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Decomposition of Shear Resistance Components in
Reinforced Concrete Beams

Chang-Shin Rhee”, Geun-Ok Shin”, and Woo Kim"*
"Dept. of Civil Engineering, Chonnam National University, Gwangju 500-757, Korea

ABSTRACT

The objective of the present study is to verify the validity of a new truss model for evaluating the

contribution by arch action to shear resistance in shear-critical reinforced concrete beams. The new truss model is based on
the relationship between shear and bending moment in a beam subjected to combined shear and bending. The compatibility
condition of the shear deformation that deviates from Bemoulli bending plane is formulated utilizing the smeared truss
idealization with an inclined compression chord. The Modified Compression Filed Theory is employed to calculate the shear
deformation of the web, and the relative axial displacements of the compression and the tension chord by the shear flow
are also calculated. From this shear compatibility condition in a beam, the shear contribution by the arch action is
numerically decoupled. Then the validity of the model is examined by applying the model to some selected test beams in
literatures. On the basis of the analytical results, the contribution by the web to shear resistance can be constant and have
an excellent linear correlation with the web reinforcement ratio. The present decoupling approach may provide a simple
way for the assessment of the role of each parameter or mechanism that affects the ultimate shear behavior of reinforced

concrete beams.
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Fig. 2 Mechanical interpretation of shear resistant components
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Fig. 3 Shear deformation compatibility condition: (a) smeared
truss idealization, (b) idealized beam
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(a) Compression forec path assumen

—— < Equilibrium of concrete >

h =(l-a)y (tand + cot8) — f; @

fr=(0-a)y anb - f 3

fi = -a)y cot@ - j @
where, v =V /{(b,z,)

—— < Stirrup stress > -
Pwmfy =(1-a)v tanf - f; 5
Pty = (1~ a)v tan@ - 0.5, 6)
pvmf»y =(l-a)v tan @ - 0.5 f; G)

where, pu,=p, @2, )
6=(1-@a)vtan@ - 0.5 (8)

r—— < Constitutive laws >
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(b) Web shear element
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(c) Section of member

Fig. 4 Summary of proposed model
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Fig. 5 Decomposition of shear resistance components using
the proposed model
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Table 1 Analysis results on decomposition of shear resistance components using proposed model
Beam fl .fé 81 82 ;/w Zx Zo Vu, test
Ahor ] o | % ] 0 e | e | o | we) | o | om) | o) | g | N
Placas R8 0374 32.7 0.77 3.13 2904 158 2782 239.0 1844 797 lp=146%
& R11 0416 306 0.76 3.7 2987 194 2785 233.8 175.2 894 |p=195%
Regan” R12 0.480 252 0.81 5.88 3726 266 3077 2022 145.0 109.5 |p=4.16%
a/d=336(R8, R11), 3.6(R12), b x d=152.4 x 271.8 mm, p,=0.21%, f,= 620 MPa, f,, =276 MPa, f,, =26~34 MPa
NHW-2 | 0.612 322 1.56 10.06 2223 129 2123 155.9 102.0 1750 |a/d=20
Xie NHW-3 | 0374 33.8 1.58 7.91 2272 98 2190 155.9 120.3 107.0 |a/d=3.0
etal” | NHW4 | 0250 | 358 1.54 6.44 2561 82 2500 | 1559 | 1311 840 |a/d=40
bxd=127x 198.1mm, p=4.54%, p,=0.51%, f,=421 MPa, f, =324 MPa, f,,= 94 MPa
109 0.792 344 0.47 1.0 1168 40 1127 2475 142.9 717 |a/d=15
102 0.618 32.1 0.48 1.21 1102 49 1035 247.5 161.3 489 |a/d=20
105 0.501 31.5 047 1.27 1227 49 1137 247.5 174.9 414 |al/d=25
116 0472 29.5 043 1.35 1835 58 1637 247.5 1784 394 ald=30
104 0.386 28.1 0.38 1.34 2818 69 2398 2475 1894 336 |a/d=4.0
p=0.8%, bxd=152.4%271.8 mm, f,=440 MPa, f,;=25~26.4 MPa
26 0.767 28.1 046 1.63 1445 64 1253 2343 137.7 783 |a/d=20
27 0.555 29.1 0.53 1.69 1021 57 917 2343 159.5 514 |a/d=25
Kani'” 35 0.498 253 0.42 1.87 2087 85 1678 | 2353 | 166.6 447 |ald=35
29 0.484 21.8 0.35 2.18 3674 130 2625 2353 167.5 43.1 ald=4.5
p=18%, bxd=152.4x271.8 mm, f,=440 MPa, f,, =24.6~29.4 MPa
94 0.849 25.7 042 1.79 1977 82 1611 227.7 1264 1106 |a/d=20
95 0.724 24.5 043 2.07 1752 92 1392 2295 1389 728 |ald=25
97 0.643 234 0.43 229 2069 99 1580 2312 148.0 625 |a/d=30
84 0.582 20.0 0.37 2.80 3617 150 2417 2254 150.6 554 |al/ld=4.0
81 0.520 16.0 028 3.50 8400 307 4623 228.7 159.5 512 |a/d=60
p=08%, b=151~153 mm, d=271~276.4 mm, f,=338~366 MPa, f,;=25.3~27.5 MPa
822 | st=2Zaz|E3ts| =2 H187 H6S (2006)
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