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Predicting Actual Strength of Shear Reinforcement Using
Effective Stirrup Concept

Ki-Yeon Kwonl), Jun-Mo Yangl), Joo-Ha Leel), and Young-Soo Yoon"*
l)Dept. of Civil, Environmental and Architectural Engineering, Korea University, Seoul 136-701, Korea

ABSTRACT This paper presents the prediction of the actual strength of shear reinforcement on the basis of the concept of effec-
tive stirrups. The prediction method incorporating the shear cracking angle was proposed with the estimation by the Modified Com-
pression Field Theory (MCFT). To check the validity of the method, discussion of the current ACI 318-05 and comparison of 39
test results from the literature including author's retrospective test data were made. The influencing factors of compressive concrete
strength and type of shear-reinforcement were also investigated. Furthermore, two full-scale beam specimens shear-reinforced with
headed bars were tested to demonstrate the applicability of the proposed method.
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Fig. 2 Actual crack angle
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Fig. 3 Strain of stirrup vs stress
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Table 1 Properties of material & specimens
y S
1D (]\{[(cPka) (le;lga) (l\{lglga) (]\J/;y]l;ca) a’d P P (mm)
Tompos, E. R
V36-2 42.75 482.65 482.65 537.81 3.00 0.010 0.001 165.00
V36-3 42.75 537.81 482.65 537.81 3.00 0.010 0.001 371.50
V18-2 35.85 482.65 551.60 537.81 3.00 0.010 0.002 186.00
V18-2¢ 35.85 482.65 551.60 537.81 3.00 0.010 0.002 186.00
Frosch, R. J.*
Vi 36.54 482.65 475.76 482.65 3.00 0.010 0.001 371.50
V2 36.54 482.65 475.76 482.65 3.00 0.010 0.001 371.50
Shin, S. W.”
MHB2.5-25 52.00 372.40 400.82 392.00 2.50 0.038 0.002 204.80
MHB2.5-50 52.00 372.40 400.82 392.00 2.50 0.038 0.004 108.90
MHB2.5-100 52.00 372.40 400.82 392.00 2.50 0.038 0.008 54.50
HB2.5-25 73.00 372.40 400.82 392.00 2.50 0.038 0.002 204.80
HB2.5-50 73.00 372.40 400.82 392.00 2.50 0.038 0.004 108.90
HB2.5-75 73.00 372.40 400.82 392.00 2.50 0.038 0.006 72.10
HB2.5-100 73.00 372.40 400.82 392.00 2.50 0.038 0.008 54.50
Yoon, Y. s
NI-N 36.00 430.00 400.00 430.00 3.05 0.028 0.001 325.00
N2-S 36.00 430.00 400.00 430.00 3.05 0.028 0.001 465.00
N2-N 36.00 430.00 400.00 430.00 3.05 0.028 0.001 325.00
MI-N 67.00 430.00 400.00 430.00 3.05 0.028 0.001 325.00
M2-S 67.00 430.00 400.00 430.00 3.05 0.028 0.001 325.00
M2-N 67.00 430.00 400.00 430.00 3.05 0.028 0.002 230.00
H1-N 87.00 430.00 400.00 430.00 3.05 0.028 0.001 325.00
H2-S 87.00 430.00 400.00 430.00 3.05 0.028 0.001 270.00
H2-N 87.00 430.00 400.00 430.00 3.05 0.028 0.002 160.00
Johnson, M. K."”
2 3641 479.20 524.71 539.88 3.10 0.024 0.001 267.00
3 72.33 479.20 524.71 539.88 3.10 0.024 0.001 267.00
4 72.33 479.20 524.71 539.88 3.10 0.024 0.001 267.00
7 51.30 479.20 524.71 539.88 3.10 0.024 0.001 267.00
8 51.30 479.20 524.71 539.88 3.10 0.024 0.001 267.00
Xie, Y."”
NNW-3 42.89 324.00 421.00 421.00 3.00 0.032 0.005 101.60
NHW-3 103.44 324.00 421.00 421.00 3.00 0.045 0.005 99.06
NHW-3a 94.89 324.00 421.00 421.00 3.00 0.045 0.007 76.20
NHW-3b 108.68 324.00 421.00 421.00 3.00 0.045 0.008 63.50
NHW-4 104.06 324.00 421.00 421.00 4.00 0.045 0.005 99.06
Park, H. G'!
4GF10U 41.00 395.00 435.10 435.10 2.50 0.020 0.010 100.00
4GF10(B) 41.00 395.00 450.10 450.10 2.50 0.026 0.010 100.00
4GF15 41.00 395.00 435.10 435.10 2.50 0.020 0.007 150.00
4GF15U 41.00 395.00 435.10 435.10 2.50 0.020 0.007 150.00
4GF15(B) 41.00 395.00 450.10 450.10 2.50 0.026 0.007 150.00
6GF15 61.00 395.00 450.10 450.10 2.50 0.026 0.007 150.00
4GF20 41.00 395.00 435.10 435.10 2.50 0.020 0.005 200.00

Note) fe : compressive strength of concrete, f, : yield stress of stirrup, f,4: yield stress of tension bar, £ : yield stress of compression
bar, a/d: shear span-depth ratio, p: flexural reinforcement ratio, p,, : stirrup ratio, s : spacing of stirrup
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Table 2 Comparison of test and predicted values
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Fig. 5 Cross section properties (continued)

a-b a : number of compression steel
b @ diameter of compression steel (mm)
c ¢ : diameter of stirrup (mm)
d ! number of tensile steel
d-e 00009 . .
e ! diameter of tensile steel (mm)

Fig. 6 Meaning of each number in Fig. 5

A FREAA HH ZEHe| UAE ZE YR &
At A2 8 AjFo] ofE 9] Hrh &2 ko] o
He AL 724 o] Method 32 71 AAF glo] AA
Asoll AT FE7te fﬂi‘re 3l APEARl BEAd S
FET F JdE T Wyoes ddHE.

6. Method 32| M EM HE

Method 3°] T}E2 HWPHEC] Hl&] FHNEAS FE31A

D Vi Ver Vs test Vi Via Vis (3) (3) (3)
(kN) (kN) (kN) (kN) (kN) (kN) 4) (3) (6)
) 2 3) “ (©) (6) O] (®) &)

Tompos, E. 1D
V36-2 487.50 329.15 158.35 159.32 123.56 123.56 0.99 1.28 1.28
V36-3 511.52 315.81 195.71 174.94 76.37 152.74 1.12 2.56 1.28
V18-2 172.14 95.19 76.95 70.66 30.89 61.78 1.09 2.49 1.25
V18-2¢ 153.01 88.96 64.05 70.66 30.89 92.67 091 2.07 0.69
Average 1.03 2.10 1.12
Standard deviation 0.10 0.59 0.29

Frosch, R. J.*
Vi 394.54 325.59 68.94 157.00 68.54 137.07 0.44 1.01 0.50
V2 491.95 334.49 157.46 157.00 68.54 137.07 1.00 2.30 1.15
Average 0.72 1.65 0.83
Standard deviation 0.40 0.91 0.46

104 | et=232|E5l5| =2% M202 M 15 (2008)



Table 2 Comparison of test and predicted values (continued)

D Va Ver Vitest Vi Via Vss (3) 3) 3)
(kN) (kN) (kN) (kN) (kN) (kN) (4) (5) (6)
(1) (2) (3) “4) (%) (6) (M (3) ©)

Shin, S. W.”
MHB2.5-25 98.63 57.78 40.85 21.89 20.85 20.85 1.87 1.96 1.96
MHB2.5-50| 138.68 52.41 86.27 41.17 20.85 20.85 2.10 4.14 4.14
MHB2.5-100, 164.21 54.83 109.38 82.27 41.71 41.71 1.33 2.62 2.62
HB2.5-25 115.40 60.76 54.64 21.89 20.85 20.85 2.50 2.62 2.62
HB2.5-50 148.96 61.74 87.22 41.17 20.85 20.85 2.12 4.18 4.18
HB2.5-75 166.60 57.58 109.03 62.19 41.71 41.71 1.75 2.61 2.61
HB2.5-100 183.75 63.21 120.54 82.27 62.56 62.56 1.47 1.93 1.93
Average 1.87 2.87 2.87
Standard deviation 0.40 0.93 0.93

Yoon, Y. s.!”
NI-N 457.00 260.00 197.00 86.66 43.00 129.00 2.27 4.58 1.53
N2-S 363.00 200.00 163.00 86.01 61.06 61.06 1.90 2.67 2.67
N2-N 483.00 254.00 229.00 123.06 61.06 122.12 1.86 3.75 1.88
MI-N 405.00 289.00 116.00 86.66 43.00 86.00 1.34 2.70 1.35
M2-S 552.00 289.00 263.00 123.06 61.06 122.12 2.14 431 2.15
M2-N 689.00 289.00 400.00 173.89 122.12 183.18 2.30 3.28 2.18
HI-N 483.00 311.00 172.00 86.66 43.00 86.00 1.98 4.00 2.00
H2-S 598.00 311.00 287.00 148.13 61.06 183.18 1.94 4.70 1.57
H2-N 721.00 334.00 387.00 249.96 183.18 305.30 1.55 2.11 1.27
Average 1.92 3.57 1.84
Standard deviation 0.32 0.92 0.46

Johnson, M. K."?
2 222.40 186.82 35.58 61.88 30.67 61.34 0.58 1.16 0.58
3 262.43 226.85 35.58 61.88 30.67 61.34 0.58 1.16 0.58
4 315.81 231.30 84.51 61.88 30.67 61.34 1.37 2.76 1.38
7 280.22 200.16 80.06 61.88 30.67 61.34 1.29 2.61 1.31
8 257.98 200.16 57.82 61.88 30.67 61.34 0.93 1.89 0.94
Average 0.95 1.91 0.96
Standard deviation 0.38 0.76 0.38
Xie, Y.

NNW-3 87.03 36.25 50.77 41.47 20.74 20.74 1.22 2.45 2.45
NHW-3 102.37 46.08 56.29 41.47 20.74 4147 1.36 2.71 1.36
NHW-3a 108.22 51.37 56.85 53.91 4147 62.21 1.05 1.37 091
NHW-3b 122.54 64.85 57.69 64.69 41.47 62.21 0.89 1.39 0.93
NHW-4 93.72 41.57 52.15 41.47 20.74 41.47 1.26 2.52 1.26
Average 1.16 2.09 1.38
Standard deviation 0.18 0.65 0.63

Park, H. G"
4GF10U 79.90 11.75 68.15 117.79 56.09 56.09 0.58 1.22 1.22
4GF10(B) 96.25 9.80 86.45 117.79 56.09 56.09 0.73 1.54 1.54
4GF15 71.80 15.20 56.60 78.53 56.09 56.09 0.72 1.01 1.01
4GF15U 66.60 10.80 55.80 78.53 56.09 56.09 0.71 0.99 0.99
4GF15(B) 80.90 10.80 70.10 78.53 56.09 56.09 0.89 1.25 1.25
6GF15 97.60 16.65 80.95 78.53 56.09 56.09 1.03 1.44 1.44
4GF20 69.75 13.70 56.05 58.89 56.09 56.09 0.95 1.00 1.00
Average 0.80 1.21 1.21
Standard deviation 0.16 0.22 0.22
Average (total) 1.39 247 1.73
Standard deviation (total) 0.5 1.09 0.84

Note) V,,: ultimate shear strength, V,, : cracking shear strength, V., : stirrup shear by actual test (V.= V,— V), Vy : stirrup shear
by Method 1, V, :stirrup shear by Method 2, V;:stirrup shear by Method 3
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Table 3 Ratio of test and predicted results by change of f. in
reference 11

(MPa) 7, 7 7
36 20 37 29
67 19 34 17
87 I8 36 2.0

Table 4 Ratio of test and predicted results by change of stirrup

type
Stirrup Vs, test Vs, test Vs, test
type Vs, 1 Vs, 2 Vs, 3
U-shape 1.30 248 1.37
Closed 1.38 2.22 1.93

Table 5 Properties of material & specimens

Jek £ s
D1 oy | vy | 479 | 2| P (mm)

SN/SNH | 97.00 |375.00| 2.875 | 0.032 | 0.001 |300.00

Table 6 Test and predicted results

D Vs test Htest Vs,3 93
(MPa) (deg.) (MPa) (deg.)
SN 134.00 26.50 106.50 29.60

SNH 365.00 29.82 159.75 30.94
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tures, Prentice Hall, 1991, 766pp.

= 8. &9, AEARE I3} 2 AA|, =& AE, 2005,
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7Fdol A e Al st A A 71 ALNEAY (Center 9. Shin, S. W,, Lee, K. S.,. Moon, J. .I., and Ghosh, S. K.,
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for Concrete Corea, 05-CCT-D11)9] A RO 2 o]FoiH 5 Beams with Shear Span-to-Depth Ratios between 1.5 and

Yt} 2.5”, ACI Structural Journal, Vol.96, No.4, 1999, pp.549~556.

10. Bentz, E. C. and Collins, M. P., RESPONSE 2000, Version

ZN25 1.05, University of Toronto, 2000, http://www.ecf.utor-
onto.ca/~bentz/r2k . htm.
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