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Fatigue stiffness degradation and life prediction method of

in-service concrete T-beams

ZUO Xin-dai,ZHANG Jin—quan,ZHAO Shang-chuan
(Bridge Tunnel Research Center, Research Institute of Highway Ministry of Transport, Beijing 100088, China)

Abstract: In order to obtain the fatigue stiffness degradation law of in—service concrete T—-beams and carry out
fatigue life prediction. Based on the theory of damage mechanics, a stepped stiffness model of concrete
T-beams including cracking damage was constructed. Through the full-scale model of three 10 m concrete T
beams, static and fatigue failure tests were carried out to obtain the evolution law of fatigue residual stiffness
with the number of loads. The fatigue damage coefficient and stiffness degradation coefficient were introduced to
establish a concrete T beam in service fatigue life prediction model. The analysis results show that with the
increase of load, the residual stiffness of the bridge exhibits three—stage decay, in which the initial and later
stages of fatigue decay rapidly, but account for a relatively small proportion of the whole life. The result shows

that more than 80% of the whole service life is the main stage of bridge service, it is about 82.7% of the initial
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bridges, a life prediction method for in—service reinforced concrete girder bridges is proposed, the related
research results can provide theoretical support for the study of life prediction of such bridges.
cumulative damage coefficient
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stiffness at the time of fatigue failure. Finally, according to the working behavior of in—service concrete T—girder
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Fig. 1 Schematic diagram of cracking and bending

crack distribution of concrete T—beam
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Fig. 2 Staircase stiffness model of damaged

concrete T-beam
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Table 1 Mechanical properties of concrete and

steel bars for test beam
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B /MPa 10" MPa
MPa MPa
C30 IR #E 1 36.8 26.2 — 3.20
32 mmHRB400 — — 485 20.5
28 mmHRB400 — — 467 20.5
HPB300 — — 347 21.0
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Table 2 Loading parameters of fatigue test

5 R P,../kN P,../kN N 71 /KN
TLD-1 50 370 320
TLD-2 50 370 320
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Table 3 Loading parameters of fatigue test

e —

I R P55 A /10" WK RS w,, /mm
TLD-1 132 2.23
TLD-2 141.5 1.75
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Table 4 Comparison of fundamental frequency

of uncracked test beams

05 f/Hz

PR I ST {H R
TLJ 15.01 15.23 1.44
TLD-1 15.13 15.23 0.66
TLD-2 14.96 15.23 2.43
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Table 5 Calculated values of fundamental frequency and residual stiffness of test beams under different loading times

R E TR YO TLD-1 TLD-2
nf A R IR — —
. ) FANIEE  FRREB,/ ) FANIEE  FIARIE DB,/
n/10" W r/m  x,/m AR f/Hz . x/m  x,/m  HEf/Hz )
N (MN+m?) N, (MNem~)
0.0 0.0 0.0 15.13 1.000 765.712 0.0 0.0 14.96 1.000 738.627
10.0 4.1 4.1 14.94 0.907 694.803 4.1 4.2 14.94 0.900 664.674
20.0 3.9 3.9 14.85 0.895 685.169 4.0 4.0 14.88 0.894 660.385
30.0 3.7 3.6 14.74 0.885 677.781 4.0 3.9 14.86 0.892 659.215
40.0 3.7 3.5 14.71 0.881 674.787 3.5 3.7 14.75 0.892 659.165
50.0 3.5 3.4 14.66 0.881 674.727 3.4 3.4 14.68 0.890 657.288
60.0 3.4 3.2 14.61 0.880 674.200 3.2 3.2 14.62 0.889 656.816
70.0 3.3 3.1 14.57 0.878 672.651 3.1 3.0 14.58 0.889 656.865
80.0 3.3 3.1 14.56 0.876 671.021 2.9 3.0 14.54 0.887 654.868
90.0 3.1 3.0 14.52 0.877 671.895 2.9 2.8 14.51 0.886 654.229
100.0 2.8 2.6 14.40 0.873 668.518 2.8 2.8 14.48 0.883 651.935
110.0 2.8 2.6 14.39 0.871 667.220 2.8 2.6 14.44 0.880 649.888
120.0 2.8 2.6 14.37 0.868 664.627 2.8 2.6 14.41 0.875 646.124
130.0 1.8 1.5 14.11 0.860 658.861 2.3 2.2 14.16 0.853 629.929
132.0 1.6 1.5 13.90 0.835 639.407 — — — — —
140.0 — — — — 2.1 1.8 13.98 0.836 617.775
141.5 — — — — 2.1 1.8 13.85 0.819 604.714
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Fig. 10 Curve of residual stiffness of test beam

changing with number of load actions
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Table 6 Fatigue test results of test beams
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Table 7 Relative error of fatigue life prediction
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TLD-1 132.0 141.3 7.0

TLD-2 141.5 153.3 8.3
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