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Nonlinear Analysis of Reinforced Concrete Shells
Subjected to Cyclic Load
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ABSTRACT

In this paper, nonlinear finife element procedures are presented for the analysis of reinforced concrete shells
subjected to cyclic load. The 4-node fiat shell element with driling rotational stiffness was developed by the layered
approach. A layered approach is used to represent the steel reinforcement and to discretize the concrete behavior
through the thickness. The material nonlinecrities are taken into account by comprising the tension, compression and
shear model of cracked concrete and a model for reinforcement in the concrete, and diso a so-called smeared crack
model is incorporated. The steel reinforcement is assumed fo be in a uniaxial stress state and is modelled os a smeared
layer of equivdlent thickness. Since the constifutive models cover loading, unloading and reloading paths, the element
is capable of predicting behaviors of reinforced concrete shells under cyclic loading. The method will be verified a useful
fool fo account for noniinear andlysis of reinforced concrefe shells subjected to cyclic load through comparing with
relioble experimental results.

Key words : cyclic load layered approach, diling rofationdl stiffness, smeared crack model, constifutive mode!
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Table 1 Material properties of SE-specimens™
‘ Concrete Reinforcement
Specimen F.(MPa) 8(degrees) 0A%) F(MPa) 0,(%) F(MPa)

SE8 370 0 1.465 492 0.49 479

SE9 442 0 1.465 422 1.465 422

SE10 340 0 1.465 422 0.49 479
7. : compressive strength of concrete
4 : angle of the orientation of reinforcing bars to x direction of specimen
0. Py - reinforcement ratio in x and y directions
f Jyy 1 Vield strength of steel in x and y directions  per layer
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Fig. 13 Reinforcement layout and application of stresses of specimens
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Table 2 Slab-series test specimens'™

Concrete Reinforcement
Specimen . x~direction y—direction
P £.MPa) — - £,MPa)
0.(%) 2 (mm) 25(mm) 0,%) i (mm) vo(mm)
1S1 37.0 0.78 25 75 0.78 15 85 330
IS2 370 078 25 75 0.39 15 85 380

? Per layer
x, : distance between the center of first re~bar layer in x—direction to the bottom surface of specimen
x5 ¢ distance between the center of second re—bar layer in x—direction to the bottom surface of specimen
y,  distance between the center of first re-bar layer in y—direction to the bottom surface of specimen
yy ¢ distance between the center of second re—bar layer in y—direction to the bottom surface of specimen
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