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Abstract: Tailings dam is in danger of liquefied instability under earthquake. The liquefaction process can be indirectly reflected by
the evolution rule of the dynamic pore-water pressure. To study the dynamic pore-water evolution, a series of dynamic triaxial tests is
conducted. The results show that: the development of dynamic pore-water pressure of the tailings is characterized with different
stages, including an S-shaped curve under isotropic consolidation and a J-shaped curve under anisotropic consolidation. The critical
pore-water pressure of tailings is close to confining pressure under isotropic consolidation. The critical pressure, less than confining
pressure under anisotropic consolidation, decreases with the increase of confining pressure and consolidation stress ratio, and
increases as the average particle size of tailings increases. The critical pore-water pressure equations under the condition of isotropic
consolidation and anisotropic consolidation are derived based on the theory of limit equilibrium, which explain the dynamic evolution
of pore-water pressure observed in dynamic triaxial tests. The results provide reference for seismic design of upstream tailings dam in
earthquake area.
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Fig.1 Grading curves of tailings

3 IR

MR B B, Bt 4 4RFF
S PR RTEBEATHORT, SRS 20 SUAE [ 45 3 g B
K. 0 1.0, 1.50 2.0 (40 FREATIA 450 [ 45 5
FEIAGEER AT, TLEBIR . IR R S B
JIEH InE T .

TG I LA D R (LR ey )
AT o S TALR R A T IR AR HE 1 1
B ORIFIREIAFRE T ARSI 5 8 B I 5L
EHAPZER, MET oI, ASGREH LR
IV AR Ky 281 ARG (bR it - J 56 [ 45 )1 (K, =1.0)
(IR R I AR B v kg Ul 1) Bl AR (1) 5%, AR A
[ &5 ) (Ko >1.00 IRERARUE R BN AE CRIFETR
BN ARSI AR ) 1) 5%, AR EE 204 R
R BT B o

4 WIREIR Ko

4.1 BEEXET LR EAR R
AR R T R giib FLIR /K 738 4k 304 it 2%



%3 SIS E A NGIHETE S

TR B FL R A A 817

Bl 2 s B AT DU s 7RSS I [ 45 45 (K, =
1.0) &, fLEARREIME R LR “S” B, w504
3 B RIATEERT B FaUE BB BB R 4
KErBG PRI 4.4 97038

200

—e— 200 kPa

FLBRK 7/ kPa
s

50 -m 150 kPa
—a— 100 kPa
0 0 200 400 600 800 1000
IR/ K
(@)K, =1.0

200

150

FLBRK 7/ kPa

100

—— 200 kPa

50 - 150 kPa
—a— 100 kPa

0 1 1 1 J

0 300 600 900 1200
e W
(b) K. =15

120

—— 200 kPa

FLBRK 7/ kPa
N
(=)

30 -a 150 kPa
—a 100 kPa
0 X L 1 1 1
0 300 600 900 1200
P I
(©) K,=2.0

B2 AFEFEE TR R L
Fig.2 Pore-water pressure curves under different
pressures

P s 50 FL S JR PR S i) 2 AR TILAE - T P
IR BAHF LR Pl BN A (RO i, 1l
T URRRIA I (0l 5L R, ARG BE T
st HSOR,  WIHART BOAL A Ji 2 R 4242 1l
182, WA IESE KR Be AL A Ji i e Rl A AR A b .
P S 45 4 (K.>1.00 K, FEXFLE K
JEEFRI SN 5 8 i) S5 P [ 45 2 AF A AT ] o I — N[
(72, i s [ 2451 R FL B AT B PE RS KB B
T URRRIA I (1 L AR 28T Bl s, FL R HsBox,
Il S LR o
4.2 [E4N S e By shFLE A KIEmR
I 45 W ) B LB s 0 R e RS2 ma B 3 By
No
MR LA B 45 P ok, Sl
S SR 2 IR A T8t HAT 1) R 3

HaFhe [ A5 HBOR, 3k AR [ FL S B A 4 290

200 —K.=1.0
& - K.=1.5
= 150 - K.=2.0
R
= 100F
.\_y:’ p
£ 504
=~ 3
O 1 1 1 1 ]
0 500 1 000 1500 2000 2500

P IR

B3 RN 45 LA FL AR 2 R 1 28 (=200 kPa)
Fig.3 Pore-water pressure curves under
different consolidation ratios (03=200 kPa)

K. = 1.0 I ¥4 i 5 e Be i) BT F BAT R A2
Yo BEWIFERUMIRUGERIN, LIERRTHE, R
WA R LR ENE, RN AE/ N AR AR R 1K)
R, RACRIRL I HER RN, A )k
NS IR GV R U A
4.3 PRI R S EALE R0

RN P RAR R LUK B ) R R e - 4

PR o
200 -
<
S 1s0f
= i
4 100 | —— B
p = RA
& NS
= 50 - R
~ - M
0 1 1 1 1
0 10 20 30 40
PR/ IR
@K.=1.0
120
<
[=%
< 90
R .
£ 60 e
g 5 —— B
== - BN
0 1 1 1 J
0 500 1 000 1500 2 000
PR/ IR
b K, =15
120
£ 90}
-~
R
= 30F - B
AN - M
0 1 1 1 1
0 1 000 2 000 3000 4 000
PR/ IR
(© K, =20

B4 AFRRAZET HIFLE AR R 142 (05=200 kPa)
Fig.4 Pore-water pressure curves under different
grain sizes (05=200 kPa)



818 b +

b 2018 4F

ME T LUE H, SRR LR K ) K
rmi . W, Banb. BRI 1,
FFEIFRIK NI FLR R EE R, L & A i 2 ik
UARTEo R R, M IR VI FL S
N, MPRHTRALRE T . SR g5, R
SEIRARER N, FURR FEAIURI B fh 2Rt T2,
PSR PERE KB BE I 2R B,  HLRRI LR S
B AR BT o s [ 250, ANFRDRLAR B ke
FEBIAI G S ALE RN TR, PRz
K, IEFAFLEBK.

FEn FLER /K 0 i e L5 AR 1 IE /K g
BRI Ko S TRE RO 1, kL [k
TEES, USRS 1 T 3 fE K vk e
(U4, A RLRLARAS /N, A Py AL B b
ZARN, FECAABIE AR, AR FLBK
IRAEHEH o T ALK R A R B e R, b
PRI 5N 2R A, T 28 FLBRK R 0451 4%
JE 77, RN SR A 0, ARG R e 4 2k
XA RN A WAL .

4.4 BEY 3hFLEEA SR

N FE A BB ALIR (R KA, T AL A
WO B — A Ab 3, &5 VR Ak B s
A ShFLISUK IS Sk 2k o R rR R AL bR g PRV L
RIREG IR IR B N 5 A R BRI 1 9% 3 5L
Ny ZWAH N/Nus AR A FLBR/K R LG, RIFRAL
FEL, BIFLBUKIE D SEEZ Wa /o, .

1.0r ——K.=1.0

- K.=1.5
- 0.8 - K.=2.0
R L
g 0.6
oy 04
=
& 0.2
OAO 1 1 1 1 J
0.0 0.2 0.4 0.6 0.8 1.0

Eid/¢=4

B 5 FLBSKIE A st h 4%

Fig.5 Representative pore-water pressure curves

S v LG e AR 4544 (K, =1.0)
T, FLBRAK R R R T S B IE 5% st
LIRS R 3B RN R MM I
WILRBY B, FL s R8s 41 2 (8 i 39 ek b 7
M5 BN R AR, R R B w AN, JEk
S EME, BRI 0.0~0.2 25
PRI ELAL T 0.2~0.8 Z A, A #RHABhfLE
HENFRE KN BE, 12 BAL N b PR sl B

BEMAFRS ETE, IR RN, TR EER K
PWXEERT 0.8 I, W I RHKZ) L 2E AR
BRI B, B B L s 3 8 B R 3 OB 3 &
Jil ETE, iR, TBARE T IMIE . R 45
AT FARFEIG AL E L T 1.0,

X5 R 45 4 1F (K, = 1.0) FIISFLIERK ih
20 3B AR IR T RS I
T LA AT T R ERR N, BB R
BAK, UAETFARI BALBRK R A S L, fLIE
PG, BIEPOE BB FLBRAK B g i 38 A
10T AN IR 1) AL AR B A e B,
RGN, B PRAR,  RIR e K
B BAE A/NERRLINEERS, RS BIROR, FL
B, ERLURETHEE, RS RK
B

fEmEE 544 (K, b 1.5, 2.0 F, fLER
JE M mT T B H0R B2k, 22 2 AN B
N MPRMER IR MEBIAIARI B, ShAL R BRS) Ik
By ETE SIREZATRT 0.4 1, Bl
FREI GRS N,  FLERK IR ZHTN, ISt
LR TR e, BB, mALE
OB SR, TEIEIAAEAEHT R, BRI
T i Fs ] 45 ] L B/ Fs g A ot 5 ) AR 8 ik
N, EEEAR R BB,

AR AN [F 1] 45 L IR R R i s ] 45 2%
AR IR A LR N T R, RS LE LN T
1.0, FLRSE LR, i FAL Lot/ o 78 et
WA, BN KT 1.0 1, SLIRFRA RN G
T HOE, TR IAEAE, R N AR Y
PIVERD, BT B IR R e SR B, K
ATRD LR AR A, A B R e A
bt HR, BN SRR IS - AR AR L
SN (EABIN SO, IRENIN S LU AT
FHBER R ], kM LARFA i, RBDFLER
IKEE T o

T4 [ 45 41 P I Bh AL & R, AR
R I PR ARG A, AT LU Seed BEAUHIRD,

HZRIEAN
1/6
L garcsin [ij (2)
o, T Ny
Kb 0 AR LK S5, HAES L RF
KREFEAR; o M.

[ 2 Seed BRI & an & 6 s X1



53

SIS E A NGIHETE S

TR B FL R A A 819

i s [ 45 251 R BhFL R IR, Seed BB TEAN

SEATEAM, SRR G, SR R R L A T
W sl AL BT, L EAARIA A
lza(l—eiﬁNi'-) 3

O3

L a0 pHRKRSE, 24, BIEAEY
PR GRS E A LUPSE 1Al NI ST S { Waoy, 3,555 e i E2 4
b iR R KL b o ST A #RE, AR
A th& i 7 s

1.0
08| y:garcsin X0
E=Sh n o
R L R?*=09516
g 0.6 R
= - R
— ° & IS A KL
Toezr — pleis
0~0 1 1 1 1 J
0.0 0.2 0.4 0.6 0.8 1.0
/44

B 6 SGIRE M T LR B Lk
Fig.6 Fitting curve of pore-water pressure
under isotropic consolidation

Lor o R KR
- B IEA R ik
o 08f aoney == A BUBTRIIA i 25
_4‘3 y=0.56(1-e""")
w 06F RP=09982 -
= 04 =
& 04r -
ﬁ ,,,, T\ —1- —0.831x
0.2 O y=1l-e
T R*=09511
0~0 1 1 1 1 ]
0.0 0.2 0.4 0.6 0.8 1.0
PRIKLL

B 7 B 45 20 T LR AL & i 2%
Fig.7 Fitting curves of pore-water pressure
under anisotropic consolidation

5 R SSUSEAL R A = T

M BRI E R LA, R ) fUE s
DRI N T AL R Zon By
SN FURBEALIR S, R R bR i, b kg
BHERIRPAPIRGS B CHPRHRIDT AR D i FLER
AKEFT, BV FALBUK ) ue 52 LIS DL

TBGE FOBHIHS AR B 2 AF RIS T30 701
b, HahBr B 8 (1) Mohr-Coulomb A3 (1
IRERAHIA,  BIHRE 3h A7 RN R S A T 0 AT
BNEE M. K8, N BIOFR RIS T
PR, N B @ sl A Bt et 7 5 KT
NI, RSN 851 IR e o, B TR N T 15 3

At AL A A T Y AL BRSNS
FAT 0N T3 27 I 182 3 B8] g AN M [ R 255 2k
Bool) (LA N i 2288 8)) o A ALBUK IR ik 20l FHE
uee I, ) R SRR L 48 AR V) o 4R BR~F- A 4% A1
KIS PRHE BIBIRIRAS .

B8 MRMRFEPRE T HIIE R FLBRAE S
Fig.8 Ciritical pore-water pressure at the
condition of limit equilibrium

MR 8 F LA, AT LUHES AR PPk
AN Rl SR LBSUK s 0

’

_oitoy o,—0;+0,(1-sing’)

uCt‘ 2

tan(p'_ 2sing’

4
BN RN A ISR W i N IDIECR V€ PAREC]
BN o WEIN DRI o ).

M (@) WTELEH, wFALE ue SHEHTRL
PUBTRESEbR ¢ @ RN A o) Bl K oy
BN R oy A Ko AEHTIm A AL 322 — A2
SEMAIN S R SGABOE oAb 5 D8 28 [ e ANAL
5.1 S5 M B 45 B FL IS AL B AR AT
5.1.1 A5 [ 45 I B Hoont )L Hs i 40 52 i A

RIS % 0 (K =1.0) F, Bo, =0,
I, 1 (4) TR A 1) 45 [ 45 254 T i
G LR I ) T R«

u, =0;+Ac (5

HA

’

:Gd(sin(p'—l)+ c 6)
2sin g’ tang’

Ao

M (5 FTLLEH, I FALE ue 5 H R oy B
LMEOCR, BIRBOC, WIS FURAEN R, B
PUBALRE 75

MW C5) Erf LA H, 2 o,=0 I,
u,=o;+c'/tang’, BILEE AT, R MK
TRRIIATAE, TTRENS 7K 2R e T B i AL



820 b +

b 2018 4F

Fe, RIURPREA SRR BRI RN g, FRAN
c'/tang’ =10~20 kPa, H.Bf R F-Hki 42 18 K
I o

Yo, >30kPaltf, Ao <0, u, <oy, BIFLEAE
3 B BB B ARL S QR ZEREIR, BRI REAR A 21 58
A, AT BB B, WO PRSP b L
WAAREAR—28, RIEERTA Ao -
5.1.2 S5 FR[E 4 I RAT RLAR G Bl L AL i fig AT

X @) K& (5 hEAREEHIRIESHL,
(ERESEINITIHEE L i = O YR Gl B DA R 2t i
() A7 AR R PRI A DG, DRI R LB 5 B F b S 4]
e I I TR [N

¥ (5) S 13 BIS5 FRE 45 4 F T REMS 1182 I
WA RLAR 5 I S LR IK B ) 56 R 1 75 e

u, =0, + % + —zc'c;:ifipj % D

XTHEILEN, Mo,>30 kPa I, X (7)
Ja— WA SUE, HBE @ B, W ue 2 @' 1
HERR L, DI AT DA i AL S R A R By
SRR FOEAHSCHE . 52y LI PUBY SR R 3R
WA AR R g5k N PIRASSE, vk
S A E R N ARG AL . — RS,
RN PRIRARBOR, HA RN B ABOR, A5
FEDIHN, WAHRE R I S ALK, MR e
JIHR
5.1.3 A5 [ S5 I Y ) ARG Bl L s A0 52 i gt A

M (5D ATELE i AL 5 B Y ) A A
AR R, LV RECN —(1-sing’)/(2sing’) ,
LO 280 R P G X THORDRL R, 3
HLHR-0.4; X Tk, HAHZ H-2.00 X H—
g e IR, BCELOIREOAR . BN HRAEEK,
FHIE PRI L HS N, B RHIIERS By 1k BIRAIRES o

ST LR MEL, o, =30kPalf, Ao ~0;
c,<30kPa i}, Ac >0, H Ac Bl o, 1Tk NG K .
B, X7 o, <30 kPa /MR BN fT &, O AL
—RASIRAEMIR, X TRMERST, WIFLREAAZ )
BN SRR AT IAF] 40~50 kPao IR N Sy i
VKT 50 kPas
5.2 M [ 45 i 3l LS AL B BN R AR AT
5.2.1 i s [ &5 B BBl 6] Bl sy A4 5% i figé AT

g B 4544 (K, > 1.00 T, #o, =Ko,

A (4), 730 [ i 45 251 I - FLBSUK S 7
T

’

o 1
" :crd(smgo )Jr c

cr . , ; +AG3 (8)
2sing tang

K A IR FSLELE, ARPRIT AR I 1 L
Bl L s 5 il s 2 L

1+sing’ _1—singo'K

A= C))

2sin g’
M (8) WL, (i[85 401 T, AL
Jis b5 B s HA AR, (B SR IR T A k1l 57
FLIEE A BYIESL,  BIER TR A 2 A A
FLR S5 JpIRE
2 2=0, ML (9) FTLA#TS
K, -1

£ 10
K +1

c

A o HahfUE A RA BN ESE M (RFRS) R
1o Mo > I, A>0, IEAFLESFEZIIE
MM o' <ol, A<0, WFAFLESF K2
FAHRNE. Mo =@ B, A=0, IGFAFLEAZH
FEARAIR 20 o DRG] FRIH B e SCE Ay Al s [ 45
I P i 5L s 5 Bl S BIAE AR S I 1R B N RUOA
FEHES o

M (10) FTEVE Y, B o) BER 25 E AR
o SRR, o) WK, BRI, WY
FERIAT RN PR S e 2 /N T BR A o] 5 I 5L s
5 Fl R 5 SR DG o M ] 25 LB T 1, BB A
BT 0, BRI A A EEE
@' >l >0, InFfLE S H S AR, XK
ALLT- 45 s [ 45 IS TR A L o

M5 10D T AR 25 07 B K IR 3l
oo, FITER1H.

2sin g’

@, = arcsin

R ANFIE LS S FL R R ER 2N B A
Table 1 Cut effective angle of internal friction for dynamic
pore water pressure (¢,) with different
consolidation stress ratios (K.)

K, o./C) K, )
12 5 3.0 30
15 11 4.0 37
2.0 19

5.2.2 i F 1] &5 I [ 25 B xS 3 £ LIS d5 4 52 i e A
B @) it K s, 13



%3 SIS E A NGIHETE S

TR B FL R A A 821

o, (1+sing’)— o, (1-sing’) .
2sing’

u. =

cr

’

c _63(1—sin(o')K
tang' 2sing’ ¢

M 1D FTRAE I L s 5 25 L A A
GO, BRI S5 LR, ISR, R4t
WAL RE T BEAIC

Fiakhs N (9) BRI EUKRIL, H T sing' <1,
WOl AL L A BB S5 0 b K IR TR o 4
X BB AER

QD)

K. +1 K -1
2 2sing@’

A 12

AL, fERE SR K>1.0 1, IESFLE L
A <1, HAPEPRATHE RIS, 208 B3GR,
I AL BB 2 36K
FALT-AE IR [ 25 ) it o, 4
,_ou(sing' 1) ¢
2sin ¢’ tang’

’

Ao (13)

JUES)

u, =Ac'+ Ao, 14

XITHEILBE, f£o,=30 kPa i}, Ac'~0;
0,>30 kPa I}, Ac'<0, H Ao Bfio, FIH KK
No B, —AEOLN, u, <oy, RITESRESINT)
i B NP TR 1 WAEW/SE S N £ A G =
fi] 45 LEAOR, Il A ALH R
5.2.3 i s [f 45 I8 A REARXS B L AL i i A

K (8) ZHIEA RS

_(1-K,)o; -0,

", : 1 N ' +(1+Kc)03+0d

sing’

tang’ 2
(15
M (15D RTELE Y, i [ 451 B
FLAR RS i L S PR S 5 45 T [ 45 I B0 AL,
EaY K NN R (VES: NP =Y T IR U A
5 o
5.2.4 i s 1] 45 I8 . g AR 20 FL IS AR S Wi fide B
M (8) ATLLE M, Il AL 5 3 . A 1
KAREGELBEGENAHFE,  Eef R cbAH =, Hilm 5t
FLHAZ B IR 20, AEE AR EEE .

6 1 w

IS fia) B8 s [ 45 2 1 10 LS s A0 R PT LA

2, URERENRGHNBL U IR SlE
TH K7 3 BOA 2 s, T2 B W1 R R 4wt
FLH I ARPERI I ] LU AT A WAL RREA
(R, UK RO  iiti DR R 2]
FEPE, SIS T SRR, K& T AT IR B

o, WIREG SRR, i s [] 45 17 A6 5
A AL SR T [ 2 ) BB B, IR s s
B AL PR e S U 0 JFAF [ 45 (K > 1.0)
2 =B B ARHE R B NAE 5%, BRI EARAEAR
Ko AHRAERE IR, IFRAT S TR SR PEROR .
APUAHEN, ARG ARSI, (A O B nlfE
MBI RR . SR ETHRS L

I AR R 030 2 2R WL 2% PR
Sebr b, BB A B 0T R ARG K R AL (K
WS, SRR AL IS, 2T BhfL s
MR e SRR G M ZAL IR 2R, TR 45 & AL BB AT
FUALH I AL 2 P AR R R B S

7 4w

(1) AEFEIAEATERT, B KL A
A7 1) A5 P [T 0 O M [ 45 2 FhEATE . & 10 55
B[ G556 T LIS A 0 3 AMBrBe, FTLUH S
TSR AESZ PR K e A 1 i L 5] 25 2 AF R 1R L s
KA 2 AN B, AT LU T 4R ek Bt ik .

(2) B AT BRI A7 SR &5 A ) TR 1 4
o B0 AL A FE R M A rr AR BILAE AL A RE 1)
WIEEH BORBEAVERI B B AERIARIT B, [l sl
Ko ALK gl R AL g, MAEBIA PRI K
BrBe FIHBOR, LR e Rl ARt .

(3) [l & HEx B LR B th 2k i TRAT
T, M5 K =1.0 I, fLE BTG EY
BHARANE, Hin AU T H s BEETE
ZELLIRTR, SR R 2 N8, kR
WY B A RN K, HLm S L3 /N T Fl s, [ 45
POBOR, S L) o

() X R R AT, P EIR AR,
R ZERIEM I, Uk ETHMA S . WY,
M. kb 2Rk L, MR 1 FLAAK X
K, PUBALREIIZHT F B

(5) i Hs [ 45 4 A A7 AE T BRAT R0 R4
fiiol, HRIEHIANES M o > o I, Ik FHAL
Je 5 E s SIIEMRME; Zo <o i, ImASLES
F s S LD AR S



822 = x5 % 2018 £
2 % L M 2006, 25(Supp.2): 4034—4039.
(91 T, 4RBOW, FRitas. BRI s R R I

(1]

(3]

[4]

[5]

(6]

LEE C J, SHEN S F. The stiffness degradation and
damping ratio evolution of Taipei silty clay under cyclic
straining[J].  Soil
Engineering, 2007, 27(8): 730—740.

ISHIHARA K, TATSUOKA F, YASUDA S. Undrained

Dynamics and  Earthquake

deformation and liquefaction of sand under cyclic
stresses[J]. Soils and Foundations, 1975, 15(1): 29—44.
TRk, M BRERBAL S S5 AR T 5 ik s P T
FFE[D]. K& KIEH TR, 2007.

XU Bin. Experimental study on liquefaction and behavior
of post-liquefaction deformation and strength in saturated
sand-gravel composites[D]. Dalian: Dalian University of
Technology, 2007.

LIAM Finn W D, LEE K W, MARTIN G R. An effective
stress model for liquefaction[J]. Journal of the
Geotechnical Engineering Division, 1977, 103(6): 517
—533.

SEED B, LEE K L. Liquefaction of saturated sands
during cyclic loading[J]. Journal of Soil Mechanics and

Foundations Division, 1966, 92(SM6): 105—134.

SKE, BARAL, LA RARHNE R RIS ).

A5, 2006, 27(1): 35—40.
ZHANG Chao, YANG Chun-he, BAI Shi-wei,
Experimental study on dynamic characteristics of tailings
material[J]. Rock and Soil Mechanics, 2006, 27(1): 25—
40.

TOEE, B, B, KR 3 R R T
FUI. WS TER, 2006, 26(B11): 63—65.

YIN Guang-zhi, LI Guang-zhi, WEI Zuo-an. Experimental
research on dynamic characteristics of fine grained
tailings[J]. Mining Research and Development, 2006,
26(B11): 63—65.

BRAEAL, FT2E57, WIfEem, & ShfdiE i NIRRT i
(K] FL s AR AR A PE[T]. A )2 5 TR A,
2006, 25(4 T 2): 4034—4039.

CHEN Cun-li, HE Jun-fang, HU Zai-qiang, et al.

Developing characteristics of pore water pressure and

residual deformation of tailings sands under cyclic load[J].

Chinese Journal of Rock Mechanics and Engineering,

(10]

[11]

[12]

[13]

[14]

[13]

JE[0). HLHEERE, 2014, (2): 145—149.

YU Hao, XU Mu-ming, CHEN Hong-quan. Dynamic
strength characteristic test of tailings material research[J].
Soil Engineering and Foundation, 2014, (2): 145—149.
SRR, WihE S AN T RE) ALK B ) A
FISEET). KRR, 1991, (8): 45—51.

ZHANG Jian-min, XIE Ding-yi. Practical calculation of
dynamic pore water pressure in saturated sand[J].
Journal of Hydraulic Engineering, 1991, (8): 45—51.
Brock, #5Hr. WA ORL ) ) AR T AR R 1 5 AT
FY[I). KA, 2003, (4): 24—29.

RUAN Yuan-cheng, GUO Xin. The experimental study of
saturated  tailings material dynamic deformation
characteristics[J]. Journal of Hydraulic Engineering,
2003, (4): 24—29.

ML, F/ME, BUKNI, & S =M Ak g
PR PE AL RAI T[] 027, 2005, (BT
2): 83—87.

LIU Hong-jun, WANG Xiao-hua, JIA Yong-gang, et al.
Experimental study on liquefaction properties and
pore-water pressure model of saturated silt in Yellow
River Delta[J].
(Supp.2): 83—87.
P UK R RFEGE TS, SL273-1999 - Tk a FUFR[S].
Abnt: A EZRAK L AR, 1999.

Nanjing Hydraulic Research Institute.

Rock and Soil Mechanics, 2005,

SL.273-1999
Specification of soil test[S]. Beijing: China Water Power
Press, 1999.

VEI R, HAIRD 33 FUBR K Hs )5 i 5[], AR
AR, 1962, (2): 37—47.

WANG Wen-shao. Study on pore water pressures of
saturated sands due to vibration[J]. Journal of Hydraulic
Engineering, 1962, (2): 37—47.

FHam. iR RN TR T R I B ) 43T [D].
HIK: HIRKE, 2016.

DU Yan-giang. Engineering properties of fine grained
tailings and dynamic analysis of tailings dam[D].

Chongqing: Chongging University, 2016.



