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Mechanical properties of different geomembranes in membrane-faced rockfill dam
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Abstract: Aiming at the mechanical properties of several geomembranes (GMs) commonly used as the main impervious
materials of membrane-faced rockfill dam (MFRD), the uniaxial tensile tests, liquid expansion tests, local scratch resistance
tests and capability to accommodate deformation tests are carried out. The test results show that compared to other GMs, the
PVC-HX with the thickness of 1.0 mm is superior in the Young's modulus, linear elastic range of stress-strain and capability to
accommodate deformation. Under the same scratch length, direction and ratio of depth to thickness, the TPO has strong
resistance to the local scratch damage. However, the PVC-HX behaves satisfactorily in the ultimate strength against damage
and the ultimate elongation, which can meet the mechanical performance requirements of impervious structures of the GMs.
The HDPE/PE with thickness greater than 0.8 mm has high stiffness, low capability to accommodate deformation and local
scratch damage, therefore, it is not suitable for the impervious structures of the GMs under high pressure and porous medium
cushion. The comprehensive results indicate that the PVC-HX and TPO with thickness greater than 1.0 mm have potential
advantages in the impervious structures of high MFRDs, and the HDPE/PE is recommended when the thickness is less than 0.8
mm required in engineering design.
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fis, SEIMANEINE %M PE/HDPE 5% . HE 20
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HDPE/PE. PVC Al TPO fi5 2 H Fif T B HE A7 401 i
By &t b 1 B B A RE . 56 Y B 9 i A 1= T
JECFAE M A PVC I, e FH ) [ = Fi E 4 PVC 5
e AE PVC-HX F1 PVC-CAPIL. & T B Bk AU
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MRSk, i TR R AR . S5 R X A 2
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Bl I M BRI AP, (HE BRI PR AR, R
HDPE/PE JEfif 5 B 2w 151 A< SC 3% I 1¥] HDPE JEfF) )&
59 0.5, 1.0, 1.2, 1.5, 20 mm, PE EEE N 0.5,
0.8, 1.0 mm, PVC-HX £ 1.0, 2.0, 2.85 mm. K%
E PR L R MRAST SN, EHEFAMUGRE T >
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RIS i RIS 24+2°C, A HE
12N 6.0 cm, H MR EAEH 3.05 em. X501 £ 1% F
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Je HE 4% 30.5 mm, f K45l 77 2.5 MPa. (BIURE)
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Table 1 Typical parameters of GMs

e + T R4 R

<}
PSR HDPE PE TPO PVC-HX PVC-CAPI
15 B/ mm 0.5 1.0 1.2 1.5 2.0 0.5 0.8 1.0 365 1.0 20 285 3.65
LS TR T
ﬁ%ﬁig &/ 0.082 0.096 0.114 0.135 0.194 0.074 0.066 0.1 0.608 0.14 0278 0354 0.42
BT 2455 5 /M Pa — — — — — — —  — 431 1497 1328 13.79 7.74
JERREREE/MPa 194 175 164 1.62 28 1.77 127 1.0 132 409 451 3.0l 1.75
b 224 70F 4| 2%

Lﬁ%(;@z/ — — — — — —  — 144 166 185 256 257

0
A o 2/ 0.2 0.2 0.2 0.2 0.2 0.2 02 02 20 330 340 350 38.0
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Fig. 1 Diagram of uniaxial tensile tests
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Table 2 Poisson's ratios of GMs

4R HDPE PE PVC-HX PVC-CAPI TPO
JEJE h/mm  0.50 .00 1.20 1.50 2.00 050 0.80 1.00 1.00  2.00 2.85 3.65 3.65
u, 053 042 046 060 044 056 050 043 044 042 0.51 0.54 0.51

. 047 058 054 040 056 044 050 057 056 058 049 0.46 0.49
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G, FRAJEIRM B @ =B, s B il
Wigd i C, N JJBER AR B PEPE I K, BRASRIHY B
Hh A SCNJEIRA . B 2 (a) 7R T 1.0 mm J§ HDPE
JE N F AR B2, Bl AR 0~0.1% P9 B A7t AR 28
PEREIN, 0.1%~108% P B 7 K AR 2%, F RS 108%
Ja R JTGERE K, 2L AR 18 0.85 MPa,
JERRNAE N 0.1%. B2 (b) 7R 3.65 mm £/ TPO
JEL Ak [ AR 0~2.0% A B2 77 Bt S AR 2R PR RS 0, 2.0% ~
124.0% P N /7 B8 K AR LR, 124.0% ZE80FE W 2L R A5 [X
5] YR AT PR, AR R ERMEAR L, 1 2.0%8 45 b
I A 26 aR HIL A, kN JEIRET B, R IR
714 1.35 MPa.
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Fig. 2 Relationship between stress and strain

1 1 1
100 120 140

2 (¢) /R T 3.65 mm JE [ PVC-CAPI 4 i)
REAR 0~23.0% N 8L 7kl N A A AR K, 23.0%~112.0%
PR DI, i IS AR ik 112.0% % Wt
KN 124.5% X [A] N R Pudgisb &, B 2 4
s JERAR AL TR 23%4L,  JEARS. J104 1.99 MPa.
PE/HDPE i 7] J& & & M #4 kL, 1 PVC-HX H
PVC-CAPI J& TRA LM, R IEA A,
BT R TE LK 3.

HH% 3 ] LAE tH HDPE fi5 #h 28 55 B sUR IR Y. 7 5
JE R S AEAH G, RIS R JE R S 780K, T PE
JEFT PVC-HX M5 JE EERG I 2 A S, i RS/ 7 Bt
JE 5 18 4 177 B A% HDPE/PE 4k 1tk A% [X ) 5 J& i AR
TG, PVC-HX JEEZ 1 AR X (1] 6 J5 B 19 0 2 38 5
& JERERN 1.0 mm 4T, JERPLJ PVC-HX>
HDPE>PE fii, J&EHkRNAF PVC-HX>HDPE=PE fi,

#=3 M-NTHHERSH

Table 3 Parameters of characteristic points in stress-strain curves

R JEEE/mm &,/% o©,/MPa &,/% o,/MPa
0.5 0.1 0.83 110 39.39
1.0 0.1 0.85 108 40.37
HDPE 1.2 0.1 0.96 112 55.65
1.5 0.1 0.93 109 5843
2.0 0.1 1.19 111 60.15
0.5 0.1 1.78 95 26.99
PE 0.8 0.1 0.69 90 26.10
1.0 0.1 0.59 87 27.04
1.0 26.0 5.53 82 36.20
PVC-HX 2.0 28.0 5.35 85 32.38
2.85 33.0 5.25 105 52.15
PVC-CAPI _ 3.65 23.0 1.99 112 36.06
TPO 3.65 2.0 1.35 124 28.84
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3 J&7~ 7 HDPE.PE 1 PVC-HX AN [F] B K
3.65 mm J& PVC-CAPI H1 TPO I f#) 31— A8 5% % ih
2, Fh HDPE/PE JE[RIARECR, MARTE E 500%H}
MIARWTIREIR, B 3 FAFIH 100% NI RAS, T
HERETHAERA 150% AR AERRBIR . N
WIUE R O T G608 BN 7 A% it 28 1 X 7] 1447 2 PR AL,
A, LMUA T E R*=0.995 Fisiil 2443k 1 T
FORE &, 2R AR X [A] R4S B & AT B R LR 4
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W24 £2°C

el%
(a) HDPEJ
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Fig. 3 Stress-strain curves of GMs used in tests

tHE 3 %1 HDPE JEEEEfR b 8777 )5 R 3 b 3
K PE JBEZENENAR P (1) 8L 77K Sl JE 55 384 0 Tt sk /) »
KB R e e i 2 e B R BESE T 34K PVC-HX i
(R BEAA I g 7K ST 5 B 38 i BeA R, LR R K B
ﬁ”r“ijﬁﬁ”r“ﬂwzjzo

4 JER T R IR/ e B AR 5 T JE G
%, HDPE/PE J5 (126 14 2% [X [|) Al & £ 454k , HDPE
JEL (1) 4% DA B B JEL FE 3G T 3K, 177 PE B J5 i 3
IO/l s PVC-HX e i 57 7% i J52 P52 38 o iy 386K,
¥ RIS P . B3R 4 T4 1.0 mm JEJ¥ ¥ HDPE. PE
A PVC-HX JE 147 AR & 73 ) N 853.57, 545.22,21.27
MPa, HDPE &K, & PVC-HX JE 40 £,
PE 4% F & B /T HDPE fi, {HEE PVC-HX Ji&
)47 FC A B K 24.6 % HDPE/PE JIE (1) Ji AR B AR5 /)N,
B8 0.1%, KT PVC-HX JE 1) T AR R AR 26.0%.
I, PVC-HX R B A AR IR AL AR (1) Jee IR R AT
FAIIVE RN E JE MR JR ) N 3.65 mm ) PVC-CAPI
JEFN TPO JEAHEL, PVC-CAPI JE# RAEAR, JE IR
REAR R, FEMEAE X B

2% LR, PVC-HX JEM7 B ERAR, 8RN
R, SRR LS YIYE; HDPE R JE RS 22
B%, BIREES, BEAMRERIEER, 7Ei2rE
At APERIHTHE N BRI EEART 1.0 mm IR
J& PE I IR S IR E %S, BKT HDPE

£ 130 ¢
5 {20 ¥

428

127

126

1.0 15 20 25 38

h/mm
(¢) PVC-HXJE

4 HREE/BREESREERXR

Fig. 4 Relationship between Young's modulus/yield strain and

thickness

*4 HREERRE

Table 4 Values of Young's modulus

W JEJE 2%'@0 X[E/ KR E R
mm % MPa

0.50 [0, 0.10] 837.11 0.9998
1.00 [0, 0.10] 853.57 0.9978
HDPE 1.20 [0, 0.10] 874.82 0.9990
1.50 [0, 0.10] 883.60 0.9999
2.00 [0, 0.10] 1509.41 0.9996
0.50 [0, 0.10] 1228.00 0.9970
PE 0.80 [0, 0.10] 689.07 0.9998
1.00 [0, 0.10] 545.22 0.9996
1.00 [0, 26.0] 21.27 0.9960
PVC-HX 2.00 [0, 28.0] 21.11 0.9960
2.85 [0, 33.0] 19.05 0.9950
PVC-CAPI 3.65 [0, 23.0] 15.70 0.9950
TPO 3.65 [0, 2.0] 49.57 0.9960
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fEE, {HY5 PVC-HX AR LA B B s e, e AR
AN, B TG B g R AR A Tj(E’J H T
JEHEA I, 3.65 mm TPO X147 KA E ik T
HDPE/PE i, fifk 1 MWK i), R IR
T PVC-HX F1 PVC-CAPI fi, i AR N AR A 2%,
TEANSE) S YT BRI I TH RS A I rp LA 5 4k
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3.1 EJIEE-RAKATR

R ZERUE PE B 50 40 AT 45 tH M A PR
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JEL S IRVERIR, B BRI N MEVERER, T PE i
) R IAVERIR, PVC-HX F1 PVC-CAPI JE A HIPERL IR,
TPO N MEPERLIR .

a) 0.5 mm (b) 0.1 mm ¢) 2.0 mm (d)OSmm
HDPE HDPE HDPE
(f) 1.0 mm (g) 2.0 mm (h) 2.85 mm (i) 3.65 mm
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5 AR IR A
Fig. 5 Failure specimens in liquid expansion tests

6 N TR E- Ao R iizk, hE 6
(d), 6 (&) AIFIEMAFE /NG, K 7758 B Bl AR A
LR, B S J15RE SRR RO Rt R AL
AR, BEEHBHER A

6 (a), 6 (b) BRI S FEHENT 1.0
mm f) HDPE/PE A1 TPO Ji5 s 7 9 J& — i ik A4 A b 2%
REFAFEL,  RIN IR AARAR G 0 s 775 B IR I8N
JEJT5RE R E R AME 12 UGS, JE5RE R AR
TR AR RS2 K R, FRUCPY BON R 7758
FHE W], TPO R 7758 BT & HARF SRR A A X K
JE /T 1.0 mm () HDPE/PE [ 434 i) [a) g 5 i &
A/NF 1.0 mm f¥) HDPE/PE i .PVC-CAPI 1 PVC-HX
55 i 28 AT A —F, KI5 B 4 M U K
B2+ TR R

HE 6 1 (a), 6 (b) FIE 5 %], 0.5 mm &
HDPE/PE . 0.8 mm /5 PE A1 3.65 mm J§ TPO JiX

JE JT5RE B RAE 2 BN 1.100, 0.829, 1.476, 1.659
MPa, WAK AR AL 43 5 2.55X10°, 2.27X10°,
220X10°, 3.26X10°m?®, & /75 B ik B AR J5 155
S H B KA AR 0 o 7 i B s T B AN e AR ik
F2; Hrp TPO FBEfE & F /7o FEE RFEE K, AR &
SRR 30%, e & AFFS T . Bk
B Y Tep e O Y0 oG Py = B N BT e - P s S
F5E IR AAR AR i 208 B EAE 5, KA e 77 5 B S B O

Pa. 1K 6 (a), 6 (b), 6 (¢c) 741 HDPE/PE &
A PVC-HX 5 U i 58 F52 il i J52 52 89 o if 38 K
HDPE/PE & [R5 8 2 bl B PR B SR 3 A8 i A R
JEEE KT 1.0 mm [ PVC-HX X NGEIERIR: K 6
(f) N 1.0 mm J§& HDPE/PE f&#1 PVC-HX Hi& & /753
FE =M AR 2, mT DL H U8R {560 AN s VR IR A4 AR
H K F /NI 43 %) 9 HDPE>PE>PVC-HX, PVC-HX>
HDPE>PE. 3.65 mm J§& PVC-CAPI I 2.85 mm &
PVC-HX JBIE(E5REA Y, 7308 2.837, 2.862 MPa,
TR0 TS A e {5 B A K

20

—=— 0.5 mm PE

—e— 0.8 mm PE ‘A
4+ 10mmPE £ |J%
" v—3.65mm TPO %4
IR E24 + 2°C 0“
Btk W 170 ml/mm.f ‘\,

1.5F

P/MPa

0 1><105 2><105 3x1075 4><105 5><105 6><105
Vim?
(a) AREEEEPELS TPOWR Ik 27

[—=— 0.5 mm HDPE
—e— 1.0 mm HDPE
5[ —— 1.2 mm HDPE
—v— 1.5 mm HDPE
4 +—¢— 2.0 mm HDPE
<— 3.65 mm TPO

- BRI IR 24 + 2°C
WA HE 170 ml/min

P/MPa
w
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Fig. 6 Relationship between pressure intensity and liquid

749 0.081 MPa, (5 IEAE 58 EE 1) 7.39%
LA i 28 75 R K AR BRI 46 B B 5 S DA 5 AR )
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Table 5 Characteristic values of liquid expansion strength

upe B [E G [ EEE RV A R ARAARTR FH WL
£ h/ mm Pun/MPa Ve/(10°5 m?) Vl(105m?) V/(10°5 m?)
0.50 1.100 2.55 2.98 2.60~2.83
1.00 2.274 3.68 3.68 0.00
HDPE 1.20 2.482 3.75 3.75 0.00
1.50 2.789 3.75 3.75 0.00
2.00 5.432 5.45 5.45 0.00
0.50 0.829 227 3.12 2.55-2.97
PE 0.80 1.476 2.20 3.12 2.76~3.12
1.00 1.596 2.98 2.98 0.00
1.00 1.236 4.68 4.68 0.00
PVC-HX 2.00 2.095 4.75 4.75 0.00
2.85 2.862 4.25 4.25 0.00
PVC-CAPI 3.65 2.837 425 425 0.00
TPO 3.65 1.659 3.26 5.53 3.75~5.38
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Table 6 Fitting parameters of liquid expansion model

g M P/ Xc/ wi SEYRRE/A 5
® mm MPa (10°m®) (10°m) Et/%
0.50 1.100 2.55 0.63 0.0813/7.39
1.00 2.274 3.68 0.82 0.0044/0.19
HDPE 1.20 2.482 3.75 0.94 0.0000/0.00
1.50 2.789 3.75 1.08 0.0868/3.11
2.00 5.432 5.45 1.75 0.1406/2.59
0.50 0.829 2.27 0.54 0.0429/5.18
PE 0.80 1.476 2.48 0.61 0.0025/0.17
1.00 1.896 2.98 0.74 0.0015/0.08
1.00 1.236 4.68 1.22 0.0031/0.25
PV§_H 2.00 2.095 4.75 1.25 0.0015/0.07
2.85 2.862 4.25 1.40 0.0197/0.69
PXCP}C 3.65 2.837 4.25 1.24 0.0596/2.10
TPO  3.65 1.659 3.26 0.76 0.0069/0.42
1.251
n SCfilE
e 102
LOO F — miamdk
HDPE + TR 0.5 mm J0.1
o 0.75 | F#iR220.0813 MPa
& K R2£0.1439 MPa o
= lo &
~ 050 g
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05| h -0.1
ok 4-02
(I) 1><I10-5 2>:10-5 3x1075
V/im?
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0.6
03k {-0.1
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Fig. 7 Fitting analysis of liquid expansion model
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Fig. 8 Numerical analysis model
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Table 7 Liquid expansion strengths
R ARV

1k} BB ERK
s o Clilice Clilice
S himm BRI PMPa b0 puMPa
0.50 0.42 1.100 0.44
1.00 0.15 2274 0.91
HDPE 1.20 0.20 2.482 0.99
1.50 0.28 2.789 1.12
2.00 0.39 5.432 2.17
0.50 036 0.829 033
PE 0.80 0.16 1.476 0.59
1.00 0.30 1.59 0.64
1.00 022 1236 0.49
PVC-HX  2.00 0.28 2.095 0.84
2.85 0.45 2.862 1.14
PVC-CAPI  3.65 0.32 2.837 1.13
TPO 3.65 0.29 1.659 0.66

4 T EERRIAEE S AR

JE R L T AR ARV R LIS B, HiE T
I 52 7 T DR 2R P, A G AR S R G T
s L ECRIR R S, BRhFa I b TR AR A
W5 THE, (HRPRIG - TR TAEA I B H A
KA LA A o 470 B S8 5E T HDPE Jig
DRIt 45 1310 51 R (P T L), 45 SR BH 51497 X6 JBE 1)
SehR TREMEREA IR KRN s A0 R S PO X AN [R] JE
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P ARG, R AT T #5005 % TR 7 S ) E R
DRI, JF R4 A9 = TR (R o g 2 R F % T i
brEA — 2 .
4.1 BRI RI L o

MR 1.4 5505 58 /R0 5 R RS, RS
()47 (91 553 — i A 6 pHY 2R 1 P O T 7R o W] R 7 FIE A S5 ¢
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RERF (OREAE 2R FEAE £, el o 5 o 2 {1 5 193485
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Fig. 9 Relationship between tensile strength and elongation
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F 8 b TIEAN R R A5 47 G PR B B T e %6
B R Fr o 5, AT DL RIDR R S BEE 10% 1)
HDPE F1 PE A [a] /44 1A Rl R I PR B 42E A 2 AT bl
IS 7 e 5 P 357 i JE P58 186 I 38K, T A TR 1 [
= TR 17 IR TS AR R 2 e 5 RN PR e e B /N R
FRIIR, B R RIYR IS R R . 3.65 mm J&
TPO FEARAFEAER/RY/ B RIIR B ARFABEIR, ZRIR
SN RS B /)N, T R SR A 0 sk, (HJE RO,
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Table 8 Tensile strengths/elongations of damaged specimens

L) CRls)
R J5 & /mm VBT 29 " gﬁﬁ%ﬁﬁﬁ : *&EE R PR .
AF/(N-mm 1) SEAH /% B35 FE/(N-mm ")
0.50 8.80 5.13 25.20 5.20
HDPE 1.00 77.27 9.55 104.53 10.53
1.20 78.20 10.05 110.81 10.58
0.50 10.80 3.68 14.85 3.95
PE 0.80 83.94 6.50 203.88 6.89
1.00 96.73 8.62 254.67 22.62
1.00 156.23 10.41 225.14 13.82
PVC-HX 2.00 189.30 16.66 269.16 19.47
2.85 102.80 12.80 209.40 19.90
PVC-CAPI 3.65 110.20 9.40 249.30 21.00
147 —etommuppE T —=—1.0 mm HDPE 161 2 1.0 mm HDPE
Bl —e—1.0 mm PE 12+ —6—1.0 mm PE 14 —*—1.0 mm PE
—a 1.0 mun PVC —4—1.0 mm PVC —4+—1.0 mm PVC
ol ok 12}
E ol T 8l ~ 100
Z L £ s
= 6 s § 6
4 4 4
2 2 2
0 30 0 9 120 150 O 30 60 9 120 150 o 30 60 90 120 150 180 210 240 270

&l%
(a) B RIE

&

(b ) Brgkly

1% el%

(e ) Bkl

10 545 A F PR 5 - RE AP 3R 5K R 2

Fig. 10 Relationship between tensile strength and elongation of damaged specimens
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Table 9 Deformations of GMs

B JE B/ mm HI4HAE Y &/mm 12 h J5& %5/ mm [H & &/ mm EEESLA
0.50 8.20 5.60 2.60 31.71
1.00 7.40 3.90 3.50 47.30
HDPE 1.20 7.10 2.70 4.40 61.97
1.50 6.80 2.30 4.50 66.18
2.00 6.40 1.70 4.70 73.44
0.50 8.80 7.70 1.10 12.50
PE 0.80 7.80 5.90 1.90 24.36
1.00 7.70 4.70 3.00 38.96
1.00 7.30 1.90 5.40 73.97
PVC-HX 2.00 5.10 0.20 4.90 96.08
2.85 4.35 0.15 4.20 96.55
PVC-CAPI 3.65 5.65 0.05 5.60 99.12
TPO 3.65 3.45 0.65 2.80 81.16
ER LRk, e/} e SRR O AN R R P AR Tk 1 o5 m o5 m A ks agsmr
T T EPERE, SRR B R W] AR AR R FE(H 3R PVC-CAPI TPO PVC-HX
FtT LRSS 1.0 mm F ) PVC-HX LT 6 2B £
Jitt PE/HDPE A58, TPO BELAM45:15 68 /)58 T 34 T %

LT, HAME . Bk, ARREERINEE R
RAAPIREM, EPRTT TREAE B . il M PR o
TIFEFEARAN R ARMIR SR R 05, JRas & TRESK
Brif ol A Bl T, AR TAER R

5 ENBRNBRETEENDT
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L 55 8 JE SOR (R 82 ik o R/ IN 73 A i A2 DU o R0 SRS T
A S ECA ST B g, ik, LT
IR 38 A5 T BE JIHIF 70 A TR

K11 Ca), 11 (b) 43Jl s T il 5 Ayt e &%
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Fig. 11 Deformations of GMs after pressure relief
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AR T ez ete, WEEMNEHAAE KT 08
mm. J5JE34°4 1.0 mm [ PVC-HX AR F [F] & % B 55




51

ST, S5 IR WU AR TR 22 951

T PE M, FFHAE% MG ILEN R, 2P E
HHRME 10%Lh L, EEiESmBEE AN, 3.65
mm 4% JE ) PVC-CAPI I TPO fi idi i Fiks 2245
Ae s, (HEA AR = IEN & .

6 & it

(1) PVC-HX JEf#7 IR, HA Y2 (25
PEX ], ZePIERT; HDPE/PE Mk, ik
FEXS 22 SR 2 LB BRI 2 N R S R
JEFERCR I TPO JE A7 B EAG,  (HER R X (]S,
TE B T RS AN K IR e A 0

(2) PVC-HX MK G WM IR, IR A RS
{iks HDPE/PE J: 58 JZ 5 38 e S48 % 3K e 901 il R e A
ST RR, (R R A ARG 5, BRI AR S b
THIEFE; TPO B EMEMERIR, (HARVFRIKERE K,
18 F KBS A

(3) TPO. PVC-HX/CAPI Ji BA & 9 (i J=) 345
KRR ST, IR IR AT B A 5K I S e e AN AR
PRFzH5EEE ; 5 PVC-HX JEE A A1 [F 5 ) HDPE/PE
TR i e IR 2, 8%, OB Tk fE op N T A
IEH A

(4) PVC-HX 1 TPO JEi&E N 2 AR 158,
1.0 MPa J& 7] F et SN0 A ZFLRTH, He T
LS 1A AR T K B R 56 4 M A 182 S0 [V 174 L Bt T v
AT HARES , WRERTB A5 2 P EAF

SE -

[1] R—m9, FEKE R TR 2 TR KFKE
RHGHERE, 2015, 35(5): 20-26. (SHU Yiming. Progress in
geomembrane barriers for seepage prevention in reservoirs
and dams in China[J]. Advances in Science and Technology
of Water Resources, 2015, 35(5): 20-26. (in Chinese))

(2] B b, TR g B N HI[T). KA A, 1985,
11(10): 43-50. (GU Ganchen. Application of geomembrane in
dam construction[J]. Water Power, 1985, 11(10): 43-50. (in
Chinese))

(3] W, SR, Z2mEM e HE A UK R 7 3R 5 ok
SRR R B A ISR BOR (—)[T]. AR F R st
J&, 2015, 35(1): 1-9. (SHU Yiming, WU Haimin, JIANG
Xiaozhen. Need and key technology on development of high
membrane faced rockfill dam: key technology of high
membrane faced rockfill dam( I )[J]. Advances in Science
and Technology of Water Resources, 2015, 35(1): 1-9. (in
Chinese))

(4] RN, SRAFR, WA, A AR A IR A R Bk
JSEALA 5 T BT T i e TR A 3R B B (T[T,

JKFIK R HERE, 2015, 35(1): 10-15. (SHU Yiming, WU
Haimin, JIANG Xiaozhen, et al. Mechanism of anchoring
influence at perimeter of high membrane faced rockfill dam
and eliminating approach: key technology of high membrane
faced rockfill dam( II )[J]. Advances in Science and
Technology of Water Resources, 2015, 35(1): 10-15. (in
Chinese))

[5] RMEIR, ANy, LWl & o IsrRE T+
TR 37 1 g 2 A e A A R BR BAR (=) [0].
KRR R HERE, 2015, 35(1): 16-22. (WU Haimin, SHU
Yiming, JIANG Xiaozhen, et al. Biaxial tensile mechanical
property of geomembrane used as high membrane faced
rockfill dam: key technology of high membrane faced rockfill
dam(I1I)[J]. Advances in Science and Technology of Water
Resources, 2015, 35(1): 16-22. (in Chinese))

(6] SRifFRE, W09, ICH, 4. mdff I8 4 A
(X Je L SRR B (1], 25 L REAIR, 2016, 38(S1):
30-36. (WU Haimin, SHU Yiming, TENG Zhaoming, et al.
Model tests on failure properties of geomembrane anchorage
due to clamping effect in surface barrier of high rock-fill
dam[J]. Chinese Journal of Geotechnical Engineering, 2016,
38(S1): 30-36. (in Chinese))

(71 KEEH, XN, Bl s, 5 S aIEE gt
LRI RIGHT TT[T]. A LREEAR, 2019, 41(8):
1555-1561. (ZHANG Xianlei, LIU Yunfeng, GU Ke, et al.
Experimental study on geomembrane bending (folding) in
anti-seepage structure of membrane-faced rockfill dam[J].
Chinese Journal of Geotechnical Engineering, 2019, 41(8):
1555-1561. (in Chinese))

8] T 7, WA, EEA BEHEA R TEPIEEAR
[J]. /K J1k L, 2016, 42(5): 62-67, 105. (NING Yu, YU
Jianging, CUI Liujie. Anti-seepage of geomembrane for high
soft rock filling dam[J]. Water Power, 2016, 42(5): 62-67,
105. (in Chinese))

[9] ICOLD. Geomembrane Sealing Systems for Dams: Design
Principles and Return of Experience (Bulletin 135)[R]. Paris:
International Commission on Large Dams, 2010.

[10] SCUERO A, VASCHETTI G. Geomembrane sealing systems
for dams: ICOLD bulletin 135[J]. Innovative Infrastructure
Solutions, 2017, 2(1): 29.

[11] CAZZUFFI D, MORACI N, CALVARANO L S, et al. The
influence of vertical effective stress and geogrid length on
interface behavior under pullout conditions[J]. Geosynthetics,
2014, 32(2): 40-50.

[12] R0, SRR, 2wl o EKERI L TEBTEEAR
R, &+ TR, 2016, 38T 1): 1-9. (SHU



952 Hs

B ¥ R 2023 4F

Yiming, WU Haimin, JIANG Xiaozhen. The development of
anti-seepage technology with geomembrane on reservoirs and
dams in China[J]. Chinese Journal of Geotechnical
Engineering, 2016, 38(S1): 1-9. (in Chinese))

[13] Hae N RSB KAES. A E 2R A0y SL 274
—2020[S]. dbxt: P EAKFIKE B AL, 2020. (Ministry of
Water Resources of the People's Republic of China. Design
code for rolled earth-rock fill dams: SL 274—2020[S].
Beijing: China Water & Power Press, 2020. (in Chinese))

[14] HE KGR, B & a0 TH 280 #E: NB/T
35062 —2015[S]. b xt: KA K H R, 2016.
(National Energy Bureau of the People's Republic of China.
Design Code for Construction Planning of Rolled Earth-Rock
Dam: NB/T 35062—2015[S]. Beijing: China Water & Power
Press, 2016. (in Chinese))

[15] CHEVALIER L, CALLOCH S, HILD F. Digital image
correlation used to analyze the multiaxial behavior of
rubber-like materials[J]. European Journal of Mechanics,
2001, 20(2): 169-187.

[16] AYDILEK A H, GULER M, EDIL T B. Use of image analysis
in determination of strain distribution during geosynthetic
tensile testing[J]. Journal of Computing in Civil Engineering,
2004, 18(1): 65-74.

[17] GORSZYK J, MALICKI K. Digital image correlation
method in monitoring deformation during geogrid testing[J].
Fibres and Textiles in Eastern Europe, 2019, 27(2(134)):
84-90.

[18] MERRY S M, BRAY J D. Geomembrane response in the
wide strip tension test[J]. Geosynthetics International, 1996,
3(4): 517-536.

[19] Standard Practice for Determination of 2% Secant Modulus
for Polyethylene Geomembranes: ASTM D5323-92[S]. 2018.

[20] ZHANG X L, MA Z Y, WU Y Y, et al. Response of
mechanical properties of polyvinyl chloride geomembrane to
ambient temperature in axial tension[J]. Applied Sciences,
2021, 11(22): 10864.

[21] —Mg, M558, LDPE = TSR AR AR PR gy 2 1y AR
SLUG[I). AKAK R HERE, 2003, 23(5): 1-3, 69. (SHU
Yiming, YE Naihu. Simulation test for Mullen burst limit
load of LDPE geomembrane[J]. Advances in Science and
Technology of Water Resources, 2003, 23(5): 1-3, 69. (in
Chinese))

[22] ZEHEAR, X574, @redE, 55 £ LB R RATE
RIGHTF[T). AL TRE2ER, 2016, 38(6): 1147-1151. (LI

Wanglin, LIU Zhanlei, MENG Xiangtao, et al. Experimental

study on air expansion deformation of geomembrane under

ring-restrained  conditions[J]. = Chinese = Journal  of
Geotechnical Engineering, 2016, 38(6): 1147-1151. (in
Chinese))

[23] XUF, LIW L, LIU Z L, et al. Study of factors that influence
geomembrane  air  expansion  deformation  under
ring-restrained conditions[J]. Geotextiles and Geomembranes,
2017, 45(3): 178-183.

24] W3, FiER, 5T, 5. L TERMEETE K
PR TR M. dERt: T E M K L ARk, 2020.
(SHU Yiming, LU Zhongmin, HOU lJinfang. Guide for
Design and Construction of Seepage Control and Drainage
Protection of GeosyntheticsiM]. Beijing: China Water &
Power Press, 2020. (in Chinese))

[25] #RI6H, &I, WIhR. HDPE JEI) )34 2 B3
WA FT[T]. WK (B AR ERR), 2004, 32(1):
76-80. (XU Guangming, ZHANG Weimin, PENG Gongxun.
Effect of damage on mechanical behavior of HDPE
geomembrane[J]. Journal of Hehai University (Natural
Sciences), 2004, 32(1): 76-80. (in Chinese))

[26] A B, WEEITITE, SRR SRR TR
BEERIG[T]. KR R RHERE, 2021, 41(1): 69-73. (CEN
Weijun, BOLANHAN Kaiken, LIU Fengru. Experimental
study on tensile properties of defective and damaged
geomembranes[J]. Advances in Science and Technology of
Water Resources, 2021, 41(1): 69-73. (in Chinese))

[27] RifFR, A9, BERIRHA, S A W B VA A AR K
R E 2 TR R R0 e T IR A 3L B B (TL)[T].
FKFK B AR, 2015, 35(1): 29-36, 66. (WU Haimin,
SHU Yiming, TENG Zhaoming, et al. Experimental research
on engineering property of non-granular cushion for high
membrane faced rockfill dam: key technology of high
membrane faced rockfill dam(V)[J]. Advances in Science
and Technology of Water Resources, 2015, 35(1): 29-36, 66.
(in Chinese))

(28] Zemehil, RN, T AR SR H TR ROk
P FIBENUR AMHT). 5 R4, 2016, 384T 1):
49-55. (JIANG Xiaozhen, SHU Yiming. Stochastic analysis
of contact force between geomembrane and particle
underlayer based on principle of maximum entropy[J].

Chinese Journal of Geotechnical Engineering, 2016, 38(S1):
49-55. (in Chinese))





