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Experimental analysis of dynamic properties of concrete
under cyclic pore water effects

Liu Bowen, Peng Gang., Zou Sanbing., Luo Xi
(Collaborative Innovation Center of Geological Hazards and Ecological Environment in Three Gorges Area in Hubei Province;

College of Civil Engineering &. Architecture, Three Gorges University, Yichang 443002, Hubei, P. R. China)

Abstract : Triaxial compression tests for concrete of size ®300 mm X 600 mm was carried out under different
strain rate (107°,107*,107*,107%/s) in 0,10,50 cycle of pore water and low strain rate (10" /s,10"*/s) in
different cycles pore water pressure (0,10, 50,100, 200 times). Comparatively analysis the changes law
characteristics about of basic physical mechanics parameters, such as peak stress and absorption of concrete
under different loading rate are analyzed. The results show that: concrete peak stress increases with strain
rate and with the number of pore water pressure cycles,. the concrete peak stress increases at the first and
then declines. with the number of pore water pressure cycles, shows the change of stages; Concrete

absorption energy capability is loaded with the strain rate, and showed significant increasing trend. Energy
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absorption capacity of concrete pore water pressure increases with the number of cycles showed shows

some discrete, but overall increase first and then decrease; Finally, choose sectional dynamic damage

constitutive model of concrete material which is based on statistical theory Weibull is applied to of sectional

dynamic damage constitutive model based on Weibull for analyse concrete material fitting oto fit with

{ experimental data, verified, and the results show that this model has good agreement with the test

results.

Key words: concrete; pore water pressure;circulation;triaxial compressive
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Fig. 1 Relationship between concrete strength

increment and strain rate
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0 0. 127 0.975
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50 0.176 0.915




% hf‘fb//qkscquedueH@i ’%; : JE IR LR 7K4¢)ﬂ TRt #&%'Tiziw’ﬂﬁ% 91

B3 2 WALl 20 QD #LA I 15 006 A0 OC JE R?
FIORTF 0.9, 3 W] RE 0% 52 4y Ml S 98 5 - e (L B
33 Wi it L T R ) AR A R

1 1 Al A, TR e 11 06 {7 B AL B K IR A
FRUCH BT A 5 B 5 B RS TR0 Y B B
A X BRI LG KRR A, LB A diK
AR AL B K T A B0 A 0 SR B8 - )~ P BE 19 32 i) =
ZERBAEMATr . — B IE R T MR EE + oy Ee ™
A T 2 ) (ol R A 5 R AL BRUK A FL B S T b AR Y
RAVERON » B Stefan 2800 o 1R BE 1 14 W4 {501V 77 Bl L
B A PR OB 3 0 B B B 1L L 2 A ER
UECAN KT 100 YIS S W AE N g 52 38 R AR 3 o 25 i
FRRBOEEF] 200 YOI o W {E R ) IF 46 980/ 25 416 36
KRR T 100 Yt FLBR K 192 32 1k 77 A A 3R
BE L A BR BB 7 A — o RO R AR
on st 22 3 FLBR KRR T« TR 8 L B b e i
T K 252 20 S ER A B FL B LR AL TR i A ot
2 AR AN Stefan ROV, BV Az BH LR Gl AL B9
FBE 3 I ELAE — %€ AR 0 UCRGE FLIN - A Jo A A
(4 K B2, Stefan R0 2% BUAT BV 8 B 28 5 5K
TRBE T 50 B 3 K. 0 30 OBt — 22 M ik
2] 200 YK FLBLK (14998 3 T 77 45 R A6 i 5k £ 2R
BRI 07 - 6 A0 S 4 R e R Al R R R WL
8% R0 23 7 HE BT I B A0 2R AR I A 52 B A1 B A
BN A Stefan O™ A H 7 WL 2 5% w19 £L K BL
PRAE o 3 S M, S BT IR B 5 I BRI
DAL IH T 56 - i 798 2 U 5 3 B e {1 0 ) B B
AR T B A — i YR 1 5 K 4 B AE RS BT
Stefan N 3 58 1R & + 19 P0IR 58 B (FUB L X —
FRAE Jev » o T L BRK 1 35 38 T 3 3 B P ¥ 0 A £
PR A B A REE T /N TR BE L B PR SR . AR
56 T G R v T AR S Y A% g A T e TR T 2E it
Jin G i i A% 32 B 4P L TR IR K g 0 1 £ 2%
FLEAE AR E b 25 S0 it i R I X
IR BE A AR B R R . [
IR 204 17 8 3 3R R YR R B A P S R U
T REL A R R DR T TR S L T AN P A 9 R 8 1 o
DX Jok e B o oA S 22 1) B ORE BB IR . DA T TR B
RT3 R L I DX 2 T A R TR O A A R
YRR

3 REIWERNDH
R GE - 1 % i il 1 TR e B D R

T I T W WA ) B o S R B P AE T S M RE I RN
Watstein''® , Takeda &MY 1 8 95 32 B . Bl & 7 28 38
RGN, IR e W BE B8 AR R 3 L A R

max

Szlﬂfz\d sde 2)

.S A B BERE J1 s U Ry B A K B A g = 25
FEsV R T 50 NI TT 56 R A 5 e S W AE NV AR
FAE (2O X 50 il 2 471 H 58 45 80 1 2 A W] AL
B 7K A8 PR A S A4 TR B8 b 6 A ) 0 A8 3 46 (107
107,10 7,10 * /) PRI RERE I E L3 3.

£3 FARMTEETRELRAER

Table 3 Concrete absorption energy values

under different strain rates MPa
BRI JAGIARY W
B/ 1079 1071 1073 1072
0 48. 34 49. 97 73.45 152. 31
10 55. 14 55.62 107.18 137.10
50 68. 00 53. 31 129. 51 158. 19
100 77.88 123. 33
200 72.60 96. 38

Hi¢ 3 FIAL . TR BE 1 Y W2 RE RE J B T 0 R 1Y
S B U R A . R BE A I REfE
Bt L It I T A B T S8 8 o 2 B — R ) o O
{ELRE A b 5 5 1 DR el /s 9 8 5w ik 5 1R O e U
37, 77 Bt 47 B U R 7 A LA HE B

4 BRIMGAGERES

HRAE I AR S AL Y TR B 2 SRS R, 2
PR R A AT 7 -7 78 A ¥y 5C 2RI LD TG 45 6 R
A T ROk S s RS T 3 J5 19 A R0 g ok
RICTAM B A A i 2 R T B AT, i T4
E N BB A5 1 o 2 bR 2R 2 AT B oK A7 400 1Y 4 RSBEL ) A
BN V00 X R BN Ve BAREL (4 SCIRED
V.l V=V, -V . gl Aflith s D=V,/V(0<<D<
Do MNTTARN KN 6a=0/(1—D), B 6= (1—
D) 6., 0.=Ee 1%

o= E(1—D)e (3)

WFFE R, R H Weibull 23455 W] DL A 3 455 40
HLE i A o I S O STV 3 (S 8
Weibull"™/#£ 1939 4E 4 H T — H IR FH 241 DL 4%



Jhttp://gks.cqu.edu.cn

EARERE R A

# 37 %

TR N FE Al A ME PE R IR Gt e . RN 45
1) 25 HEAS BT AH B ST, HLAS B OT Y 1 AR ST
SEBEAL IR A o 25 S 25 4 1 A 55T A AR i DR I gl
AIRET R RS B AR PU AN SR AR, — FRAR
S BOEAERBIN . T ARG R
hZ% D R Weibull et 0 A i, I 20 th T A
JO7 045 AR TR, T g A 2 R - 5R E E
it 40 MPa B}, Lognormal X 1E 2573 47 F T4 ik 1
{ELJG P R )-8 56 3 5 L Weibull G434 B4 38
X UEE AL I 3 ST L - AR S B
o = aexp{— 1/2 [In(e/b)/t]*} 4
HIUTH R EIEE e=epdo/de=0.e=¢p 0=
oo tRIE R 2 (4) 5K T A 15
do/de =— aln(e/b) / (Pe)exp{—1/2 [In(e/b)/t]*}

(5
B R FMRAR G g
]7 - epk (6)
Wil B e RO RARK (DT 15
a = Opk 7

RO A5 WA 5 1 N - A% 56 2R R
o = owexp{— 1/2 [In(e/ey) /1)) (8
AR 4 1 A8 S5 A it B AT A

e=0/E=0¢/E=0/[A—DE] (9
Ap
o= FE —D)e (10)
AT o 8 N7 45 A5 A 2 Sy
Fe{exp[— 1/m (e/ep )]} 0 <e < e
T {apkexp{— 1/2 [In(e/ep)/t]} € =en
(1D
K epc o Ml E Ay W {H B A2 | 0 fH R 7 R0 8 1
Stm Al e 53 5000 B BORUT B B T IR 42 i 2 8
Hrbm = 1/In(Ee i /o) » ¢ T B 38 32 X5 W g - I A8 42
HESE RS EEC N
A LD X3 2% 107° /s (JF# 0,10,50
YOF 10 °/s(PEH 0.10.50 O TR EE X 14217
Bk, WK 2~7, B a,c 485X RE 1077 /s,
107 /s,
& 2~7 AT LVE 1B IE /R Weibull 483t 43 fi
155 Y B A A1 4 1 X = il R 45 1% O R B TR &€ T W -
IR A AT I o ST R A A AR R S TR e
AR 0 2 4 5 ARl AU B ROR B L 8 X TR B
T WEAE FT IS LA R T LATERL R, R Wi Y

351

@
S

N
2

(o~ 0,)/MPa
; S

=

w
)

/107
 P— 0aiRB ik —— HIAHZR

2 10 EET 0 RIEFRI i £k S & th et LL B
Fig. 2 1077 rate 0 times cycle curve and curve

comparison chart

(o~ 0,)/MPa

£/10°®
S — OcikE gk —— AWML

B3 107 EET 0 REFKLE & SIS HEIT L E

Fig. 3 1077 rate 0 times cycle curve and curve

comparison chart

w
k=)
T

%
7

£
s »f
-
115}
5

100 o,

\'.
N
5p :
e
0 T 2 54 5 6 7 g
/107
b ER— 10aiR B ik —— HIA ML

4 107°FEET 10 RIEWHNIE H 2k S & M 23T L B
Fig. 4 1077 rate 10 times cycle curve and curve

comparison chart

HA T Z 8 TRER A 57 Az B S 50b i 7 T
2N o



% hf‘fb//qkscquedueH@i ’%; : JE IR LR 7K4¢)ﬂ TRt #&%'Tiziw’ﬂﬁ% 93

0 2 4 s 8 10
N0
P e 10cABING —— HLAIL
B5 107 °EET 10 XIEIRXL #h 2k 5l S i 3T L B
Fig. 5 1077 rate 10 times cycle curve and curve

comparison chart

35
%
301
o BF
a
2 \
; N
g 15+ q
10}
5k
s
0 2 4 6 8 10
/107
bz cOR— 50aiRI i —— Blos

Bl6 10 @HETSORFEHRLEHMESHEHEILE

Fig. 6 107° rate 50 times cycle curve and curve

comparison chart

(0,- 0,)/MPa
5

o1 4 s 3 © 1
£/1073
S C— 50cikB ik —— IS

B7 107°#ET 50 RGN #h 2k 5 LS H 23T L
Fig. 7 1077 rate 50 times cycle curve and curve

comparison chart

5 & i&

iﬁﬁﬁﬁ%i?ﬂﬂﬁﬁﬁ*ﬁ*lﬁlﬂFﬁ'@ﬂ(ﬁ?}ﬁ%ﬁ(
2. FIEJYL”'r o A P Al R 2R 0 YR BB A 1 i 1 R L 7
AT 4y

nmﬁiwﬁ 7 bl 17 A T R i 4 K
rZéO 10,50 WAEHAE 5 » ‘/mé‘%ﬁihﬁﬂfil‘iﬁ@

AR Y 1 5 A AR B R R PE R

2) 1R BE - 1% W RE BE 7 Bt 43 32 A 3G L R
0 G OR A R A, TR EE T WL RE B 7 Bl AL B K
8 R UK 38 e B — E 9 B R (H R 2
FEHE RIG D8N 1 B, 5 TR B U (R ) BE A PR K
By A AR .

3 IR 25 R UE B L 8 37 19 Weibull-lognormal 43
B s A W BT L AT IR T = 32 e 0 A TR B
TE A [7] 02 3 28 8 453 47 4

SEHK:

[ 1] Butler J] E. The influence of pore pressure upon
concrete [ J]. Magazine of Concrete Research, 1981,
33(114) . 3-17.

[ 2] Yaman I O, Hearn N, Aktan H M. Active and non-
active porosity in concrete part 1. experimental
evidence [ J]. Materials and Structures, 2002, 35(3):
102-109.

L3 ] Filgde, Z2Pak . AL B A W 25 VR 4 e 1 5t 2 1) 52 T
[JJ. T H12£,2006,23(10):141-144/179.

Wang H L, Li Q B.Effect of pore water on the
compressive strength of wet concrete [ J]. Engineering
Mechanics, 2006, 23(10): 141-144/179. (in Chinese)

[ 4] fhspok 225 f) L e v . FLBRK B X IR BE L 40 R ok B
SRR AL NRAKIE.2009,40C 3) :54-56.

(5] AAE Ty, G0 . A RE BE 1A OB & B A AT 5 B

52[J]. AKAIEAR, 2012, 43(6):667-674.
Du X L, Jin L. Research on the effective modulus and
tensile strength of saturated concrete [ J]. Journal of
Hydraulic Engineering, 2012, 43 (6). 667-674. (in
Chinese)

6] BEZEM . Ih 15 BRIE R . TR BE 1 2R3 4 P A 5 7Y
Mt SELT ). JREEL . 2011(4) . 23-26.

Yao ] W, Sun S Y, Chen H R. Nonlinear constitutive
model research on concrete (multiaxial) [J]. Concrete,

2011(4): 23-26. (in Chinese)



http://gks.cqu.edu.cn

EARERE R A

# 37 %

L7]

[8]

L9]

[10]

[11]

SR, E G0, AR A AL B K PRI P YR BE 1 5
ShiEMRMRI]. £ AR L%, 2015, 48(1):
11-18.

Peng G, Wang Q F, Liang C H. Study on dynamic
compressive properties of concrete under pore water
pressure environment [ J]. China Civil Engineering
Journal, 2015, 48 (1): 11-18. (in Chinese)

EIAR RS R =R RS IR B gh A
AR PEDESE [T ], T J12%.2007.24(3) . 58-64.
Yan D M, Lin G, Xu P. Dynamic strength and
deformation of concrete in triaxial stress states [J].
Engineering Mechanics, 2007, 24 (3): 58-64. (in
Chinese)

RE £5 B, PR8I R, 81K SR, 58 . TR B - Johnson-
Holmquist A #4 # B 3¢ 8 2 B wF 58 (1], LR 1 2%,
2012, 29(1) . 121-127.

Xiong Y Bs Chen J J, Hu Y L. et al. Study on the key
parameters of the Johnson-Holmquist constitutive
model for concrete [ J]. Engineering Mechanics, 2012,
29(1): 121-127. (in Chinese)

Watstein D. Effect of straining rate on the compressive
strength and elastic properties of concrete [J]. ACI
Materials Journal,1953, 49(8) . 729-744.

Takeda ], Tachikawa H, Fujimoto K. Mechanical
behaviour of concrete under higher rate loading than in

static test, mechanical behaviour of materials [ M ].

Kyoto: Society of Materials Science, 1974 479-486.

[12] Lemaitere J. Local approach of fracture [ ] ] .

Engineering Fracture Mechanics, 1986, 25 (5/6):523-
537.

[13] Weibull W. The phenomenon of rupture in solids [ M].

Stockholm:
Forlag, 1939.

Generalstabena Litografiska  Anstalts

[14] EER IRUHR A A . HZ RS T IR 4R

BE LA RO S LT ]. & b 5%, 2006, 27 (1)
151-154.

Wang C L, Xu B G, Li S L, et al. Study on a
constitutive model of damage of SFRC under uniaxial
compression [ J]. Rock and Soil Mechanics, 2006, 27
(1): 151-154. (in Chinese)

F L0 . AT YRR B L S S B R OF LD WL E
Er - kK2, 2009.

Wang Q F. Study on dynamic damage characteristics of
steel fiber reinforced concrete [ D]. Yichang. Hubei:
China Three Gorges University, 2009. (in Chinese)
BT . BT Stefan 2500 19 1R B 1 BEHL 40U 55 M 41 15
BERI[T]. 254 TR, 2013, 29(4):31-37

Huang Q P. Stochastic micro-viscous damage model for
concrete based on the Stefan effect [J]. Structural

Engineers, 2013, 29(4):31-37. (in Chinese)

(m3E WED)



