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Meso-scle simulation of size effect in shear capacity of reinforced
concrete beams with web reinforcement
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Abstract: A 3D meso-scale simulation model was developed to study the failure behavior of reinforced
concrete (RC) beams, in which the concrete heterogeneities and the nonlinear concrete-steel interaction
were taken into account. The developed meso-scale simulation method was then validated by comparing the
simulation results with the available tests for RC cantilever beams. In addition, the effects of stirrups
ratio, shear-span ratio and loading mode on the size effect in shear strength of RC beams with a maximum

depth of 2 000 mm were explored. The simulation results indicate that: 1) The shear strength of beams
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without web reinforcement presents obvious size effect, and the influence coefficient of section height

proposed by Chinese Code for design of concrete structures cannot fully reflect the size effect of RC beams;

2) The web reinforcements can inhibit size effect on the shear strength of RC beams, and the size effect on

shear strength of beams gradually weakens with the increase of stirrups ratio; 3) As the shear-span ratio

increases, the shear capacity of the beam decreases, and the size effect becomes to be weakened; 4)

Compared with monotonic loading, cyclic loading leads to the low-cyclic fatigue failure of RC beams, and

thus it makes the size effect in shear strength more prominent.

Keywords: reinforced concrete beam; shear failure; 3D meso-scale simulation model; size effect; loading

mode; web reinforcement;shear-span ratio
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Fig. 1 3D meso-scale simulation model of RC beam
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Fig.2 Comparison of the simulated and tested results
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Table 3 Comparison of the tested and simulated shear capacity of the geometrically RC beams with different stirrup ratios
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effect in nominal shear strength of RC beams
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6 it

BT 5 RS A Al /1R BRE A AR i = 4k A WL
{EL 73 BT R A A0, A 1 TG R A 2R 44 ST 0 SR
L5 T CRO Z (8] 9 56 2 R B 58 1 ML Al % . 5
i3 EO R 28 75 35 A i R O B R BT 5k
JEE ST 280 L 2 T

1) JCIE A G2 44 SCHTTY 9 L o 8 A LU A I A
E N RN 5 VAN I R

2) Fifi 36 1 A3 3 A 1 S 470 BT R 000 8 L (H
BT B 0 5 T 2 0 A S BB R A R
RO+ i A TC i S 114 5 0 ST 5 5 B RS AR 3%

SR ML A T - B 57 155 LU A 38 . 32 0 T 0 K
BT P « BR800 A A P s 555

A0 FH EE T B 0 28 4 B0 AT BRE 7 A AR
P2 55 WEPE IR (A5 TR0 5 5 JBE RS 00 B I

S 23k

[1]JKANI G N ]J. How safe are our large reinforced
concrete beams [J]. ACI Journal, 1967, 64 (31):
128-141.

[2]IGUTO M, SHIOYA T, NOJIRI Y, et al
Experimental studies on shear strength of large
reinforced concrete beams under uniformly distributed
load [ J]. Concrete Library International of JSCE,
1985, 5. 137-146.

[ 3] SHIOYA T, IGURO M, NOJIRI Y, et al. Shear
strength of large reinforced concrete beams [J]. ACI
Special Publications, 1990, 118, 259-280.

[4] TANKH, LUHY, TENGS. Size effect in large pre-
stressed concrete deep beams [ J]. ACI Structural
Journal, 1999, 96(6): 937-946

[ 5] CHANA P S. Some aspects of modeling the behavior of
reinforced concrete under shear loading [R]. Cement
and Concrete Association, 1981.

[6]KIMJ K, PARK Y D. Shear strength of reinforced
high-strength concrete beams without web
reinforcement [ J]. Magazine of Concrete Research,
1994, 46, 7-16.

L7] T, ik, REE. KRR HIHIR 5E L JC I 77 252 59
KBTI T ] LA TRESR, 2013, 46(1): 1-7.

YU L, CHE Y, SONG Y P. Experimental study on
shear strength of large size reinforced concrete beams

[ J]. China Civil
Engineering Journal, 2013, 46(1) . 1-7. (in Chinese)

[ 81 %%k, T4, 55 J4F FIF 40 A IR Bk R RS J6 I A 44
Thae 2 ¥ERFsE [T, # TS5 1 % 4, 2014, 35(2):
144-151.

CHE Y, YU L. Safety of large reinforced concrete

without web reinforcement

members without web reinforcement subjected to shear
[J]. Journal of Building Structures, 2014, 35(2); 144-
151. (in Chinese)

[ 9] ZARARIS P D, PAPDAKIS G C. Diagonal shear
failure and size effect in RC beams without web
reinforcement [J]. Journal of Structural Engineering,
2001, 127(7). 733-742.

[10] SHERWOOD E G, BENTZ E C, COLLINS M P.
Effect of aggregate size on beam-shear strength of thick
slabs [J]. ACI Structural Journal, 2007, 104(2): 180-
190.

[11] COLLINS M P, KUCHMA D A. How safe are our
large, lightly reinforced concrete beams, slabs, and
footings[ ] ]. ACI Structural Journal, 1999, 96 (4).
482-490.

[12] LUBELL A, SHERWOOD T, BENTZ EC,et al. Safe

shear design of large, wide beams [ J]. Concrete



88 AR5 H B A F RO E D % 41 %
International, 2004, 26(1); 67-78. und ohne schubbewehrung [ D J]. Dissertation:

[13] MINELLI F, CONFORTI A, CUENCA E,et al. Are
steel fibres able to mitigate or eliminate size effect in
shear [ J]. Materials and Structures, 2014, 47:
459-473.

[14] BAZANT Z P, YU Q. Designing against size effect on
shear strength of reinforced concrete beams without
stirrups: 1. Formulation [ J]. Journal of Structural
Engineering, 2005, 141(12). 1877-1885.

[15] BAZANT Z P, YU Q. Designing against size effect on
shear strength of reinforced concrete beams without
stirrups: II. Verification and calibration [J]. Journal of
Structural Engineering, 2005, 141(12); 1886-1897.

[16] BAZANT Z P, KIM J K. Size effect in shear failure of
longitudinally reinforced beams [ J]. ACI Journal
Proceedings, 1984, 81(5): 456-468.

[17] SYROKA-KOROL E, TEJCHMAN J, MROZ Z. FE
analysis of size effects in reinforced concrete beams
without shear reinforcement based on stochastic elasto-
plasticity with non-local softening [J]. Finite Elements
in Analysis and Design, 2014, 88(10) . 25-41.

[18] KUCHMA D, VEGH P, SIMIONOPOULOS K, et al.
The influence of concrete strength, distribution of
longitudinal reinforcement, and member size, on the
shear strength of reinforced concrete beams [ ] ].
Bulletind Information-Comite Eurointernational Du
Beton,1997,237.209-230.

[19] FROSCH R J. Behavior of large-scale reinforced
concrete beams with minimum shear reinforcement [J].
ACI Structural Journal, 2000, 97(6): 814-820.

[20] YU Q, BAZANT Z P. Can stirrups suppress size effect
on shear strength of RC beams [J]. Journal of
Structural Engineering, 2011, 137(5);: 607-617.

[21]JIN L, DU X L, LI D,et al. Seismic behavior of RC
cantilever beams under low cyclic loading and size effect
on shear strength: an experimental characterization
[J]. Engineering Structures, 2016, 122 93-107.

[22] WALRAVEN J, LEHWALTER N. Size effect in short
beams loaded in shear [J]. ACI Structural Journal,
1994, 91(5): 585-593.

[23] BHAL N S. Uber den einfluss der balkenhohe auf

schubtrafahighkeit von einfeldrigen stalbetonbalken mit

Universitat Stuttgart, 1968.

[24]7 KONG W J, THURSTON C W. Studies of the high-
performance concrete beams [ J ]. ACI Structural
Journal, 1998, 95(6): 667-677.

[25] @0, I8, AU Jr. T =4 4 WL 07 123 B0 40 77 TR

BELEE R AT AR LI] LRI %, 2017, 34
(12) . 59-66.
JIN L, SU X, DU X L. Study on the shear
performances of reinforced concrete cantilever beam
using 3D meso-scale simulation method [ J .
Engineering Mechanics, 2016, 2017, 34(12).: 59-66.
(in Chinese)

[26] WRIGGERS P, MOFTAH S O. Mesoscale models for
concrete: Homogenisation and damage behavior []J].
Finite Elements in Analysis and Design, 2006, 42(7) .
623-636.

[27] UNGER J F, ECKARDT S. Multiscale modeling of
concrete [ J]. Archives of Computational Methods in
Engineering, 2011, 18(3): 341-393.

(287 w36 gt i 0. TR BE L 45 0 i 3 . GB
500102010 [S]. Jtat. HEES Tl ikt . 2010.
Ministry of Construction of the People’s Republic of
China. Code for design of concrete structures: GB
50010-2010 [ S ].
Building Press, 2010. (in Chinese)

[29] By, BOuk. BRAE. JF0 ) 3% 2 TR 58 0 U B R 52 Wil #)
ABOC o M LI 35 ) % o 4l 2017, 34 (2D
175-182.

YI W J, HUANG B, CHEN H. Finite element

Beijing: China Architecture &

analysis on the effect of web reinforcement on shear
failure of reinforced concrete continuous deep beams
[J]. Chinese Journal of Computational Mechanics,
2017, 34(2) . 175-182. (in Chinese)

[30] St TOHEM. BRAE. %8 kR BE 4 J0 I8 5 5 2 05 v
REIRIO L)), AL AR, 2017, 38(6) . 123-132.
YI W J, DING Y B, CHEN H. Experimental study on
shear behavior of lightweight aggregate concrete beams
without stirrups [J]. Journal of Building Structures,

2017, 38(6); 123-132. (in Chinese)

(%% #HH)



