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Fatigue Performance of Ultra-high Performance Concrete Containing
Coarse Aggregate under Uniaxial Cyclic Compression

LI Lijian, XU Lihua", CHI Yin, HUANG Yulei, XU Fanding
(School of Civil Engineering, Wuhan University, Wuhan 430072, China)

Abstract: The fatigue performance of ultra-high performance concrete containing coarse aggregate (UHPC
(CA) ) was investigated through the uniaxial compressive fatigue test. The fatigue failure pattern, fatigue
deformation, fatigue life and fatigue strength of UHPC (CA) were studied. On this basis, the whole failure
process of UHPC (CA) under fatigue load was analyzed, and the survival rate-stress level-fatigue life (p-S-N)
equation was established based on the Weibull distribution. Results show that the fatigue failure pattern of UHPC
(CA) is the shear failure with one or two main cracks. The fatigue failure surface of UHPC(CA) is composed of
two zones, fatigue zone with obvious traces of repeated friction and crack propagation zone. Three stages are
observed in the fatigue strain evolution curve, namely, micro-crack initiation and development stage,
micro-crack stable development and macro-crack initiation stage, and macro-crack development stage. The
monotonic stress-strain curve of UHPC (CA) can be used as an envelope of fatigue deformation only at high
stress levels (S = 0.8). The fatigue strength of UHPC(CA) with 95% survival rate can be taken as 61.78 MPa,
and the corresponding stress level is 0.520.
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Fig.1 Whole process of specimen fabrication
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Fig. 3 Fatigue failure patterns of UHPC(CA) specimens under different stress levels
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Fig. 5 Stress-strain curves of UHPC(CA) under monotonic and fatigue loads
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Table 2 Test results of fatigue life

1
Specimen S N/times In (N/times) P ln(lng)
CA-0.9-1 283 5. 645 0.833 —1.700
CA-0.9-2 362 5.892 0.667 —0.904
CA-0.9-3 0.9 647 6.472 0. 500 —0.367
CA-0.9-4 1031 6.938 0.333 —0.095
CA-0.9-5 1168 7.063 0.167 0.582
CA-0.8-1 3215 8.076 0.833 —1.700
CA-0.8-2 6 227 8.737 0.667 —0.904
CA-0.8-3 0.8 6797 8.824 0. 500 —0.367
CA-0. 84 8185 9.010 0.333 0.095
CA-0. 8-5 10 210 9.231 0.167 0. 582
CA-0.7-1 25511 10. 147 0.833 —1.700
CA-0.7-2 58 742 10. 981 0.667 —0.904
CA-0.7-3 0.7 88 145 11. 387 0.500 —0.367
CA-0.7-4 100 870 11.522 0.333 0.095
CA-0.7-5 124 544 11.732 0.167 0.582
CA-0.6-1 648 876 13.383 0. 800 —1.500
CA-0.6-2 874 599 13.682 0. 600 —0.672
CA-0.6-3 0.6 1391 565 14.146 0. 400 —0.087
CA-0.6-4 1648 749 14. 316 0.200 0.476
CA-0.6-5 2000 000* 14. 509
CA-0.5-1 0.5 2000 000* 14. 509
1.0
(‘)‘2 m=1381-9.30 (1)2 m=198n-17.81 o5 m=L3mm1ss (1)(5) m=1.951-27.50
~ | R=0.93 ’ '0 R*=0.92 '0 R>=0.96
—| 0 —| 0 —| —|
= 05 = 05 -0.5 = 05
= -1.0 = -10 = -10 = -10
-15 -15 -5, -15fF #
-2.0 L L L | -2.0 L L L -2.0 L L L L | -2.0 L L |
56 60 64 68 72 80 84 88 92 10.0 10.4 10.8 11.2 11.6 12.0 13.2 13.6 14.0 14.4
In (N/times) In (N/times) In (N/times) In (N/times)
(a) S=0.9 (b) $=0.8 (©) $=0.7 (d) 5=0.6

% 9 1n<1n;)1nNé£mu%thé£

1
Fig.9 Linear fitting curves of In ( In p)—ln N
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LN R B (R R T 0.9), B W] Weibull 43 41
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LML A b, K15 45 N J) K F T 9% 57 A5 A i
Weibull 7345 280 b F1 N, , 45 5 0L 3 3.

&3 UHPC(CA) B EIK S % i Weibull 5 5 S £
Table 3 Weibull distribution parameters of uniaxial
compressive fatigue life of UHPC(CA)

Parameter S=0.9 S=0.8 S=0.7 S=0.6
b 1.38 1.98 1.37 1.26
N,/times 845 8062 102 012 1332496
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UHPC 4546 16 9% 57 B i+ i 575 % 18 % 55 75 iy A%
55 5 B 1 B M L BBk, A 49 #E 57 UHPC (CA) M 8}
7 JEAFIE R p-S-N 55 I FE . X (4) 2l Weibull 434
(R (p)
' N
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2R 2 N Sy o I 2K 280 HE 24 ) 485 2O 55

B F Weibull 4> fi Z 50 v] 19 % KRR T
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W 1T 1Y p-S-N I 57 7 R 2 T 18 10, ] DLk
AR SC 37 % 57 77 i 1A 00 25 S V6 7E 0.05~0.95 2%
BAOHE 23 BRI

lg S=10.076 52 — 0.057 27Ig N, ( p'=0.05)
lgS=10.11209 — 0.055 21 Ig N, ( p'=0.50) (5)
lgS=10.12903 — 0.053 71 1g N, ( p'=0.95)
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Fig. 10 Relationship between fatigue life and p-S-N
equation of UHPC(CA)
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Table 4 Stress level S, corresponding to fatigue strength of UHPC(CA) under different failure probabilities

, UHPC(CA) Plain concrete!'”! High strength concrete!"”
P [, =135.4 MPa /., =37.5MPa /., =84.7 MPa
0.05 0.520
0.50 0.581 0.693 0.654
0.95 0.617

HH 26 4 1] 0L Fifi 25 YR B6E b B TR 0 R A 16 K, Ho
57 50 JE F IS B B 1 AKOF S5 BN (i # # UHPC
(CA) B AT AR IR 1 40 e 38 B2 R 118.8 MPa, 2k &5 #k
4 0.05 B, 200 J1 IR 9% 55 77 i XoF L 1 1 3 7K SF Sy
0.520, WP HA5 95% 7% 1) UHPC(CA) 9% 55 58 &
}61.78 MPa(118.8<0.520).

3 it

(1)UHPC(CA) 19 55 e IRE & W BT VIR . 5
RPC AN A, HLE BH B Al UHPC(CA) 2t 14 il SR s
S AR EL 2 4 Ak FL MR B IR T IR 3 Ry 9 57 IX
G JE X, Hrp 55 XA It ) I 5 R 38Rk

(2)9% F5 M 88 /EFH T ,UHPC(CA) A8 B & i 5
U 1) = B BORRAIE , RO B0 AR R TR B B TR
SRR KRN 7 W A 5% W AR B B L W S A% kR
BB

(3)TEE I S 7K (S=0.8) F ,UHPC(CA) iy 2
I L g — o7 A 2R AT LA Ay L 55 7 g — i A it £k Y
2% 2%, ] FH 3 A8 T ke A 2 9F B IR AR TE 5 7RI
JI7KF-(S<C0.8) T, FH i AR T T4 995 55 i SR A8 B
HSEPRARTE K .

(4) UHPC (CA) 1y 5. %h 52 Fs 9% 57 % 1w Ik AN
Weibull 4347 . 3 F 9 55 40 45 5, 457 7 UHPC(CA)

Z LEAFTE I p-S-N RO 55 7 FE A5 UHPC(CA)
LA 95 %0 AFTE R IN P 55 5 R 61.78 M Pa, XJ i 4 iz
F1KF R 0.520.
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