Nonlinear FE Annalysis of RC Shear Walls
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Abstract

o

This paper describes the implementation of an orthotropic concrete constitutive model into the
nonlinear finite element analysis of reinforced concrete structures such as panels, deep beams, and shear
walls under plane stress conditions. Based on the concept of equivalent uniaxial strain, constitutive
relations of concrete are presented in the axes of orthotropy which coincide with the principal axes of
total strain and rotate according to the loading history. The proposed model includes the description of
biaxial failure criteria which show compressive strength enhancement and tensile resistance reduction
effects for the stress state of biaxial compression and tension-compression, respectively. After tensile
cracking, concrete compressive strength degradation is implemented and tensile capacity of concrete
maintained by reinforcing steel (tension-stiffening effect) is considered. Using the concept of average
stresses and strains, a criterion is proposed to simulate the tension-stiffening effect based on the force
equilibriums, compatibility conditions, and bond stress-slip relationship between reinforcement and the
surrounding concrete. The finite element model predictions are validated by comparison with available
experimental data. In addition, correlation studies between analytical results and experimental values
from idealized shear panel tests are conducted. Load-displacement relations of shear panel beam and
walls under different stress conditions are evaluated to verify the soundness of proposed model.
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Loading ratios Long.itud.inal Tra.nsve.rse Concrete Experimental Predicted vu* EXp.
Panel . (x direction) | (v direction) Results Results _
Frr O Oy 0x fu* ov i & f* va* |Mode| va* |Mode| " Ana.
PV10 1:0:0 0.01785| 276 10.00999 | 276 |-0.00270|-14.5| 3.97 A 3.96 A 1.003
PV11 1:0:0 0.01785( 235 [0.01306 | 235 |-0.00260|-15.6 | 3.56 B 4.06 B 0.877
PV18 1:0:0 0.01785| 431 10.00315| 412 |-0.00220|-19.5| 3.04 A*™ | 3.44 A 0.884
PV19 1:0:0 0.01785| 458 | 0.00710 | 299 [-0.00215|-19.0 | 3.95 A 4.20 A 0.940
PV20 1:0:0 0.01785| 460 | 0.00885 | 297 |-0.00180|-19.6 | 4.26 A 4.62 A 0.922
PV21 1:0:0 0.01785] 458 1 0.01296 | 302 |-0.00180{-19.5| 5.03 A 5.63 A 0.893
PV22 1:0:0 0.01785] 458 [0.01524 | 420 {-0.00200{-19.6 | 6.07 C 6.39 C 0.950
PV23 |1 :-0.39 : -0.39{0.01785| 518 {0.01785] 518 |-0.00200(-20.5{ 8.87 C 7.57 C 1.172
PV25 |1 : -0.69 : -0.69|0.01785 | 466 |0.01785 | 466 [-0.00180]-19.3] 9.12 C 7.98 C 1.143
PV27 1:0:0 0.01785| 442 [0.01785| 442 |-0.00190|-20.5| 6.35 C 6.57 C 0.967
* units : MPa , ** Sliding shear failure of concrete

Failure Modes :
A - Concrete shear failure after transverse steel yielding
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B - Steel yielding in both directions
C - Concrete crushing prior to any steel yielding
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