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Experiment on Fatigue Stiffness Degradation of Pre-stressed Concrete
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Abstract: The model fatigue test of pre-stressed concrete box girder bridge based on the
fundamental frequency method was carried out. The loading process of fatigue multi-stage
variable amplitude test based on the basic frequency method, as well as the fatigue loading scheme
and collection scheme were introduced in detail. The basic principle of dynamic stiffness and static
stiffness, the calculation method of dynamic stiffness based on the basic frequency and the
calculation method of static stiffness based on deflection were combed. The degradation law of
fatigue dynamic stiffness and static stiffness of pre-stressed concrete box girder was studied. The

results show that the trend and sensitive position of fatigue crack of box girder are different from
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those of rectangle girder. The oblique crack of web is mainly distributed in the range from
support to 1/4 span, extending to roof and floor. The degradation laws of fatigue labor stiffness
and static stiffness of pre-stressed concrete box girder are the same, both of them are fast first
and then stable. In the early stage of fatigue, the degradation rate of dynamic stiffness and static
stiffness is more than 40%. The upper limit value of fatigue is an important factor of fatigue
stiffness degradation of bridge structure, the higher the upper limit value of fatigue, the greater
the degradation amplitude of dynamic stiffness and static stiffness, the less residual stiffness.
Because of their different calculation principles, the calculated dynamic and static stiffness values
are also different, but their stiffness degradation laws are the same, which can be compared,
supplemented and verified with each other to explore the degradation laws of fatigue stiffness of

pre-stressed concrete box girder.

Key words: fundamental frequency method; box girder; dynamic test; fatigue cumulative dam-

age; stiffness degradation
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Fig. 1 Design Drawing of Model Beam (Unit:mm)
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Tab.1 Mechanical Properties of Steel Bars
W R 2 H A% /mm Jii M5 B /MPa | 4% FR 5 & / MPa
HRB335 14. 00 402 578
HRB335 12.00 406 580
HPB300 10. 00 346 440
WMLk 15.24 1 809 1942
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Fig.2 Fatigue Test Loading Device
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Fig.3 Dynamic Test Loading Device
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Tab.2 Multi Level Luffing Loading Parameters

RS N/10* Prin /KN Prax/kN
0~50 40 53
50~100 40 66
GF1
100~150 40 80
150~200 40 90
0~50 40 63
50~100 40 86
GF2
100~150 40 109
150~200 40 130
0~50 40 92
50~100 40 144
GF3
100~150 40 194
150~200 40 250
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Fig. 5 Model Beam Acceleration Sensors

Arrangement (Unit: mm)
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Fig. 6 IMC Dynamic Data Acquisition Software
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Fig.7 IMC Dynamic Data Acquisition Module
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Fig. 8 Fatigue Crack Distribution of Test Beam
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Tab.3 Test Results of Basic Frequency of
Model Box Girder Without Cracking

(c) GF

PG5 GF1 GF2 GF3
- fEIRAR 4 51.71 53. 36 51.03
FHe 5 S
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RIS 6 51.71 53. 36 51.03
LIRS IS/ He 52.3
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Tab.4 Measured Values of Fundamental Frequency Under Different Fatigue Times

255 A/ GF1 345/ Hz GF2 #:45 / Hz GF3 #45i/Hz
10 & g 4 G %A 5 G %2 6 L %A 4 L&A 5 L2 6 LA 4 1L IR2S 5 1L IR2 6
0 51.71 51.71 51.71 53.36 53.36 53.36 51.03 51.03 51.03
5 51.48 51.48 51.48 52.94 52.94 52.94 50.51 50.51 50.51
10 51.27 51. 26 51.27 52.73 52.74 52.73 50. 20 50. 20 50. 21
30 51. 14 51. 14 51.15 52.59 52. 60 52.59 50. 06 50. 06 50. 06
50 51. 14 51.13 51.14 52.62 52. 62 52.61 49.98 49.98 149.98
100 51. 09 51. 09 51.10 52. 60 52.59 52.59 50. 12 50. 12 50.12
150 51.01 51.02 51. 02 52.25 52.26 52.25 49.79 49.79 149.78
200 50. 69 51. 70 51. 69 51. 88 51. 88 51.87
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Fig. 9 Comparison of Dynamic Stiffness Damage
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