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Centrifugal model tests on contact characteristics of interface between contact
clay and bank slope in high core rockfill dams

ZHU Yumeng'-*, LI Guoying'?, MI Zhankuan' 2, WEI Kuangmin': 2, CHEN Ziyu'
(1. Nanjing Hydraulic Research Institute, Nanjing 210024, China; 2. Key Laboratory of Reservoir Dam Safety, Ministry of Water

Resources, Nanjing 210029, China; 3. Hohai University, Nanjing 210024, China)

Abstract: In order to improve the deformation coordination between core wall and bank slope, the high core rockfill dam is
usually equipped with high plastic clay between the core wall and the bank slope, which is collectively referred to as the contact
clay. The deformation characteristics of the contact clay have a great influence on the stress deformation characteristics of high
core wall. Four groups of centrifugal model tests are carried out on the interface between the clay and the bank slope, and the
shear displacement of interface at different elevations of prototype dam is discussed. Based on theoretical analysis, an analytical
expression is proposed to calculate the boundary effects in the centrifugal model tests on the interface between the clay and the
bank slope so as to determine the similar scale of test model. The results show that at different elevations of the prototype dam,
the interface between the contact clay and the bank slope will generate shear displacement. The deformation of the contact clay
and gravel core-wall soil is mainly vertical settlement, and the settlement contour between the contact clay and the gravel
core-wall soil changes continuously without steep change, which indicates that the contact clay plays a good role in
coordinating deformation. Therefore, the contact effects between the contact clay and the bank slope should be considered in
the structural safety analysis of high core rockfill dams.

Key words: high core rockfill dam; interface between contact clay and bank slope; centrifugal model; boundary effect
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Table 1 Conditions of centrifugal model tests
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Fig. 2 Schematic diagram of layout of centrifugal model

H R A ML B EEN Ly SN Hy K
TEARTH AT 208, A EAE TR JT 1) (2 g 1a))
I AR o R AT P AR AR R U T A T
i, N IE ST SR A SR g s e

K 3 ootk 2 1, Bz = wAER,
THES TN AT 2, g, EBZ AR S Py MEER )
Fioy 7ML 552 AR K ) F AN EER D) FroAER
FANL T2 ARG BE (R 7K J) Ry FISNEEYER D) Fo A
Mo AT RIS, BN Fns Fne Fs Fr Fo
Fro $°PAT T HE A b o0 AN B R w6 2 7 7). (2
BhT7 ) A4k, (R TR 0 i A AT e 2 g AR
S#H ) w S E RN HARERE 2 #7384k, 8
A LITIEREA SN Z S TRR v DAR R T T B (P S i}
[ A ] g

(2) WL FBNFEIE T B 53 Af

AP 7 AR THD A 5 A ) 2 TP R IR SR RN R T AR
€, AR A AR — T AR IR 2 7 BT AR IR

2
O, :6_122/1
y
62
o, =T+ ()
T =— 621// o
Y oxoy

Xy AENREG fONE R y Rl Loy
.
PENNIE QST W

ox* ox*oy’ oyt

Fy

Fn

3 BMEBIBATTRZ N O
Fig. 3 Force analysis of soil section in centrifugal model tests
BT (D o, BTSRRI, A
KAk, #on] FIME R AERR T TOURR IR T /) pNgH, (N
N ORI R SRR AT P 32 2 400, )5
(D FHRAS R, o, 1 THKEN
2
o.=0.= 271'2/,

2

’ ’ 6
o,=0,+pNgy= ax—l'i/ + pNgy, 3)

2
r =1 = _Oy
Y oxoy

B Ry A S AR P 0 T R
RVBT AT, LA R OBt A0, 7
MR E 174 0 P 25 TX R
T 143 o S P20 R 32 B2 9 By 143K
R T R, R o) R AR ¢ A
pNgHy 31, BTN T-HE S x 728, DRl bl
ik o) B x i, Blo! RS Rl y A %A
G

o, =f»y) - (4)
K (3) RN (2) HE18
y=SIORAO L) )

K f0), £0). L) AKT 2 O REL
HR (5 AR () THEEEE S0), £0)
£, — R,



% 6

KT, 55 R OSRHEA AR, 5 R SR AR I B OB AT 1303

f() =4y’ +By +C.y+D,

SW=EY +Fy +G.y,

JAGE —IA—(C)y5 —%y“ +H.y +1.y%
XH: Ao B Cor Des Eor Foo Goo Heo INRES
B fE—BRREERF, AQ)WE BTN H)—IK
TS5 5 B FE A 2= 5200 B 4y B AR/, PR e DA
B, K (6) AR (5) (HRI1S 3L B Ik
By FIRIEA, B iZRIASARARX (3) HrTbifg
I ERUE R R ) E Rk

2

o' :%(6Acy+ 2B)+x(6E,y+2F)-24"°

(6)

—2By* +6H y+2I, o
o, = Ay +By' +C.y+D,
r;y = —x(?aAcy2 +2By+C,)—- (3Ecy2 +2Fy+G.).
BT ORAT TR A A 10 N 300 AR AR E & bR
HSHPE . 75675 BRI T 5 AL 82 )
1A 5% A

(0))s-n, =—4— pNgH >
Hp ! HP !

, [["fady |7 fidy

(0,),.0 =—q—pNgH  — 7 + 7 )
P P (8)
(T;x )y:Hp =0,
H ’ H ’

' J.() fl" dy B J.O f; dy

(Tyx )y:() = Lp °

X A Sfo ANE SRR AT T AL KT
TRV E A BRGNS ) L AL S
A 10 J52 3 R0 ORI AH T BE R8T o

¥l (8) AR (7) FRERILK AT

([ ady= [ f2d
o I T
B:

‘ H'L

p
C:01

C

’

HP ! HP !
J.o Sody J.o Sudy
D, =—-q—pNgH, - 7 + 7 )

p p

Lrwe-] s sen,

¢ 2LpHp 2
Hp ' Hp '
R N
c I °©

p

BIE fy s for [ o YIATRIN S AR IR
LR, RIERBR S E 4e, Ber Der Fo
G TRV £ for [ frBIBREERIEA. X ThA

)

W FRE, R RN AR ) f) 5 R AREH
TERERYRE (LR 77 ol & — % K/NFESE 7 A AH 1)
YER IS RIER 77, Bk £ v IR AL RS 0 57 26115
P o FH T TS A ) R0 PR S g 2 T R 221
e =0 . (10)
TR B D P MM AR EL e # AN e AR AT ART 7
%, R LN FAL B AR A r #, T
£=0 . (11)
PG T A= (10D, (1) (LR %
pRaT

fi=0ol= l—tv o, o (12)
t

RHY B o AR PR BE R IS 7 ) IS0 2 T T 25 A1
fﬂ')=ubfb'+Cb=tan_ﬂa;+Cb . (13)

e o N ARG HRYARRE CEIAR D[R] 1R R 182 R4
oo NEARERBRIFERE GRS TN EESR A o0 Nk
R SERIFERE CIRBRD TRIETEE T v RiaRs L.
X T e SN 3 S AR,
f{=K,o, =(1-sing)o, , (14)
Ji = u f)=tang (1-sinp)o (15)
s Ko Nk 5 7 BB w9 00K R] R4 2 40
s 9 LUK ] BEHE £
X (9, (13), (15 KA (7 HFERIIE

151
0'; — {J'OHn [—taﬂ(ﬂb‘ﬁo'; /(1 -v)+c ]dy + J'OHP tang, (1—

singa)O';dy}/Hp‘%Lp -(3pr2 -2y —Hp3) —q—pNgH
(16)
X (16D BEAT E R T TR AT o) AR IL 3.
NT IR IEE, € oo o 05 v @ BINAKE
BeER S o R HE L A (16) AL
! HP ! HP
q,z{[—tangobvt/(l—vt)]jo a},dy+J‘0 C,dy + tang, (1 -
. Hp '
smgo)jo aydy}/H}fLp -(H,y* =2y’ -H’)—q-
pNgH, (17)
(7 IS
jH,, o' dy = C,H,” +2H,L (q+ pNgH,)
0 7 wH, +2L,

(18)

Xt w, = (1-sing)tang, — tang,v,/(1-v,) -
¥ (18) AKX (1) B
, wQGH,Y -2y’ ~H,’)

T HL

-q-pNgH, - (19)

H
A w,=C,H, + W‘.[o "o,dy



1304 Hs

2024 4E

¥ (19 A (3 17/
w2(3pr2 —2y3 —Hp3)
o =
y Hp3Lp
(3) T TSI i
FRAE PR ICIRSZ D10 AT, B ITARTE K7 18152 3
3, BI/KFI1 Fsy FoWIA I GREBELE ] Fu NN
AHAE B RIAH

-q-pNg(H,-y)- (20)

H H, W.
[ Ay =[" fdv==p,L, [ZzwngHpj - (21
e pn TR R0 R R R A
¥ 1) fmrse
244, (q + pNgH )L + LH, (11, w, —24,) -
(q+pNgH )+ AwH, - A4,C.H =0 . (22)
Kb 4 =p,C, +[v, [(1-v) - (1-sinp)|/(2pNgH?) ,
A, =p +v /(1-v)-1+sing .

2 (22) KT TR FE B Lo ) K R AL
TitE, ARYE ZIRRBORIR A XTSRS LoWfE, BT L
NAEFE,

- —(p,m, —24,)(q+ pNgH ) H, .
' 4u,(q +pNgH,)

[ w —24,)(q +

pNgH YH " —8u (g + pNgH )(AWH, - Azch}f)}% /
4p,(g+ pNgH ) - (23)

X (23) %N, SRR LS g,
N, ps Hp @5 955 Co» @bs Vi tn AR HA, &
Tk g~ AL R N R B AR & T Hy AR AR T
s MRS BRI A =i, BRELOE LB p N
2.22 glem?® W EEE SR 0 N 24.7° BEEE 1 c N 78.2 kPa,
TEARALE v ARYE BT E ¢ BUE N 0.303~0.312; BRI
Ol 5 O AREE ) N BEER ST ov N 0.450~0.84¢0, Fi
BJ1 o N 0.03¢~0.46), AKRICHL 0p=0.650=24.7,
c5=0.25¢=19.55; Bk i /0> B -+ FOkL (0] BE 4B AR o5 N
13.9° ~14.2° P4, KO o B 14.0° 5 W58,
TR AL AR 75 B B A I A R R A AR 3l, A
AR 8 JE 0 PR AR i X 0.7

(4) FRLEL R &

FEABL B R 3 488 G 75 AR AR AT SCH H IRk o SR
W, [ B TR A 4 TS R s OO R K v P O B
B U R R HIE, IR e 1 16 BRI
JUHATIRE . G, B L2 i F 808 s e v
Bl A 25.862 cm A AL A 1A A B B 5 5
W BRI EE B 25 em (1 2), HUEALIEER 10 16
AN R E I FERTAEALE R 10 20 AT, 4
AT 1R 30 SRR W Y 3 O 19.94,20.68,

20.75 , 20.61 cm, TMAZMA (AL L1 A1 L2 3
FEARTRD, ATAA R — A2 ) ik o 3808 L A6 A s 7t
IEEBS 20 WM 34, 39.25, 44.5 cm, AJ W &AHMR
120 F A0 5 e 0 R /N T B T AR 2R A A I T )
B, R AR RO e R, BRIkiEE 1 20 fEAA
U OB AR IS AR AL R, B OB A B A A 1 [
4 7R o

SRR
EERRERRRRR

HAILL
L=19.94 cm

BRI
L=20.68 cm

70
(a) BLLEEILIAIL2

FROYTHTR

30.75 ‘ 20~ 1925 |

(b) BRI
ERIATRTR

L=20.61 cm

i 255 20 25
(o mogma O o
4 BB UREGEREE
Fig.4 Schematic diagram of layout of centrifugal models
PO RIS G SR F KB [ S AR R R R AT, £ T
XA G, R R i ) B RO CR
P FAE SR 30 SRRV AN [R] e R A ) 3 b 36 £
55 I A T B D) A% A FRR R AT B 7o B AR TG
Ble FIH miERBAC IR IR PR Fr, A
I PIV £ M 45 21 =) B RE R R AR T AR 0 o
1.4 BOEELNIEM R
BEOSEAY T F R BT Ol R A B A R 2 e T
OEIRIIURN , b5 R T2 B2 1.93 gleny’,
T I L5 KT 14%BHTICE . BRTORE LR T5%
fEZ) 2.15 glem?, $ZHREMNHKE 6.3%ME . B O
RUH & R 0 B 55, 442 0.98 R SEFE AR




S5 Do IRHEA IR R 5 R S A ) B B B T

%6 1 RFTHE, S

1305

2 WWERS D
2.1 EMELSREEMEECEERRER

[l 5 B OBEIRS AR i S FR,
B RS LRV R0 B (T AR T
DL YA, B SR R
SRS, (HBA B ML

30
§ ‘ v
=20} .
i
ﬁ . 0
wior .
N BRSO\
0 10 20 30 20 50 60 70
a L1
30 v j%ﬁ T T 1 T 1
g ! Vv
;;20' Vv
& Voo
'@10' Hik [ S )
N B \FRRLE
0 10 20 30 40 50 60 70
KA Exlem
(b) BIHIL2
30 1 S T

[\
=]
T

T HALE y/em
2
TE
b3

. Al 1 [ )
. Befig+ BRI
0 10 20 30 40 50 60 70
TKSEAL B x/em
(c) #HRIL3
30 T N B S N B
g Vo [ T S T
=207 Vo [ U S
g . | | S T Y T}
10+ Vo
m \ \ \
] ] A \ ] )
. fih %5 1, BRI
0 10 20 30 40 50 60 70
IR Bx/em
(d) KR4

E5 BB T ARE

Fig. 5 Deformation vectors of centrifugal model tests

6 v oA AL IS T B E 2R K W B 6 T
BB TR AR T B AR IR T A /), R Y
JET7 R 3ZHE R . AN T R AR ) e KR AR TR 1)
KAEAERR B O L TR AR, R KU A
ir BRI R TIE K, HORUTRFERE A8 4.78, 826,
8.72, 10.20 mm. Ffhgh + 50RO 22 8] AT RE
SRR BONIES:, RIPLBEAR O, XU B i
R R ARG R AR I H

T NFEARRS LU R B DI A 1. i
7 WAL AN R Ak RS i A R w3 B )
PR e RAB ARSI TR BT, S KB 3 034,

0.58, 0.68, 1.16 mm, BV FBE S 178 fuf £ HIHE K
by N o B R N = S0 27 e w2 g e S o
W BIUI R, RIAERET S OREHEA I 2 0 2 4x vk
IR b 75 B LR A 5 R I B A Ak

30
48
=
<20
i
&
10
=]
0 10 20 30 40 50 60 70
TKA Bx/em
L1
30 (a) #iR
g
= 20
i
=
T 10
=]
0 10 20 30 40 50 60 70
I Bxlem
(b) B2
30
872
g 7.
£20 .
i‘*ﬂ \23\6.10
10 3
W 2.6
0 10 20 30 40 50 60 70
KA Box/em
(¢) A3
30
g
$20
2
i
&
im 10
L
0 10 20 30 40 %3¢ 60 70
KA B x/em o
(d) BBIL4 HiL: mm

6 BURENR RS ELZE

Fig. 6 Settlement contours of centrifugal model tests

BB uw/mm

"0 14 28 42 56 70
K EBE B x/em
(a) BRITL



+ I B % ik 2024 4E

1306 )
S
o 26 12 oc 36 T R V'
o RBZER e W o RELER
02 ol .
£ . £
< 04 . = ¢
S I gar T.. .t
& o6t B ° e
R @6
B o8
10 . . . . . & 14 28 22 56 70
0 14 28 22 56 70 AR B x/om
KBRS x/em (a) #BL1
(b) B2

S 30

Y . 36 ' 20 @ 14
. . o RBEER
¢ o RBLE R E 4f .
0.2 £ ® . o
g i . 0
£ 04 . % 8 c .
® =
& o6 g K12t
5 »6 ©
R o 16 . . . . .
0 14 28 42 56 70
1.0 L . . . , IKF-BE B x/cm
0 14 28 42 56 70 (b) B2
IR FEBE B x/em
(c) HEARIL3

30

R
oy 3075 20 1925
.. o RILE R
. 7o i %0 I 345 | g 4r .
. i E
o RBLE R & T *
E . . s 8 e ® o o o
< 06 :
S . K12t
g 09 . ' ] I I |
= . 160 12 28 42 56 70
4
ot KRR BS x/em
) | | | | | (c) KAIL3
.. 14 28 42 56 70
KPR x/em RAFELL: em
(d) HE14

7 EMEFHIIAFREVIMB S

= 30

Fig.7 Shear displacements of contact clay along bank slope < s - s ,
2.2 BFHEFEEE BT RS AIIEIE . o B4R

AR T 50 BRIR B 4 FORIR I AR L .
SRR (R (23)) MIATRE, g BRI

H1 18] 8 B DR BRI R A R AT LAE 2 s
FiA ML FERISEm,  FREIN I DT R B R 0w A, 31X 20 , , , , ,
5 F PN IG R EAT LU . Lei 250005+ T e, ST
IR ICREAE VAL SR 4R bR, BIAR SR (d) #mL3 ;
TR e K R O R R SR R 7K P RS A O B ik 8 HEME RO ERRE M

Fig. 8 Surface settlements of centrifugal model for interface

06 PR30 5 BONES  FE



% 6

RIHT, S5 meOHEHEG IR AN L5 R S ) B ST 1307

4 2R SR RS SR 8N s 3 Bl 433 D 16.05,
1621, 21.67, 21.52 cm, ik FRFE, 10T RUSHMA
B SENCiEM k=R = A b N TR by NP A S Ry =
FE I RR ), A L2 SR L3 (1452 M 38 & B
KERER . TiEE0 (23) 1H5EAS 2] S R T 4
AN 19.94, 20.68, 20.75, 20.61 cm, A JLELSIHHE
L5 RERA—EinzE, HEENEAMEL
K TR 3, 4, FIGTHEA L 564,
B Lz, Wikt AR 1, 2 ki, dT L@
BUN, BRI EAE L SIS RE LA MKRE, H
SEFRR TR LR T 0045 - 1E L, ATLLIR ZE{EH AR
B T ORAZ S80S AN 2 s Ve B84 ke T e e 1, (Rt
HOBEAAEE R T ¢ 20 SEAT Al R 5 a4 fk B oA
TG BB Y oAy S A0 o) 42 ik T 728 T AR 2 () 52
H (23) 15 211 5 28R s2 00 7 B T SRAE LonT
DA B OB B AT A 3R .

3 &% i

ST B O RRLA T — AT E B R 1 5
PRI T A S B S BB AR A 2R, i
W HHAT T I0AE, 7933 AL,

CUTE FR Y HE St 2 T R R o8 E R AR b
BRVECR, N B AT 1O A I 5 4 2 R 330 Ttk
WA Ko tRZS, S LT iR 45 B0 5 B i v A T
DA B 2 ELA HR A 8 S, 5 1 3 A
B 3k 2 TR S S B OB, BRI TR S
B LB SR ) 5 B 9 L

(2) 15 R AR [ B RR AL . $e bt 1 15 b
IS — O IRERS , (E R 2t B4 BT %,
B3 K )Ry R B IR O S TS K, R T £ AT
LT L5 4 2 A A AT o R e 8 % R
+ 5 B A

(3485 - R IO 35 T 3 B DL [
JoE, I LA SRR b ) T S
ABONTESE, KBTS S, XU B R L
B T AR AT H B A PR

ACHF 0 B T B A A D00 0 SR 0 B
PRI R RS 0T B, ST 35 00 kT 72 0 B
ST A R - 15 BB AT ST, PR
B TAERA T 5 5 s s, Raiet:
SYEE . TRAS ORI . R R AR A R A
FAHAER, 8 5T B A0 45 ST SR S .

SEH:
(1] 5KER, 2 4N, iaH, & OREHEA TN Hi &t

2 TR BRRIG BT TT )], oh K AK R BT T e 224,
2018, 6(6): 591-597. (ZHANG Xuedong, LI Gang, WEI
Yingqi, et al. Examining the performance of geo-grid
reinforcement using dynamic centrifuge tests[J]. Journal of
China Institute of Water Resources and Hydropower
Research, 2018, 6(6): 591-597. (in Chinese))

[2] PLIZZARI G WAGGONER F, SAOUMA V E. Centrifuge
modeling and analysis of concrete gravity dams[J]. Journal of
Structural Engineering, 1995, 121(10): 1471-1479.

(3] TKIEAZ, 1RV, WRERE, S KLU SO R A I O
PARIRATF T[], E/KFIK R0 AR 4, 2008, 6(2):
86-92. (ZHANG Yanyi, XU Zeping, WEN Yanfeng, et al.
Centrifugal modeling test on the Nuozhadu high central core
earth-rockfill dam[J]. Journal of China Institute of Water
Resources and Hydropower Research, 2008, 6(2): 86-92. (in
Chinese))

[4] AR, Besmat, RAEHE, S HURZRI SR OREREENIK
JIBS R E LB IE B AL 0). A+ TR R, 2010,
32(12): 1935-1941. (NIU Qifei, HOU Yujing, LIANG Jianhui,
et al. Centrifuge modeling of cracking and hydraulic
fracturing in core dams induced by abrupt change of bank
slope[J]. Chinese Journal of Geotechnical Engineering, 2010,
32(12): 1935-1941. (in Chinese))

[51 % %7, sQRURl, 2 L. TR0 I AR e A LB oA A e
BEFE[I]. TR AR (H SRR ERR), 2008, 36(5): 585-589.
(CAI Xin, WU Yingli, LI Guoying. Research on centrifugal
model experiment for concrete-faced cemented-rockfill
dam[J]. Journal of Hohai University (Natural Sciences), 2008,
36(5): 585-589. (in Chinese))

[6] A, MR, NALEE, 5. HAHEAIUIN &R OB
AT ] KRS @M TR, 2016, 14(5): 13-19.
(WANG Nianxiang, SHI Liandong, YING Lifeng, et al.
Centrifuge modeling test on concrete face rockfill dam
heightening[J]. Journal of Water Resources and Architectural
Engineering, 2016, 14(5): 13-19. (in Chinese))

(7] 4R, Bernt, R, TR 2 bR BE A I AR A 0
) 0o R R U AT T ()], A £ RS, 2010, 32(9):
1323-1328. (XU Zeping, HOU Yujing, LIANG Jianhui.
Centrifugal model tests on CFRD on deep alluvium
foundation[J]. Chinese Journal of Geotechnical Engineering,
2010, 32(9): 1323-1328. (in Chinese))

(8] ZEdink, 1E/NZE, VLJTLL. AN He 92 X &6 4k A%
JIAPERERIRZ M FE[T]. DY JIZKA, 2020, 41(6): 19-20, 48.
(CHE Weibin, TAN Xiaojun, JIANG Wanhong. Research on
the influence of different compactness on engineering

mechanical properties of contacting clay material[J]. Sichuan



1308 =

+ T B % ik

2024 4E

Water Resources, 2020, 41(6): 19-20, 48. (in Chinese))

[91 ®WAVE, MR, 2R, & HE R AN T
BB RIS )] W =S TR AR, 2018, 140
F 2): 542-547, 564. (CHANG Liying, YE Faming, LI
Xiaoquan, et al. Experimental study of permeability of
contact clay under large shear deformation[J]. Chinese
Journal of Underground Space and Engineering, 2018, 14(S2):
542-547, 564. (in Chinese))

[10] CHEN X B, ZHANG J S, XIAO Y J, et al. Effect of
roughness on shear behavior of red clay—concrete interface in
large-scale direct shear tests[J]. Canadian Geotechnical
Journal, 2015, 52(8): 1122-1135.

[(11] #R06H], FHEE, BUTIC, 5. B L H00 KR TR
BRI S R AT IR (], A TR AR, 2023, 45(2):
232-242. (XU Guangming, WANG Nianxiang, GU Xingwen,
et al. Preliminary study on influences of model container
constraint on large-deformation failure behaviors by
centrifuge modeling[J]. Chinese Journal of Geotechnical
Engineering, 2023, 45(2): 232-242. (in Chinese))

[12] xI=pHe, SRR, 4ROGHI, 5. IR IR 40D 3k K
A B FBDRIG F FE[T]. A LRSI, 2004, 26(6):
846-850. (LIU Shouhua, CAI Zhengyin, XU Guangming, et
al. Centrifuge modeling of the silty sand foundation of
super-high  fill[J].
Engineering, 2004, 26(6): 846-850. (in Chinese))

[13] W], JAte, 2580, BB AR g0l S48 55 BT [T].
J1%ZET], 2004, 25(2): 291-296. (YAO Yanming, ZHOU

Chinese Journal of Geotechnical

Shunhua, LI Yaochen. Boundary effect analysis of centrifuge
test[J]. Chinese Quarterly of Mechanics, 2004, 25(2):
291-296. (in Chinese))

[14] #5060, TR, BCARIY b (R RS RN A S RREE I
7. B TFE2ER, 1996, 18(3): 80-86. (XU Guangming,
ZHANG Weimin. Study on particle size effect and boundary
effect in model[J].
Geotechnical Engineering, 1996, 18(3): 80-86. (in Chinese))

[15] LAMBE P, WHITMAN R. Effect of boundary conditions

centrifugal Chinese Journal of

upon centrifuge experiments using ground motion
simulation[J]. Geotechnical Testing Journal, 1986, 9(2): 61.

[16] MALUSHITSKY Y N. The Centrifugal Model Testing of
Waste-Heap Embankments[M]. London: Cambridge University
Press, 1975.

[17] OVESEN N K. The use of physical models in design: the
scaling law relationships[C]// Proceedings of the 7th

European Conference on Soil Mechanics and Foundation

Engineering, Brighton, 1979.

[18] DRNEVICH V P, WHITMAN R V, LAMBE P C. Effect of
boundary conditions upon centrifuge experiments using
ground motion simulation[J]. Geotechnical Testing Journal,
1986, 9(2): 61-71.

[19] fR2Z2. #PESAM]. JEat: @EEHE ikt 2016, (XU
ZhiLun. Elasticity[M]. Beijing: Higher Education Press, 2016.
(in Chinese))

[20] 3Kk B, JRBIAR, TR, SE S BRI e S
B FENE ST 2R ()], SEALKRDK 2R 2R, 2006, 27(4):
40-42, 48. (ZHANG Wei, SU Mingle, YU Hongliang, et al.
The elastic mechanics solution of statically indeterminate
beams fixed at two sides under the action of concentrated
load[J]. Journal of North China Institute of Water
Conservancy and Hydroelectric Power, 2006, 27(4): 40-42,
48. (in Chinese))

[21] SR, HUIA, LEEL, 55, DR L EE B0 ) R 80K
BO[I]. TR 2ZE AR (B SRR IR), 2016, 44(6): 491-497.
(ZHU Jungao, JIANG Mingjie, SHEN Kaoshan, et al.
Experimental study of at-rest lateral pressure coefficient of
coarse-grained soil[J]. Journal of Hohai University (Natural
Sciences), 2016, 44(6): 491-497. (in Chinese))

[22] 5k f&, AR, XU, &5 BT mEEIRHE L
BTSR[], AR oA S TR AR, 2010, 2903
1): 3169-3176. (ZHANG Jian, HU Ruilin, LIU Haibin, et al.
Calculation study of Rankine earth pressure based on unified
strength theory[J]. Chinese Journal of Rock Mechanics and
Engineering, 2010, 29(S1): 3169-3176. (in Chinese))

[23] POTYONDY J G. Skin friction between various soils and
construction 11(4):
339-353.

[24] KASYAP S S, SENETAKIS K. A micromechanical

materials[J]. Géotechnique, 1961,

experimental study of kaolinite-coated sand grains[J].
Tribology International, 2018, 126: 206-217.

25] LEMW, fT 7, AEE, & SEHEE ORI
FEMAR[T]. MR TRE K224, 2021, 42(4): 514-520.
(JIANG Yanbin, HE Ning, ZHOU Yanzhang, et al.
Deformation testing of composite foundation geotechnical
centrifugal modeling[J]. Journal of Harbin Engineering
University, 2021, 42(4): 514-520. (in Chinese))

[26] LEI M F, ZHOU B C, LIN Y X, et al. Model test to
investigate reasonable reactive artificial boundary in shaking
table test with a rigid container[J]. Journal of Central South

University, 2020, 27(1):210-220.





