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Fig. 1 Rigid-body-spring model
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Fig. 2 Model of normal spring
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Fig. 3 tmax for concrete element springs
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Fig.5 Bond stress-slip relationship
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Fig. 6 Schematic representation of loading model (unit: mm)
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Fig. 7 Reinforcement details of the beams
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Fig. 8 Numerical simulation model
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Fig. 9 Load-displacement curve of under-reinforced beam
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Fig. 10 Propagation of the cracks
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Fig. 11 Stress of the steel bar in the under-reinforced beam

% {I \h I '5% A
(a) BETPES 2.0 mm (F2 66.7 kN)

100
80
Z 60
& 40 - R
% K
@ i 5 3 '
A /mm

P12 TS R R ) - (L it 2

Fig. 12 Load-displacement curve of over-reinforced beam
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Fig. 13 Propagation of the cracks
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Fig. 14  Stress of the steel bar in the over-reinforced beam
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Fig. 15 Schematic representation of loading model (unit:mm)
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Fig. 16 Numerical simulation model
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Fig. 17 Load-displacement curve of under-reinforced beam
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Fig. 18 Propagation of the cracks
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Fig. 19 Stress the steel bar in the under-reinforced beam
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Fig. 20 Load-displacement curve of lower-reinforced beam
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Mesoscale simulation of the flexural failure process of reinforced concrete beams

WANG Li-cheng”™', XING Li-kun?’, SONG Yu-pu'
(1. Key Laboratory of Coastal and Offshore Engineering,Dalian University of Technology.Dalian 116024 ,China;
2. China Space Civil & Building Engineering Design &. Research Institute (Group) Jinan Branch, Jinan 250012, China)

Abstract: On mesoscale, concrete is usually regarded as a three-phase composite material, consisting of
coarse aggregates, mortar and the bond zone. This treatment can represent well the crack propagation
and distribution under loading. By means of the mesoscopic RBSM (Rigid-Body-Spring Model) , this
paper numerically simulates the mechanical behavior and failure process of reinforced concrete (RC)
beams with symmetrically loading at two positions on the beam. The crack pattern and load-deflection
curve under different reinforcement ratios are simulated. In addition,the stress distribution of the longi-
tudinal reinforcement is analyzed during the loading process. Compared with the experimental results,it
is shown that the RBSM on mesoscale can be applied to simulate the cracking propagation,failure mode
and load-deflection behavior of RC beams.

Key words: mesoscale; Rigid-Body-Spring Model; numerical simulation;reinforced concrete (RC) beams



