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beams with openings, a unified shear bearing capacity model was established based on the codes, considering the
parameters such as the failure mode, opening shape, opening size, opening position (horizontal and vertical) ,
reinforcement form and concrete strength. Based on 159 test data, the unified shear bearing capacity model was
estabished according to the existing codes, and the test data were used to evaluate the existing model and the unified
model. The results showed that it was reasonable to establish the shear strength model according to the failure modes.
The unified shear bearing capacity model had a high degree of accuracy. The average value AV, the integral absolute
error IAE, and the mean relative error MRE of the shear bearing capacity model under the opening side shear
compression failure mode were 1.035, 0.177, and 0.231, respectively. The AV, TAE, and MRE of the shear bearing
capacity model under the shear failure mode of the chord were 1.007, 0.166, and 0.212, respectively. With the
increase in concrete strength, the reliability index 8 gradually increased. With the increase of the opening height, the
reliability index 8 decreased gradually. When the opening height was 0.5d, (sectional effective height) , the reliability
index B can still meet the requirements of the code. It is suggested that the opening height should not exceed 0.4d,. In
a word, the unified shear bearing capacity model established in this paper has high applicability, accuracy, and

reliability.
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Tab.1 Database of shear bearing capacity of RC beams with openings

B AR d/mm bimm  WEJEAR h Ad ,/d e/mm  f T f/MPa V /kN Kkt
Mwonga 45:(2) LY 250 150 WibiZ 0.25~0.35 0.25~0.35 0 34.68~40.54  33.5~40.5 4
Aksoylu %0 £ 84 250 125 [ 0.30 — 0 35 58.7 1
Ozkilig 251150 LB 150 100 2 0.20~0.47 — 0 28.5 13.82~2522 5

Al 2 AL 5 1R 400 200 B 0.35 0.18~0.35 0 89 182~200 2
WAL JLINETE 400~513  183~205 VipA 0.18~0.32  0.31~0.65 -14~5 43.6~552  70.2~187.3 13
BEfp s FLMBE  399~411  176~188 I 0.20~0.42 — 0~68 17.55~44.1  775~180 14
B FLA B I 400 200 B 0.30~0.40 — 0 28.6 67.45~81.1 3
A ALY 400 200 2] 0.30 — 0 28.6 84.3 1
Bef i FLA B 500 200 Vb4 0.32 0.64 0 58.5 166.7~274.7 10
WA ALMBIE 400~512  183~201 I 031~0.32  0.32~0.67 -5~20 40.5~552  70.2~192.5 10
Abdalla 2521 SZFFRTY) 250 100 JE 040~0.60  0.40~1.20 0 42~52 11~215 4
Mansur 2522 SEAFET Y] 400 200 I 0.35~0.55 1.00~3.00 0~20 28.8~35.1  34.3~74.63 12
Mwonga %512 BZFT BT 250 150 VibiZ 0.45 0.45 0 34.68~40.54  25~28 2
Elsanadedy 452 3X4T-8517] 450 200 I 0.50 1.00~1.50 0 50 34.5~41 2
Hassan %2 3247854 350 150 B 0.29 0.43~1.29 0 352 40~57.5 3
Elansary 2527 %41 5747] 300 150 7% 033~0.50  0.67~1.00 0 39.67 46.5~66 4
Elsayed 2200 3478547 300 150 WP 0.33~047  0.47~0.67 0 138~146 65~105.5 7
Ali 2504 SZAF ) 400 200 I 0.25~0.40  0.70~1.40 0 48~91 97~169 7
Shoeib 455! SEFFY ) 300 150 Ji+E  0.25~0.50  0.25~1.00 0 31~34 31.25~925 10
FREBPAERT BRATEY) 500 200 7 0.40~0.60  0.80~1.20 0 40 45.9~100.55 3
TRERISERS BT 500 200 ViB2 0.40~0.60  0.80~1.20 0 40 45.9~100.55 6
BEfipaETe AT EY) 500 200 V.5 0.32~0.48  0.64~0.80 0 38.4 120~179.3 3
WA BZFFETY) 408~518  188~205 B 0.31~0.56  0.61~1.28 -52~60  40.5~54.1  90~210.7 14
BEfps ) WATHIE)  403~404  180~182 [ 0.40~0.49 — 0 28.1~29.1 85~120 3
A AR 0] ZATHY) 500~515  196~203 WibiZ 031~0.33  0.61~0.64  -60~32.5 413~522  175~210.7 5
Abdel-Kareem'®!  8%4F 57 4] 300 120 I 033~0.67  0.50~1.50 0~50 35~45 13~31 7
Allam ! LR 400 150 VibiZ 0.38 1.13 25 35 52.5~80 2
Jassim 2031 SZAFEYY) 190 120 g 0.26 0.95 10 34.4 38.75~42.5 2
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Fig.1 General reinforcement form of reinforced concrete

beams with openings
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Fig.2 Influence of opening height on shear bearing capacity

provided by concrete
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provided by stirrups
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Fig. 4 Relationship between c/d and shear bearing capacity
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Fig. 5 Evaluation results of shear bearing capacity model under opening side shear compression failure mode
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Fig.6 Evaluation results of shear bearing capacity model under shear failure mode of chord

RO X AT AR E Y 5

Wiy, BARG S W% B

4 HBAEH N G — R A EE T

R T D HET YUY AR AR ) G — A N
ARSI BY 7R 38 ) G — 18U () m A EE AT ORAL L
JEE U] RST AN E 1 AR BEAS B 2 M T TR
SO 2 1 A R iy A AN 2 1 PP A T A S
SERIHTBT AR E ) Ge— AR (R A RERE
4.1 FitSHEEEVE

JUART RS AN 2 Pk A REPE RS 5 1 LA B A
A OR B Pk 3 2 AR L Aar RST LA K iy 2%

(37-381, W& 3, Horl by ko ke R ke 4 500 SR JLAR] R
TR EE A PURLR B A9 AT R R R ey 2R Y ST
S, 6,.6,.8, F1 8, 53 3 A JUAr] RSF TR BE 4T
PR R AR A7 5 AT NN 1 A S AR A
42 HEEXTHEMNE

THAR A AR M B AR A AR
A LA B AR ) o 5 X P & B ) 5l gk o 1
BRI TS T T AN AR BE TR R B R AR
FIRSERIAE AR A2 AR 8 S 8K I (E Ky, LA
75 5 208, 43R 1.070 F10.250, 1.014 F10.225.

R3 FitSH

Tab.3 Statistical parameters

JUTS% MRS 5 fif 25
et B H - i m :
k, 5, AR k, 5, RS k, 3, 25 k, 3,
b 1.00 0.02 C30 1.395 0.172 HPB300 1.020 0.080 H 2%, 1.060  0.070
d, 1.00 0.03 €40 1.345 0.156 HRB335 1.140 0.070  FEIIERCIPAME) 0524 0.288
d 1.00 0.02 C50 1.325 0.149 HRB400 1.114 0.072 MG 2 () 0.644  0.233
h, 1.00 0.02 C60 1.302 0.141 — — — — — —
A, 1.00 0.03 — — — — — — — — —
s 0.99 0.07 — — — — — — — — —
A, 1.00 0.03 — — — — — — — — —
¢ 1.00 0.02 — — — — — — — — —
4.3 MAFEITSH Kb K AR e PEREDL S & 5 R RS
T RBE L TT R RGBT AR BRE S VN - S SE BB T 580 a, 53 B0 58 i Fh bR 69 RV B
V=KR(f " a) (1) FJLfT2%.



57

WA EE L IR 2P R R GE T VAT S ER
W kA2 S5 2508, , X (12) A1 (13) 115

Mg Mg,
Vy

8, = [60 +8} = / 5 + 2(
A VR 20 2 R BT BT 7R 2R AR 1 B HE s,
F18,, 533 R, W I (E AL S5 R X R RO 572
o, X HIBREE .

4.4 W FEIEFRB

SEF AR FROIR S T R R

Z=R-7v,S (14)
K Z R UIREsRE R BT BREL S S A0 5y,
R G5 T R A

i T Monte—Carlo Jy ¥ HLA fa @ P4 18K
15 LA G FH 52 4% R BCAE R  CRARE IB N=100/p,,
PR BEIRAE ) | P, AR SCR B Monte—Carlo 75 7 11
BATAEAR bR B, TR R T 11 e R AR 5 X
ARERE RS, BRI 5 5% Sk [39-41 .

PR 7 45 TSR TR R O R R X B R 3
FIMERY AT SE B (52 KL 7 hon] LU HY B 2 TR
R B ARG I, AT REFE AR BB WG N AR, B A TR
% 5 A REIN , v FEFE BR B 1 R B B ) X
3¢ W3 3 1 o VR OB 5 R OR B R T S R R & T
. Bt 25 IR 11 5 JEE A BN, P S 4 AR B B M AL . Y
A 15 B2 2R 0.5d, 15, AT SEFE A5 BATS SR BE ST JE (3R
SR RE M TS — AR i) (GB 50068—2018) ' i)
Jfe P PR A2 (B>3.7). 43 11 5 )% K F 0.5d, 15}, ]
SEAEAT B BRI BRAS , L AT SEFE bR BN T R K X
F B R TSR 11 B KT 0.5d, I EE K 5
G, N B A 0T A R SO R R

ky (12)

aRP ’ 2
e

Bt 0.4d.,.
4.2
40
3.8 “Siégtﬁt\
Y R 1 p=3.1
36 P —=— (30
—e— (40
34 ——(C50
—— (60
32 L i 1 L 1
0.0 0.2 0.4 0.6 0.8 1.0
h(Yp/d("
(a)FLI BT IR A

K47 A AR BE 1 T R0 0 AR ) 8 — R ML AT S B S 47
42
40

'&':3:::’

* e
3.8 —\7'\-‘.¥.§;
o n ﬂ:37

Q. -

3.6 —=— (30
—e— (40
341 w30
——(C60

32 1 1 1 1 1

0.0 0.2 0.4 0.6 0.8 1.0
h(Yp/d(-'
(b) SZFF BT ) A
A7 A g L EE s ARBE N ER
EES A EAC

Fig.7 Influence of opening height and concrete strength on the

reliability of shear bearing capacity model
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