CS4-004 57 14 9

3D FATIGUE LIFE ANALYS SOF RC SLABS

University of Tokyo Student Member Peerapong SUTHIWARAPIRAK
Universty of Tokyo Member Takashi MATSUMOTO

1. INTRODUCTION

The life prediction of infrastructure facilities is essentid fa strategies of maintenance engineering. It provides the
information for deciding suitable time and a repair method. A typica case is seen in RC dabs that deteriorate
sgnificantly due to rgpid increase in traffic. The prediction of life and behaviors under fatigue load of them becomes
an urgent task.

The materid deterioration under afatigue load is consdered as one of the main causes of the damage of RC dabs.
The initiation and the propagation of cracks under fatigue loading lead to punching shear falure in dabs. In this sudy,
an andytica approach for predicting fatigue life of RC dabs is developed. An FEM modd that considers governing
failure mechanisms alows for different geometries or boundary conditions. Therefore, the analytica gpproech is not
only applied for fatigue life prediction but also the design and development of repair method for structures.
2.FATIGUE LIFE ANALYSIS

The analytical scheme for predicting fatigue life of structures Analytical mode Metgriaimodds
conssts of two components. an anaytica modd and materia models Traffic load
as shown in Fig. 1 @. An FE model is developed based on fatigue ﬁ 5
failure mechanisms of RC dabs. The propagation of cracks dueto the = - cgncr’ete Reinforcing baf
degradation of materids under fatigue load is mainly considered in Mo ade | 23O 230

the model. Concrete and a reinforcing bar are tested in order to obtain “Shear cracks I o trslesran
materid models. With this scheme, the fatigue properties of structures,
such as fatigue life and displacement evolution, can be predicted with Results
materials’ properties, geometries, and loading conditions given % ) % —
21 ANALYTICAL MODEL OF RC SLABS ] f;?
RC dabs loaded repestedly at the center usudly collapse in the N ~  LoN

punching shear mode. The deterioration of materias under fatigue
load promotes the initiation of distributed cracks and the propagation

Fig. 1 Components of fatigue life analysis

Tensilestrength=2.5MPa

of the cracks, and it leads to the failure of the structures. In order to 2.5

represent these cracks, the concept of smeared eements is adopted. 2.0t s;=f(e)

The 3D analytical model consists of smeared elements representing g 15} SS—'I: f(N.e)£l
concrete and rod eements representing reinforcing bars. A distributed @’ 10 N

fatigue load is applied at the center of the dab. By taking advantage of & 05

symmetry with respect to the centerline, only one-fourth of the model

is andyzed. In order to verify with experiment results, the dab of %00 0.001 0002 0.003
2.5x3.8x0.18m with 1.3% reinforcement ratio in longitudina and Strain

0.5% in transverse direction is adopted from the reference®. Fig. 2 Tensile Stress-strain relation of concrete
2.2 MATERIAL MODELS under fatigue |oad

Materids treated in the anadlyss are concrete and reinforcing bars. For static loading, the condtitutive relation of
concrete (s- erdation) in tenson including the cracking stress criteria is assigned in a smeared element and the
bilinear stress-dtrain relation is assigned for a rod element representing a reinforcing bar. Materid properties used in
this andysis are from the reference®. The Young's modulus of concrete and sted are 3x10° MPa and 2x10° MPa
respectively. The tensile strength of concrete and the yielding stress of steel are2.5 MPaand 452 M Parespectively.
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Under cyclic loading, the degradation of tensile stress of cracked concrete or the ratio of stressat N cycle, sy, to
dress at first cycle, s;, is assumed as a function of number of cycles, N, and tendle drain, e. The sress-gtrain
relations of concrete under fatigue load are shown in Fig. 2. The transferred stress across cracks decreases with the
increase of crack opening displacement or tensile strain. The stress also reduces when N increases. The stress
degradation relation of concrete under fatigue loading proposed by Zhang © is adopted in this study and it is given
by: SN -9, (008+4 e I)log(N) , |=dlement size
3.RESULTSAND DISCUSSION S1
3.1 MONOTONICANALYSIS

The load-midspan deflection relaions of RC dab are shown in Fig. 3 and the ultimate load is 627.2 kN. The

ultimate load from the analysis well agrees with that from the experiment result (627 kN).
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Fig. 3 Results from monotonic analysis Fig. 4 Evolutions of midspan deflection at each loading level

3.2FATIGUE ANALYSIS

The evolutions of midspan deflection at five fatigue loading levels are shown in Fig. 4 on a semi-logarithmic scae.
At higher loading levels, the dab tends to fail by yielding of reinforing bars, while at lower loading levels, it tends to
fail a concrete. The relation between fatigue stress ratio and cycles to failures (S-N) is shown in Fig. 5 and the results
from the experiment are aso plotted on the same scale with circular points. An arrow shows the specimen that did not
fal in the experiment. Fig. 6 shows the punching shear failure typically seen in both monotonic and fatigue analysis.

12 Distributed L oad
11-\ 0.08

n ~~__|
o 08 > y T m
§ 06 \\"‘ -'4!“_' 28y )
ﬁ s R =
55 0.4 .. > I T TT T

2 N

0 Support T_

1 10 100 1000 10000 100000 1000000 1E+07 -0.004

Cydesto Failure Principal Total Strain Major

Fig. 5 SN relation of RC slab
4. CONCLUSIONS
The 3D fatigue life andysis for RC dabs under fatigue load has been conducted. By using this analytical approach,
the fatigue life and fatigue characterigtics of RC dabs can be predicted. Because of the limitation of experimental
results, only afew results are used to verify the model. The more verification is necessary in the future.
For the futher study, in order to smulate traffic load, a moving load smulation should be considered. The

consideration of fatigue fracture of reinforing bar is also necessary for the further development.
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Fig. 6 Strain distribution and punching shear failure
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