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Influences of cyclic loading history to rate effect of water-saturated
concrete under pressurized water environment
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Abstract: To investigate the influences of cyclic loading history to rate effect of water-saturated concrete
under pressurized water environment, the conventional triaxial compression test was carried out in different
strain rates (1077 /s, 107" /s, 107%/s, 107 %/s) with the water-saturated concrete samples (in the water
environment with 2MPa confining pressure ) which had experienced different cyclic loading times(0.25.50,
100 times) . the change law and mechanism of the basic mechanical parameters such as peak stress, peak
strain, elasticity modulus and energy absorption ability were analyzed. It was found that the peak stress,
elasticity modulus and energy absorption ability of water-saturated concrete samples all increaseed at first

and then decreaseed with the increasing times of cyclic loading, and the turning point of peak stress and
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energy absorption ability came close to the direction that cyclic loading times became bigger with strain rate

increasing, but the peak strain decreased generally. The peak stress, elasticity modulus and energy

absorption ability of the concrete samples which experienced same cyclic loading times all increased with the

strain rates increasing and the rate effect was more conspicuous with cyclic loading times increasing, the

elasticity modulus showed the change law on the contrary.

Keywords: cyclic loading; water-saturated concrete; strain rates; confining pressure
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Table 1 Material usage of concrete per cubic meter

kg/m?
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Fig. 2 Stress-strain curves
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Table 2 Peak stress of concrete

A N JJ {8 / MPa

(E23/€ ¢ . .
107°/s 104 /s 1073 /s 10°2/s
0 25.06 28. 41 33.051 38.42
25 28.08 31.3 34. 44 41.18
50 26. 42 29.75 36.59 46. 16
100 21.35 25.95 35. 08 44. 86
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Fig. 3 Relationship between peak stress and strain rate
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Fig. 4 Relationship between peak stress and loading cycles
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Fig. 5 Failure form of specimen

MR 2 R 4 AT AR, [F]— 0 A8 3 R IR &+ M
R I UEE 1 N7 3 B 2 i 2810 A U B 1) 3 R 2 B S
G DB/ B, I HL VG AE R 7 38 e 1Y) e BT BB
o7 742 S 2% 1 1R I 1) A7 280 P O BORG OK Y O e o
B BIE R 1077 /s A 10 /s Jin 28 R R AR 1k il £k
A VAL AR 25 WL T 1077 /s Fl 1077 /s 0 A% 3 %
AR Ak H 2R e X ) 50 UK. HE B R 4 SR
Jir DAL = 225 1 230008 PR R B D ) S IR BE 1 — 4 W)
R S IR e T 45 5 52 () B 7 A 3 45 T 1Y B A B 4
FEREW R e N RN S AN S oR 3 AT 7 I N
JO7- AL AR 5 I B 2 BB 4 R S B
R0 D 553 17 >R 1 e JRE R v P e T R P 2 D 5 Y
oK 11 ik B R AR Y PRI U 4 A T O - ) o B v
T s 2 ey EAE B S — e 2 S Z R S
By SRR S|AVR E ALK DUEAS @ N LY SN
W= A RN R A 5 A 1 L B SR 3 O 28K e
S0 IO R AR NSO AR B {EL R A o 2 2R
F LA 00 % TR BE + 19 45 6 AF FT & T Stefan &%
I X VR B 5 R A B AR IR TR RE R S



50 P RAREHRERKRE IR

%39 %

PR AIG o 5 T 5 T2 8 O A7 A 1) P 8% T LS B O
67 280 PR RO R T IR BE ) R AU . 50 A
PRJE L 25 UKAR R Ja [ LB AR, B RSO0 B A, 2
TG R, RAEE RS TR RAE Y R

SR & BRSSO (Y 3 50 A P B S A % A 280 FR
HACNE T DRI 56 38 3 D% 3T i B0 25 KA 365 24
INEE AR I R EE R HE T R ER
IPF e IR, DR 5 J3E 0 R AY % I SR G 50 IR
{/ZEZ
2.2 IEEREREHESFE

KA FIE BE T 76 2 MPa /K [ & 355 b i & A8
I Y K Aoy 28807 A Ji o BE AT B A2 G R g O 1077
107°.1077.10 % /s ik B » VA fEL B A8 WL 36 3, AL
Har WL 6. 7.
#3 RBLMGETEE

Table 3 Peak strain of concrete

W7 /10
(EEIN/& -
107°/s 1074 /s 1073 /s 107%/s
0 4,35 4,97 8.72 11.13
25 4.01 4.18 5.29 7.01
50 3.61 4.32 5.99 7.36
100 2.84 3.89 5.86 7.25
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Fig. 6 Relationship between peak strain and strain rate
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Fig. 7 Relationship between peak strain and loading cycles
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Table 4 Elasticity modulus of concrete

TRBE L 1 s AR A/ GPa

[E23/8 - ; ‘
107°/s 1074 /s 1073 /s 1072 /s
0 6.71 7.31 5.37 4,74
25 10.93 9.27 8.13 7.22
50 11.10 10. 37 8. 04 7.45
100 8. 94 9.74 7.20 7.33
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Fig. 8 Relationship between elasticity

modulus and strain rate
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Table 5§ Fitting parameters for elasticity modulus

o 7R % a; /10772 ar/10°* R?
107 /s 2. 64 —2.33 0.89
1071 /s 1.33 —1.00 0.99
1073 /s 2.01 —1.68 0.81
107%/s 2.06 —1.53 0.88
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Table 6 Energy absorption value of concrete

REE WAL/ (N » m)

UK : ; : ‘
0°/s 1074 /s 1073 /s 1072 /s
0 61.40 83.38 123.13 175. 89
25 74. 32 82. 20 96. 02 195. 28
50 58.92 84.03 143.77 210. 69
100 39. 82 63.45 132. 34 206. 33
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Fig. 11 Relationship between energy absorption
capacity and strain rate
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Table 7 Fitting parameters for energy absorption amplification

IV b R?
0 0.569 0.957
25 0.499 0. 897
50 0.788 0.951
100 1. 270 0. 940
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Fig. 13 fitting relationship between energy

absorption capacity and strain rate
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