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Study on stress properties of steel-concrete composite beams with

web openings in negative bending moment zone

CHEN Jing, LIAO Wenyuan , LIU Dewen, JIANG Wei, XIE Xin
(School of Civil Engineering, Southwest Forestry University, Kunming 655024, China)

Abstract: In order to understand the mechanical properties of the internal stressed reinforcement of the steel-
concrete composite beam with openings in the web in the negative bending moment area, experimental research and
finite element analysis were carried out on a number of composite beam specimens with openings in the web. The
research focused on the stress characteristics and laws of the steel bars in the concrete slab in the opening area. The
test and analysis results show that, under the action of negative bending moment, the failure of composite beams
with web openings occurs in the opening area, not at the place with the maximum bending moment. The cracks in
the concrete slab in the opening area develop rapidly and eventually break, with obvious hollow damage occurring at
the opening and secondary bending moments appearing at the four corners of the opening. Under the action of the
secondary bending moment, part of the stressed reinforcement in the concrete slab in the opening area are
compressed and part are strained, and the tensile effect of the reinforcement is not fully exerted, among which the
upper reinforcement at the left end of the opening is most obviously strained and the tensile effect is better. Adding
additional steel bars in appropriate positions can limit the development of cracks in the concrete slab above the
opening, and effectively improve the bearing capacity and deformation capacity of the specimen. Among them, the
addition of additional steel bars with a diameter of 8 mm at 65 mm from the central axis has the best improvement
effect on the bearing capacity and deformation capacity of the specimen.
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ment

W-REE LGRS A FMIERREOK, B, BES), MdEHS
B, $) 2T SRR E. T REEAR EFRCT I EXeE LR E TS, TR
WEBRES M S RE, REPHREREIE DEARREN SO, AREKREE. T4

W HE . 2022-08-15 & E HEA. 2022-11-23

EETH: EXHRXPERSHFREIH (51808467); =B AHH /T RHAPIIE S H (2022Y609)
F—EE: K #1997 —), L, WA, FBEUGITECHAFLEMH. Email: 19970816@163. com
BREEE: BXL(1987—), B, ®d, @l#dz, FEUNTEAAEELH. Email: lwy065@123. com



51 Br o #E, . SUDHEDKCH-TREE LA G R IF AL B 52 M RERE T 15

Z3 6], MR AR O, 45 ok nl WL B0 28 B 2804
ERSAR T I = 30 7 205 BER N2 AR BT R,
JEZAS b B A 7R 32 B BY g Rk R RS 2 1 B AR A iR
B A, R A iR R AR R AR Y BN B 32 01
DLEE R AR,

LIRS R A b, R AR T I B9 e s 4 B
MW IR, 20 tihed 80 AE P LA B /8%
IR IF 5T SR, 1 Ah S 2 S ek R B
VL RO ALE, RETE B 8T, TREE
L MRS R BAHAT TR, TR S
BOMAR TF I 2 5 32 IPERER) 2w, JFECH
MTEH) LAt b3S 1 B AR IR 25 R H R i
GO N X C A AR TN AL A R
RENE T REG TR, RS RYRE
B THIE . R SETTETT, WET R AL
TR 5 o) AR T B 7R AR I i 2 2H 5 B
(32 IPERE ), BRI AR T I B TR A A T 0 AR R
ARER 3 50 PR 3 RAb g T R EAT TOREST

SRR I R T BB R A R AR IE B AR IX
AR AR R 2 5 3%, 78— 2o sihr TAEp, W%
TEESEH &R FUE X BEE W L, 1 H AT
TS RE DM A I 45 B R SR M B, 2
ol SR 2 B ok g I A ORI T BY 1 RE S R M A2
FEPE L BRI DX 32 B A S R AL
BIRIETE N 2, A b o 45 it 32 2R A8 1 IX i B
Iz, ke A k08 I DX A A ol 2R B F
TS REAE T 6 JC i TR BE R A B, IR EE
T FRZBmGR AR, BN 32 0 k1 R
SERPTRLAE T, R AR G, 2 SRR X
UK AR A3 A 2%, Sh A 0 2R 1 IX 60 B
% IPEREMEAT IR T, F AR AT AR 1 X 852 0
Wi B PR 2%, o0 AT A 7 nl L gk S e i 4
A KA T i e B4 AS R 5 . A 303 i a5 A
AR IT T I 6 92 R X R AR T i 20 5 R AT T
G, HRLIAT IR KRR A 32 B B B 32 T R A
M, TR Rt —E M 2%

1 RXIEH#ER

1.1 R Hi&it

AYORI BT T 4 W5k Al~Ad REARIF
T2 G324, S HOh WA, Hj g
M AR TR B A AL St b A A2~ Ad #h i
I3 DX A T I 2 A SRR, T et 2 N
TEOEIE . 4 A G R 2 e 5e 2 8T Ul i #2
it , BTYULERAERRET LLSET)BE 100 mm 3y & 321y

S, AT R @19, K 70 mm; XA R A
HRB235 2%, #1u] #0#fi kR H @8, ¥k 200 mm
WA R R A C30 REE LM, WM R
A Q235B #AFL H R4H. iR i R JLfaT R
SO L, B 20 BRI AR S E L 1 TR,
TR 1) 2 U R R P R 2 R,

1000
[ -
v —= v L)
|[ Z A / ]] 100
' X
o, Ilso 250
ot Y
b ™
120

1 ARRGHERTTEE
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Tab. 1 Variation of specimen parameters
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Tab. 2 The material properties/MPa
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Fig. 3 Schematic diagram of loading device
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Fig. 5 Schematic diagram of specimen failure pattern
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Tab.3 Bearing capacity and failure mode of composite beam specimens
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Fig. 9 Longitudinal reinforcement strain in the hole area (Specimen A2)
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Tab. 5 Comparison of ultimate bearing capacity test and

finite element results of composite beams

Fi's BBRRET kN — B/ %
R HIt

Al 193.8 197.6 2

A2 103. 1 102.2 1

A3 108. 2 112.2 3.7

Ad 112.5 116. 3 3.4

3.3 WETZHSH

Wi ) TR B SRR B AT,
J1 3 EE AR G a] A AR, 6 TR AR T I 4
B liE T DL % B A 0 4R 7 32 01 BT R
SOk, VAR GhrE WA el LUR S STRLE I, JE
A BRTT /A7 uT LA B AR e 2 oL, W
XN 32 G oL e 14 Pros, al ~a3 4 BJZ
i, bl~b3 A TFIZMAT, al. bl fE &G H ik,

AR YR 25 1
a3 m\in min
a2 max bl
al N b2
I P2

002911 76.790 4 153.578 230.365 307.153
38.396 7 115,184 191.972 268.759 345.547

14 FF iR X 9 1) K0 5 Bz 71 [ (A2)
Fig. 14 Stress diagram of longitudinal reinforcement
in open area(A2)
H & 14 W b )2 B A SE O iR A Y 6K
i al~a3 WP A AL FZ AKX 28K, %
FEIX, e el B al 52 ideok, i
B a3 % a/h, HRBIAEYS; WX



20 [N S A S s PN

JZEA (b1~ b3)FE{H 1 A2z K. Az h, if
HT 2Nk ik EERAZEA, 55
MBI — 5 B RE % K HE UL
YERT, XFIX 5B 43 B 77 £ A7 g mT DL e 80 1 X R
B -t 32 J 1R RE.
3.4 IRINBRANEE AR

o P 1 ) K O o T i e £ O W o
Bt 75 MR AR, HALSECARAE, KK
) AR B B b0 il i G B O AR Ak S8, HLAE R
W 6 Frow. TRMBE IR 0 AL E il 15 k.

15 Bt o0 s A5 4 & B
Fig. 15 Additional reinforcement diagram
x6 ZHNHEUSHRBRTER
Tab. 6 Variation parameters and finite element results of

tensile reinforcement
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