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Flexural Fatigue Properties of Ultra-High Performance Concrete at-10 C
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(1. College of Civil Engineering, Hunan University, Changsha 410082, China;
2. Key Laboratory for Wind and Bridge Engineering of Hunan Province, Hunan University, Changsha 410082, China)

Abstract: The fatigue properties of ultra-high performance concrete (UHPC) at 20 ‘C and —10 C were investigated via flexural
fatigue tests under different stress levels. The results show that, the degradation of UHPC flexural fatigue performance and the fatigue
strength decrease under a cyclic load with the decrease of temperature due to the cold brittleness characteristics of steel fibers at the
cracked section. Compared with the test results at 20 ‘C, the fatigue strength of UHPC at —10 C is decreased by 15.6%. Although
the fatigue strength of the specimens at a low temperature is lower than that of the specimens at normal temperature, their fatigue
deformation modulus ratios (E,/E,) corresponding to their fatigue strengths are similar, which are 0.48. The residual strength of
UHPC specimens undergoing 2 million cycles without flexural fatigue failure is close to the static strength under monotonic loading,
at normal temperature or low temperature. Based on the results, a model of predicting the fatigue life of UHPC at 20 ‘C and -10 C
was proposed, and the predicted results could be used as reference in the practical application.
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Table 1 Mixture proportion of UHPC

Mass ratio Water/

Cement Flyash Silica fume Mineral powder Quartzsand binder ratio

1.00 0.10 0.25 0.15 1.10 0.18

1.2 REHIESFEP
BT (4wt tiR e gy kbrd) P 5iEE
UHPC ¥l 25 ANk 5 & il R i R~ 52

3K, F &K 40 mm>x40 mmx 160 mm %0 AR i .

TR S A 7 S P A T R 0 20 mm A T K
TR, DL Sz W a4 i R e sk A 10 P 8
W AT RS, AR I A SR
W ERBHRT, 240l 48 h FRFEY G IR, Fdt
1T 48 h MIRZFEIRIRY(90 £ 2) 'C, FrERA G,
TEE I NORAT 7 d 5 AT 25 o 57 156

et GEvERmARIREEL) o™, R &
1K 100 mm BSZI7 R 100 mmx100 mmx
300 mm B ARSI 5 B RO AR R A 775, H
PL&: 20 “C5—10 “CF UHPC HI7 J7 BT 38
OGP . B GTR R A, 4R
£ 2 Fion. ATRIBEAE RS PR, UHPC HISL 74
PURTREE . RO HUR SR . B R 9 75 A 98 A
BERE IR, RETRETE 4%~8%.

%2 UHPC BN 5 144
Table 2 Mechanical properties of the UHPC

Temperature/'C feu/MPa fe/MPa fiyMPa E/GPa
20 163.90 144.40 25.10 48.50

-10 172.80 153.10 27.10 50.20
-10'C/20 C 1.05 1.06 1.08 1.04

Notes: fu, fo fis and E refer to the cubic compressive strength, prismatic
compressive strength, splitting tensile strength and compressive elastic
modulus of UHPC, respectively. The results of strength and elasticity

modulus are the average values of 3 specimens in each group.
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Table 3 Basic experimental parameters

. Temperature Static cracking Static limit strength . Upper limit ~ Upper limit load Lower limit load
Specimen group Stess level Stess Ratio

/C strength fi,/MPa fo/MPa stress/MPa /kN /KN
BT-F2-T(20)-0.40 20 16.33 31.64 0.40 0.1 12.65 6.75 0.68
BT-F2-T(20)-0.60 20 16.33 31.64 0.60 0.1 18.98 10.12 1.01
BT-F2-T(20)-0.70 20 16.33 31.64 0.70 0.1 22.16 11.82 1.18
BT-F2-T(20)-0.75 20 16.33 31.64 0.75 0.1 23.74 12.66 1.27
BT-F2-T(20)-0.80 20 16.33 31.64 0.80 0.1 2531 13.50 1.35
BT-F2-T(-10)-0.56 -10 18.00 34.09 0.56 0.1 18.92 10.08 1.01
BT-F2-T(-10)-0.60 -10 18.00 34.09 0.60 0.1 20.63 11.00 1.10
BT-F2-T(-10)-0.70 -10 18.00 34.09 0.70 0.1 24.07 12.84 1.28

Notes: BT means bending test, F2 represents the steel fiber content in volume of 2%, T and the following number in bracket means the test temperature; the last

number refers to the stress level.
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Fig. 2 Failure modes of specimens under fatigue load
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Table 4 Fatigue test results

Specimen code Temperature /°C Stress level Stress ratio Upper load/kN Lower load/kN Fatigue life N/times
BT-F2-T(20)-0.40 20 0.40 0.1 6.75 0.68 2 000 000
BT-F2-T(20)-0.60 20 0.60 0.1 10.12 1.01 2000 000
BT-F2-T(20)-0.70 20 0.70 0.1 11.82 1.18 2 000 000
BT-F2-T(20)-0.75 20 0.75 0.1 12.66 1.27 1119090
BT-F2-T(20)-0.80 20 0.80 0.1 13.50 1.35 101 545
BT-F2-T(-10)-0.56 -10 0.56 0.1 10.08 1.01 2000 000
BT-F2-T(-10)-0.60 -10 0.60 0.1 11.00 1.10 884 285
BT-F2-T(-10)-0.70 -10 0.70 0.1 12.84 1.28 332590
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Table 5 Fatigue strength equation of UHPC at different
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Temperature/ C Fatigue strength equation K
coefficient
20C 1g(AS / fpu) =—-0.039 41g N +0.056 6 0.876
-10C 1g(AS / fpu) =-0.1351g N +0.545 3 0.988 2
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Fig. 5 Stress amplitude ratio - fatigue life curves
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Table 6 Fatigue strength of UHPC at different temperatures

Temperature . . Fatigue strength
. Stress amplitude ratio Stress level
/C /MPa
20 0.64 22.44 0.71
-10 0.50 18.94 0.56
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Fig. 8 Mid-span deflection - cycle ratio curves
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Fig. 9 Fatigue deformation modulus ratio- cycle ratio curves
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Table 7 fatigue deformation modulus

Tenmperature/'C ~ Stress level E¢/GPa E,/GPa EW/E,
20 0.40 47.14 33.83 0.70
20 0.60 27.93 17.28 0.62
20 0.70 19.08 9.37 0.49
20 0.75 18.26 8.47 0.46
20 0.80 16.94 7.11 0.42
-10 0.56 43.22 20.67 0.48
-10 0.60 42.39 15.02 0.35
-10 0.70 33.46 14.46 0.43
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Table 8 Residual strength after faligue

Specimen code Temperature/C Static strength/ MPa Residual strength after fatigue /MPa Fatigue/static
BT-F2-T(20)-0.40 20 31.64 31.93 1.01
BT-F2-T(20)-0.60 20 31.64 33.83 1.07
BT-F2-T(20)-0.70 20 31.64 33.47 1.06
BT-F2-T(-10)-0.56 -10 34.09 34.58 1.01
N concrete by the use of a packing model[J]. Cem Concr Res, 1994,
3 i
—H 24(6): 997-1009.
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