MOESa|E S Ho| MO o e HTPE 22 a1

Effect of Reinforcement for Web Opening on Shear Strength
of Reinforced Concrete Deep Beams
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Abstract

Reinforced concrete deep heams are general structural members used as transfer-girder, pile cap, foundation wall and so on.
They have a complex stess formation. Generally, failure mechanisms differ from either continuous deep beams or simple supported
deep beams. In continuous deep beams, a negafive moment is occurred over intermediate support and the location of maximum
moment coincide with high shear force. Therefore, failure usually occurs at this region. While on the other hand, in simple
supported deep beam, the region of high shear coincides with the region of low moment. The web opening of deep beams for
accepting a facility makes shear behaviors of deep beams more complex and gives rise to an expansion of crack around the opening
and a decline of shear capacity of deep beams. Therefore, Engineers must determine a delicate reinforcement method to control a
crack and increase a shear capacity. The purpose of this report is a computation of an effective reinforcement method through
non-linear finite element method by means of adopting various reinforcement method as variables and a computation of shear
capacity formula taking an effectiveness of reinforcement into consideration.
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T 6 AEA A U FME R HmeE 22 AFA)
(8K % 5, 1983, ® ¥— 5, 1983; Kong &, 1977; Kong S, 1978; Ashour 5, 2000)
A& 3w D d b H == [ fck Vex VAI/ Vexp/ Vexp/
No| 4@ (mm) | (mm) a/d (mm) | (mm) | T = il (mm) P (MPa) (ka (kN) Vit ay Vag | Vu-ay
1 D-E-S 625 | 575 |1.15) 120 [176.8] 0.0066 | 282.510.0059| 24.7 139.2 148.2 141.8 0.94 0.98
2 D-I-8 625 | 575 |1.15; 120 |176.8] 0.0066 |282.5(0.0059| 25.5 | 187.2 | 1495 | 143.2 | 1.25 1.31
3| D-E-L 625 | 575 |1.15| 120 |353.6| 0.0066 | 282.510.0059| 28.1 85.3 90.1 83.7 0.95 1.02
4 D-I-L 625 | 575 |1.15| 120 |353.6] 0.0066 |282.5]0.0059| 26.2 80.9 89.6 83.2 0.90 0.97
5 AV 1000 | 882 |1.25| 150 | 300 | 0.0056 | 470 | 0.006 | 23.8 | 291.9 | 254.1 | 2486 | 1.15 1.17
6 BV 1000 | 882 [1.25] 150 | 300 | 0.0056 | 470 | 0.006 | 23.8 | 312.3 | 254.1 | 2486 | 1.23 1.26
7| AVI00 | 1000 | 882 |1.25] 150 | 300 | 0.0056 | 470 |0.0276| 23.8 | 408.6 | 430.4 | 391.7 | 0.91 1.04
8| BVIOO | 1000 | 882 |1.25| 150 | 300 | 0.0056 | 470 10.0348| 23.8 | 435.8 | 470.2 | 423.8 | 0.93 1.03
9| 80-No.3 | 700 | 650 |0.77| 200 | 230 | 0.0075 | 320 [0.0101| 25.2 | 333.2 | 372.7 | 351.0 | 0.89 0.95
10| 80-No.5 | 700 | 650 [0.77] 200 | 230 | 0.0075 | 320 |0.0213| 25.2 | 457.7 | 464.0 | 426.6 | 0.99 1.07
11| 80-No.7 | 700 | 650 |0.77| 200 | 230 | 0.0075 | 320 [0.0184| 25.2 | 458.6 | 443.3 | 409.6 | 1.03 1.12
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15| W7-0.3/4 | 750 | 700 |0.46| 100 | 270 | 0.009 |162.5|0.0113| 33.0 | 315.0 | 315.2 | 305.7 | 1.00 1.08
* D W ol d: fEH] b BE H TR ASEE ), ¢ AT FEEY. p, - 74 Hov|average| 1.00 1.06
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E 7 AEA MM 2 HE LY H (g AFA) (YAE S, 1999 Kong §, 1977 Kong &, 1978; Ashour &, 2000)

No| waA | Dol d bog] bl B aaayl o | o Ve | Var | Viear) Ves!| Veo!
mm) | (mm) (mm)! (mm) (MPa) | (kN) (kN) (kN) Vag | Vu-ag
1 NW1-0.3/4 | 750 700 | 0.46| 100 270 0.009 |0.0119| 36.8 210.0 167.1 256.5 1.26 0.82
2 | NW2-0.3/4 | 750 700 10.46| 100 270 0.009 10.0119| 43.4 290.0 187.4 276.8 1.55 1.05
3 | NW3-0.3/4 | 750 | 700 |0.46| 100 270 0.009 |0.0119| 46.2 310.0 196.0 285.4 1.58 1.09
4 | NW5-0.3/4 | 750 700 | 0.46| 100 270 0.009 |0.0111| 43.5 185.0 187.7 274.2 0.99 0.67
5 W1-0.3/4 | 7500 | 700 |0.46| 100 270 0.009 10.0119] 34.2 200.0 159.2 248.5 1.26 0.80
6 W1-0.3/4 750 700 [0.46 | 100 270 0.009 [0.0119| 34.6 245.0 160.4 249.7 1.53 0.98
7 W1-0.3/4 750 700 1 0.46| 100 270 0.009 [0.0119| 33.7 280.0 157.6 247.0 1.78 1.13
8 W1-0.3/4 750 700 [0.46 100 270 0.009 (0.0119} 35.3 185.0 162.5 251.9 1.14 0.73
9 C-E-S 625 | 575 | 1.15| 120 | 176.8 | 0.0066 |0.0029| 24.7 119.1 70.6 113.2 1.69 1.05
10 C-1-S 625 575 |1.15] 120 | 176.8 | 0.0066 |0.0029| 22.9 130.8 67.6 110.2 1.94 1.19
11 C-E-L 625 575 |1.15| 120 | 353.6 | 0.0066 |0.0029 25 70.6 11.6 54.3 6.07 1.30
12 C-I-L 625 575 | 1.15| 120 | 353.6 | 0.0066 |0.0029] 23.9 61.7 11.3 54.0 5.45 1.14
13 ODG 400 | 360 |1.11| 120 | 134.5 | 0.0179 [0.0033| 18.8 09.1 41.6 69.5 1.66 0.99
* DR ol d: §EZC] b BE W AFERE AS(LF 23, ¢ AEE SERY, average | 2.14 1.00
pp - TR A DY, f, BAYE AR V., AE UWE vV, Z1EA 8 g=,
V}Mﬁw g jg = ? a stD | 157 | 0.18

E 8 AEA M & HE Ui Bl +gEY AEA)(ZXIG &, 2003 01FM 5, 2001; &k % S, 1983; Ashour 5, 2000)

. ] Vew/| Vew/
No.| A& (rr?m) (mdm) a/d (mbrn) (mHm> T (mcm) [ O (1\{];];) Vew | Vag| Vu-ag VA]:] VMvalf
1 | AE-S | 625 | 575 | 1.15] 120 | 176.8 |0.0066|282.510.0031 |0.0089| 26.5 [155.8|168.9] 176.4 | 0.92 | 0.88
2 | AI-S | 625 | 575 |1.15] 120 | 176.8 |0.0066 | 282.5 | 0.0031 |0.0089| 20.8 |144.1/159.4| 166.9 | 0.90 | 0.86
3 | A-E-L | 625 | 575 | 1.15| 120 | 353.6 |0.0066 | 282.5 | 0.0031|0.0089| 29.8 [101.4|108.3| 115.7 | 0.94 | 0.88
4 | AT-L | 625 | 575 | 1.15| 120 | 353.6 |0.0066|282.5|0.0031 |0.0089| 26.1 | 78.9 |107.3] 114.7 | 0.74 | 0.69
5 | B-E-S | 625 | 575 | 1.15| 120 | 176.8 |0.0066 | 282.5|0.0015|0.0059| 26.4 |152.4|151.0| 155.1 | 1.01 | 0.98
6 | B-I-S | 625 | 575 |1.15| 120 | 176.8 |0.0066|282.5|0.00150.0059! 26.1 1192.6|150.5] 154.6 | 1.28 | 1.25
7 | B-E-L | 625 | 575 [ 1.15| 120 | 353.6 | 0.0066 | 282.5|0.0015|0.0059| 26.9 | 87.2 | 89.8 | 93.8 | 0.97 | 0.93
8 | B-I-L | 625 | 575 | 1.15| 120 | 853.6 | 0.0066 | 282.5 | 0.0015|0.0059| 25.3 | 73.0 | 89.3 | 93.4 | 0.82 | 0.78
9 | 5N | 600 | 575 | 0.53| 160 | 234.3 |0.0094| 150 |0.0049|0.0053| 57.8 |392.0|340.3| 381.1 | 1.15 | 1.03
10 | AVO | 1000 | 882 |1.251 150 | 300 |0.0056| 470 |0.0122| 0.006 | 23.8 |368.6|254.1| 361.6 | 1.45 | 1.02
11| Av25 | 1000 | 882 |1.25| 150 | 300 |0.0056| 470 |0.0092| 0.006 | 23.8 |380.6313.2| 369.5 | 1.22 | 1.03
12| AVS0 | 1000 | 882 |1.25| 150 | 300 |0.0056| 470 |0.0061| 0.006 | 23.8 {383.7/358.5| 377.1 | 1.07 | 1.02
13| AV75 | 1000 882 |1.25] 150 | 300 |0.0056| 470 |0.0031] 0.006 | 23.8 |384.1|396.6| 384.5 | 0.97 | 1.00
14 | BVO | 1000 | 882 |1.25| 150 | 300 |0.0056| 470 |0.0163| 0.006 | 23.8 |360.9/254.1| 388.2 | 1.42 | 0.93
15| BV25 | 1000 | 882 |1.25] 150 | 300 |0.0056| 470 |0.0122|0.0072| 23.8 |389.7|329.3| 397.6 | 1.18 | 0.98
16 | BV5S0 | 1000 | 882 |1.25] 150 | 300 [0.0056| 470 |0.0081[0.0144| 23.8 {415.1 /384.5| 406.6 | 1.08 | 1.02
17 | BV75 |1000 | 882 |1.25] 150 | 300 |0.0056| 470 |0.0041]0.0216| 23.8 [425.0|430.3| 415.3 | 0.99 | 1.02
18 | ZMB1-0 | 500 | 460 | 0.87| 100 | 141.4 |0.0125| 200 |0.0033|0.0072| 24.5 |237.9|152.1| 169.6 | 1.56 | 1.40
19 | ZMB1-1 | 500 | 460 | 0.87 | 100 | 141.4 |0.0125| 200 |0.0147|0.0320] 24.5 |246.0197.8| 212.8 | 1.24 | 1.16
20 | VMBI-2 | 500 | 460 | 0.87 | 100 | 141.4 |0.0125| 200 |0.0263|0.0572| 24.5 |238.1/236.5| 251.9 | 1.01 | 0.95
21 | ZNB1-0 | 500 | 460 | 0.87 | 100 | 141.4 10.0125| 200 |0.0033/0.0072| 24.5 {239.6/152.1| 169.6 | 1.58 | 1.41
22 | ZNB1-1 | 500 | 460 | 0.87 | 100 | 141.4 |0.0125| 200 |0.0180|0.0391| 24.5 |259.2(209.8| 224.9 | 1.24 | 1.15
23 | VNB1-2 | 500 | 460 | 0.87 | 100 | 141.4 |0.0125] 200 |0.0322|0.0699| 24.5 |270.0|253.0| 268.4 | 1.07 | 1.01
24 | 82-No.3 | 700 | 650 |0.77 | 200 | 140 |0.0075| 320 |0.0021|0.0169| 25.2 |456.7|507.1| 491.7 | 0.90 | 0.93
25 | 82-No.6 | 700 | 650 | 0.77 | 200 | 100 |0.0075| 320 [0.0021|0.0169| 25.0 |459.6|539.2| 523.8 | 0.85 | 0.88
* D E ol 4 REH b BE H: ARE AEEE B, ¢ ATE FIUY, o, 0 59 Faw |average| 1.10 | 1.00
oot FHA A Sy FAAL AL Vo AR A Vi o 12 AT R e
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