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ABSTRACT

Shear test data have been extracted from previous experimental research and compiled into a database that may
be the largest ever made. In this paper, the shear database (SDB) was used for evaluating shear design provisions
for both reinforced concrete (RC) beams and prestressd concrete (PSC) beams. A discussion on the use of the
results of this evaluation related to calibration and strength reduction factor for the shear design provisions was
also provided. It was observed that the shear design provisions did not provide good predictions for RC members
and gave very poor predictions especially for RC members without shear reinforcement. On the other hand, the
limit on shear strength contributed by transverse reinforcement was observed to be lower than necessary. The
shear design provisions gave very unconservative results for the large RC members (d>700 mm) without shear
reinforcement having light amount of longitudinal reinforcement (p,,<1.0%). However, for PSC members the shear
design provisions gave a good estimation of ultimate shear strength with a reasonable margin of safety. Despite of
a large difference of accuracy in prediction of shear strength for RC members and PSC members, the shear design
provisions used a same shear strength reduction factor for these members. As a result, the shear design provisions
did not provide a uniform factor of safety against shear failure for different types of members.
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f.(MPa): 6 20 30 40 50 6070 80 100130
NofTests: | 75 | D | 197 [ s JeeT 0o T2 | 78 1§
sum : 75 337 534 607 €55 725 787 878
d(mm): 40 200 300 400 600 900 3000
Nof Tests. | 189 ] N
sum : 159 617 668 798 €23 878
Pu(): 05 07510 125 15 20 30 40 8010
NofTests: |41]39] 53 | 69 | 144 ] 305 [ w5 [ s H
sum: 41 80 133 202 346 651 786 878
ald: 2.4 35 40 50 6.0 10
Nof Tests: | ) 366 | 176 [ =2 Jelwl
sum : 490 666 788 830 878
pfy (MPa): 05 1451
Nof Tests: | 718 (o shear reinforcoment) 44{ ssJepsfrq

sum:

718 762 828 878

Fig. 1 Distribution of parameters in shear database for 878 reinforced concrete members
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Fig. 2 Distribution of parameters in shear database for 485 prestressed concrete members
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ad<250mm, Av=0 = d <250 mm, Av>0 [
4250 mm < d < 700 mm, Av = 0A250mm<d<700mm Av>Q
od>700mm, Av=0 700 mm, Av> 0 |

1] 20 40 80 80 100 120
Concrete Compressive Strength, f, (MPa)

(a) Strength ratio vs. Concrete compressive strength
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o d > 700 mm, Av=0 d> 700 mm, Av> 0 |
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(c) Strength ratio vs. Longitudinal reinforcement ratio
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Member Depth, d (mm)

(b) Strength ratio vs. Member depth

o d <250 mm, Av=0 = d <250 mm, Av> 0
4250 mm < d'< 700 mm, Av=0 « 250 mm < d < 700 mm, Av> 0
od>700mm, Av= 0 + d>700mm, Av> 0

4.0
3.5 1 i 2
s
3.0 26 . 3
25 1 o A
= L; A.h‘;l -t s U
~ 2.0 gl i S 4
i ¥ O g
> 1.5+ L K
s ca B Fal
1.0 o M to b
o5 o e
00 Al B| c| D E
0 2 4 6 8 10

Shear Span to Depth Ratio, a/d
(d) Strength ratio vs. Shear span to depth ratio

< 250 mm, fck < 40 =d<
a 250mm<d<700mm fck<40MPa . 250mm<d<700mm fck>40MPa

o d > 700 mm, fck < 40 M|

250 mm, fck > 40 M|

700 mm, fck > 40 MPa

Viest / Vi

10 12 14 16 18

Stirrup Strength, p.f, (MPa)

(e) Strength ratio vs. Stirrup strength

Fig. 3 Evaluation of shear design provisions on shear strengths of 878 RC members

Table 1 Statistical values for each range

For all RC members Parameter foc

Statistical values|Fractile values] Range | A[B | C [D | E
N 878 | max. | 4.40 N 33711971109] 82 | 153

m 1511 99% | 2.92 m 1.65[1.46(1.33({1.59(1.33

s 0611 95% | 251 S 0.7110.57/0.4110.50|0.51

v 0.40| 5% | 051 v 0.43]0.39/0.31/0.32{0.38

5% 051) 1% | 0.09 5% 0.49/0.53{0.65[0.77(0.49

95% 251 min. | 0.36 9%  [2.8112.3912.0112.4212.16

Parameter d Dw
Range Al B CI{D|/EJAIB|C]|DI|E
N 1591 529 | 130 | 55 | 5 [ 18| 60 (267441 92

m 168} 1.63 | 1.14 10.83110.4210.59)0.96]1.26|1.69|1.87

S 0.42| 064 | 0.37 10.25]0.04|0.15]0.32|0.45{0.56|0.73

v 0.25{ 0.39 | 0.33 10.3110.09]0.26]0.34]0.36]0.33]0.39

5% 098] 058 | 0.53 |0.4010.36{0.34]0.43[0.52(0.76(0.68

95% 2371 267 ¢ 175 11.231048108511.4912.01126213.07

Parameter a/d Oufy
Range A| B C DIEJAIB|CI|D|E
N 2541 363 | 158 [ 36 | 67 {718[126| 24| 4 | 6

m 161} 1.48 | 141 |1.41{151|154|1.34|1.26|1.45|1.86

s 0.67| 062 | 0.54 10.3610.5210.64/0.37/0.26{0.16|0.50

v 0.42{ 042 | 0.38 10.2610.33]0.42]0.28|0.21{0.1110.27

5% 051 046 | 053 [0.8110.6910.48{0.72{0.83|1.18[1.05

9% 2711 2511229 12011239126011.9511,6811.7212.68
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Fig. 4 Influence of concrete compressive streng
and other parameters on shear strength
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Table 2 Statistical values for each range (by Eq. 2)

For all RC members Parameter fex
Statistical values| Fractile values| Range |A| BIC|D | E
N 878 | max. | 353 N 33711971109} 82 153
m 1.34 | 99% 245 m 1.44|1.3111.22|1.38{1.22
S 048 95% | 212 s 0.55]0.46{0.3310.36/0.42
v 036 5% 0.56 v 0.3810.35(0.2710.26/0.34
5% 0561 1% 0.23 5%  10.5410.5610.6710.7810.53
95% 212 min | 037 95% 12.34(2.06(1.7611.98(1.91
Parameter d Pw
Range A B C DIEI/A[IB|ICI[DI|E
N 159 | 529 130 | 55 | 5 [ 18 | 60 [267]441] 92
m 150| 143 1.06 ]0.7710.43(0.6110.94|1.18|1.48]|1.55
s 032 049 | 031 10.200.03/0.16]0.28{0.3910.45(0.52
0221 034 | 029 10.26(0.08[0.26]0.30/0.33]0.30/0.34
(1) 44

v .26/0. )
5% 096 0.62 0.55 44 10.3710.35]0.4710.53|0.7410.69
B% 2031 223 157 10 10.4810.8611.4011.83122112 40

Parameter a/d Pufy

Range A B C DI|EJAIBICI|IDI|E
N 2541 363 158 | 36 [67(718]126(24| 4 | 6
m 137 132 | 130 [1.34(1.44(1.36(1.24{1.15{1.34{1.65
S 050 048 | 045 10.32]0.45/0.50]0.32(0.22]0.15/0.39
N 0371 037 | 035 10.24(0.31]0.37/0.2610.19]0.11|0.24
5% 0541 053 | 056 |0.8010.70]0.54/0.71|0.78|1.09]1.00

90% 12201 211 203 11.87]21812.1911.76/115111.59(2.30
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Fig. 6 Evaluation of shear design provisions on shear strengths of 485 PSC members

Table 3 Statistical values for each range

For all PSC members | Parameter fae

Statistical vluesFractile vluesy Range [A[B | C|D|E
N 485 | max. | 3.56 N 1551147[107| 40 | 36

m 1.33] 99% | 2.08 m 1.2811.48]1.3211.18|1.17
s 0.32] 9% | 1.86 s 0.2410.4010.3010.200.19
v 024} 5% | 0.80 v 0.1910.27]0.2310.17]0.16
5% 1080| 1% | 057 5%  10.87|0.8110.8310.84/0.86
9% |1.86] min, { 063 P%  |1.6812.14]1.81115111.48

Parameter| d Pw

Range | A[ B C E|A[B|C|DI|E

N 21| 415 | 26 14 | 46 11481133112 46

m 167] 1.31 | 1.38 11.12]1.40 11.17(1.33]1.34{1.32|1.48

s 0.28| 033 | 0.26 10.2110.1710.1910.23|0.26/0.44]0.45

017 0.25 ] 0.19 8 g 0.1210.1610.1810.19]0.33/0.30
1

v
5% 1211 078 | 0.96 1.12 10.86]0.95|0.9210.6010.75
95% 121311851 1.80 11461168 [1.4811.7211.7612.0412.22
Parameter| a/d Pufy
Range | A B C DIE[A[B|C|DI|E
N 0412451 89 | 41 | 16 1321|171 149 |24 | 20
m 1.431 1.26 | 1.43 11.3711.1511.38]1.26]1.14{1.19|1.46
S 0.32] 0.29 | 0.39 8%% 0.2410.3410.2710.25|0.23(0.22
0.91
183

v 022|023 | 0.27 0.21 |0.2510.2110.22]0.1910.15
5% 1092] 0.78 { 0.79 0.76 10.82|0.82]0.73/0.8211.10
95% 119511741 206 15411.9311.7011.55115711.83
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Fig. 7 Fractile level for RC members based on Eq.
1 (normal distribution of data assumed)

Table 4 Relationship between fractile level and
required mean

RC members (Eq.1){RC members (Eq.2) PC members
F |7 Y(F)| m F [o7(F)| m F e Y(F)]| m
0.050 | -1.639] 2.96 {0.050| -1.644 | 2.40 [0.050| 1.634 | 1.66
0.100] 1.277 | 2.06 10.100| -1.281 | 1.83 ]0.100} 1.264 | 1.45
0.150] 1.031 | 1.71 |0.150| -1.036 | 1.58 {0.150| 1.036 | 1.34
0.155} 1.014 | 1.69 [0.155| -1.015 | 1.56 |0.155] 1.017 | 1.33
0.200] 0.838 | 1.51 |0.200] -0.841 | 1.43 |0.200| 0.841 | 1.26
0.202] 0.833 | 1.51 [0.202] -0.834 | 1.42 {0.202] 0.832 | 1.25
0.238] -0.713 1.40 10.238} -0.713 § 1.34 10.238] -0.713| 1.21
0.2501-0.669| 1.37 |0.250| -0.674 | 1.31 10.250| 0.678 | 1.20
0.300] -0.521 | 1.27 [0.300| -0.524 | 1.23 |0.300]| -0.523| 1.15
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Fig. 8 Relationship between strength reduction fator,
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Table 5 Fractile level, F, corresponding to strength
reduction factor, ¢, for RC and PSC members
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