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Experiment and Finite Element Analysis of
Shear Strength of Concrete Beams Subjected to
Elevated Temperature
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Abstract; One beam subjected to room temperature and 7
beams subjected to high temperature were tested. Three sides
of the beams were subjected to ISO834 standard heating
curves for 2 hours, and they were tested after being cooled.
The effect of shear span ratio, sectional dimension and
position subjected to fire were studied. The results show that
after fire, shear bearing capacity of the concrete beams
decreases, shearing stiffness of the member degrades, and the
ultimate deformation increases. The results also show that the
shear bearing capacity decreases as the shear span ratio
increases, the high temperature influences more on
compression zone, and depth of section of the beam with three
sides subjected to fire has the same effect to shear
performance as the one to room temperature. A finite element
method is proposed to calculate the shear bearing capacity of
concrete beams after fire, which has the accepted accuracy.
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Fig.1 Specimen design and measuring-point arrangement
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Fig.4 Load-mid span deformation curves

MEHFTLIEH .

(D ERE RS RAPLBTH R &R B B R
398k 2. 0 Y IR G KLY AR B FRET
23%.

(2) iR e TR - R A I BE B S R A, BY 85 LU A
2.0 B, B IR 22 (YC300-2, 0) % RN B 2 = i 5 132
(YG300-2. 0) f4 2. 3 £, Rl B} = iR FR TR e - R &
KEEFH K

OWHE R 1.0 B HRIBE 5358 ol 2. 0~
3. SEFAHZER K, X R H LBy LI FEE B R 2= 51,
BB L 1.0 BF HAIMB R BB I X R, BB LR
FET 2. 0 B HAR 7 Iy oA h AT AL, [ iR 5
TR BRERBERER B HWELN 1.0 NE
WXBEE LB R EMN /D TFER, EHA/NF 2.0
BB X B R EN T KTE.

OF B TR AE S 5H R BESIE L,
MESESHELFRIEL. 5B LR 2.0

YG400-2. 0 5 YG300-2. 0 SEI#% FR AR £ 1 b iy
1. 30, RIBELEA 2. 64; HAR B LA 1. 38, H M
BESITTHILE N 2. 63 LB AR B O Z W5 AMEEZ
FOARE » M BE 2 Lo S5 38R BE S T 22 U, AT L =
T 32 JORIE T, 80 e BE X i iR 5 R B L i By A
RIS R T E A2
2.2.2 fE—HEANLAE

XA BY X P ) i 5 L AR AT T U B, B A7
BONLAEHILR , {N ] 5 0 6 B,

——YG300-1.0
—&—YG300-3.0

—&— Y(G300-2.0

3301 —%— YG300-3.5

300
250 F
Z 2001
o
& 150
100

50

—0500 0 500 1000 1500 2000

N AR/1076
5 7[E) B9 B5 bb B i — i A R FE h 2R
Fig.5 Load-stirrup strain curves at
different shear span ratios

—— YG400-2.0
—— Y(C300-2.0
—%— YG300-2.0

1000 1500 2000 2500
R NAR/1076

6 BYESLEH 2.0 RGFH—MATRI T LR
Fig.6 Load-stirrup strain curves of specimens (1=2.0)

WEE BY B LL 54 38 n A 5] fir % T 45 %5 9 R AR 1
i, 2% BA BB BY 5 LU 4 2 A Y LR Y HEAE A 8 55
TR EFFE RS, A=1. 0 B, SR T2 R
AZ2. 0 A — B AL FZA0RES, FEE BT B L i 3
KA IR far T 4 A9 M AR 4 K.

HHFIBYE H (A=2. O) #H [F a3k T K K J $i /5 71
NE7E HE IR TR, B IR T 5 AR TE T AR B/D, T
Vo 1R S 7E B S0 T A A B AR B K B ., HE BT R
HA - OAKRERETRNFEEREDHILE; Ok
WK IGTRBE T RN BEREAR, TR K.

0 500



810 ¥ K% ¥EHRAERBER

HaE

3 MEEHANERTITETGZ

RE L3 K e B G H A 2 2%, AR
BEXH R AN R B b1 3 AR LY AR B B B B
WAR 2. ARt R BRITTT 5 R i ) R Y B
TEZ—. M E I ERER R A ABAQUS,
FTR RS REE - PR AR S TR A IR IT

Tk
3.1 mEHERE
311 feRITR RN AN

KGRBEC A, WA KE 5 KRG ZIE
BEATHR I AR AL, e RO R AT RR A

—FE| = h(T=TP+oeT=T) D

K D RAHAF s he I TAERREGT. A2
KEEBE; Te AXKRSRIGEE; o A Stefan-
Boltzmann & %, H/HE K 5. 67 X107 8W + (m?
O e IGERHAREPNERRAHE W -
(m? » C)7L,
3.1.2 TS

BE B TFREL KD ER, %R R ERK
I B AT AR B T TR BE 1 %5 BRI, A A
REUTHERFE:0 CHH 2500 kg » m™,100 C
Bh 2 490 kg » m™%,200 CH}A 2 360 kg » m™3,
400 °C R iR BERS y 2 300 kg » m™, I3 R FR
3K IEALIANT LA B R

REHERRBWIRE L, HER &R, A
ZiRE R AN

B=1.16X(L4—1.5X10%T+6X107T2)

@
AREH AR T
C.(T) = 840+ 420(T/850) €)

MR RREI X ZAERA 25 W e (m® -
O, RZAERA 6.5 W (m? « °O7, 54
B Z ¥ EN1991-1-20215y 0. 8.
3.2 s
3.2.1 MBAEHER

TRE M R ABAQUS i 38 M40 45
BAL X F R EE R PR E R A X RAER
TR W ER E 225 CR(13 18 AR, A3
SRARHIREE LRI A R R, E 7 #1 8
F7R.

ZH R K SR, AR EHEE AR, 5

AR AR R AL, LA R PR HT SA5 A, S0 555 i AR5 B
A 355 MPa, 8RS R 2. 06 X 10° MPa, 1% [RiR &
400 MPa, £ Ji iR 58 BE 24 240 MPa, # KR 98 B
300 MPa, X pi ¥PER AR & K 0. 2.
3.22 FM5RETIFRE W/BXR
THEEATHASHEE L ZRIXRTLURA
embed BT, R FHZ BT Z BE R S51R % 1 2 8
FIBhEE IR, B H L TR HRRI Ao 472
RS RIRIRE L R R, Y 58 FERRE
B RERTAHZ B FERENHSRE L
ZIE RS 7. a5 5 IR % 1 2 I8l B RG4S %o
BB ARE I BB R EER, SIRERIEWE RS
FHMKREFEE SR BRE, R embed B0

SEGRWAK.
35r —=— iR
-4 100 °C
30F —— 300 °C
—— 500 °C
25r @ 700 °C

—— 1200°C

o &0

0 1 2 3 4 5 6 7 8 910
MAR/1073

7T BERRERIAMBEFEXR

Fig.7 Concrete uniaxial compression constitutive

relationship curves

o

&

0 0.I3 0.I6 0.|9 1.I2 15
MNAg/1073
8 BREERIEAMSRNANXE

Fig.8 Concrete uniaxial tension constitutive
relationship curves

EFUEFER, BRBENMHI H AT RIS
1REE+ R A embed 7T, BIRHAH SR EE L ZHFK
FHl connector B0, HRTEA RiR/E I EMFE
BAMAER, ACEB) Alsiwat Z @M HERT



%63 B F KRG REL R RBR SRR SARTAT 811

FHERRRUERBEERNG S RELHS B/BEA YG300-2. 0l YG300-3. 0 HBEIBr £ A 25 i 2%
HXER, WA 9 Fin. W0 12 Bz, W BERCIDLES R L I R E A, 7T RE 2
B R R RIS R L KRB REE, i

35
“ Bep T BB & SN T e, KB B4
L% RN 2 Fis, W3R 2 AT LU B A AA SO SRR
220 TR = RS R B R BB AR .
& 15 800
i )
10 700
5} 600
o o 500:
AR BLA /mm 2 ‘3‘22
9 FREETREANSERINE—ABER ool —
Fig.9 Bonding-slip relationship between 100k —x— A5 1 RS
concrete and rebar , , e 2 L
_ 0 20 40 60 80 100 120
3.3 ARTHHKRE B ¥ /miin
ﬁﬁ*%gﬁﬁrfﬁﬂ%ﬁ?%ﬁﬁ‘ﬁﬁa RIE 11 B3RS SR R b
BRI A S2ER, FRuERE RN E Fig.11 Comparison of temperature between FEM
10 frs. IR EE SRR o Z B S IR BE G 2 . calculation and test
SRR IR BRI beam BTSN FMARAIR roor
Ftruss A0 RRIRAH SHEE L EMEH
connector BTG, HABAR AR % + 32l R embed B 20
JC. R RN BB BRI T, Al R AT 1Y Z 150
> he o ﬁ B
WS R BT, 00T KA e VG300-2.0 R
- — £ —— YG300-2.0 (#4])
R IA 50T AAw —=— YG300-3.0 (%)
—&— YG300-3.0 ($4))
0 5 10 15 20 25 30 35
i P 7 % /mm
R et W e L e et 12 HELS SCRTTE — B o (7 i 2R b
i Fig.12 Comparison of simulation and the test
G N e load-deformation curves
. . i — t x2 FEHHEESIBRERE
|E@mﬁﬁl z‘%%%ﬁ:l | LT LA | Tab.2 Comparison of the calculated results
' l ith the test It
G —[rrmn]  [nmeE] e —
=5 b RBME PN BUME P/l /%
YC300-2.0 292 287 —1.70
YG300—-1.0 314 342 8. 90
YG300—2.0 230 234 1. 70
—_ YG300-3.0 180 172 —4.40
10 FIRTHREE T 7 EE YG300-3.5 152 148 —2.60
Fig.10 Flow chart for FEM building YG400—2. 0 298 265 —11.10
. YD300—-2. 0 115 134 16. 50
3.4 IRBIRIE YD300-3.0 100 102 2.00

AR B EEE A FROTE R AT RIE |
B A RNE 2a fim, PR 1 M2 BER 4 458
R A SC R AN 11 fran, B 11 ATLLE MRS
RIS R, W T R AR T 5, (DXR (R JFIREE LRI AL BT



812 ¥ K% ¥EHRAERBER

HaE

R, VR B2 FE IX AR R Lh 32y IX K, 52 K X 52 K B
WR T 24D VIR M 1 R R R B o 2 SRR

2 KR (R J5 IR+ R BRI IRIET
I, A3 PR A RS 38 .

(D BEE DY B5 LU X3 hm » HL BT AR 2 7 IR 1%, o
WS HIRAAMY, (AR B L.

(O ZTHERZJARBLT , B H BN 5 R &k 4
PIBTHERERI RN S I T E A2

(G)H iR T 1R 5 - R 7E B 8. 5T S Hir i A S 38 38
WA K, 5 15 TR e - 2 4 A5 1z AR 7E BH . 5T 2R BT Bz
XK.

(6) i TR 5 iR T RGBT AR B TR E %,
AW T LM ERTHFE T, HER 5K
HY) & BT

&30k

[1] B, &WE,H150F. NHRELRALRERATIIREN
W] WL RS HARENR1995,29(1):98.

CHEN Ming, JIN Xiangyu, HU Wenging. Residual shear
strength of reinforced concrete beams after firing [J]. Journal
of Zhejiang University: Natural Science,1995,29(1):98.
HEE. BERBRELI R ARR IR KGR ]. &
4 TARIE, 2008,24(5) : 112.

XIAO Jianzhuang. HPC deep beams: their fire response and
shear resistance after fire [J]. Structural Engineers, 2008, 24
(5):112.

HsuJ H, Lin C S. Effect of fire on the residual mechanical
properties and structural performance of reinforced concrete

[z]

[3]

beams [J]. Journal of Fire Protection Engineering, 2008, 18
(4):245.

Maruta M, Yamazaki M, Miyashita T. A study on shear
behavior of reinforced concrete beams subjected to long-term
heating [J]. Nuclear Engineering and Design, 1995, 156 (1/
2):29.

El-Hawary M M, Ragab AM, El-Azim A A, et al. Effect of fire

[4]

(5]

L6]

£7]

[8]

[9]

[Lo]

[11]

[12]

[13]

[14]

on shear behaviour of RC beams [J]. Computers & Structures,
1997,65(2) . 281.

Khan M S, Prasad J, Abbasa H. Shear strength of RC beams
subjected to cyclic thermal loading [J]. Construction and
Building Materials, 2010,24(10) :1869.

s A RIEFEALER. GB50016—2006 BF B 1B K HLTE
[S]. b : TR H et » 2006.

Ministry of Public Security of the People’s Republic of China.
GB50016—2006 Code of design on building fire protection and
prevention [S]. Beijing: China Planning Press, 2006.
HABAEH. BRGSO M. HEEF . B, 7.
FREE : RERH: B AR B 1994 780.

Japan Construction Ministry. Building fire safety design [M].
Translated by SUN Jinxiang, GAO Wei. Tianjin: Tianjin
Science and Technology Translation and Publishing
Corporation, 1994:780.

REON . AR+ B kKRS [D]. B MK
=,1989.

LU Zhoudao. Fire response analysis of reinforced concrete
beams [D]. Shanghai: Tongji University,1989.

XUSCHE, Ry, RN . BT RE X REAR B %
B0 iSRRG, 2004,30(4) : 87.

LIU Wenyan, HUANG Dingye, HUA Yijie. Probe into test
method of heat convection coefficient of concrete [J]. Sichuan
Building Science,2004,30(4):87.

TRERE XU MIR. BB L XM B R BRI L o). -
AT FREIR . 2006,39(9): 39.

ZHANG Jianrong, LIU Zhaoqiu. A study on the convective heat
transfer coefficient of concrete in wind tunnel experiment [J].
China Civil Engineering Journal,2006,39(9):39.

European Committee for Standardization. EN 1991-1-2 Euro
code 1: actions on structures, part 1-2: general actions—
actions on structures exposed to fire [S]. Brussels: CEN,2002.
W, R . IR EE L R R IR MR R HT B IM. Je
TR AT 2003 15-25.

GUO Zhenhai, SHI Xudong. Behavior of reinforced concrete at
elevated temperature and its calculation [ M ]. Beijing:
Tsinghua University Press, 2003:15-25.

Alsiwat J M, Saatcioglu M. Reinforcement anchorage slip
under monotonic loading [J]. Journal of Structural Engineering
New York,1992,118(9):2421.



