5535 E5 4 )
Vol. 35 No.4

KM K B Bt R

Advances in Science and Technology of Water Resources

DOI;10. 3880/j. issn. 1006 -7647.2015. 04. 020

SR OERHY b =505 &5

REAR O, PR

(1. B Bas RF RS A e 7000 B 330063 ; 2. 8 JRACIE Rk Al KGs TR B0 5 SE 28 R 400074
3. A KK R, o B 650201 5 4. Jal Ko+ TRERFAFFT 7195 Bi At 210098)

WE . ARFSARCEREL R A RE TS E AL RN B F =8B AT T 58000 35409
BRI FRT ARRBE £ BIAKK ZGHmRok AL ARG YR, RBLEEEAW, LK
B EA K B8R0 RS R RO 2 R IR ROE X 4 BRI K B — 2 A e, B ARAR AR B —
FRE B SE RAMEARAR T L B BRI R MK S ST RITE
—E B, BARe 3R A R HGRME I K Rk ZEOD R, RE 69Kk £ 2T RO 3 A S R BOLF
EA A,

KR a0 A B 5 E R E R T = 4L

FE SRS . TV443 MERAR SRS A XEHS 1006 - 7647 (2015)04 - 0090 - 05

Permeability tests on middle triaxis of core wall mixed gravel//WU Junhua' >, YANG Song’, LU Tinghao®( 1. College
of Civil Engineering and Architecture, Nanchang Hangkong University, Nanchang 330063, China; 2. Key Laboratory of
Hydraulic and Waterway Engineering of the Ministry of Education, Chongqing Jiaotong University, Chongqing 400074,

China; 3. College of Water Conservancy, Yunnan Agricultural University, Kunming 650201, China; 4. Geotechnical Research
Institute of Hohai University, Nanjing 210098, China)

Abstract: In order to obtain the permeability of core wall mixed gravel under complex stress conditions, permeability tests
on core wall mixed gravel are carried out by modified middle triaxial apparatus. Thereafter, the effects of different confining
pressures, soil-rock ratios, and water head differences on the permeability coefficient of core wall mixed gravel are studied.

The test results show that the larger confining pressure is, the smaller permeability coefficient of core wall mixed gravel is,
that is, the relationship between them is shown as a negative exponential function. When the confining pressure increases to
a certain value, the permeability coefficient almost keeps unchanged because the soil particles are difficult to be further
compressed. In addition, the permeability coefficient has a negative correlation with the soil-rock ratio and it increases
rapidly when the gravel content exceeds a certain value. Moreover, when the water head difference is small, it has little or
no effect on the permeability coefficient.

Key words: core wall mixed gravel; embankment dam; permeability coefficient; permeability test; middle triaxial
apparatus

201547 H
Jul. 2015

AT O SR 98 57 1 BE S 2 A
MIBFBRCR . B2 F XA AR RS BRI T
TRERFSE R E S BT T S SE R ERLRL £ B
BARGS AFAE Y RUSE R0 K G BERONE Bt T B i
ASORST (LR IO T 21 2545 2 R T sk ) = s
BRI E NP DR L AT T ST UL A 2
W5, M TR BB TR ) B8 5 16 A X kB
I A 538 3 4 ) P e S 1 = A S 2
THAT T ENBERR, O TSR BB &
SR A A S Rt T A R = s s
A, T3 T 33 KA B g B R 07 5 R

FI i B8 B3 B, AT 1 BR R &I
WE9E T AR R LB iE R BT AT
T ORBE T B RS o Al 1) 7 | LT e T Y
—RhB B, P TN B N BB AR
PR ; 500 55 RO [ 8 it DX P R R T
WAL K K A =418 A0, WP 1 1 ™ A B A
Gyx e LB m R i S R AT AR AR R
AR IR =R R S, M AR A A XD A 4 )
P AR REHEA T8 B RS TE , o il 18 2 R
ot AR AR I R AR R AR T SR R =
A, XHBER ORI T 1 =Bl 25 HE K 35 U1

FATH . EH R HRFIE R4 (51408291) VL PE A HH ITRHEVIFE I H ( GII14547 ) 5 8 PRAS I A2 [H 48 P9 T i 18 2 3 TR R BF9E Pt

KR /KIZ TR B 2 5000 % FF i 4 (SLK2014B01)

YEE A RIBAE(1985—) , 53 TLVUH 2N YRR B ) M FHAREA A5, E-mail : wjh0796@ 163. com

-+ 90 - KA K A3 R ,2015,35(4)

Tel :025 -83786335  E-mail ;jz@ hhu. edu. cn

hitp : //www. hehaiqikan. cn



WFFE T Y DI AR 4B RO BRI ) -1 A8 5C 22 R
FERFIE SR § R AR50 X i B 0 ORI 43331
HEAT T P RO R Y = Al [ 25 R K B, F 5T TR
) 250 T SE SRR T 1) iR 32 A0 ) 07 728 R A 5 4R
EAGE Y TR A L ORRE RIERH S HTE )y
TET PRI 90 SR 5 R £ A5 A5 A% G = A 3T B Al
B W T = 2 ) AR T I E A W] 5T )
) LA 2R H A A X R RNR B R
BOL W N Z TR TR S NIRRTy, Ldwrse
JECR B AR AR B8 B RE DT D, X R L
BRSBTS Z . TR0 R
A S | HHh 0 BORDRAR AR, R T LB 3
ASCAROMEE il BB 5 BRI 5 1552 2% R i TR 3
Z WML F RS E A, N, DEE AR 7 B
AR TR FLBRIK R 7 K A A 2 I 45 2 O IR
7, B i 2R BT 22 5% 0 AR SCR et 1y v =
X BEROERHEAT AR 245 T 19 =Hhi2 B 15,
VARSI DR 28NS T B P RE

1 AEHESRETE

RIS R SR TR, RIS ENT .
KRTHE .76 g/cm’ I FH /KK 18.3% , FLE L
0. 53, FXTHFE 2. 69, RiAs /A i< IR 1, A 5
T2 :20 ~10 mm 5 47% ,10 ~5mm 5 30% ,/)>
FSmm 5 23% . iRFEST TN 1. 98 g/cm3 o7
AT T AR EE o, AR, KKZEH S
AT =HEE s, A SO FH K i TR e
(R A7 EOME S K Ak 9 o L e SRR R
P Sk A fiEZ I, 2] GBT 50123—1999( 1
TR AR UE ) AR PEAS R 4 Eb il & v = 5
MERE , RSP A EAR 10 em 5 20 em, IREETI £ TE I,
Jei , WHERESE AT A A, 52 S FE K RO A F
48 h, A TR SR FH 45 Al 4 1) 338 K AR B B K A
PRUF/KPEREXSS) Py th o BRI R WA 1, Bk
TAF LA TR (T EQ) 1 7 Bl i Ak,
HAT R LT LA, oy ROH, Hik
56 Bl IR R 200 kPa AR B 45 R e, R R T+ =

100

x®
(=]
T

Wt K%
o
S

ANFHRLAE A

20

0 1 0.1 0.01 0.001
A RDkLfE/mm

1 TiEkEsmisk

300 kPa, 1 [E 25 53 € J5 PR T8 3 1 B AT, Je
TR, DCREANGEE G T A 0B ) AR A A
17 38k e 1 AN [RlRRE 22 1) (4 22 5k

1 =ZHsELRAR

Y = o /kPa Ry H/m
®-1 100 1:1 Ak Sk
®-2 200 1:1 10
®-3 300 1:1 20
D4 400 1:1 30
@-1 100 1:0.5 10
@-2 100 1:0.75 10
@-3 100 1:1.25 10
@4 100 1:1.5 10
@-1 100 1:1 15
®-2 100 1:1 20
-3 100 1:1 25
34 100 1:1 30

2 ABEESHKWHAE

U0 R A AL G0 — b AN AL S A
9, 2 B, 7 RO B AR K Sk Uy i 32
T R HEK AR KA WK G B —
e BE SR R AL K T il [T 25 58 iU L 4T
S5 H R R K I 4 BE A a0 A of v i 28 7K Sk
Ik AT . HoR D7 SR T 4 R n
T JRUSORRE B CHE it I A Sk 22 A E K A
PASe B0 s i e K Sk 22, SR BLSE K, H
i RAF K U AN 5 L 2 v SR AR A 20 B (RS 2
0. 1 mL) B PRAS R 2 Bl s it i ot e b s g 38
K AR, AT AR AR B A8 4 5 R 7K F Y
e LI 5 AR K BEAR R, ] 25 mL R (RS
0. 5 mL) BECH KR HRHI W AL TR E B B4R
Ao FREGHE K B2 K A K T L i — TR AR
o AR 2R SE U $T T B R FIHE K ] it fin 5
P A0 & A B, R B SRR E R (AT
48 h) FHC T WA BRI, W 2 22 B iR [ 45 0 7

%
sl | =
Fo ) i || 1

B2 H=mzBlukEREE

KA K A B ,2015,35(4)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://www. hehaiqikan. cn - 901 -



AR, T8 4558 BUS , 4T 52 R it fin 7k
322 PR HK DA 7K B R AR T A, SRt T S5 )
K60 s, KA, R — BB ) O A U
WA K, X T @, wT 4k Lkt in T — 2
(Bikk2) , S R Ir L PR TR, N
RARRE X T EQ), T B LA 150

AR 7K 3k 35 T S IR GBT 50123—1999 ¢ + T3t
YO EARE) HEAT 808 R R T O

al H,
RN TOR A )

KAk, KN T B BB E REL, em/s;a N K
AR T AL, em® 52, o, 20 A ISR Sk AR B
LR IE] s 5 L o 25 5 R = 5, em; A DN [ 45
JEARFEWIE A, em® s H, (H, 53 31 A R 7K Sk 2
17Kk em,

A TR 7K Sk 22 B 18, WOZA 5 aT Ay
S AKSRB B, vl 2w HEK S vV 5
KA MEBARHIWNE E S B  PRENT Y HEK &
5 Dr i 56 R AR R BEA SRR AN AR B BT A Ry 3k
FEAL TRE B EIRAS . B R AL T 5.

VL mL
kr = t AH ™ AH (2)

A AP sV ORHEK R, em® s H iGN 7K Sk
2%, emym JHEKES R SCRMARPE, em’/s,

3 HBRERENH

Bl 3 A AT, Kk 220 10 m B A9 HE
KSR, nTLE S, KNG,
TR AR B AN ) R B i B9 AN W] DA R HEZK
EWNATEERR W, HoK B8N, AR R
Pk, BB 3 HEK B Wi ok Hok 2 5
AP IR R HAM B R A5 T i it 2R
AR, 0 R, 1R P R % R
B[] P A HE K SR /) HEZK B 5 DB oG R it 2 i)
RN
T e s 100kPa
12} —— 5=200kPa

10 —o— 0:=300 kPa
I —o— =400 kPa

Viem?

[\ - N ®
T T T T

o o
o0

0 200 400 600 800 1000 1200 1400
t/s

3 AREETHAESHHERME
HUERSR IR B m, X B4 — VeI 780 s J

MR HEAT G o BRTRIRE , OO Kk 2209 10 m 1Y
PG SR T3 2, [ i AR 30 11 245 a0 14 552 s I
T AR (35 3) ARG (1) 30(2) o BITRTSR
fifp tE AN TR L R ICRE 32 02 R B SR LI 4, O
g PR DL , BB e A R R B AN, AT LR
AR SR 22 2 E T Bl R 9 384 R URE )
7 AR RN, IR RRE, T R—ACKE T
IR AR R, A7 AEAN RO 22 6] A 22 5718
BOZE R VIR [F TR T 0932 & R AR K
56 PR ABAC , O P S X, K e T A B
R[]0 Py 7K
R2 HKESHMXRAHEMUGER

o,./kPa m/(em® 57"

100 0.0091

200 0. 0062

300 0.0053

400 0.0047

®3 RAEEZEERY

o /kPa V/em® L/cm A/cm?
100 26.7 19. 90 77. 60
200 37.2 19. 86 77.20
300 48.1 19. 83 76.78
400 57.8 19. 82 76.34

kr/(10cm-s™)

oS .
0 50 100 150 200 250 300 350 400 450
o:/kPa

H4 BBERBSEEXRHMZ
W 1235 R A BE G R 2 RRE , ] 2k H 1
RECREL (X (3) ) #ATILA A AR IR 4,
ky = (kg +fe") x 107° (3)
Kb ky fop WEE, Yo, BTIHFN b=k, &
HARE BB RECH — M/ IME, RIS R3] —E
(ET, B AREOR LT 58 A TR &R A St —
AR S (B2 PRAIE AR OB AR B AR ) 1805 R %K
A2 BE A L IO RF 238 K]
F4 BERUSEEXRNAER

H/m ko I P
S 7Kk 0. 945 3.503 -0.0083
10 1.070 3.070 -0.0115
20 1. 067 3.081 -0.0112
30 1. 062 3. 144 -0.0105

- 02 . KA K A B ,2015,35(4)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://www. hehaiqikan. cn



4 AT DUE S 6] LR 450 IR 8
RECREI R 10 em/s, SEME L H9B B R B0
PR, T Ak R ARG, AT AT R eI
WA Z B FL B, B AR A FLBR L3/ . EAINE
FRAE T, R P 30 - (AR S0 2 [ fh oA X %
FLBRHE— 20 R 4, R B05 i R EGE RS B
RSUERE X ySE e STige

TG R, SR AR 7K Sk 3 56 0 15 1935 i3
FECHE KL A T 198 18 R PO K A [F] 7K
LZFMTNBIERPSEARME . T 2K
i Yl B A e (AR 31°C XTI 60% ), 17K 8 v
(R 7K A R B it b S 28 e, HLRR LRI ) g | (i Atk
KEFRKE 7K H, i/, 3508 15 2 B
Ko REUE_L AR HEWT, 76 H A 300 kPa F1 400 kPa
(IR0 o A P PR R K B K T b e — 2 R DU
BHIB3E RS KCK A —,

K5 B AL BE R, wEds i
2 BE R L BB E 2 A R 1 hZ, Bk
Ao 5E A AR ] IR A P AR AN TR A7 FE RS RN,
WA AR Y ARk, T LLE 1, Bl iR
A I R P FL B AR AS I3
B S [] A SE S K R 2 | 1B 0 RBUER, S BPR
MK S, YR S R, AR
BB RPN K, R A ORI 3
PERER W,

10
gl

6L

kr/(10°cm-s™)

0 03 10 Is 20
1/R+
Es5 SER¥EELTAEXRME
Bl 6 BARIKLZEH T B E RS, "TUE
o TR AR P A I R U Kk 2R AR
JEARREA R AR iR N AR I 45 ), 50 1 R AT iR
MIEVE S MK Sk 22 1 KT HAR R 23 REOUL

2.15
2.10

2.05

kr/(10°cm-s™)

2.00

5 10 15 20 25 30 35
H/m

6 BERYEKIEXRMELE

ALK A R 2015 ,35(4)

WA R, SEBR N AT IA A5 8 R B AL
EXF i A, YK Sk 228K, T RE X AR
PIERZE A HE SR B8 KR, T 808 3 M BE & AR U
UEAM TR0 2% 1 ) Bl A SO 36 v SR A ok
Fil R 400 kPa , A0S TR 29 40 m A=A 009 T340,
X SR R B 5 S

4 & it

a. BIROERITEACE B B R OR, Hg s R
oo AR BOE A8, Y R R E —E (E
I, EAARMER I — 2D TR B B R,

b. 1 HBUN B EROERNE BE RBOBOR Y
TR & BRI — I BRSO 1 R BGR
HIR

c. JKKZEBUIIE, HXT B RO R 5 05 AR
SN AN TR (EGF T g A 300 55, 3 R A8 7K Sk 22 T g
X LRGSR A BT W, T T B0 2 1R BE A AR
Ak, B LASGTE

SE .

(1] REME, 5 Z KBRS, 55, SR BORDR 8 315 R
PR B A RERNAR T[] T15,2012,33(9) -
2569-2573. ( ZHU Guosheng, ZHANG Jiafa, CHEN
Jinsong, et al. Study of size and wall effects in seepage
test of broadly graded coarse materials[ J]. Rock and Soil
Mechanies ,2012,33(9) :2569-2573. (in Chinese) )

[2] WL%E, T 8, TE % FHLREIEETHEE
FEPERESE[T]. # 1 )5%,2010,31(4) : 1130-1133.
( LET Hongjun, BIAN Feng, YU Yuzhen, et al.
Experimental study of permeability of clayey soil during
process of large shear deformation [ J]. Rock and Soil
Mechanics,2010,31(4) :1130-1133. (in Chinese) )

[ 3] L Fhante RER L Bd R prst (1], &+
TRE4R,2012,34(2) :268-273. (JIANG Yukun, SUN
Ruhua. Experimental study on permeability of deep clay
[J]. Chinese Journal of Geotechnical Engineering,2012,
34(2) :268-273. (in Chinese) )

[ 4] Zeplide, FEEMG, 271, 5. AR =Rhs & (U )
[J]. 30T TR AR R 541),2006,25 (HE T 1) :124-
125. (LI Chengquan, TANG Jupeng, DONG Zixian, et al.
Development of self-pressure triaxial osmotic instrument
[J]. Journal of Liaoning Technical University, 2006, 25
(Supl) :124-125. (in Chinese) )

[ 57 BT XS, RIEE. T4 7 X405+ A i
BER BT[], A2, 2010,30 (5) - 3941
(LIAO Chunfang, LIU Yonggui, WU Shengjun. Field tests
of permeability on roadbed of red clay with drying
shrinkage cracks[ J]. Chinese and Foreign Road,2010,30

Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ://www. hehaigikan. cn - 93 .



[6

[7

[ 8

[9

(5) :3941. (in Chinese) )

FEF WA e S SRR AR T ORI =
BHEIREIIE[]]. &+ J1%,2010,31(8) 23892394,
(WANG Jianxiu, HU Lisheng, YE Chong, et al. Triaxial

[

permeability test of marble under complex stress path[ J].
Rock and Soil Mechanics,2010,31(8) : 2389-2394. (in
Chinese) )

] B0 SR A: BRGNS R A B
FEPERT ST [T ], /K £ R84, 2010,30 (1) : 131-133,
( GUO Hong, LUO Yasheng, GUO Jing. Infiliration
characteristics of saturated loess by considering the role of
stress field[ J]. Bulletin of Soil and Water Conservation,
2010,30( 1) :131-133. (in Chinese) )

] AR, R W, S BB IR ISR T s B
BRI RN = e ot [ V] A e 5 TR
2#4%,2013,32(6) :1203-1213. (YU Jin, LI Hong, CHEN
Xu, et al. Triaxial experimental study of associated

sandstone hydro-
mechanical coupling [ J ]. Chinese Journal of Rock
Mechanics and Engineering,2013,32(6) :1203-1213. (in
Chinese) )

] At 3Rik, A Tr 55 AR B UIHCR T B ERR K =
kg [ 1], RS2 A ARBHE R, 2014,42 (1) -
29-34. (ZHU Jungao, GONG Xuan,ZHOU Jianfang,et al.

Large-scale triaxial tests on behavior of gravelly soil at

permeability-deformation  of under

different shearing rates [ J]. Journal of Hohai University:

[10]

[11]

[12]

(13]

Natural Sciences,2014,42(1) :29-34. (in Chinese) )
MRS, R AR . SEIC IR B b =i se ir e [ )] i
K. A RFL2% AR, 2010,38 (6) :704-710. (CHEN
Zhibo, ZHU Jungao. Triaxial tests on widely graded
gravelly soil [ J]. Journal of Hohai University; Natural
Sciences,2010,38(6) :704-710. (in Chinese) )

AREAE MR, BR A O BRSO IS RHE & SIS B ST
JELT]. KA K fa B E R, 2009,29 (5) :89-94. (ZOU
Yuhua, CHEN

permeability properties of gravelly soil core material and

Qun. Progress in research on anti-
filter material[ J]. Advances in Science and Technology of
Water Resources,2009,29(5) :89-94. (in Chinese) )
WL ik, NS R =2 108 im0
WERI[T]. SCs AR 5%, 2009,26 (6) :55-57. ( LEI
Hongjun, SUN Xun, BIAN Feng, et al. Development of
triaxial seepage test equipment for soil [ J ]. Experimental
Technology and Management, 2009, 26 (6) : 55-57. (in
Chinese) )

iy, £ 3005 B AR A ORI RS 57 22 50 e ]
RENBITIT]. WL T2, 2013,47(7) -
1164-1170. (KE Han, WANG Wenfang, WEI Changchun,
et al. Experimental study on saturated hydraulic
conductivity of MSW under different conditions [ J ].
Journal of Zhejiang University : Engineering Science 2013,
47(7) :1164-1170. (in Chinese) )

(Wicks H391.2014 -05 -04 4% . REAGE)

(LBEF 719 R)

[9

[10]

[11]

(12]

94 . KA K A3 R ,2015,35(4)

1 AR AR TR v E i e A i A ) 2 A AT 5
LRI, H A1 5 TR E R, 2013,32(6) : 1081-
1093. (ZHOU Chuangbing. A prospect of researches on
life-cycle safety control on high-steep rock slopes in
hydropower engineering [ J ]. Chinese Journal of Rock
Mechanics and Engineering,2013,32(6) :1081-1093. (iin
Chinese) )

RS SRR, A KR TR A H A B R S
Bt S IR LT]. RICRHEBEBER , 2014 (1) :66-71. (LI
Zhe, TAN Debao, ZHANG Sui, et al. Design and
development of management information system for water
[J].
Scientific Research Institute, 2014 (1): 66-71. ( in
Chinese) )

P T, m A 5 G B R RIZ 2T &
GBI ST A1) AKADK LA 2014 (2) 1 126-128.
(MA Kaiyuan, WAN Biao, GAO Shichun, et al. Design

project construction Journal of Yangize River

and development of unified platform based dam safety
evaluation system [ J]. Water Resources and Hydropower
Technology ,2014 (2) :126-128. (in Chinese) )

Rt KR B TR i TR PP ik [T ], BIRiL
KA BE 47, 2012 (10): 220-222. ( CHEN Guihong.

Tel :025 -83786335

[13]

[14]

E-mail ;jz@ hhu. edu. cn

Construction quality evaluation method of water resources
and hydropower engineering [ J]. Heilongjiang Science
and Technology of Water Conservancy,2012 (10) ;220-
222. (iin Chinese) )

B XA, J 3l AR o b Bt s R i [0 ]
PRI KA 54 FAR BRI, 2011, 30 (B8 ) 1) -
576-579. (LEI Yong, LIU Changlin. Design reasons about
quality accident of slope engineering [ J ]. Journal of
Chongqing Jiaotong University ; Natural Science, 2011, 30
(Supl) :576-579. (in Chinese) )

LU Wenbo, HU Yingguo, YANG Jianhua, et al. Spatial
distribution of excavation induced damage zone of high
rock slope[ J]. International Journal of Rock Mechanics &
Mining Sciences,2013,64.181-191.

(ke HIB1.2014 -04 - 10 il . AEZKOu)

1,

8 e S ¥
R A 77 \'»"
%&ww Pt JE\\;‘
g \
Vet 7
1% el
Vf‘

#4m
W

hitp ./ /www. hehaigikan. cn



