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Studies of the dynamic uniaxial compressive properties of saturated
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Abstract: To study the dynamic mechanical properties of saturated concrete after mechanical cy-
clic loading, the uniaxial compression tests of concrete specimens with varied numbers of mechan-
ical cyclic loading are carried out at the 10 MN triaxial static-dynamic instrument under different
loading rates. The results show that for the concrete specimens with varied numbers of mechani-
cal cyclic loading, the peak stress increases with the strain rate, while the peak stress increases
and then decreases with the number of mechanical cyclic loading. The peak strain increases with
the strain rate in general, while it increases and then decreases with the number of cyclic loading.
The elastic modulus increases with the strain rate in general. The dynamic damage constitutive
model based on the Weibull statistical theory fits the experimental data with the result that the
model is in agreement with the experimental data of saturated concrete.
number of cyclic loading; strain rates; peak stress;
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Load-time curve in loading cycle
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Fig. 7 Peak stress with the number of cyclic loading
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Fig. 8 Peak stress increment with strain rate fitting graph



472 P2 B T R 222248 (2017) 4 33 B4 4 1)

H 1~2 FIE 6~8 Al 3 K 45148 .

1) Y706 B 07 22 U E5OR () s, 2 TS R 4 ) e
N7 77 I 7 7% R A v i v T B KL R AR TR
IR, W4 RN R AN T Y, T o S M B R
N s FEAR DI s . X 5 SRR 12 178 A7 K 3R 85
rh B A7 R 0T WA N 7 I 7 72 R SR8 T 3
H 45—

2) 7 I AR A [ B VR EE T Y A E 1 T BE T
AN AT R & BB N R WA N DK E 2]
50 WA A faf 48 7 s Uk 850 TR B8 A 09 W R g 35 3
WS {1 I 55 1 B o7 43 W 30 4k 6 338 o R R = 11 0 (R
FIB A BEAR . S 43 B a0 - A B A A A0 VR
b — R4 LB S [ B A 2 7 A R S 5 R
o BRI B/ INIT R 5 R SRR AN T 4™ Je 38 IR
TR 1 Wl 24 4% TR 50 5 ik B 2 vy o T S 00 PN A AL B %
U/ INFRE PR SO D5 o 2 A B AT 48 U R Ak 2 v T, 3L
BRIZ W e 51 FLB R T i A o B2 B AR

3) MR 2 A, &5 AKX (2) il & HKCHE R
HBR T 0. 95, b B — UK eRBCRT LU AT 19 38 38 R
BT PR R KT 5N AR RN CR,
2.2 EEMESHR

AR 30 I 45T R - A AN [R) A A far 2R R B AN [+
W7 78 AR ) U 7 78 HS(EL DL 3,

3 T AAEIR R IR 56 - 0 06 {57 AR
Tab. 3 Peak strain of saturated concrete after mechanical

cyclic loading

N AN 7 4 A far 2% D7 5 vk 4
R AR R /s - - — N
0 25 I 50 Ik 100 ¥
10°° 2.39 2. 89 2.54 2.81
101 2.68 2.91 2. 50 2.48
103 2.61 2.78 2. 66 2.59
102 3.02 2.95 2.76 3. 14

H 2% 3 W3 R 4538 .

1) AR FRTR 5E - 0% e (i 10 742 Bl iy A8 3 4 38 i oK
(RS ITiOF S E N NS P o = VA ART = N I R
T R A Y R B AR R R, HL B A R R A B 3
> W AR R TR AR TR K,

2) LEPIR 28 R (107 ~10° /) i), 1 IR ik
A WAL 728 i 17 200 PR R S AR 2 S RS s
HYEaR, AT RGP 2k g S0 X TR 5 A W (N A8 A —
B S, BV Py 280 T S T LAt v T e 4 ) A
2.3 HEEESWN

706 ¥4 far 28 )5 1R BE A 0 U R SR B 3500 ~ 45 %
F N7 T 7 A i 14 ) 2R A g VR D TR e - SRR 1Y
B B RB AN

E = (60,45 —060.35) /(€045 — €0.35) (3)

AP E KR AR 500 55 w0005 20 ) RN WEH IV )
359645 Yo B MH 50,55 ve0.45 73 A 00,55 w00, 45 B XeF 7 )
WA {17 22
AT R U2 ) X Eiedf T3 FR Bk + 7E A TR
I8 B i K AN [ B2 3 38R B A, L3R 4.
F4 P AEI BT 1 ANR BE L 0y AR (B . GPa)
Tab.4 Elastic modulus of saturated concrete after

mechanical cyclic loading

FE— AN [7) 47 B 1 28 s R
0 25 K 50 K 100 &
1077 21.05 23.58 22. 28 21.98
107" 19. 31 25. 83 23.68 25. 86
107° 24.52 26. 44 25. 27 25.52
1072 29. 82 28. 60 27.61 25. 69
M2 4 Al A3 A0 T 4518

1) FTR BE A 0 P AR il 0 AR R ) 3G R
L RNy NEOF S I TR NS I € o = D IACVBT 3
TR 1077 /s) , Z44% B o0 o B Rk £ B I AR
PR A JR Wl A R X TR 7 3 R A 1

2) TERNAEHR N 1077 ~107" /s T IREE -1
PR 1k I P g7 28 K B0 R A 3R B S 1 R
AN R B HE 25 IR IR B R R (E . 2 0 AR B R
1077 /s B, YRR - M AR 55 708 B iy K BB L
2.4 WRESENHSH
2.4.1  SREEBIRHLG 4 B

AR 7 A5 IO A% B R A IR 2 349 Ay S B ) v Y
YPIRAS 5 #0856 76 1 3% XN, i1k 2 ™=
Az ) BN A 22 B K T A R R T R AT 08
A B A R o A2 B R AR A R UL IR R S
B BRI . FEAR N A8 R B, TR EE + M 80y
i E RS 0 HORS 45 T A 5 B S Y X IR 18 kR
FHLERE A M RE B A 58 4 k4. T 7E B o I AR R
B H T R0k R P 0 1 24 0 T 4 o B RO PR
o Y A AL W I WRata o N i) [l e R
0 R iR R M ek R R VR B B R B
S b XK, T AR - (R 1 4R L SR 6
Ji2 AR 45—, B9 & 1077 ~10°/s Jif
AR ORI A R IR T 2, 0] WL, Bl N 7R R Y 4
T, VR B B R TR ) A R A D T e T SR T
A5 22, HIRBE BN TE 25 i B4 TE
2.4.2  FLBRIK FEAE FH 5 bt

M AR 1 T LB K R AR 0 36 R0 P
20 ol 4 B R 68 A L ) B ) 2 R R A L
SR E RIS, B K PR 5 5 . B MO RIS Stefan &%
R HHy B R G R 10 BT R L 1% 0 8 AT R AL Sl



TRETIR S5 < A RR BE A0 B A B 5 A BT R REBIF T 473

ARV b A2 BYFAT R 2, P93 22 (6] R
RN 7 AT TEGR R AA 25 P12 LLAE X 3R A/ de
B 16y 3z Byt i 7 AR 3R T3 SR T 53 50

_ 3npr' dh
F oh dr 4

Ay MR B R B - W B 0 O 2
4 LB 5 F° 2 (B8 25 2 O ) i 75 19 91 7

105 104 10%s 10%/s
9 50 IRAGEHRFr 28 )5 A 6] A8 3 R T B3R B &

Fig. 9 Failure modes of concrete at different strain

rates after 50 cyclic loading

' FhVES R

&l 10  Stefan &~ & K
Fig. 10  Sketch of Stefan effect

H 2 (4 FTEL (10) AT, 7K 30 55 v AR A TR
T TR L KR ) F SRR R
B FURE X BE dh/dt BIE L WA B AR ) AR
FH 155 TR A8 43 16 3 B A LE . 9T DA R B 4 TR
2t LB A KSR AR R S F RS R g
SUIF 4, DT f TR 6+ s A o B H T . 0 A
A5 R R O B Ol B

FEAIR UBC AIG I8 28 g s S 00T TR B
Bl o R G B 24 0 28 3 BB I 5% AR FH AR 75 2
S, YRR A R AT B4R R L A v B 1 BRI 2
TN TRE P9 50 e g R o 24 4% 28 0o R S 0 Bl
78 07 26K 1 s O B30 A0k 52 1 L YR B - N TH 2 Ak
RSk K R 0 IR s 7™ A5 T A 24 4 (07 2R 9 i 280 B op
TREE T I (I ) B,

H &1 7 AT 510 AR 8 5 A [R] B U {0 g B A9 2R
o KR L B S 1S R DN B R L FE 50 UAE FA
BT 1K B AR L Bl 25 YRR Ak S 58 I WA Y g B D
I, 7= AR B 1 D DR S 0 PRI 2R R BUFE 50 1K
DL B S TR 4 7 2 — e R 1 N 24 5% T FE i A
B 7K 7= A P BT R R R Ty . B R R B

T 7K BRI v R B - ORGS0
5, B TR B - T M i BEBG . T B 3 A9 26 2
U — 2D 38 R T 20 B D R LR EE L IF A
W™ J TG % 25 AR 38 7 o ELIG I YR 3B AT A5 RT B9 7L
28877 1, DRI BdiE AT 4% 100 WA 36 05 bt s
SREEANIR R T IH IR iR B - . — 2D 5 1K
I PR BE - BRSOV AR

3 RELIMGAMER

TR EE T 2 KA ) N A TE LB 5 T 4
Y Aar A FH B N 0] U 24 5% & e H 5448 Kk Je 5 )
Ay 1M &2 90°, BMEZMEHT AT T AR
B TR BE 00 B A R B RN, I HLBE T K 2
Weibull #E5 T DU 55 155 780 O J6 il 1) G 14 0 K e 01
PRI, SCHk[ 14138 F Weibull 831 BCBEWS LIS &
T A ADL I A Y B S BT Y R R AL . BT
I R I SCHR [ 14-15 11 Weibull-Lognormal i
P A R B RY B TR B T 0 0 AR e R AR, X IE(E
S ST N ) - AR OC RN

o‘—aexp{;[ln(t;j:r} (5)

iﬂﬁ'%'ﬁ:ﬁ €€k ,do‘/dszo,o‘:(jpk aX‘Tit:(5)iﬁ’?i‘5k
F15

e )
f{ejaziexp{;{ln b }} (6)

L

B i AR 615

b= €pk (7)
Wil F 4 R DA G TG,
a = o (€))

RV 08 i 1949 1 g~ AR G R

e 2
%{ln(epkj } 9

AN
_ 9o _6 _ o
T EE (U-DE (10
Hi .
6 — E(1—D)e (1)



474 P2 B T R 222248 (2017) 4 33 B4 4 1)

S E Sy R oy IV AT 5 e o (0 e .
A5 sm=1/In(Eey /0,0 »¢ T B i % 4 i R L5 5 30 2 — M
E o B 1 TFEE AT e B T 0 I o 2 8 25
20 C12) X AE 3R fof 28 25 UK, 50 WK 100 YK 8 I AR i §20
107 /s W 1070 /s HEATILA 407 Sist
11~ 16 ot s 28 S 17 27 B I 24 L £ 28 O i 3o tof ¢
SKADBA R M, HE 11~16 151,58 (12) 7T st
S 45 328 5 28 R A0 6 2 s 19 TR 5 - 7E S ) o

e/10°
B 14 50 AGH 107° /s 3R Tl 5 5 815 % b F

Fig. 14 10 7/s rate 50 time cycle curve and curve

IO 78 S AR N ) AR A il £ P B BE AL

comparison chart

""" ﬁﬁﬂﬂ?c
I N
25 A5
20}
s |
S 15}
5|
O 1 1 ! 1 L I 10 K
0 2 4 6 8 10 12
e/10° 5
BT 25 AEHR 10 ° /s @R T4 5 405 X e 18] 0 . . . ‘ s . ;
Fig.11 10 °/s rate 25 time cycle curve and curve 0 2 4 6 ‘8 10 12 14
comparison chart e/10
o i 15 100 YARSF 10 ° /s SR F b5 5540045 AF Ho
25k — ok Fig. 15 10 °/s rate 100 time cycle curve and curve
comparison chart
20
351 N N
g7 Ne T e TRAG 2k
S15 30k — Ak
b ,' ‘\"
10F 25r
5| < 200
s
0 ) s 15F
0 2 4 6 8 10 12
e/10° 10t
B 12 25 WAEH 10° /s AR TR 54 % L E s
Fig.12 10 */s rate 25 time cycle curve and curve 0 T
comparison chart 0 1 2 3 4 5 6 7 8 9 10
30¢ e/10°
""" g 2k ) X . \
2l — UGk B 16 100 AGH 107° /s 3R T K 5 485 % b F
Fig.16 10 °/s rate 100 time cycle curve and curve
201 comparison chart
<
Sistf; i
s | 4 & it
10}
5|t A IO 28 Ty VO A A1 B e 4805 1R RN TR Bk R AT T
| PO 32752 0 0 40 5 X B 2%
0 2 4 8/1603 § 10 12 ZHHEAT 43 A IR AR 4 Weibull-Lognormal #i 5 4
B 13 50 IKABER 10 7 /s SR F it 1 54004 %) 1 MR R JEAT LG 0F 5 R B s FEAT X b, E AR
Fig. 13 107 /s rate 50 time cycle curve and curve mFr.,

comparison chart



TR B L 45 A IR B L R B0 A7 48005 3 A LR M RERIT 5T

475

K

1) A0S 56 - U6 {137 g i N7 A% R 23R 34 K i
WS 108 B i 43K 800 R B S 39 R i/ A LA

WA 107 72 i 4 A 7 28 U 800 O S 8 R i /) » ot
AR R R SR I O S A A o A R
FE OB AR B OB

2) LA il 2 53k 88 B PE UE AT X L, Weibull-

Lognormal #5475 74 ¥ 15 51 0T 45 4 i A5 400 107 48 976 24 Ao
BT AR AR R R A AT R

SE

(1]

[2]

[3]

(4]

(5]

[6]

[7]

(8]

OSHITA H, TANABE T. Water migration phenome-
non in concrete in prepeak region [J]. Jounal of Engi-
neering Mechanics, 2000, 126(6): 565-572.

BUTLER ] E. The influence of pore pressure upon con-
crete [J]. Magazine of Concrete Research, 1981, 33
(114) . 3-17.
IMRAN 1, PANTAZOPOULOU S ].
study of plain concrete under triaxial stress [J]. ACI
Materials Journal, 1996, 93(6): 589-601.

g, 2R PO, LB KO T A TR B T S B Y R e
(1], TR H2, 2006, 23(10): 141-144.

WANG Hailong, LI Qingbin. Effect of pore water on

Experimental

the compressive strength of wet concrete [ J]. Engineer-
ing Mechanics, 2006, 23(10) . 141-144.

FF, AFPOR. WA TREE L PR S A OC R 14
WMzt 1], &A1 5 TR, 2006, 25(8):
1531-1536.

WANG Hailong., LI Qingbin. Mesomechanics analysis
of compressive strength and constitutive equation of wet
concrete [J]. Chinese Journal of Rock Mechanics and
Engineering, 2006, 25(8): 1531-1536.

XV R LBty L TR [D]. KiE. KiE
TR, 2004

LIU Jun. The damage analysis of concrete and its engi-
neering application [D]. Dalian: Dalian University of
Technology, 2004.

MR se, BRAR . JHA B KA R BE 4 o0 He 4 5o 28 4
POIABRL [J]. TREJ1%. 2011, 28(11): 59 -63.
CHEN Youliang, SHAO Wei, ZHOU Youcheng.
Elastoplastic damage constitutive model of water-satu-
rated concrete under uniaxial compression [J]. Engi-
neering Mechanics, 2011, 28(11): 59-63.

FI g, PRt e, SEA5 7. AR EE + b sh S 5
AL A MR (], B 9 u K TR = M. 2009, 29
(1. 16-21.

BAI Weifeng, CHEN Jianyun, FAN Shuli. The statisti-
cal dynamic damage constitutive model of saturated con-

crete under uniaxial tension [J]. Journal of Disaster

(9]

[10]

[11]

(12]

[13]

[14]

[15]

Prevention and Mitigation Engineering, 2009, 29 (1).
16-21.
FUE, fffh, RN, % BN JPRET LB KR
IR EE L HTRR B A [T, s R 2R, 2015,
18(1): 24-30.
BAI Weifeng, XIE Wei, GUAN Junfeng, et al. Influ-
ence of pore water pressure on compressive strength of
concrete under complicated stress states [ J]. Journal of
Building Materials, 2015, 18(1): 24-30.

HE R, KK, mom, & fLBRAKE S &0 TR EE

T IR AL A [T W R R TR ER,

2015, 47(HEF] 2); 76-80.

HUANG Changling, LIU Changwu, GAO Yunduan,

et al. Failure mechanism of concrete under pore water

pressure [ J]. Journal of Sichuan University (Engineer-

ing Science Edition), 2015, 47(2) . 76-80.

ERHT, R, RO Sm P RETIREE L AR

BEANAS TG Rt 58 (D). TR 3%, 2007, 24(3):

58-64.

YAN Dongming, LIN Gao, XU Ping. Dynamic
strength and deformation of concrete in triaxial stress
states [J]. Engineering Mechanics, 2007, 24 (3);
58-64.

BRI, Ergl, R ALK PR 5 TR B 1
HAEPUREMERRM R [J]. EARTRM, 2015, 48(1):
11-18.

PENG Gang. WANG Qianfeng, LIANG Chunhua.
Study on dynamic compressive properties of concrete
under pore water pressure environment [ J]. China Civ-

il Engineering Journal., 2015, 48(1). 11-18.

WV, BT Stefan 200 1Y TR BE + B AL 40 WL Z6 1 51 4
B [J]. 54 TR, 2013, 29(4): 31-37.
HUANG Qiaoping. Stochastic micro-viscous damage
model for concrete based on the Stefan effect [J].
Structure Engineers, 2013, 29(4), 31-37.

FARR, AR, A, A B2 RS T LR 2
REE L AR T 5E [T, A 2 J15%, 2006, 27
(1): 151-154.

WANG Chunlai, XU Bigen, LI Shulin, et al. Study on
a constitutive model of damage of SFRC under uniaxial
compression [J]. Rock and Soil Mechanics, 2006, 27
(1): 151-154.

TR, ML AR BE L S A BH RS (D] '
SR 2009,

WANG Qianfeng. Investigation to dynamic damage be-
havior of steel fiber reinforced concrete [D]. Yichang:

China Three Gorges University, 2009.
(GifEgmiR 2D



