlyls )y 53 o i &S Gy S L, e Sl Y
Sl o 3l classt ol 5SS gl s os 8 8 L

-J—LTQ—‘@M{&J’LS}-“)L;@M&‘&)GJ")b&J"

3 (e ? dsb ) ol gz s aalas ols O3 5l p 4 S
s U1 re A J b a) (o3 g 5o aailas (s ol 5
55d oo o3linl Oloj—los gowin (galaily 03,5 5T Cawsas (gl 5 oS
ST lal A3l r OLSS i G, - 50k 52 2 81
ol a4 25 e G o SSTLT UM, 5 (St led 032~
Gillas .ol 0k 151 (V) JSC5 55 coddplnil Solnlons st
sl ola T st VIFYAL o £l S5 )
DL A Lolgy as a5 U Odd 5w gad> 0 6l
bban byn 0 s o o a0 by e all) Ol
U olsbn e <0.5(hr) G Jgl salaly b5 .ol alai
odeT s VIPYA 1l 0Lej 5 556 Lltie S ol 4 o 8
(4@ YY/¥) ol s /YWY 51 4SS5 503 bray g 85l
4S ol b s se sl Jgl gddasly 51 Ol g g0 AL S
Ml Olimean 5o = 51 ey o5l B Sl 5L Shagss ) 53
o o gadaly b 5T G (sl 4 5 L sl (il

Sl o3le 45T gl 6o s5 e Jlesl ojle  Ods 6 S

AR )...vlf Pogw o)la..ﬁ Pogw JL.-J

FA



Slabeia oy a5 SoblB 5158l 5l Lles a8 8 L s Lo
a..\..'::r-\:éjfjﬁj):‘)u|Cj.:ﬂ:b@ﬁné&ﬁ&b:qwb
3 et B i 55 Julows sl e Beam ¢ 555101 e 5
525 GO i DI s ey o b $Salis ¢ 5
O smoin pdlan Olasin 457 ool Joa .l ol Lld
S i U Sl Y o Gy o 153l 5 53 Les 4 4t
Yo plpeile JS sles sudsl Ll 2 Ol o (6 1L 6 5 0
Cos LB 0T 3l s 35 8 )55 53 31 8 slo a5
G Sl &G L e 5 43 813 B (6,18
b B 93 BB S 3 1 g s a3 s 50 £

58 ) e (Sl o 4 b

@ (gm0
:)‘54d&uO}:MjLAJ:J'GLAanLga)LJ(Q)Jg):
o ol a0 ds B 28 8 il 1S o
S5 canlllan 350 GLals 5 b Ko 5 5 lag o )l
£w) B2 3Bl gl s 55 (€3 5C2 €l oD g (5 gme
el s Lol el sowl p e G ol @

¥ slee £ caib Hler CB VY glae £ 50 Slib

1005 1o
— — v 5
V8o S VoS
..... — — ¥ o;
W B WMo g _
"""""" 005
Mef NeF o5
~ °
DS oS _
""" e A a;
F,.b_ﬂg\n Ppa _°.)f A bjf
05 Yoo 5 _
TS _Yo. 148
Ve Z Y808 _
----- — s \D a;
A S W E W £
f.ﬁ_?,in B2 ._,‘T/lf_; Bl Yo F
I S S C I S SR aye
4 41 4 4 4 wes

ol jl o (£3Y58 (ol gloj)) b8 (o

Vool s edaTimna G bl (e sl 1
SN IS 53 ) Gk 6l andllan 5550 63Y 5 (gail
RSNV S TPE GU P PITS) U PRE
FRTPUR S gy PIPYE ST CRCT S PE PSPPI TS SCNT

sl 4 8515 g el mmte (65 g 25T oS s

Qe - —
o e e
A Aes Sro Sl Y Gl -
oy SioF ) sl eme
4, . ".\.\ o S d 5 il aeaeens
= S
D A I iy
3
: for 2
x]f) '..\
Yoo D)
\\i“ "-\\
S N
~ W
Yoeu )_ \.\
Y &l W
Y ¥ 4 A+ \ \Y
(azds) O

S

Vo SoYed UL (ol otnTwdd &1y (S yolily (Somiai(A) s
&) Ggobew Cou adllae 3590 4k

Sibw Jowo -Y-F
35dmee Ol ASle s 53 adllas 350 OB (g5l

(3 brd s .l sa s Ll [YF] ABAQUS V6.10-1

Q‘YL.AJ%LJjnﬁLgJ&!}:Q)ym'NM 3y slal

9.5 Vo S
5 NS _y
\'e/ /\o/
;‘ < ; Fa;
Ky \WYo S
£ R o
Yoo S 0o S
S | B2 WS i 58
Cé6 Cs C4 c3 jpC2 Cl _
i . i . __ - Va;
VoS VoS
- - ra}f
\Wo S Wo
___; ..._Y_JS Fo}?
\Fo 5 0o g _
v 0. g
YAo S VAo 3
2 7] 9.5
Y4, 5 Yo 3
.. LY "
Ky wed _
Yo S "o g L ALE
e S YFo S _
B2 | Yen BI | 4.5
co -C5 -C4 |~ C3 [-C2 | Cl
I e o i I ]

@Iy é),.o gsl.fac‘jlhe;:(i) Jﬁ:;

54

AR )...vl:v Pogw o)la..ﬁ Pogw JL.A



3pdceasl ilie) sl il o ylassS ol Lol

edaliin 0155 n (1) JSC8 4 a5 b cadllan 35 50 gl
U Do g sl 2 6l o ome Slag o 20 3 503
L8 gl 3 oyl ot GHE L s 45 el
RETRg

G Sen aib 55 (6)5omn Las o (Slamglia I3 gl
IS 3 o ¥ ) Sl gyl oo anlllas 5y 50 s
aze O35 oo Laylssed ol as a5 L.l o &1,1 (1Y)
3 0 3y 5l oy S5 $3,5 ey 45 0B 8
AT 25 4 5y o O (SOUS Sla0 s

C1 Lol g 53 (S omn S35 13505 75 (1Y) SIS s
sl 0l a1yl (6 g i T ) ey P 61,2 C3 5 C2
o S5 81 G Sl polis LS a3 e
Doy I35 oL (s slag 5 23lie L (655 5T
534S sbolen ol ods aglie (65 25T (3 8 5 s
3 Sl pabdin (655 GRTY (S0 ks & bgy i )l s
o V/F T30 C2 0 g 3 ad 5 Jlael 31 oy (65 gos
= Cl O ol G ol &S ol J= s plea 9l 0
Sl iza VO S PN 5y €3 s () 5 YAV B1/40
5 8l e oo S5 S 255 n odalin e
A L8 C3 5C2 Cl slad s 53 (85 smr AT 51 ooy
ol e il e (65 5m T Ot 15 Ll 5o T sl

.J‘}‘:GAQML‘:AY &ﬁ&ﬁ)b&‘jﬂ@lﬁ

Jj.
oy

aibos L ol S VY LY glae 8 5 aabiis OB gl 46
L3Sl F )30

Ol ks 13 gad i i () 0) 5 (Gl =V ) Ko s
Shlas o~ Y o) glag,lw r‘—éﬁ‘u.&»—w S
el 03 § &l o S 5 Calies glajt

o o 53¢V 3o sl 3 (1Y) IS Gollas
e 1y S5 858 e e C2 0 g 0 0 S
) s S

O =l 023 G o 2e 03 Ll o ol 2

S35 it C3 0 g (O 3 p (Gl o 5 &S Sl -
Lg|)'|4_345¢_w|oT)'|§l_>-@lﬁ..\fsns\u.?ﬁbtg)ym
b e 4 AT b b ) e S5 S Slag
Gadom o 53 iy o5l jlder 45T Lime stk 0 3 5
o3l b B gLl 55 0dd 3w F10,80 5 Sz 8
i Ol e S e 5 L e 5 bl 5 S
AL s @8 s G S 5 gl S (55 Ol
S5t @ a5 Ly C2 O S oe S35 2 OMEs )3
O O 8 gad jo 3 Y Gy s sl 53 (0 -1)
O b sa Jaia |y () e (S48 sHARe (s C3
23 Gosmmn (635 035 on o alie S5 pl 53 4T 5 5bles
31055 553 Jds 40 0t 5 s 0t 8 51, Cl 0 s

0350 O)lie 4 b5 USG5 o il

fo Fo.
_______ -—u-ma :— . ¢ ﬁ 454K ‘_—‘.__fﬁ_ | - c2-Fire-sem
i _._.: - a ‘=: 1 F —i e -kt“' v Aees C3-Fire-Sem
L-I—" _ AT MA'?L‘:';"A‘
: o a2 ot
3 ,ii— l-l ekt A I I
9 e ‘I‘.-:‘.III Y Feo —————
R‘ . 15‘ AL kA A A A Yoo o+
)
3 n—n—d-n—g—mm ________ .
Ky R P R R
D YV & T T 7YY 0
Voo \
o I

(4233) (6 g 25T (gll 510k

&Y Gl Cow (O)

G Sl 90 ot dab Vo OB Liod (Sdib (S Ogw O (53970 (59 48 18505 ()

»+-@++ Cl-Fire-5cm

—O— Avg-Fire-5cm
~@- - C1-Fire-10cm
- - C2-Fire-10cm
—&- - C3-Fire-10cm

—— Avg-Fire-10cm

=-@-=Cl-Fire-20cm

-+l = C2-Fire-20cm

=-A-= (C3-Fire-20cm

== Avg-Fire-20cm

- @ = Cl-Fire-30cm

- @ = C2-Fire-30cm

= & = C3-Fire-30cm

—O— Avg-Fire-30cm

(42d3) (65 3 5T sl 51 0L

°) g

AR )...vl:v Pogw o)lo..ﬁ Pogw JL..:



Iz
S ol jl o (£3Y58 (ol gloj)) b8 (o

+O+ Cl-Fire-4story
0 C2-Fire-dstory

Foe . . . : o . . : :
= ' AP A AAAPAAAA

-t C3-Fire-4story

=X Avg-Fire-4story
=0~ Cl-Fire-Tstory

YO Yoo
X |
\eo\ [ A Yoro
3 v BINORN ISV S S — Yo Nepe AAALABLDILR b ) b Tuory
\3 Yoo . . , . ooooo.ooooo.< Yoo i =& C3-Fire-Tstory
’i : ; : ; ; ; =X= Avg-Fire-Tstory
Voo 3 X X x x XOOKK - VO ¢ OXRNE RO - O R R R = R - ..
\_.:) 7 =0—Cl-Fire-10story
Voo ((ce AYNNX xxx‘x -o.0.0.0.0-0 NN Voo 0 % o, é ——————— =0~ (C2-Fire-10story
TOCOOOOOO 0000000 XX S S XD RIS 22G 08 -~
5 ; : ] i ; : > O OO OO O+O-O- TG RO ——C3-Fire-10story
. TDOOOOOO0O000O00COCOO0OC0O0O00 -~~~ . ; ¥
i | i i | i ! | =X~ Avg-Fire-10story
\ Y Y ¥ O 4 \ A \e Y. Y ¥ o 7 Ve A

(4235) (65 g 25T gl 51 Ol (4235) (g5 5 25T izl 51 0L

G Y Gl Lo (O) G ) Gl Cov ()

G Sl 55 a5 adfllas 390 SBOB Lion S4ab SO 1 (S350 (5955 (Sl (1)) b

oo —o— CI-E
. gy — -0 C2-E
- AT —A&|- L7 ?f"\ —— C3-E
vo. Ak PR P R Y .. C1-PFE-5em

@ C2-PFE-5cm
—{ &~ C3-PFE-5cm

A--¢- CI-PFE-10cm
--#- C2-PFE-10cm
--&=- (C3-PFE-10cm
--@:= CI-PFE-20cm
--@-= C2-PFE-20cm
-4 C3-PFE-20cm
-~ CI-PFE-30cm
-8 (C2-PFE-30cm
- &= C3-PFE-30cm

oo

YO«

(F35) Sosmer S35

CYe Fe Se Av Yo AYe AFC 180 VAL Yoo CXe Fe Se Ar Ve AYe NF VF VAL Yeo

(a2ds) ol

(4233) Ol

Y sl S (O) G ) sl Cow (LAD)

4ib Ve OLB 3 G o (Sgr b (ST SIgw AT 3l (g § LB ) Pl 4 Lion Sdib (SOgw 13 (S35 (595 318903 (1Y) K&
(Al oo Sigm T 3l U313 9 435 CI> i 54 PFE 9 E 31 yatiaie)

u,.g{jJéd)jjdl:-j:gus\il.;USJ{)M&A(\\')J.{L):

Olis (LS—.'.J”' o 0 Cakides sl 5 (6l ) ngyuiJT Bl

lasles (oSan gaib 53 G ) Gl (€55 BT S

35 sl Sl Slab 53 Sl U8 8 s n ) (61

Sobooe 4573503 Oy Ol 5 0 5 05 lasl S g i o35
bl n (855 25T 51 (6 5 ol Slib s Sl UK i
23 ol opldil a8 (65 5w T 1 VL Clab 3 a8 b s
2 adih ol i ol 4 (16 S Al 0 DS 055 geib
el YA 4l T 55 aib jloms s glrasle 0 V/0 55
Sosmd Juolm s ol gLyl 51 gy shateey
S aallas 5 0 Glacls (slad OLED (i plrasl
IS 53 (6le3 S OB L 1 g Hles 87 a0 25 15 (65 3m 5T

sl 0k @51, (10)

\A

,;d@g,;o|}:@‘}§;ﬁ@|g@jl{.@| ol o3ls
23l €555 BT O 35 4 d 655 BT 51 g U335
o 93 Gamlin b romen 355 o0 05 S S 0mb G 02
234k B Ol 3 > ¥ ol 5345 5 S adalin Ol 55 o
Oljee GV Sl 53 &S Jmp3 555 0 pl 5 el olgs
S )3Vt gl 53 (6 e Sl Y s Sl s aly B
Sl (6 g 25T O Il )
1S OB sl o glae § (gl Loyl 503 ((VF) S5 o

S HCHN PREPN PRCIPRL L JPING GOvA S PR JP

AR )...vl:v Pogw o)la..ﬁ Pogw JL.A




4
7%

& ot
283l eilae) o cdals i8S 2l dols =
Yeoo Yoo )
R py—
S o PEF-5¢m «eeeeeee
Yo e 1 Yo PEF-10cm - - -
. P PEF-20cm. - - -
i) Pavi
Ay Y oy 4 T Yoo PEF-30cm —- - —
3 £
-/
~ 10 & SN SN N Vo
3 £
ERTE /280 W N T - S NN N S
> %
N @ Q
_ @ Y
T T T Y N N O Fr Ve A
Gra Bl gl (sl 018G s Gra o) gl (il 018G s
Y sl S (O) G ) sl Cow (LAD)

H N U5 Slpdab Ve OB Sab g (1F) SO

\e ng“ \ e
q r Q? q } g')l ...... g PEF-5¢cm
A A
I I - -0 - PEF-10cm
v v
py X - . a-= PEF-20cm
$ s
:§. 5 I > I —o— PEF-30cm
¢ 4 . &
v 1”‘ v
Y E Y ’___,L'
) ) O =N
/__/Fﬂ"/ A
7w oy T "-"{7-0 ToNe /N0 /e XD /e oY
b s plrals b o glralr
L}f‘J"YLS.}f.)L"'C"";(U) &ﬁ‘éﬁ)tﬁ@’ﬁ(d‘)

G2 3 o 433 S 30 b 1+ B D Sl b e 1(1F) U

Y. - | \e n
q —Qg f q Q') ‘-1‘3 A.Lbfuu LXYe XX
A A oY e
— 1 g s
v v @V«_.JB - e
7 4 ‘5:\1}5
:-3. 6 o A.E..b\'ulj—a—
\ Z = ¥ = ’ |
k. . sV
v —O— v O
Y ..,.—.O— Y = s O—
\ _.,.-?Mﬁ". \ 9 vy e S
o °

& erd /N N0 /Y /XD /Y end /e Ne /N /oY [eXD o/a¥e o /0YD

“'u’g,-“’g_«,il"“-‘l" “-":-I’g;“"_sil"‘“l"
G Y Gl o (O) G ) Gl S (L)

(390 ST 3 o 035 Sl 55 il 3390 S ot Do g ool (r 4> (Susllin (10) S

AR ).Jl:t Pogw o)u Pogw JL.-J VY




FAalS glo,d 5L dlas! 3w Sosles ol Ll tCnl D glae
G Sl 53 )5 alin L0 s () es S35 ol 5 Bl
S o o SIS 4 S5 (s 4

&Iy

1. Flint, G. (2005) Fire Induced Collapse of Tall

Buildings. Ph.D. Thesis, University of Edinburgh,
Scotland.

2. McAllister, T.P., Gross, J.L., and Hurley, M.J.
(2010) Best Practice Guidelines for Structural Fire
Resistance Design of Concrete and Steel Buildings.
National Institute of Standards and Technology.

3. Behnam, B. and Ronagh, H.R. (2014) Behavior of

moment-resisting tall steel structures exposed to a
fire. The
and  Special

vertically traveling post-earthquake
Structural  Design of Tall

Buildings, 23(14), 1083-1096.

4. Reis, A., Lopes, N., and Real, P.V. (2016)
Numerical study of steel plate girders under shear
temperatures. Journal of

loading at elevated

Constructional Steel Research, 117, 1-12.

5. Usmani, A.S., Rotter, J.M., Lamont, S., Sanad, A.
M., and Gillie, M. (2001) Fundamental principles of
structural behaviour under thermal effects. Fire
Safety Journal, 36(8), 721-744.

6. Ho, C.T.T. (2010) Analysis of Thermally Induced
Forces in Steel Columns Subjected to Fire. Master
of Science in Engineering, University of Texas,
Austin.

7. Lee, J. (2012) Elevated-Temperature Properties of
ASTM A992 Steel for Structural-Fire Engineering
Analysis. Ph.D. Thesis, University of Texas Austin.

8. Maraveas, C. and Fasoulakis, Z. (2014) Post-fire
steel. 8"

National Steel Structures Conference, Tripoli,

mechanical properties of structural

Greece.

9. Sun, R., Huang, Z., and Burgess, L.W. (2012)
Progressive collapse analysis of steel structures
under fire conditions. Engineering Structures, 34,
400-413.

10. Zhao, B. (2014) Fire Resistance Assessment of

\Al

ol jl o (£3Y58 (ol gloj)) b8 (o

s bl (Lol sgla o sad (1l 53 48T bOles

3 i A1y (6,8 Slab sl 48T Slaos s olab
23w 0 0,8 sk o ol ol s il Ko (slate
ol a5l i s b slae sl 355 s by o
ol ol S e Jrams il Slaejl s Lo | 6 2
3 oy s 5 Bgbi 0 8 e 55 G gl 4 Lno e

il dial g (6 s il ol GO i (OS5

& 5 4o —F

AS Vb ias LBk (sle) )l candllan oyl s
4585 3 s p 20 m Ble3 S 4 1y (55 g T Lol
Sl (655 25T (53 (S o o 5 s
T T T B RO PRE P g S PR
il (Sl B 52 slre an @ 5 L 45T s e 0L
Ol am 53 Ul 31 o LaOldl gles il 8l 51 ey
i bl (Fuis e JelgT Odd s s 5 jatte
Bsh e A b OT 36 Culg 5o 5 0ol Bl (g a8

48 555 o bl 4l B (slajls sad 31 ol il
LT 03 48" 2l s paseia 06 ol b blise oy iy
S SIS Sl Lo s 5 s 555 40 s iT
W35 51 iy 48T Slo3l a o cilas S 15 o315 b
a2 (Sl 03 SC 4 i |y ($5 g T 48 et
@l 03 655 2T G425 Ok 5 b slaejle sodkes
sl e 5l as coal 25T SU g gaib L
S a8 ol s sdalin S o jolow aib jlome o
S G Jsl Gl 5o DLk (i sl gl
ol lyls cdas s zo LS cladslas s Lg)'}_wu,':JT
el 3 93 (S ol 4 T (6 0

Loy, aS 0T sy L Sl osls OLES Jim gt ol
S35 AT ET 53 487 B (S0 s 53 3 2 30 (5 gos
63 40 Comd (8 5 ST Sda OLL 3 sl 03l3

Mol o By (slals 55 blie (GLad sw (6 5 soe

AR )...vl:v Pogw o)l.o..ﬁ Pogw JL..A




3pdceasl ilie) sl il o ylassS ol Lol

American Society of Civil Engineers, America.

21. ANSI, A. (2005) AISC 360-05, Specification for
Structural Steel Buildings. American Institute of
Steel Construction. Inc: Chicago, IL.

22. ETABS-V9.7.0 (2010) Extended 3D Analysis of
Building Systems. Berkeley, CA, USA.

23. ABAQUS-V6.10-1 (2010) Finite Element Analysis
Software, RI, USA.

& Dol

Subsystem e 2 =

Rotated Stress Field c4abl 0195 Ol Jde =Y

Model Developed by _

Hoglund LW g 25

Kawagoe's Burning Rate SIS o5 g ool

Subframe <> -F

Stockton Sl -0

San Jaaquin SNe5 o —F

AR )...vl:v Pogw o)l.o..ﬁ Pogw JL.-J

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Joje
&)

i
e
P

Steel Structures According to Part 1-2 of Eurocode
3 (En 1993-1-2). Eurocodes:
Applications Structural Fire Design.

Background and

ISO (1999) 834: Fire Resistance Tests - Elements

of  Building Construction. International
Organization for  Standardization, Geneva,
Switzerland.

Parkinson, D.L., Kodur, V., and Sullivan, P.D.
(2008) Performance-Based Design of Structural
Steel for Fire Conditions: A Calculation
Methodology. ASCE.

Eurocode 1 (2002) Action on Structures. Part 1-2:
General rules. Structural Actions on Structures
Exposed to Fire. EN 1991-1-2.
Committee for Standardization, CEN.

European

Walls, R. (2014) Advanced Design of Structural
Steelwork: An Introduction to Structural Fire
Engineering. Stellenbosch,

Stellenbosch.

University  of

Lawson, R.M. and Newman, G.M. (1990) Fire
Resistant Design of Steel Structures - A Handbook
to BS 5950: Part 8. SCI Publication, 80.

Iranian Seismic Code (2014) Iranian Code of
Practice for Seismic Resistant Design of Buildings
(Standard 2800), Edition 3. Road, Housing and
Urban Development Research Center, Iran (in
Persian).

Izadifard, R.A. and Hajikarimian, H. (Under
Publishing) Progressive collapse of steel moment
frame subjected to post-earthquake fire. Iranian
Journal of Science and Technology, Transactions
of Civil Engineering (IJSTC), (Under Publishing).

Sun, R., Huang, Z., and Burgess, .W. (2012) The
collapse behaviour of braced steel frames exposed
to fire. Journal of Constructional Steel Research,
72, 130-142.

Eurocode 3 (2002) Design of Steel Structures.
Part 1-2: General Rules. Structural Fire Design.

EN 1993-1-2. European Committee  for
Standardization, CEN.
ASCE (2010) Minimum Design Loads for

Buildings and Other Structures. ASCE/SEI 7-10.

\Ai




Seismic Behavior Investigation of Rigid Steel Frames after Fire

Hamed Hajikarimian'*, Farzaneh Hamedi?, and Ramezan Ali Izadifard?

1. M.Sc. Student, Department of Civil Engineering, Faculty of Science and Technology,
Imam Khomeini International University, Iran, * Corresponding Author, email: h.hajikarimian@edu.ikiu.ac.ir

2. Assistant Professor, Department of Civil Engineering, Faculty of Science and Technology,
Imam Khomeini International University, Iran.

3. Assistant Professor, Department of Civil Engineering, Faculty of Science and Technology,
Imam Khomeini International University, Iran

There is a large number of situations which expose structures to the fire. Most of the studies have focused on the
safety of structures after fire, or the effect of fire that would take place after earthquakes. Observations show that
there have been structures that experienced fire and still remained stable, and only by modifying the appearance,
have continued to serviceability without structural retrofitting. Due to the risk of earthquakes, it is necessary to
determine whether the seismic resistance of the structure to tackle against lateral load is enough or not. In this study,
therefore, the seismic behaviour of three steel moment frames after fire were assessed and compared with a building
which have not experienced fire. For this purpose, these models with different stories have been selected and
designed. The structural models have been designed according to the Iranian seismic code 2800 (4th edition). For
performing the nonlinear static analysis, ABAQUS software was implemented. Because most of the existing steel
structures are not insulated against the fire with fire-retardant cover, it is assumed that the investigated frames do not
equipped with any fire-resistant substances such as fire-fighting foams or fire-retardant gels. For these frames, two
symmetrical fire scenarios were considered: 1) each corner spans in the ground floor were exposed to fire; 2) the
middle spans in the ground floor were exposed to fire. The process of fire consists of two stages. The first stage
illustrates the heating process causing by ignition, and the second stage illustrates the effects of cooling process in
fire extinguishing duration. In structural analysis, according to the Eurocode, the parametric curve has been used to
apply the first stage, and a linear curve has been used for cooling stage. Having been heated frames according to
parametric time-temperature curve of the fire, in order to obtain the maximum time and the corresponding
temperature, a failure criteria was determined. By determining these parameters and the fire compartment’s
properties, the second stage of the fire behaviour (the cooling curve) was obtained. The seismic behavior of frames,
by imposing the complete curve (fire-cooling) to the structure, through a nonlinear static analysis were examined. In
the process of the analysis, the maximum relative displacement specified by the Iranian seismic code 2800 has been
applied to each story, then the response of the structure has been evaluated. The illustrated results of this research
show that in a similar base shear, the nodal displacements of the structure exposing to fire and cooling are more than
that of a structure which have never experienced fire. In addition, in the structures that were exposed to fire, the
limited drift was not satisfied above the story where the fire was applied. Besides, the maximum drift in the first
scenario in which the fire was happened in the corner spans, was significantly higher than that of the one in the

second scenario (fire in the middle spans).
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