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Abstract: In order to investigate the influence of axial restraint on the mechanical behaviours of
fire-exposed reinforced concrete (RC) beams at large deformation, the push-down tests of one
restrained beam at ambient temperature and two restrained beams at high temperature were
carried out. The effects of different heating time on the measuring point temperature, heating
response, ductility and energy dissipation of axially restrained RC beams were compared and

analyzed. The thermal response, failure mode, bearing capacity and force mechanism of axially
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restrained RC beams were mainly studied. The results show that during the heating process, with
the increase of temperature, the axially restrained RC beams deflect downward continuously, but
the deflection recovers after the furnace temperature exceeds 800 ‘C. Due to the influence of axial
compression caused by thermal expansion, the plastic hinge area of restrained beams at high
temperature is obviously reduced, and its ductility and energy dissipation capacity decrease with
the increase of temperature. The initial axial compression caused by high temperature increases
the peak bearing capacity of beams, but with the increase of heating time, the increase amplitude
is less than the decrease amplitude of peak bearing capacity of beams caused by material
deterioration. The initial axial compression makes high temperature beams always in bending
mechanism before failure. The paper can provide reliable experimental data for verifying and
modifying the numerical simulation as well as theoretical analysis of the mechanical behavior of
confined concrete beams under fire, and provide a basis for further exploring the failure criteria of
axially restrained RC beams under large deformation at high temperature.
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2020 4

ure mode

0 51 &

A 5 YRS O e R A Ay AR G M P A K R R
PP R R A A i R R (0 — B s AR
R 1) KA AP ) S B 2% 5 AT X B AR 2 g 4% T Az g
BLH 15 RS 0 T RE 51 & Je 0 45 F IPH 0 L B 2 Ak
P35

DAE S T 59 50 T e - SR bk M RE I AT 9 3= R 4R
T R SRR s R T A A R R R 32 K
G o L] 100 2546 1 29 SR 2 (SR 0 T 2 AT o
R, ETE AR R B R A TR A A TR
B RIF R T — RIVEIE, K L5 X I BR ) 8,
BRIV Re P A 28 T IR AY for 25-TE 1% . Dwaikat %50
P T — P A v X A VR 9 - 2 RO A T
REMEATAIF S o I 30— 25 % Jalr 1v) 249 AR ] S TR o + 2
AT T 1 TR HIR 5 B 4 7 Rl 56 45 SR R
B B ) 240 SRR 2 249 SR8 R B2 v R A TR K R B 1HL
B AR A, R T RS T
Yy B s 24 AR A R 36 AR A TR B R KR o
P BB 15 M) e B0 % s Al 1) 240 SRR R G 2 R PR A
{18 B0 7 268 R A8 T 52 i A A R i A 8 24 SRR EE )
A T A 28 19 52 W A2 /0N o (B K SR AR T A R R 5 A G R Rl
ST T 2 R T R TR A R A A TR 24 R
TRV S A A SE TS O ik . Albrifkani &4 %t
THARBE R R R A KR FRAR T — R TR
ST W] LA R G v 24 R BUOE B k. AR
ZEDEINE T il 249 SRR B i PR RE HEAT T A PR UG
GY T o % BRGS0 T G A i AR BRI R B E

Tl A 2 BROBE 6 B e B A A LA RO, T,
LY AR TR R BE - 5% (R T A BR 52 ) 2

BeAh Ty 22 WEIE T il T R i # R R
AR (P BE L B S TR R 48 2 R G0 AR 7 18
Elghazouli 5" B¢ T 78 K K AE T A A 1R 5 - 52
() S B 2 S - 5 SRR W« 2 G Tl ) 2 R L R
Fo 12 W 1 R B2 A2 3 AL b A AL ) 52
BIRBELRALN . Li S50 IR A A0 X A il )
2SR B ST TR OB AR ZE R AT T R T 1 g A
A T SR R ] R A A AR RE 2 AL
SEA SR FERERE J) M AL S RE J7 . A M) T -4
iR E N BB BT B

L5 LT IR . JH 30 2SR AL RE B v S A TR A PR
1115 HLAE RAZTE i BE 4% T2 1l 2 4 2R AL il 41 D0 oM oy 20
BE X5 & 1 YERE R B AT BR o AL, AR SCtE Ay
Tl 1] 2 S A7 VR RE TR R R T A 8 1 4 A
B FERUPTIT T HEA I AR R R IR OR 2 R 2 T B
DA o % 35 B4 5 W) A 36 GIE MRS TE R R 2R
TR BE £ 22 1A 47 8 B BUE AR UL DL e 6 o3 pr 4 4L mT
HE 3 0 KAl

1 iRIEHER

1.1 gt
R HARI T 3R 1 2 RN ATREE 2.
30 HEAT MR R R R ) S AL, E
SETHIR TR (1 b A 2 b X A2 b 1) 24 50 A A TR O5E
PRI A 32 I AL R BE ) 15
RO E W E 1 Ak 1 R.3 RPEMIL



poia

%1 EHES. 5. AR RONHRBELEZHET R RRERE 43
il RSP FRC A AR [ . 5K 2 800 mm, 15515 oy s Hefl o
3200 mm (4RI H 20 mm, YL 1 T g D40 30 L2 Ly n
=l | |
XEFRAE . BN BIECE 2 @ 14 f9 HRBA0O 44 /¥ . fic «I | |
R A0, 77 % . 4 oK € 8 @ 100 ) HRB400 44 350 3% 350 350 . > 1400
. TREE LT8R B A C30; R Bt £ 7 7 7 52 it
JE 58 A 31 MPa, 9\ i 52 J iz 55 B2 A 567 MPa, R 2%%14100 Iﬁwo g
SR y &
SN AR FR 58 Bl 649 MPa, IE%QM 2@14
1.2 RBEEB5H* 159 159 ER
AR E R R AR e 5o U B - 18T 2- zﬁﬁ 3-38E
A IR A T 8 2R 0 A s T = S LR ] 2 1 RiGIHEE (24 mm)
TN o P JEC P TR 00 7 A T8 2 3 2 4 s ) - R S Fig.1 Detail Design of Beam (Unit:mm)
F1 KERSMIKER
Tab.1 Number of Specimens and Test Results
WeF | ok | BT | VR | EIRATE | R B A 1 W BRI | RS | PR | I PE R AL O
4% |BE/h| Po/kN | &/mm | Po/KN | 8./mm N/KN M/(kN+m) | Ay/mm | Ar/mm PR e
C 0 59.9 61.0 59.6 227.7 —89.5(52.6) 54. 8 17.2 227.7 13. 24 12 428.9
G1 1 58.6 30.4 18.2 161.0 —235.0(—) 55.1 21.5 73.4 3.41 6 356. 3
G2 2 36.0 17.0 — 115.2 —263.2(—) 34.6 8.0 42.1 5.26 2 254.0

RS ORI IR G RN R B 127 4 B R
JE 55 1 A WA 30 %T 1oL 9 58 B 5 Jal A A v 4 5

3200

(a) BEHT

(c) MBEERH

B2 X%

/TR 1 h ATHEL 2 b5 VAT 2R I 2R AR A 1 AN R0 A8 s W (P e

FiT S BB A B R R g A5 B R B AR )

(@) EEFEMBPRA

B (B4 mm)

Fig.2 Test Setup (Unit:mm)

JAE » 37 g A 2 T LA e 5 s Al g 9 LR s i R
A Y0 L ) L WIS L R Bl S A e 1) W)
PR 3 A A i /5 3 &% MAS-1000 5 # 4fil Hi fF
LAY s THE B R 2 I Re 4G A H 0 IR
AP WP S R T vk LSRR 14 1.

TEH WA S - SR ALAS I 2 7 X il i T

W P A R 0T A S T 8 P o 5 1 iy K 1 4
b B 0 5 A A R 00 BT 2R 3 o 4 e R R 3R
fiE

1 i 12K 6 2 g o o T kL D 1 g A T 2 B B
v TG B BE - 4 B 1SO834 A vfi TR it 4%, i i &
TR & 245 4 g T X SR AT = T A2 K



44 EHRHAFE TRFR

B e AL B B et b Ok B B IR RS A
S5 1B 7RI BRI PR B (R AR A G P A
FEL A 00 (SRS RS B T 2 1R 5 i e A [ B O
LTI
1.3 RBNE

e U 156 P T e S 0 0 8 B
5 v 5 1) R A S S il 7

g it 1 R B T e A B B R IR 1K
56 [RIAE 94 7512k D0 AR RO K808 b 3 A T it B B )
ZEA E ) b th S AR . rh T2 T A TR B B
SEAAE Tl A Py L ) B il A R JE G B A
LRSI . PR, A T IR R R R R 2 kN
55 7 28 AT o 42 2 00 P GO LD R
R FE 5 | 2 ), L2~ 14 A 8 1) B b Ah
b SR P A R e 0 it R R % A TR R . 5
HH 2R R A A B 1 s R 5 R
LA40X5 4 55 1 BE 4 9 B i o R R 1 42

2 REERSW

2.1 FHiBRE

P 3 Ay S PN A5 ) A 1 I il % L OF 24 T il 2
1 ISO834 s ofi: 1 i £k . B & b i 3R 5 T o, 4%
T 17 8 T R, LR RS AR RN 1 A R AR IR
e T T 2,3 R SR A O D 4 SR TOES
S5 AT E R AR, B Gl BRI 1 R
BT AI s FLA I A A R B A 22 AN KB G2 T
T[] A 398 o, 4B T O 3R B R R AR G AR AR HE
A3 30 5 T 5 SRR 5 T s U B 4 T G R
Ko TREE T NERK S TE 100 CHEH I ZE & EHERY
PG, 8 2 RIS 3.4.5 78 100 C 24 TE I
Y R BE KT S B TN A 1.2 T BRI AR R A
AT 5 52 7K 3 3 B 5 W /0N

A 3 TR B A G T AZ KR Bl T ) 24 B A
FH 32 A K 25 7 A B2 v il ) RS iR . 1A 4,
5 43 g T 3 vl it - e i 4 R R s e % R -
MAh 2. & 4 AU AR TR R, 2 AR Bt 2
JH 7= A= 1) fh F 0 B A R 08 A8 A e SRR AR —F: 600
CZHG KR 518,600 'CZ2 e, fh 1l
BN AR AR 2 G2 53 G1 (5l 153 5 R
185.5 kN #1236. 0 kN, W& 5Ca) Al WL, 32 G1 &1
U8 ] g I R A T R S Tl g B A T R AR
FEARZAL: 600 C LA, W qa) £ B A8 fL K K5 600 °C
PUG e B RE R dOm ik . d B S(h) AT bl 32 G2 7E
PRIk ) 800 °CZ A, B ) $E FE A K AR Ak ORI K

1000

8001

6001

B EE/C

4001 !/

200r; 7 G
— L eyl uiplap
AR O LA T e
A=)

e e , 8
20 40 60
et )/ min
() %G1

0

1200p
1000}
800
oo !

8 R/

400 if

200

— WL WR2 e W3 ---e W4
——- WIS - ISOf L —— PHPE

3 AERHMESNSEE
Fig.3 Temperature-time Curves and Temperature of
Measuring Points

&E/C
200 400 600 800 1000

B4 H-4PiE

Fig.4 Axial Force-furnace Temperature Curves
/NG G EEAA R ARl i 800 “Cm , HL 1k ) 12
JEA TR o RRE T 0 L TR e L RS K
Gl B (LS 7E THR A5 R 35 F) 12 mm. i G2 85
L 78 7 38 B b K AF S 38 W 90/ » 78 THilR 45 3y
8§ mm,
2.2 WIMES

6 43t T RIBIAIES . W% C BIRn,
2 MR TR AW R ARIE A R V I B
52 e DX TR - T 35% 0 3% B 32 437 X257 i R 4 T 2R ™
B AR REE LR E . m IR EE G RLLETT
R T R 2L (E e T e L T AR Bl e s ) A
R BB /D TERE /N BBV R IX B B4 .
I G2 5T 2 MR, R ST AL 1 AR B
FLT . EL A T A9 5175 I 28 i Ak 25 2 % e £ B Y
R REBETT i T Oy 1 EE L S B XA T 4 R BT



%14 EHE ., S . X EMOGROAHABRLIEZBTEGHEE XD 45

\BE/TC
200 400 600 800 1000

(b) RG2
S R WA R

Fig. 5 Vertical Deflection-furnace Temperature

Curves of Beam

(6 RGMETFBE
6

AINTER G C B B X I, Ak, W 5% B
G2 BN A 2 hr 4 4 i = R R 4k 22 48 )5 3
BB 1) b S VEH
2.3 WA-REHE

7 Sy fn a4k AR A il Bt £ T (B
Syl Ty i D7 ER S C Y 3R b ) A
0 72 ¥ 4% O 22 WA Al T g BRSO R 38 37 98 /N I 1)
B 5 RS TERERE g 2277 mm B 5 B 4R
Wiy, mREE GL.G2 i T4 2 ) AR TE s = i
71 52 TR A A5 R T N 28T 1A K Y 0 4 Bl e
3,539 R 167.3,221. 7 kN, 5 25 H W4 {8 4 75 ) 9]
W TR R A RAE N R R T RN A
) RS B 2 A RLA” il 284 4 B 42 0 1 b L 1)
FIBERR R A AR R, 5 R IR B C Y 5 o il
T3 85 e 4 R R g AN TR o T 22 0 5 i b ) A n
B B2y R . N7 AT LLE Y R
B 2 2240 5 4E 161. 0 mm A1 115. 2 mm I 2 3
R IR H T TR AN S AR R AR T BT EL

O RG2RMWHES

WIRR RS

Fig. 6 Failure Modes

2.4 THH-REMZ

AR a8 4 3 B 0 fr - B il 2 & 8
IR EIRGE C YR AT LAY R b B BE COAD TR
LB B (AB) | e-hr i 4 i Be (BO) FEL 85 48 B B (C
SPUED o FEM#E P, B2 C R 0 A o7 2% Bl 18 1 5t
LRVERE A s B TR 0 R RO L B 2 B O, far
BRI K A for 2R 05 B B S 28 D77 /0N i AR B RE v

BT R AAEBEEIRF] 227, 7 mm W, iy T 28 A%
W 224 T 38 B R fr 200 59. 6 KN il R Y
AR AR SRR RA R EES TR
A 5 1 A Al s T £ 2 i sl R A o A 3 Ak T
e AR A L ARAH B i 280 ik ) 0 {77 288 B B
A DETE RGN0 % W R A B R RO BOR R 2 2R
AR AYT R dRBE A A R] . 45 A 1 A, il 2
G111 U i 815t 202 194 058 I 28R 22 A K T g



46 EHRHAFE TRFR

1001 .
z Pl
= — :
R —100r P4 ;od ;
& H HE 7 Lt — ZC
. oo A === Gl
L R I --- %62
S~
_ AI/I! L
3000 40 80 120 160 200 240
FE/mm
B7 WA-REHE
Fig.7 Axial Force-deflection Curves
01 ; ;
| | B__B; ;
0r 1 e c
S0F 4 1 — gc |
g | [i5 Pt &G
Rl f e o-- BG2
i ~ H - H
FOUE N .
200 : Se
H I .
1of | AN
PN A S BV v ,
(¢ 40 80 120 160 200 240

& /mm

B8 fH-REMEK
Fig.8 Load-deflection Curves

I G2 i W A BOR IR PR . P Rl /) 1 h
Xk T Al i) 249 SR P57 T R - TR A WA e R T R R
(H 22/ N R IR I 1) (2 8% 5 e LA T 2 (8 A5 Al )
24y SRUHA 1917 1R R A% A 05 1y 2B R T IR I ) 82 A% W 3
FEA
2.5 THE-REMZ

B9y B2 B 25 A -5 B (MEo) i 2k b B
M=RL,— N& R J3ZJE R J1. L, 9 8% i 3 R 5
IR . N AKFJ1.0 A E b, S 8 2K
L 7 R e C A -Pe B M 23 70 o 4 B B
LA R A S B TS O B i 0 R 22 . A TR
Fe e By B ik B BR HT 5 R 81 - I 8 22 i el 1
EWIN . w R R A A R S A
JIe AN [8] - 2400 o b e 7 g 28 (R AR R SR A S
TR K B B (R BE S B T R B 2 R T
e A ZE AR, SRR T C AL, I 22 Ay 5
PR Be e - Ja 0 P2 R 80 B A B bR s i R G
i B BR U257 28 7 s v Tl 2 CL i3t G2 ik
FRYTZ AR BT, 25 R RS AR Y B MU
W1,
2.6 EMEFFERE

B0 73 T B 4 A S P R RE R R 0 R L K R i
N IrAVERE R BEIERIIE bR . A0 HE R HE 1 AR R
s KR L FEBE RE 1 a7 -0 #5 it £ 11 A A9 1T AR
KRTR s pa = A/A Ay N TERAELES S A Sy I £

2020 5
60
sof | T
) — ZC
R A 2G1
= -
Z sof ) e *G2
~ -~
LI S=s
B 20 \\\
10 \

(=]

M L y i )
40 80 120 160 200 240
HE/mm
B9 THE-REMHZE
Fig.9 Bending Moment-deflection Curves

B BARBRE R 1, R L ATLUEH . HIRE C
B AE P R B . S IR GL A G2 W IE M R B
IR 25. 8% F 39. 7% . B G2 Y 4E M R B
TR G, 3X 5 G2 P 50 757 1) 2E 4 I T 5 A2 b R A —
B A e AR AR B 1 R B R K T AR B AR
et 500 °C Bl FE TSGR, X R, iR
T il 1) 24 SR A7 T 4 - S A A M 2 O T A
FEME . X T RERR M AE Ok U, H R R C M AERE M BE I
U IR G A G2 MR TR IR C B T
48. 9% 1 81.9% . AT WL . & TR 1 FH 45tk 3 1K 4 75
TR %E 0 PR FIAE AR BE 77, ELTHIR B ) B K FERE
FE 77 e AR 52 6k K T A28 DR ]

3 ZFANESH

Sy 3 AT e T il ) 24 SR A TR B TR 1 A2 T L
il 10 g T AR A - A 2 e NFME
Ty, HOIERRAE N-M RE Iy il 2 i IR i o0 A8 1
Frib s m iR R N-M BE J7 i 4% I SCiik[20 148
H A TR A T3 D7 3k BRI R TR A AR S b
FHVE RE AR R 785 T 5 07 5 i LA B AT B IE

400, -
200f
g —202 -
g 4
£ —400f
£ _600
—800f
1000, 10 20 30 40 50 60
/(N » m)
— BCH B Mg BCRE ) M2k
----- R H-ZHEME - RGIEEHIHME
-—- RG22 AT ML —— RGREHI ML

10 #N-E5E i &
Fig. 10  Axial Force-bending Moment Curves
RS C A% - M 4T KLy o 4 AN BB
P B B (AB) R SRAL B B (BO) 52518 £k B B
(COYOFEHEELIL M B (D G LR . Mk AB B



% 14

EHE ., S . X EMOGROAHABRLIEZBTEGHEE XD 47

O bty il ) 1 o 28 1 b R D AN B R S AR AR
LA 3 A T PO A ROV O £ . BC
Beh TR T 52 L 8 2 B R R i, R % ) AR 2 )
Hom. C siLUE s i T8 b far 48 00 sl /s (B 8) DL K&
% Sty il kN 5 A 0 B Ak U s (R T T B
PUAS AR S TR Rt AR R AL B BE . 30 i
fEM i D SR S R BB T O R BE L
il o M 10 o] LU o B2k B BRPT3S 7K 8 )5
HA -SRI & Fe N-M ge hith &k ke, 45
AR 8,9 AT, FR R HH (1) far 2 R B85 v A T R 4R
By B VAT 1 a2 2o A R R 287 L mT A Ok 2
(18 Ak B 48 e I AN 78 4 » 2 IVt o A 3 1) T 284 T
W, 5 SCHk[ 15 ] % B A — 2L

o T T AN N 2 B R AR b TR EIRAS
H A 7725 il R AN AT 4 o R s Ak R R R Ak
2B B, R SR A B B R T 0 260 A R 1R
EEEN S Gl ) IR R T RS E &% 1k
A B A B R 3G O il R A R B T R R Gk
B FRARAR S5 C A C . B 10 AT LA L B i
PG MRS R SRR CHEAKR AT
RE M R R 285 1 h TR, ZR R 9N A IR 2
500 °C, AR BRI AS B L Hom iR e AR
UG TR ST RE RS I B R P R T . B G2
W BT A5 7 3 ) K R AR AL 34,6 kKN » m, X
T, 32 @ EAER 2 h i) SR Ih i T R AR
FRBL S 7 48 7 i H8 = A B T e R BOTR 5 1 AN
A3 (5 BE 5 Ak . 23 B 5 AR IR R A A R T 2 R AR T
T2 R A B BR 025 7K 38 ) I o ik i AR 2 iR fE
B, BEAR BT AL T S A2 T IR A L (E B o B R Y
R B R 4 R B O AR AR K T
iR N-M RE T2k,

4 % E

CI R BE N 582 i il 1 A AR e T ™ A Y
ot 1) s g A A5 R 1 o 9 M B DX D S R R M

(2) v AR 2 e sl ) R 28 5177 A TR 5
DR gl 1 P OB R g 2 1k e 5 P T IR T S g 0
(E AR ER T 2 FABZ K 7 2E 1 B T 0 DU 4 e 1 B Y e
{E AR 27 3 B 52 I B) A L A R 45 Al 0] B2 e {E 7K
A3 0 R T R E R T L PN ) B R MR A

(3D e T P P A 5 52 i P 9 480 058 32 T BIL)
i 2 14 32 J1 ML b B2 L ) A% A 8 T S L] . R R
TE R L AL 5 v AR TR R A T IR 2 HL

(4 X8 il 1y 249 S A 09 5977 1R O - % L AT ISR T N-

M BE 7 Ml 4ok B A RASIE T B2 iR AE. &
i TR N-M RE Sy th 2 H R A R ik — B ESE
S EZ 30k

References:

C1] b, o iR, 50 A 8 % 1 9 i 1k e & it &
[M. b5« T AR K2 R, 2003,

GUO Zhen-hai, SHI Xu-dong. Behavior of Reinforced
Concrete at Elevated Temperature and Its Calculation
[M]. Beijing: Tsinghua University Press,2003.

L2 RS A0 J8 BRAE. 305 1R B 1 18 S 3 % kK I

MRS B 5T L) ] bR TR 4, 1993, 26 (3) 1 47-
54.
LU Zhou-dao,ZHU Bo-long,ZHOU Yue-hua. Exper-
imental Study on Fire Response of Simple Supported
Reinforced Concrete Beams[ J]. China Civil Engineer-
ing Journal,1993,26(3) :47-54.

(3] BOAR ., B0, 5 i T 50 53 i % 22 3% 0 i IR ML A 0
NS AR ST L], JE 454 ,1996,26(7) :34-37.
SHI Xu-dong, GUO Zhen-hai. Investigation of Failure
Mechanism and Internal Force Redistribution of Rein-
forced Concrete Continuous Beams at Elevated Tem-
perature[ J |. Building Structure,1996,26(7) :34-37.

L4 WA fr. w5 5T 09 A5 iR 5k L e R i 2 )tk
AR B 8 [) ], £ AR AR 24, 1997.,30(4) : 26-34.
SHI Xu-dong, GUO Zhen-hai. Experimental Investi-
gation of Behavior of Reinforced Concrete Continuous
Beam at Elevated Temperature[ J]. China Civil Engi-
neering Journal,1997,30(4) ;:26-34.

[5] DWAIKAT M B,KODUR V K R. Response of Re-
strained Concrete Beams Under Design Fire Exposure
[J]. Journal of Structural Engineering, 2009, 135
(11):1408-1417.

[6] DWAIKAT M B,KODUR V K R. A Numerical Ap-
proach for Modeling the Fire Induced Restraint
Effects in Reinforced Concrete Beams|[ ] ]. Fire Safety
Journal,2008,43(4) :291-307.

[7] WUB.,LU]J Z. A Numerical Study of the Behaviour
of Restrained RC Beams at Elevated Temperatures
[J]. Fire Safety Journal,2009,44(4):522-531.

(8] R e FrRiL. IREE L 2 5UR T B IR 2 B2 09 it 2k

PERE ISR [T ], TR J1%%,2011.28(6) :88-95.
WU Bo, QIAO Chang-jiang. Experimental Study on
Fire Behaviors of RC Restrained Beams During Heat-
ing and Cooling Phases[]J]. Engineering Mechanics,
2011,28(6):88-95.

L9] R WKL AR B - 320 T B 4 o F 4l
SyprLI]. EHIRLE S TR 2. 2010,27(1) 1 12-20.



48

EAMFE TRFIR

2020 4

[10]

(11]

[12]

[13]

[14]

[15]

WU Bo, QIAO Chang-jiang. Axial Force Analysis of
Restrained Concrete Beams During Heating and Cool-
ing Phases[ ] ]. Journal of Architecture and Civil Engi-
neering,2010,27(1) :12-20.

Z U TRV AR BE R T R A AR
SrATLT . B A9 TR 24, 2010, 30(4) : 353-360.
WU Bo,QIAO Chang-jiang. Bending Moments of Re-
strained RC Beams During Heating and Cooling Pha-
ses[J]. Journal of Disaster Prevention and Mitigation
Engineering,2010,30(4) :353-360.

ALBRIFKANI S, WANG Y C. Explicit Modelling of
Large Deflection Behaviour of Restrained Reinforced
Concrete Beams in Fire[ J]. Engineering Structures,
2016,121:97-119.

ORI R G SE.  hhm 2y o Y TR BE
d T IR S ke i ()], @SR 2, 2016, 32
(9) :34-40.

HAN Rui, WANG Guang-yong, XUE Su-duo, et al.
Fire Performance of T-shaped Simply Supported Con-
crete Beams with Axial Constraints[ J]. Building Sci-
ence,2016,32(9) :34-40.

ELGHAZOULI A Y, 1ZZUDDIN B A. Failure of
Lightly Reinforced Concrete Members Under Fire. I;
Analytical Modeling[ J]. Journal of Structural Engi-
neering,2004,130(1) :3-17.

L1Z,LIU Y Z,HUO ] S,et al. Experimental Assess-
ment of Fire-exposed RC Beam-column Connections
with Varying Reinforcement Development Lengths
Subjected to Column Removal[ J]. Fire Safety Jour-
nal,2018,99:38-48.

(T N TR R e e i S VA R D SN - e 1 B
BRFsE[D]. Kb g K 5=, 2016.

TAN Yan. Experimental Research on Push-down

Test of RC Exterior Beam-column Connection at High

[16]

[17]

[18]

[19]

(20]

Temperature D]. Changsha: Hunan University,2016.
wWoORLAE B AR BRSNS AR
RRUE RC A 8 32 7 HL & i 3 o ot L) 1.
TR 2 [ AR B 242440, 2017,39(4) 1 41-47.

TAN Yan, LI Zhi, HUO Jing-si. et al. Experimental
Study on Mechanical Behaviour of RC Beam-column
Connections with Different Anchorage Form Under
Exterior Column Removal Induced by Fire[ J . Natu-
ral Science Journal of Xiangtan University, 2017, 39
(4) :41-47.

YI W J,HE Q F,XIAO Y,et al. Experimental Study
on Progressive Collapse-resistant Behavior of Rein-
forced Concrete Frame Structures[ J]. ACI Structural
Journal,2008,105(4) :433-439.

ELSAYED W M, ABDEL MOATY M A N A,ISSA
M E. Effect of Reinforcing Steel Debonding on RC
Frame Performance in Resisting Progressive Collapse
[J7. HBRC Journal,2016,12(3) :242-254.
OGRS BR & IR T AT S IR BE LA G
FM R FE L] WP R 22 e A ARBE 2], 1990,
18(3) :287-297.

NIU Hong.LU Zhou-dao,CHEN Lei. An Experimen-
tal Study of Constitutive Relationship Between Rein-
force Bar and Concrete Under Elevated Temperature
[J]. Journal of Tongji University: Natural Science,
1990,18(3) :287-297.

TV AR o B R TR T AR TR R R R
W BRR 2 7 i Ak 3L . A HU 45, 2002, 32(8) : 23~
25.

YANG Jian-ping, SHI Xu-dong, GUO Zhen-hai. Sim-
plified Calculation of Ultimate LLoad Bearing Capacity
of Reinforced Concrete Compression-bending Mem-
bers at Elevated Temperature[ J]. Building Structure,
2002,32(8) :23-25.



