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EFFECT OF CYCLIC HEATING ON
REINFORCED CONCRETE THICK PLATES

Dr. AH AHMAD *
H.M.A. HASAN **
ABSTRACTR

The aim of this investigation is to study the effect of cyclic heating and cooling on
the nonlinear analysis of the reinforced concrete plate at different load conditions
before and after cracking up to failure, and it's effect on cracking and crushing of
concrete and yielding of steel.Also to calculate the stresses and strains due to the
applied load under the effect of cyclic heating and cooling .

The study also present the mathematical mode for the behavior of the
reinforced concrete plate under cyclic heating with different variables , such as
temperatures , duration of heating, and number of cyclic heating ,The relation
between load and deflection .is presented .

Ressiner's theory has been used to represent the behavior of thick plate . The Finite
Difference method and Dynamic Relaxation have been used in the solution of the
differential equations ..
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** MSc. Graduate .
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Effect of Cyclic Heating on Concrete properites

0i0D00 tibdoo 0o tooio ¢ DOhiD fobor oo ot 0o bdor joood dodoor Oi0oon ox

0uiod 0 00oon 0O00or 4l boodo Dooooor Loodiond diobotd foodiol Do oo foond

0 000000 0000 0o o000 00 Oom? (oo God (oddoor DidinoT oo O doooor oo dooo! 0o bodo

0100000 UO00ono Oojoom OO0 DOmdn jio 00 boodo fod - .boooodr dioor Jiboo fioe doo 0odo
. 0000 DOI0O0T 0ort0on doodm Omoo oo dododr 0o Liioog 3] 0o fodoo oo todooon

: 000000 DOIDOn tiood oo 0Ooooor fioodr oidodr 1.3

Concrete Members Subjected to High Temperatures
0 [00J0OT 002 DOi0or DIZ00on 0ooT 0ot 00U 0T 4] Khan & Royles U0 002

[ 00007 Doioo 0foo On ooioond (20-800)°C 0 L0000 0O DooU 0o

1



Al-Rafidain Engineering Vol.13 No.4 2005

(Deformed [I0JU0 OO0 OC 00 (Plane Bars) 000 000 U0 OO0 DO O OI0O0IOT 0000 02
. U000 U000l dofar Dooo Jooor Joo 0on Do 0o 0 000 ouroodr iU © Bars)
.(Load-Deflection) UL DOON U000 OOIO 0007 f0000 D70 OO DooooT pomoo - oo oo

QIIDO00T DItOdn DOOT Qoo OooT oo Uddg 18] Uittt Hewang OO0 00O

000 DOooioT 0oomdT 0o0Td (Finite Element) 00000 OOMOT 000000 0000 000000 0OIOOT

00000 0o0IT 00 booid O2fooio 0o 0ot OE I(Thick Plate Theory) 000U UIDOIT O000C

00 00 0 00007 D000 0o Iodn 0oon g O0idn Orod 0 onboon 0o boior 000 ¢ 0000 o

0000 0o [oro boOO 0o o fojoD oo fioeo 0o Cood 0 o*dodo oo Dooor booio Groao do
0000 omea

: 00000 (000 Coo0n 0ol Omoo: oot 0id 0omor fodon o 1.4

Effect of High Temperature no the Reinforcing Bars During Heating
and After Cooling

O 0O00T o LJo0o . 0O0000T Jirddon 0odioT Oodo Qo oUiom oot odod Qoo fdo foa
. JI0o00r DObOT Qiooo o 000 oodo toib 0odoon 0r Dodo Oojor fonoon

. 1007 0000rD DooT Ooom o 0o 0i000T Ui 0O[d e tibiidl  Homles O T
Q00000 00o0T oo fior 00 O Do 0 Ooroo! CoiC0: Hoo 0o 0ioo Lool tOnoT O

000000 Q10000 boeal 0c20-700)°C - O 000100 000 0000 000 om 00iom 0000 000 foonoo
(00000 0000 Cooood Qo joiof oitooo doooo Lofdn togiotoe booom

00O 0ot bOo (oodor Oiooo Oioot dootiod Ooor Doow Oooor fooon Lr Ooin oooado
0do . 00000l 0000 foooor Qo 0od 0obdao (om: doooo OidoD it O oo boodio 0 Dorooo
0000000 boioom 0o boooo 0do fnor oo oo 0o 0000 oo foo

0000 O 0Oo00ood Do oot Oiooo O Qoo o oo 07 0w 7y toniro ddde 0o bodo

0000 0000 0O [0I0 0 600°C  DOID 000000 0ooto DoOo boomoit boDon oot booo oo 0o oo

(24% & 28% ) U000 DOT 000 00000 oooe b 0o 10Tor booo (750-900)°C O Dooo
. 10000 Jdind 4oooo Do 4 o oot Uood . 0rdor oo

I000T U0 OooOr booot Uoio IO (0o Doz 00 0o ps) boeoo uooo 0o bao

00T 0000000 007 tirtooT OioUIr 0uid oW 01T 476 MPa 0O 00 0 345MPa U000

00000 DO000 S00°C 00 00 00000 000 oion CJioo oo oot 0o 0o0Oo 0ot Omoin Ong .« 0iogm
700°C (000 0000 I070% O 0000 000 00 . 89% O D000 oot 0oior 600°C 000

00000 [OU00 s420M [00I0T U000 DOOMO 9] toDiil - Mékelainen UO0T OO0

00t oo 0ooooe (400-700)°C O OO0 0000 DOOD0C DOODOT DO (stress-strain)
U010 itdn Diodioo fboor bioo doodm oo

Yv



Al-Rafidain Engineering Vol.13 No.4 2005

Materials Constitutive Relationship- (000 0IiooT Oioomn-2
: OO 00040 00 0i0tioon oo OO0 doooon OoQir bodnoe 24

Ultimate Strength of Concrete under Biaxial Compression

0000 DO0CT [10] Liw 0OOMT DO 00 QO0oom 00or 4 0o 0000w boo o foiooe o
(007 0Oioom tiooo 0ool dioodr bio 0 0oood UoooT 4o Oooioo: boor Qo 0o bobon: Oroooo
0odl (1) 0000mo . o000 oooiiio 0i0ood oo 000oor Jrtoow boddr Ddodio 0odor togioow

000000 L0000 Doodl Uoir oo Ot 0o 00i0T 4ioor boodo 0 0oto oo 0o Qoo
: 0000 000 0i0 D000 00000 Cioon 000 Cooo Do 00oiono 0 Djoono 0ooom

<02 Or 14 @
C.r 1.2 -a
02<a<1.0 O =12
G,
10<a<50 O _12 (1)
GOT a
a>5.0 Se _ l(l L
. 12 -1 [0 000
.00001 0000 O DDDDDDD O00m 000l g,

é ) 000 o
. 000 0oooT do ao DDDD Dh 07 000000 Cp

» 000000 U000 4o 00000 Oiotioon tiooo Ooo Olooodn 2.2

Strain at Ultimate Biaxial Compression Stress
000 0io0 0oooit U0t 10 ] Liw OO0 000 U0 0DOOI000 dioiodon Qoo 00T o Lo ooooo
: 0000 DOooow ooo

€p =—2500x 10°° (Major Direction)  ............c..... )

Miner Direction) ...........cc...... 3
gp = (500 +79.85, )x107° (Miner Direction) 3)

00 00000 Uono oo DOiooo 0o Dodoon o060 0o boodd obat o 0ibooog door O00o
: 000 00 40Ol foooo foodo odimo foooe

ep =—0.0025x & (Major Direction) ............... 4

=(500+¢&, -G, )x107°
£, =0.0266(500 + &, (major) x 10°

(Minor Direction) ............... 5)

YA



Al-Rafidain Engineering

200 °C

400 °C

600 °C

Vol.13 No.4 2005
140 120 1.00 0.80 0.60 0.40 0.20 0.00
: ; : : : : 0.00
0=0.2 /%
A d - 0.20
3% cycle
/ - 0.40
- 0.60 a
nd 1 st —_
cycle 1% cycle ~_
/ / 080 9
= ] % 1.00
- 1.20
o=1.0 20°C o=5.0
1.40
o z/Gp
140 120 1.00 0.80 0.60 040 0.20 0.00
— e 0.00
0=0.2 S Ly
- 0.20
- 0.40
3% cycle L 0.60 Qq
nd ~
2" cycle V 080 9
1* cycle
- 1.00
- 1.20
o=1.0 20 °C o=5.0
1.40
G, /0p
140 120 1.00 0.80 0.60 040 0.20 0.00
. : . . L . 0.00
- 0.20
cycl
- 0.40
" 1
cyele [ 0.60
lsl cycle L 0.80
L 1.00
- 1.20
o=1.0 20 °C o=5.0
140

Qi00 0000 UoIooT booom Dioooo Do drooom ootor Do oobor bo Logn oo (o oooo

Y4

(00070 00D LIo0m



Al-Rafidain Engineering Vol.13 No.4 2005

ar oo

0000 00000 00uDon Uoooo oo ag (8—T ) = (001000 000oor OO0o0 booooon oo Doy &
€20 .. [3] [I0IIo Dooom

(31.33 MPa) U000 0000000 00000 000 Oioo? Dofoo 4io 0oio Dooror pooodoo

(00007 4o do 00O Omdo fooio 0o drdodo oo 0gdr Uoo 00 Oooooo o Dot o.da

- oI
8p=(500+§1><Gp><_31'33]><10_6 .......................................... 6)
. ailfajin

. 000 DoOon fibdod? boome foe = o,

: 0I00000-0000 0o 0oodr Lo bon Do 0o oo 2.3
Concrete Under Biaxial Tension and Tension Compression Cases

OO0 00ioto booio fiooioot 0ooo 0odoon 0odT totodol foooioT oioo Qoo 0oooo
U E1b (00T O0otio 0oooo 0ioo 0ot L0 bodo 0o 04 - (oodo: Cooo doo .0oo0oor dooio
U0 0000 000 E2b

o, | _XE'lb /E'2b AV, 0 g
o, |=| v, A 0 g,
(T2] |0 0 EjpEy /(Elb +Ey, +2E2bV2) Y12
13 ]_[EyEc/(E)y +Ec +2Ecv,) 0 } {yn} o
1] | 0 EnyEc/(Eyy +Ec +2Ecv, )| 23

0000 Qo oooor Lo Dibdoo? 0o oo 0o 0o

E, = E[ _(8‘/8")2] 3 (8)
“(ES(IE— )QJUU
E, - -Gy 0]



Al-Rafidain Engineering Vol.13 No.4 2005

000 O0O00m bom tmoo O booon 0o bon bno 0o
. . uniaxial modulus of elasticity

A =E,/|E, /E, —v?
1b /( “’/ 2b ) :0000000 0000 Oiooiol — 0ol todo2-4

Stress-Strain Relations for Cracked Concrete
0doiio 0o 00 0000 000 0o 0 ioioioo 0o 0idon O gooo oopon oo oioom: Do oo
4ol DoDo 0o 0 oogoom oo bOm oioom Ui 0oooow oo 0o 0ooo foo oo ooooo oot foooem

» 0000 0007 4io diooior — ool oiod dodt oooo L0 oo o

o, ] O 0 0 0 0 |[g )

2 0 GE 9 0 O &) (11)
T |=|0 0 G, 0 0 Ky

Bk 0 0 0 G13 0 |73

T2 0 0 0 0 G'23_ Y23

~ 0100 0000 0Oom000 001000 000000 000000 000000 000000 0o 00000 00 0000 000 (1) 0000
[JI00D tooomn aoooT

0000 00 0007 0i0loo (¢) Oooo 0o o 0 booo Do oo 0on bodo 0o O (€=1.0) 002 0 0o
.0000onT oooo bolo
. 000000 00 bodo 0o booo ZG;J-
000000 L300 0d oo fodl Oioom 00ouE booo 00 ftioomoo 0o booo Odioo oo doo
000t Doo! 000omnoT fot oo 0 [1,13,14] 00000 000 0T 000 Doo0oo b 00 CiUooon Ooooo oo doo
- U000 D007 O000r 00 1] ¢ 04000

G, = 0.4G G, £0.4G Gl =G (1) 0000 C0000000D ooiooon
G, =0.4G G,=G G,) =0.4G (2) DO O000000 OO0
G, =0.4G Gy; 7 0.4G G,; =0.4G Q0010 Q00000 00000

Tension Stiffening 00T 0ood 2.5

OTOD00 OO0 DOMooT o 0 11 ] (Vecchio and Collins) U0 00 OO0 QO00IT Co00Oz
( o;,, o, )10 OO0

\ € > 8cr (12)

5 %291, 01 00
1+ /5008, . 0000 DAY 000 00000 000 000 00000 0000 =+ &,

. (Deformed Bar) 000 OTO0T 0001 @ty =1.0

000 0000 I o =0.7

. 00001 d04oT booT Ay =1.0
. 0007 000t ooom Ay =0.7

A



Al-Rafidain Engineering Vol.13 No.4 2005

(01000 010000 000D 000 000 010 000000 00w (- o, = 0.7 )000 100 00 0OI00) 000 000

. (00O 0o O00d0o Hiond
[I00 00D 00bod - 0 droooo 0o Oooot - 0ooo diofool Dooooo Ohoo 04w 0o Dooodo doodo

L0000 Doodr 0O ool 00T ( o, ) 007 0060 0Z0T - [12] (Abrishami & Mitchell)  OTDIT
(c/d ) 01000 OO0 000 00 0000 doodoT 0o rooor 0o 0ol Hoo 0oo 4o Cioiodr Ooooa
: 0000 000000 (12) 0ioodn oio

o = o005 F, 13
" 1+./500¢;

0(,3 :1.0 for C/db >2.5

o, :0'8(C/db)_1 for 1.25<¢/d, <2.5

a, =0.0 for c/d, <1.25

ar 00

OICoOr Oioor 000 0l = e
(100000 DrooT ot ood = db

(000 00000 0ioooT DOIdo 0ooo oof 0o 0oo 0ootooom Qoo - fboor dodoor bioo 2y toond
(00 0ioo0to oo 4ot 0o0do dooo Qioool 4T [oiodo 0o bom 0oomo dinoo Oiidoo Dooo 0o Doodo
U0 oo

fi

stress

v

€cr €,
strain
L0000 DOOOoT 0moooT Difiol- oiooto iod titod (2) oo0m

¢y



Al-Rafidain Engineering Vol.13 No.4 2005

Behavior of Steel Reinforced OII0IT 0000 oo -2.6

(000l 0Omg 00 4o omooD 0oddn oo boo 0o 0o Qojoo? 0o 0o 0ioooz Do 000z

U000 Do Qo dioooon 0o 0o Doloooo doooo 4ditd (odoo (iodoo oo oo tiood 0o0oom ddo Dooo oooo

(I0o00o7 ooooo o0 Qoo oo, (3) 0obT 0o oodooe eé] (Homles) UOIT 000 00 1000 000JOm oo
.(4) U000 00 DOO00T 4o 0d Ooooon oo

Method of Analysis Jalatl) 48y ) 3

{00000 DOmon Qi DoooioT fioooor oo 0o fiiodd OIo0mD 0ooo Ddoodo b ddodow foo 4
0 0000n 004 ooomD 4oooor 0o oo oo ¢ jodbon diodoor dooo oo 0o roo! Uioodo 0o 0o
J000 0noooond 0o 0o dbodd 00000 O7m boo 0 04Tl oo OF door 0o Qe 0dr Uodoo
000000 Ii0Tno 0000w o DO 0rerr

000000 00T 0i0ob 000000 Iooo!n 0io Qoo Doooo;r fiotioor trod boodr Oodd
000 oo

— 281 2 _ _
62M 0°“M 0°“M — 9 _ 0 .
_ x L0 Y y+Df—°_°+m _@:q ................ (14)
ox 2 oxoy g2 ot ot
0000 0000 00 000 00000 00 00000 00 000000 O00m 0000 0000000
2 231 231
1 — — At|[ 0°M oM 0°M, |
CO(.;)J = (I—OSDV)OJ;I)J_I +— _—X + — _Xy + N Y +q; (15)
1+0.5D,, mi| &> ). &y | | oy?
1
- 00000 0000300 00MO0N 0007 00 0000 00 000 00000
k=j+0.5 k=j-0.5
— -~ —o AT 16)
D0mk = D D@k + O(h;At (
k=1 k=1 _ -00 000
D DAt _ ]
Py =— 0000 00000 00000
CIommoo ;i
. D000 00 000000 &
ooz ;o

¢y



Al-Rafidain Engineering Vol.13 No.4 2005

il i

N

1.0

a.8

lemperaluye sbrenglh

Q.4

em=== Ultimate strangth Hot

- — — Yeild stress rolled
Q.2 —— Elastic modulus—Both steels—

Proportion of room-

----- Yeild stress Cald

ceong Ultimate strength worked

- — Proof stress and Ultimate strensth
—Prestreasing steel—

(@]
(02
l]l]llll.tlIll]l.l.lll]l]l.l]llll

Q.0 —_————— —_— —_
G 100 200 300 400 300 500 780 2GO SaGo
Temperature °C

Ol e A g1 354l 2 .:.3.1.-...&..2.&13.-1‘&13.31 el g s (13.5) Js&

Jasaas Sample NO.1
Jece-- Sample NO.2
Proposed

8]
5]
w

M
o
o

n
o

STRAING)/STRAIN )
~
9)]

b

25

LT T T L L T T | LR L L T

100 200 300 400 500 600 703 S00 900
TEMPERATURE °C

0.75

o 1|11I|1||]11||I]11|l]i.||_|,_,|_L_L_j__t|._|_|_|_l._,|_1411

. Cmdeadld) OAUJJ:X'I 50 day aaall u.’a&;«:n.ﬂ Jladld) uas (14.5) Js&d

1



Al-Rafidain Engineering Vol.13 No.4 2005

A sl LS e 2y Aany Assiial AT cilaass Wl
=0 ) i
M, =0 ‘ X 1S CONnStant ...........ooiiiiiiiiiiiiia, (17)
¢y =0 J

N
o=0 .
M, =0 N y IS constant  ........oiiiiiiiiii e, (18)
bx =0

J

Ji0io00r Oioon oro booo to 0o o 0 0rog o 0o oot Donor Log Do oo

0000 D0oLT ooor bbtiomo C ootbor DO 0o Dooon Dooo DO Qloobomin 0o ¢ (Plan: Stress)

Uuo0 Dodo 0oooT oo 0wl 07or by boior oo . boron oo bog dofoor foor oo 04

L1000 000 0o 0 0000 0 00 1000 o000 oo 4o (oodoor 0Uoo oo oo 0dr Uooo . Doodo
. 0000 00 0o oo 0o tood

Nonlinear Analysis Methods 0000 00 0oons Oroe -4

000 DI0ID007 D000 0000010 00000 (Ao aaias (A saasal) il K Al 38 Hhall aladin) &
100000 0o (D1)0ionir 0 Of fidooo tor bo 000T Ooo 000 (b2) Lo 0o dmod

D,y = @ ol LS Apuladl ilnl) Jane Aad ol 5 (g5, 0007 OO0
Results and Discussion QOooiono 0o -s
Thermal diffusing Q00U ool 1-8

(000 00000T 0000 foidr 00T oo joor Oomoo; fhodo o ook 0rom foon oo
00000 (2375 kg/m?) 0000 ( 177.8mm) 0000 000000 DODINO DIO0O7 00 000 0 00 Ol
- (07 00T J000 (ISO 834) LUl oo oo ot
1.3 W/m.Ce 00000 0000 ooog- -
.850 J/kg.C° D000 OO0 -

0 00000 CJ0000T 000 bO0T 0oy 0ooo 0o Ditor Looon] 0w 0T Dioon 0o ¢5) boom
. [14] 0000 0000 0o [0no 0oo00n 0o 00w oo 0o ooroo
0oio 4T Dooo oo 4ieod Ooodn 0 dUooo Dioddn tloon o7 fdo oo 07 bod
0000 ool Lo Dooon 0o fotoo OoUo 0o Omdm Diomo or Lo Druoo ok Oo;oo o
. 000 0000 4oo 00 00dJ0ngd fomon j0ibor 4iooo 0o fordoon 0rido oonoio
{i0ooar 00D 00oo 0o 0o fuoo0n ooodn ioon o 0o fomor o oo foioor oo
. 0000 1007 O o0 JIbom oo 000 ool D000 oo 007 0eo fomit oiooo oo oboo

¢0



Al-Rafidain Engineering Vol.13 No.4 2005

200 -
] —8— EXPERIMENTAL AVR. TEMPERATURE [32

180 - EXPERIMENTAL MAX. TEMPERATURE [32]

160 § —e—PRESENT

140

120

100 1

80 ]
60 ]

40

UNEXPOSED SURFACE TEMPERATURE °C

TIME (hr)

0 100000 00 4oom 0o oo 0ol 0od boom 0ood booo 0oUod (s) ot
(ISO 834) DUIIT Looo

[Structural Analysis Q000 fmom 2-5
000 00000 I000o Oofot 00U Dibooo 0or Dito 0iu 0ioom 0rdr ¢S1) ord 0o
000 0000 0000 Dioo Uoo 00 00000 Diitoon oomor Lo 0o (4,5,6) 0000 0 Do ooz
0 000 00 200,400,600 C°  [UOU DO000 DIDMIOU 00000 00 [OOO0 4Jiooo 40T fomoT oo
JINO000T fOlC 0N 00O 0b 0™ 0O 0T oG [ooo 0T ooow (0.5 - hry L1000 0mo
0000000 HifOOm fomdo Do oo . (ioimo doooo 0o Doood (0000 Om - oetd too Or 0dodo
1 T 1 1
. [3] CUOOT Do 0ood foo oo 000 0o
000 0000 100 Diofodo 0ido oo fioiio 000 0o (S1y - [oioor roDon pordn oo tmoo
J04or booo 0d4dor (7,8,9) 0ioond . oo Uidl 0L 0i00Il 0oo Do o 0o Do oo oot
200,400,600 C° U000 0000 [0 000 0i0UIl 0o Ioboo Uiobo Or f00oood Dooon Dirobor
. 00000 o000 om 0omdn booo 0r 04 . (0.5 hry 01000 0000

¢



Al-Rafidain Engineering Vol.13 No.4 2005

Conclusions Qi0mmnon .6
IO 001000 OO0 000000 C0D 000 000 000 Coonnoo) 0N DO 0 o)

001000 0000 000 00000 0000 0000 00 000 0000 000 000000 D000 0000 00000 000 -1
00000 0000 1000 00000 0No0 000! 00 000 100000 O 00 (0010 (0000 Do00 000000
.00I000 000001 000000 0NOn 0ol 00 000000 U000 00 00000 0000000 000 000000 Dn000
0 0000000 D000 CI000 0000 0000 000000 0000 00007 00 0000000 00000 0000 0N -2
0010 CI0000 00 0 000 0000 000 D000 ON00 000 O0 (00000 100 000001 0000 000 000 000
0000 007 1000 . 100000 DI000 000l 00 000 00010 0 000000 D00000 000 00000 00 00000 00000
D00 0000 0000 D000 0 0000 000 0000 3000 00000 0000 00 000000 0001 000 101000 O]
1000 CI000 O (C0ON D0000) 001000 D000 00000 00 1000000 0000010 000 . (01000 0000 00000 00
. 001 00000 OO 000000 Do) 000 00 00010 000 00

0000 00000 0000 0000 00 101000 0000 00 0000 000 000 D000 00000 0000 000 CO00n -3
. 0000 000 0000

References g0l

1-Hand , F.R. , David , A. Recknold and William , C . S. , "Nonlinear layered analysis
of RC plate and shells ", Journal of The Structural division , ASCE ., Vol . 99 ,
No.S.7,July 1973 ,P. 1791

2-Spea, P .R. S . and Kemp , K. O ., " Shear deformation in elastic homogeneous and
sandwich plates ,Pro . Inst. Civ. Engrs., Part.2 Vol. 61 ,Dec.1976,P.697.

(00000 000T boo 0ao * foooor 0o 0ommor Ooo Do, fooo 0ob 0ood 0 0oon oo 0 oog-3

. 110000 boomo

4-Khan , M. R. and Royles, R., " Post heat exposure behavior of RC beam " , Magazine
of concrete research , Vol. 38 , No . 135, June 1986, P.5

5-Huang , Z. , Burgess , L. W. and Plank, R.J.," Nonlinear analysis of RC. Slabs
subjected to fire " , ACI Structural Jour. Vol . 96, No. 1 July 1999

6-Homles , M. , Anchore , R. D., Cook , G. M. E. and Grook , R. N. ," The effect of
elevated temperatureon the strength properties of reinforcing and prestressing
steel ", The Jour. of The Institution of Structural Engineers , Vol. 60 B , No.

1,March 1982 ,p.7

* 0000 Doioto 00o00iboo drooor odr o hoooo * . booo 0o foog O . Oooo dooo oo -7
81 LI 0 19 0000 0 IO00N0mE bOooor meo o

"4l 3, a1l DOI0000 001007 DINOCON Ci00m 0o " 0 0000 Ouo0 0001 0 0000 0000 000 -8

50ac 1996 J ¢ 4125 23l ¢ Guvigall dlae
9-Mikeldinen , P. , Outinun , J. and Kesti , J. ," Fire design model for structural
steel S420 M based onTransient—State tensile test result ", Journal of const-

1A%



Al-Rafidain Engineering Vol.13 No.4 2005

ructional steel , Vol . 48 ,No . 1,Oct. 1998 ,P .47

10- Liu, T.C.Y., Nilson, G.W. and Slate, F.O. ," Biaxial stress —strain relation for
concrete ", ASCE . Journal of structural division , Vol . 98 , No. ST5 , May ,
1972, P. 1025

11- Vechio, F. J. and Collins , M.P.," The modified compression — field theory of rei -
nforced concrete element subjected to shear ", ACI. Jour. Proc. , Vol . 83,
No. 2 ,March — April , 1986 .

12- Abrishami, H.R. and Denis , M. , " Influence of splitting cracks on tension
stiffening ", ACI . Structural Journal .Vol . 93 , No. 6 , Nov . — Dec. 1996 .

13- Lin, T.D., Zwiers, R.1., Shirley , S.T. and Burg , R.G. ," Fire test of concrete slab

reinforced with Epoxy- coated bars " , ACI . Structural Journal , Vol. 86 , No. 2
March — April 1989, P . 156 .

¢ A



Al-Rafidain Engineering Vol.13 No.4 2005
45 7
40 ZE T e T
351 AT
1 e
30 ‘/:. 5
/(? : I/",,':"
4 s
& 259 7
] /e
o ] //(',ﬁn
<OE 204 el Temperature=200°C
7 7 .
| 1 (i Duration =0.5 hr
4 /I'-J
] 4
15 ] i
1 /.5-"" ——BEFORE HEATI
107 /i ----AFTER 1ST CYCL
] é}’ --—--AFTER 2nd CYCL
5] e AFTER 3rd CYCLI
. - ———————————————————————
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

00 o0 200°C D000 0OOC 00U (S1) 00000 Do0-0o0r dout 000 (4) oo

CENTERAL DEFLECTION (mm)

. 000 0000 oo QoooIr bo

LOAD kPa

Temperature=400°C
Duration =0.5 hr

—— BEFOEHAING
—— AFTRIst HATNG
—— AFTERZOHATNG
— AFTHB3IdHAING
—6— AFTHRANHATING

00 DI000T 400°C 000U 0000 000 (S1) DO00m ooor bote fioo 04 (sy doo

10

N P 0L L @& MV H D 1MW M 1D

ENERL CFRLECTION (i (mim)

00T ot 000 bioomr 0d

¢9



Al-Rafidain Engineering Vol.13 No.4 2005

45

40 ]

35

30 1

251
Temperature=600°C

Duration =0.5 hr

20

LOAD kPa

—— BEFOR HEATING

—=— AFTER 1st HEATIN
—o— AFTER 2nd HEATIN
—a— AFTER 3rd HEATIN
—e— AFTER 4th HEATIN

15

75
117 )
10 1/ BaP
1l

0 20 40 60 80 100 120 140 160
CENTERAL DEFLECTION (mm)

L7000 00U e00°C COIDO 0000 00 (S1) UUIDOT 000 UooT booo Lodn (e)Uoo
0I00J000 Oioo 000 Dioo 0o

45

40 1

35 ]

> Temperature=200°C
Duration =1 hr

30

25
BEFORE HEATING

—e— AFTER 1st CYCLE
— — — - AFTER 2nd CYCLE
AFTER 3rd CYCLE

20 ]

LAl kPa

15

2
7)
10 1 &4
"
.

0 10 20 30 40 50 60 70 80

CENTERAL DEFLECTION (mm)

00 U000 000 200°C DOIDO 00OC0 0od (S1) OOiOT fooo oo bioo oot ¢pyuooo
0o00or 4ot ooo oioom



Al-Rafidain Engineering Vol.13 No.4 2005

40 -
35 -
30

25

Temperature=400°C
Duration =0.5 hr

20 ]

LOAD kPa

15 ]
] —a—— BEFORE HEATING
——a—— AFTER 1st CYCLE
—>¢— AFTER 2nd CYCLE
------- AFTER 3rd CYCLE
AFTER 4th CYCLE

10 | AH

CENTERAL DEFLECTION (mm)

(00 OI00ID 400°C OO0 0000 020 (S1) OO0OT fooz boor fiob boo (8yooor
. 00001007 oo 000 bioon: 0d

40
35 ]
30 ;
25 3
&n:l ]
= 20
= ]
] .
= ]
15 ——=——BEFORE HEATING
———— AFTER 1st CYCLE
10 ——e——AFTER 2nd CYCLE
: ] AFTER 3rd CYCLE
------- AFTER 4th CYCLE
04

0 10 20 30 40 50 60 70 80 90
CENTERAL DEFLECTION (mm)
(00 D0ooo e00°C CLIOU [OOD DO (S1) 00IOT [oor UooT oo 4o (9)yoot

Q00000 00T 000 Diooo oo

o)



