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Analysis of Deformation and Failure Characteristics of Geotextile Spherical Bulging Under
Circumferential Constraints
HAN Ruichen', XUE Xia', LI Chen®, LI Wanglin"*
(1.School of Water Conservancy and Environment, Univ. of Jinan, Ji’nan 250022, China; 2.Shandong Provincial Hydraulic Test Center, Ji’nan 250013, China)

Abstract: Composite geomembrane has been widely used in reservoir seepage prevention. Usually, composite geomembrane is composed of geo-
membrane and geotextile, which plays a protective and strengthening role and has an important influence on the swelling deformation of compos-
ite materials. The phenomenon of geotextile inflation was simplified as a hoop-constrained spherical bulging deformation model. With the help of
the impermeable film laid under the geotextile, the bulging deformation test was carried out through bulging deformation test equipment, and the
deformation characteristics and mechanical characteristics of geotextile bulging were studied. With the help of a microscope, the fiber structure
change process and bursting mechanism during the deformation of geotextile are emphatically analyzed. The results showed that the bursting pres-
sure of the geomembrane was about 50%~ 60% of the bursting pressure of the geomembrane. It could be seen that in addition to protecting the
geomembrane, it would also restrain the deformation of the geomembrane and increase its resistance to deformation. In the bulging deformation of
geotextile, the tensile stress—strain curve approximately showed the characteristics of plastic deformation, which could be divided into four stages:
linear elasticity, yield, strengthening, and bursting and breaking. The swelling deformation shape of the geotextile was hemispherical, and the tear
point generally appears at the crown top and further expanded to the spindle-shaped tear failure. The microstructure analysis showed that the twin-
ing point formed by the needled short fiber had a certain entanglement force, and the fiber between the twining points had a certain tensile

strength. The gradual failure of the twining force of the twining point and the fiber fracture were the main reasons for the swelling deformation
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failure of the geotextile. The greater the mass of geotextile per unit area, the denser the fiber and the entanglement, the greater the swelling pres-

sure that can withstand, and the stronger the ability to resist deformation. The research results had a practical significance for analyzing the contri-

bution of geotextiles on the membrane to the strength of geomembrane bulging deformation.

Key words: geotextile; bulging deformation; bursting analysis; mechanical properties; fiber; bound node

W25 BB H AR MR TR, A b T S
137 S T BE TR PRI B R MBS B B B PR R, 75
JEK PER 5 TAR A2 Tz pg s U,
S 5K T2 R 25 TR AR AR, AL AKCHE H R AR,

F B IURHEK  ARHE IR P, e R K T

PEIK AT SRR . - TS BE B I SF R R g m T, £ 1T
BRI AT T BE & A UM IR 4 L 2 7 A iR O, 5
A, SRBEIR A B T A, N+ TR B R, X
et — R K TR R A 7 2R SR e T
B AR M), B A O X 48 it — 8 2 e T 15 HE
AKHEAGEE S, 4 R e i —
R Bk T A R A H IR 5T AR
HRIX — A

EE A+ TSRS KR fid, T+
TR S AR TE R, -y = T A R s & A A K
ST AR, T A X - TR A 4P R R F
i 55 WOk g Y A U AR R P e
WA TASREE SRR, W/NEIE R, X2
B PR T2 R A 2 BB

+ T AR A TR R AN ) i B Ty R
HIRZES o+ TR KA RN, JLT A
B ABER, B F AT E AR T A iR
N, SRR, BRI, MELLAE E N LUK A ARAE b
Fif B AT, (R T B A A T R B R T
By, B T it a0 PR AR R O IR Bt o 4 T A
Bk AR g i 0 B BEGY EEEE  T
(R8I ARTE , 2 IE ARG T B M2 20 e AR 36 %
AT, 15 TS K AR T ) ) 2 R o B R
AUt sk 43 B 3 B TS K A8 T T R B
s A, 1 TA 88 R A 4 TR Kk s )
IR A e o b e s A D 3 R AR D Ay s R
A+ TS AR T Frpk R 72, 15t = TR 8L
BB A N E A+ TR 5 Ak 5 7 sk 77 .
Peggs! V& I T4 BB R SIS T I 25— 0 (0
FE BRI, B Bray! IR achik!! Vs 4 TS kAR
T B R 3 A Sy 22 b A T AR A e il ALY, g2
B TSR AS Y 5] BUFR A 35 i A2 I R @, 25 2]
BRIE T 55 19 78 T AE 28 [w) I &5 [a) — % 2 AR R B9, Char-
alambides: P22 8 T W Ky 45 WU AR T

H A, XF 1 T A B B g ik 28 T A0 56 3056 i 5%
BOREE AR S E & T A R R 2 b il

BbRvE ) B3 ARG T R & T A A SR
WU T e b T A RS KSR, R T A
FEERIK AR ) e T &K T8 AR+ T
52 25 Wk B D R SR e R O [ BB, 4 et
PR 26 7 W IR b JEAT IR G, ) P 5 R B g
R AEJE ISR (0 K o 3
BT RIS, DA s R M+ T4 ik
WA RE, AER I R P T R AR R W
171 388 3 A AR TR B T 1R 6 15 2 b T A K
AT I B A g A, 0 T — 5 P I %
BN 7 — 7 LR, DA B K T T A i S
& 5 3 2 7 2 UL RVMOUL 9 7 T T R0 B R A 1 4
W, BB T b T AR S A T K i R BB B 7 4% o Bt
T+ T AT AS TR 5 IR, 15 4 TR g b B T
b T A - TS K AR T B AR RS SR AR T 53 48,
WEHEAT T RS TR T ek % - T A B A T
SR B, HE— 20 A2 T b T AR RS I 2
FRIERFSY, S T RSB —E S IR S
1 R
1.1 BEAREE
W b A UK I AL S BR 1) 2 R BROE 8 K A
TEAE L, FFRIF ) L 1 B 1) 249 SRR R 85 ik A8 TB 1 36 i
Foy B & T A AR R R B S I T A
S AR TR, A5 B K 7 RHRRE oo A i 85 K
BB, T TR IR R - AR R
G T, g A SR P B A g
WHESAR RN S (T AR (R (1), L+ T
A TESE AR TE vh i T8 B AR AT >R A 52 1
T=§(%?+£%)P (1)
Aof, THEKASTE P A sk 1, L B AR, H
S Ak e T, PSR ST
LA (&) 0 N K BB (AL) 56 K
JE (Lo) (LU {8 :
AL  Ip-1L
T T L
A, e WK RS, ALK BEAS LR, Lo )
B K, Ly B I 5 K
DA (2) Sy Hfils, R PR REBR B AR T 1 J LA X &
HE— 24 S, AR5 T A A R AR A 2

(2)



552 Sl A, A5 T AR ER 1) 2 OSSR ST K e R A4 23 # 269
oo L*—4H® ><alrccosL2—4H2 ~ (3) BT R b, R SR AR M B, ST P Y
4HL L +4H’ WARAY BT HE A FRAEF- 6, X 152 75 2 1) 29 R L

1.2 REigE
RWEGE A TAR 0 Ty 2E R, EE A BA A A
T —Erhsh J A B R e ORI 4 2 G (] A A
(AR B0 18 6 o 1 R R P R T
ks f s s

-/yrmﬁ
,/- k.

b

L L/Wiﬁ
|

TTNE A

J/T%EE?C%T

E1 RAEkEREE
Fig. 1 Schematic diagram of test apparatus
Hovpe 3h J3 3 B 2 B WO R AT RO A,
N2 7R A2 B P 7 B 5 AR B 2L R 4

I, AP 6 L BEEA SR AR I 2R AY 4209 100 mm,

HME ] 150 mm ARG 2230, Q03R4 e
R SRR A R R R B, Hoh, 2R
TR R0 T A AR L AN R AR IS

2 HHKE
Fig.2 Power device

B3 #®BIERE
Fig. 3 Operating device

W RE 7= A e D, ke & A B AT 5 5 e Rl R
T8 1ok A% JE A I A5 B A T R A B K T
T 3o AT AN AN S A g DN 2 A 3 SR 11 S i v
1.3 IRt

R AR R4 45 + T 45 . HDPE+ T I HIPE
JEE CHZIARL) o I8 AR 8 G bR WL 22 1 o X0 T,
BEOY IR G AT R BT R  E AR N 140 mm K R, DA
FETEANE N LA 2 [ 7

F1 REMREHIER

Tab.1 Conventional index of test material
N AT WIRLGREE BT HismRE/
PR BT (Nm) KEM (Nem )

200 g/m’ 6.5 25~100  0.16

WL LT 300 g/m’ 95  25~100 024
400 g/m” 125 25~100 033

HDPE-L T.fi% 0.35 mm 8.1 615 37.50
HEME(PEE)  0.05mm 1.8 250 4.00

1.4 RETFE

+ TR NPE: DT TAABKES,
T ZAEAT TR PERE R 8 + T4 532 sk ik
SR AT IR T 2) 2 R B 2 A T ARGy vk, B
MEAT PERSE B2 000 o 4 19 4 1 55 BT A5 14 35 Ak 1
FEE K = B R A T 22 (5, FEARSEN (D) FI(3)
AR 4 T AR A 5K R 15 AR A

P I 23 6 1 T3 56 R 2 A o 28 R R 6 ) 48
IS ATAL, A28 % 4 130~ 140 mL/minfF, A% 56 T5
T ROE, L, A SCR AN %o 140
mL/min, B2 AT IR A D F8IK .

2 HWERK SR

MR e I d 25 3, R R (D) AN (3) it 515 2
- T A AR5 IN F RR AR A (R, 2 A A R A Bk
K 77— i s B bl £ Al B ) AR £k RIS A
5 3 A PR I R SRR A, P SE I SRR 86
PR B K A T A o LRSS - B Hr i T .
2.1 EPKIEN-EHEKSE Lk

W ARG T, L T AR I, 8K
1R A T AR A P A 1) PN B R T e
AT ok i v X 7 1 e T AR g v o DA BN T AR
K200 g/m*HIL RET T AR R, oK T -8
JiK v B R £ an K 47w, W LRt T A Ik
715 gk B v R R IR M 06 6 AR, B v B 38
MK,



270 TRERp A HEOR

%5 55 %

- T
—— 0.35 mm -+ T.fi#

0 10 20 30 40 50 60
S L /mm
4 BRENSEMSES L
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Fig. 7 Microscopic detail of geotextile fibers
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height with different mass per unit area
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