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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 0.44d.. In
a word, the unified shear bearing capacity model established in this paper has high applicability, accuracy, and

reliability.

Key words: reinforced concrete beam with openings; reinforcement form; opening parameters; shear bearing

capacity ; unified model ; reliability analysis
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Tab.1 Database of shear bearing capacity of RC beams with openings

Sk AR d/mm bimm  WIEJEAR h Ad 1,/d e/mm [ T f/MPa V /kN Kkt
Mwonga %52 FLONBY £ 250 150 e 0.25~0.35 0.25~0.35 0 34.68~40.54  33.5~40.5 4
Aksoylu 204 £ 84 i 250 125 [ 0.30 — 0 35 58.7 1
Ozkilig 251150 LN BT 150 100 B 0.20~0.47 — 0 28.5 13.82~2522 5

Al 4 FLAM 8 400 200 ipiA 0.35 0.18~0.35 0 89 182~200 2
WAL FLINETE 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 FLMEE  399~411  176~188 I 0.20~0.42 — 0~68 17.55~44.1  775~180 14
AR AL B I 400 200 B 0.30~0.40 — 0 28.6 67.45~81.1 3
BRI 400 200 2] 0.30 — 0 28.6 84.3 1
B AL B 500 200 I 0.32 0.64 0 58.5 166.7~274.7 10
WA ALMBIE 400~512  183~201 I 0.31~0.32  0.32~0.67 -5~20 40.5~552  70.2~192.5 10
Abdalla 2521 SZFFRTY]) 250 100 il 0.40~0.60  0.40~1.20 0 42~52 11~215 4
Mansur 2522 SEAFET Y] 400 200 e 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 5 3X4T-5517] 450 200 I 0.50 1.00~1.50 0 50 34.5~41 2
Hassan %21 3247554 350 150 ipiA 0.29 0.43~1.29 0 352 40~57.5 3
Elansary 2527 %4574 300 150 7% 033~0.50  0.67~1.00 0 39.67 46.5~66 4
Elsayed 2200 32470547 300 150 Wb 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 23! SEATFHT Y] 300 150 Jr+E 0.25~0.50 0.25~1.00 0 31~34 31.25~92.5 10
TP BT YY) 500 200 7 0.40~0.60  0.80~1.20 0 40 45.9~100.55 3
)4 SEAFH D) 500 200 Vib2 0.40~0.60  0.80~1.20 0 40 45.9~100.55 6
BEfpaETe AT D) 500 200 V.3 0.32~0.48  0.64~0.80 0 38.4 120~179.3 3
BRI BZFFETY) 408~518  188~205 B 0.31~0.56  0.61~1.28 -52~60  40.5-54.1  90~210.7 14
BEqp ) WATHIE)  403~404  180~182 [ 0.40~0.49 — 0 28.1~29.1 85~120 3
A A0 ZATHY) 500~515  196~203 Wibi 031~0.33  0.61~0.64  -60~32.5 413~522  175~210.7 5
Abdel-Kareem'>) 8% 4T 57 4] 300 120 W 033~0.67  0.50~1.50 0~50 35~45 13~31 7
Allam ! LR ) 400 150 ViplZ 0.38 1.13 25 35 52.5~80 2
Jassim 2031 SZATEYY) 190 120 I 0.26 0.95 10 34.4 38.75~42.5 2
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Fig.1 General reinforcement form of reinforced concrete
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Fig.2 Influence of opening height on shear bearing capacity

provided by concrete
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Fig. 3 Influence of opening height on shear bearing capacity

provided by stirrups
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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.7 Influence of opening height and concrete strength on the

reliability of shear bearing capacity model
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