http://gks.cqu.edu.cn

%34 K% 34 r REHRL ;R HE A Vol. 34 No. 3
2012 %6 A Journal of Civil, Archltectural &. Environmental Engineering Jun. 2012

AR - 286 P L S o o PR R 4R 4 g3

HORE G RE
(1. 56Hlaiﬂkjv‘a‘é M ERIAEFERKFR P K& 300132;
2. REZBKY XBEH ILAFR LT KiE 116028)

W IR LSRR EER A A AFPREREARBESH TR
WMIEN AR L AR ETHM BELR DM EZERAFEG YA, RELEREAFR L SRS
BMBBEREN RBOERAFEBEAZABLY AR, FRARDERL S FTERMBBERESDESKE
BN EZANEE MEHELERKEE I , EMBRBRARE IO ERAKERAR L E . B L
RERAFERARERER D, LEAKZAINBREREN . ZFHLTHE, BMMRRKR A 124
WA A EBEFERBEE AR ERBREN R, FREAREE W, LK B ERGEBEK
B FRAR S R0 F RO BR B 45 42 . AR R K BT T 8 4 — B ) 5 #7 3, K ILAE Mt 69 A%
LT B KA A Y, rﬁé}}\fwﬁ/ T 2IR A GRS,

FAEdE . TR LR EAR N BERGAE;

PE LS. TUATE  C#AREA 5('%‘,%7:1674—4764(2012)03—0047—05

Pullout-test Analysis on Properties of Interface between Geogrid and Clay
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Abstract: The interface interaction between geogrid and soil is one of the key issues on geosynthetic-
reinforced soil structures. Comparative analysis of properties of geogrid-clay interface under the different
normal stresses and water contents of clay were conducted by medium-sized pullout tests. The results show
that ultimate pullout force of geogrid, interfacial cohesion and frictional coefficient are significantly affected
by water content of clay. Ultimate pullout force of geogrid tends to be remarkably different when
subjecting to different normal stresses at a lower water content. And frictional coefficient of interface
decreases with the increase of water content, and interfacial cohesion has a tendency to increase followed by
decrease with the increase of water content. Moreover, aforementioned three parameters can keep constant
when water content is close to value at plasticity limit. The curves of load and displacement possess three
stages: linear increase, non-linear increase and ultimate pullout. As water content increases, the interval
nonlinear changing stage is not conspicuous. Furthermore, it is found that geogrid strains in transversal
ribs tend to increase but to reduce in longitudinal ribs when last level load is kept for given hours and then
followed by unloading pullout force.

Key words: geogrid; geogrid-soil interface properties; pullout-test; clay

K AS B #1:2010-10-20

A2 B EEARBAR T H (50909032) 5 Wb [ 4R34 ¥E B 3T H (E2009000054) 5+ [ 1 - )& 5 4 B¢ Wy 10
H (20070420807) 5 {4t 48 FH4 7 Bk 1 6 1 H (072156130)

M R A H AR (1976-) 55 T, R0 32 B0 o T 5 O ek B HL Oy 245 44 4 A D5 18T A BT 5T 5 (E-mail) xiaocheng-

zhi2(@sina. com,



http://gks.cqu.edu.cn

48 P RAEHRERKRE IR % 34 &
#if7 = 5 TR AE B AR AR R A Y — R A e B BRI T RN
W IGE 2 — . 78 A G B B 8T sl hr 8 5K 56 X - .
FLA B R N BE B A RN R A HE K M BE kR 5 5 A = .

IF] 4 S 1/ R LB AT T ®F 98 . 40 Schlosser %§H
HERM =M E KBRS . b
Jei o L A EE RS Al A 0B Y B T P AR 1 1 a5 0T
RELW LN A L i EE 2+ T4
Pyl T AR 3 B 56 2 L 3 WA A b B Ak B )
2 A T EE BEL g RN A G A A T Y BEL ) A
B> HL AR 728 T B /)N g B T EE 45 3 B 3k 38 04 L JE T
it B 28 T 114 388 O HC R T BEL 7 32 T 3 O d 2K
PR 53 ks A Jon A3 AR A s 97 . I SR AE SR L Bl N A
SEA T2 T2 B RO A0 B L 1 5 RN B 004
(26 25 ) T L — S S B T 7 S A% R PR SR
Rk A A Sy [T IEOR I A 1454 TR H 4R £ .
I WS A5 R M b 22 R A S AR AR R
BN EE, Bergado™™ i 55 15 H 4K il # Al 7£ K
G R PR RE EE 2 F M R . Col-
lin'™ B 56 48 24 30 PE b oK B AR K, -+
BLHIEESE S R W 2 T R . Mohiuddin™ 38 it = N
PR H 5 4 B T b AE R AR b B Bk AL
B A TR ) 32 BT I 1) A ) S A R R
Wi B d . Murad S5 565 9 AM RGO 56 15 S
g i B R 1 SRR S oK B B S M 2
[F] s BB $R A A3 M BTk BEL T . TR D I R
THg R B g B R R VE A+ o ORI - 5 UM
AEA R HK A & PR 22, 2 R H e W B 2 1+ o8 [l
SRR o 107 3R AP 422 Mok T B T R BE AR AR . AR SCHLE
SRRE RN A T e e & LB (TR A
Xof g A2 b S TR ELAE A S

1 ARA-Z5 M £ R d 45 b 69 3R 9K 3

1.1 BEHRXB

17 B 4 A28 v AL T A 1 A R R AR
FH rp R BB 1 A B0 T B L T 2 T AR A A
IR i W N 1 = N v A iR SO |
#5128 100,40.50 cm, R FHJE 1 om 19 89 B 2 42
T A8 P J = A MR AT o T o L 30 o 8 o 19 4
I E AR A 20,1 om AR O, REEE I
J T i AT IE N 7 8 a2 e W AR AR A
T 7 T i s 5 38 2o Fe ) AR SRR AR BUR . T T
TUIN#RRE S R 10 o 53 b, 0 A8 4 i 20K OF & e
ARG AL A T KN 5 e B
o A% AT 9N A L 4 T 30 e A A 1 1A A e TR 4
B IETEAKCOE N A b 22 T i R ) AR iR

'/OO
> o
i\
L
1

L A2, 2. TIT T 3. FE AL RES; 4. AE T 5. 3804, 6. 7R EAH7. 8k
8. JeH: 9. fHiikt; 10. HUBNIRS T 11 h iR/t

B 1 A2 & XA

1.2 BHRXE T AME L

T sl G R P e B R M = ) A
Fo o R AL 11 A 75 1 EL D7 (68 #) e B S5 08 Al i 42 .
2 B o T B b R SR 5 R e R - A Al
BB A 7 A T I N E AR AR S R 2
[ — J= AR

(a) P (b) M
(o) BiikJe R (d) # kA

B2 #EHRABFEMELA

1.3 Zht Tissm

IR 0 R PE g Bt T R B 2R AT Ak
B LRE - P ERE SR AR AN R 1 TR . AN
TR RGE A B AT T 9 B B 1 K = A8 AR B
5 P ARG M LR AT 7O A5 A HE KRS 3RS T
ANTR] & K B IR A A BT BY SR BE AR AR 0l 3 TR

A1 FbMEE 4 2R 5 AF

s AR AR BAEEK BRTH
> WL/ % Wp/% RW/% JE/(gescm?)
i+ 69. 4 30. 8 34.1 1.45

I 3 AT vk i N EE SR A N R R 1 %
JK e A8 A Y B2 i 1T T A A 55 445 Al PN R AR E
T EAREE A A AR AT R A B AT
Wb 4 4 B 1 R P A R 5T



http://gks.cqu.edu.cn

% 3 B & £ TR AR R @ A M0 AR IR AT 49
35 60 : Soap g A
b _—o© —D—gi%;ﬁ 1s 2 #é}#ﬂ)}%%&iiﬁ@iu&u\%ﬁ%%
—O—ZhKJ] ] N

oL 140 £
§ 20 1 <
&7 {30 =
Sy B
= F 120 &
= 10}

5L 410

- a -

ol v v v n 0

5 10 15 20 25 30 35 40 45 50

B K%

A3 HHEIRTEEBATEASKETHTMNL R

1.4 £ TAMAM AR AL B TR
5 4 R Fl HDPE #4 i i) EGOOR Hpi] 4 T
KA FCFRAL T AR BT 5 O 0. 60 kg/m’, HLhisR E F,
k7 88 KN/ m A% £ A5 S 2 26 F1 5 26 B T 6 1z 1 Bt
B J1 4y Bk 23. 7.45. 2 kN/m., #% MK B K
110 em, H o 90 em K BE RS A2 IEORE Y L 0 28 0
fift HY A ARG R4 20 em, ASHRTEREZY 13,4 em L7
6 HRGNAN . An 1 4 BT A% A AR A 1) B 2% =2 1) 43
SR 3 ASHXS LB TE A 3 A4S AR T I3 kG
56 v Ay [R] B4 AR KA A 1 AR A = N3
B A AR o 2 o 1T AR R 25 D 43 i 29 25,50,

75 cm,

B4 A EmalKE

1.5 #MA6b £ R @ 45 X%

R T % A3 i b v b i R X A b A T R
PRS2 ) 3 36 SR FH A B8 T AE R g 43 51 R 30,60 kPa
I3 56 0 T 7 R K B 1626, 22,
252027 % .29 %% FI1 35 Y0 Ik A% Mt Mk A S T AR
N T ARARANE] 5 K B RGP b R TSR T K
i 3 M A A A I B A I 7E BEK A AR 1A
) SN e B = R = o B 2 L S|
I RS TR R S O R R E TR E
NCE 24 /NB S 43 2 T3 S B B A Bl O A
JZWEE . T AR IR A A Y B R K R
ST B B2 R I AT S K L AR Bl B
A WG WA B A A JE R S g A . B
Je F A% Al R R IR RS, B2 IR 30 em,
ST E R 38 2ok T T T T 08 B9 A AT A8 AR
15, ST IN#GH E 29 1 mm/min,

2.1 BB ESKRFNHHRBRKS P, Y0

5 Bz WA BT N 1 VR R RS A FR Bt
WH P, Sk F, AR &K &2k
B AT AR R A B 4T P T B 7
K G N A I D R R AT
SR, HL Y K A AR CAn IR F 25 %), i BR
Uy 7 Bt 5T O N T B 3 hn i B B O Y E K &
TEIZ T ] PN 452 15 in s 8 04 A PR AT 4R 00 8 3 0/
I H 51 1E W B R A BR BT 1 T R i s B
o ME KR KT 25 %0/ T2k 4 98 BRAE B A% A
W BR BT P 77 i 57 7K o 18 A B — o U . HL R R
fhitaF 2 M, H B & 5 /K & 39 m 9 #2050 26 v 1 9 R
TR 3 Z A AR BR T4k 00 TR AR HoR
SO [R] 5 2 B 24 5 K 8 0 31— g B2 S, 735 A AR B
YUk 7152 Fm B N 5 AN B

0.65

0.60 [- —=— JE /130 kPa
- —e— 1F /¥ /160 kPa

055 [
0.50 |-
- 045 F

PJF,

040 |-
035 |
030 |- .

0.25 [ 1 L 1 L 1 . 1 . 1 . |
10 15 20 25 30 35 40

RhlE B K %

H5 P.J/F, MM EEKEWH TG E

2.2 BREEIEKEAH LREEEFEGI 0
iy 2 Sz AR 7R RO B I A R R R R T

(4 2 B S 400 T H T BB B R] SRR B R SE R R

RORHQSPE 4 55 6 i 4 5 R B Y EE R R

& T N T S R/ S W S W S VA E 5 % N
T B X A T R R B R T U
po % (1)
tan @5

s gy MM SEURE B) SR TR A8 A (0D 5 o Ry LR
(N EAEE 11 () 5 Ko il 530 18T 0 488 R 4

THAN R U AR Y o AKX

Tq = Cy T ontan g (2)
e e, AR ENER T1  kPas 6, N ST Y
IEET) kPas B fF 5 5 EF,

g4 O A2 B % 78 AS [a] i~ 2 11 75 1)
fir RAE T o 4 M AR BR BT 4K Ty 52 B 1k £ & K B 52
M) o 32 11 75 2 AN [R) 266 1 2 K TR PO 5 b S i
(50 B9 55 5 2 B0, JF 2 AT 5 1 ) B 45 R BRI



http://gks.cqu.edu.cn

50 ERER L R IR

% 34 %

JEEA5 A Bl 26 P 5 KR AR AR B B2 R ANEL 6 PR .
ESNESIT IS 1 o o =g/ <O 1 P s s L
FEHE R Ko (SN @ ) B , 5 H
DU GO KA e, HAE SR B T itk + IR
JK A I 3K B RGAE 5 10 5 18T (8] R 2R T e B B E £
IR BRI 5G4 RS DN A P 3K B e K
BT I R F A

S5 TS RN 6 R M MR BR BT 7 L 5 T
BRBK,o MBERIT o TR L F KB F R
HG¥ETRE. B A AR R K, JLF %,
P P TP BT 3 B B R AR T o R B
G PR A5 AR BOE B b e O e S R BRI AR L i
AR AT 4k g 2 B iy o B v I A b 2R g et

06 736
- R —m— A
05 —a— FEJ) 13
i —ﬁﬁ
204 J
X 2
= r - 30 B
W 031 ] &
% 428 O
¥ ] I
# 02 126 ;7;
0.1 124
0.0 [ L 1 L 1 R 1 s 1 i 22
15 20 25 30 35 40

BB

R TR SIS S S Y P LAY

2.3 BWRKA KR BA

7 JT s oA BT T 5 A B 2 1] Y O &R il
2o AT AN TR R P KR I Sk AL RS A
Py i 2k a2 32 B A 3k L B8 Bl A A B T 4 0 i
Ko BIR EPOR T (il & T 2 28 3 DR
B2 1 [y By Sk 5 B B % B BB AR A 78 4
NS B FIREB B - R IL T E G
L 3SR 01 A% A LA e B B, e
Sb s Bl RhE B K S0, 2R RS T R 3R
TET 5% THT P B2 AR 0 A R 0 I R M 5 2 Bi
B BUAR LR T B s Bt ey 8008 s SR i A AT
iy el o 28 1) J 328 34 3 A 2, LS 23 ST A A
Il S i i Be P 30 B B 48 0 4 00 T R T A
Ik S LA ik B — AT R LI
TRAE o Bl B 355 S 3 0 A% M BT 4K T i BRE B
Bea 8 A — W BR(EL B 2 B 5 10 2R 28, (2 4% R
SRIEI S BIGT 4k 1 ik B BRI 26 3 B BE

HI T 7 AT Bl b KRR AL i 3
o i 2 7E 454~ B B A7 AN [ 5 25 85 oK 1 21—
R JEE S » Y2 Al A T G B R 52 () 446 L 3R
B 5 K 3 n A Ak 1 S T ] R 28OR | O A A T 4K

LIS () A SR B T R RO R A B R AN ) KR
TR BRAT 3 1 24 TR BE /Y 4096 ~60 04

55

50
~ 45
£ 40
35
30
25
20
15
10
5

[ —v—w=16% —o— 0=22%
F —a—0=25% —4&— 0=27%
P —4¢—©=29% —»—n»=353

UK IIIKN -

0 PR PR AP TSN TS SRR SR BN U TS SR NP B A |
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
{i#%/mm

BT MARE S 5K R &

2.4 BEHKI P AT B T

8 M 9 35l 4 th T 2 Ff & 7K & (1604 Fl
2996 F 25 AR A A 1) R (6] f A% b B RS 28 o 1
A [7] B B e 114 £ 2810 28 f K

60 _A-A-A-AA-AA
55
50 -
745
E 40
=z 35 r
< 30 o Ml
® 25 "
= %(5) o —®—D=25cm
10 A —o—D=50 cm
5 - —A—D=75 cm
0 L L 1 L . ]
0.0 0.5 1.0 1.5 2.0
RN /%
(a) @=16%
—H=D=25cm
—0—D=50 ecm
—A—D=75 em
1 A 1 . ]
1.0 1.5 2.0
A2 /%
(b) ©=29%

B8 HBWMAMHBET BEXZ
(D 5 36 Am 3, 5% F AL 09 FE 5 )

Hi I 8 A1 9 Al Al

1A [7) 286 A A 5 7K S ik A% A A i AT 90 1l )
A3V Y 2 LA AR A [R] 1 728 1 2 A% B 5
DM 5 17 A AR A L AR W B A 5 KRB 3 L A
-5 AR A 11 B 5 A0 P DK 53 » EA68 A o K i T 72
I ) £ 32 T A 10 7 28 AR AN K

20 R TR) 25 AR T 3 o 8 o 1A AR A T A AR
O 788 FRAS A A I A i B O A T R B 01 4



http://gks.cqu.edu.cn

%3

HORE 2 DA A5 2 OR @ A 6 R K I AT 51

TN T 25 9 0k > 2R AR A 1 B T 180 52 T AN 2T

60
55

50
w4
. 40 =
¥ ./'_P
Té ;(5) u® '..‘.
iz 25 n-
20
15 —®—D=25cm
10 —®—D=50 cm
5 —A—D=75 cm
0 L L 1 s 1 s |
0.0 0.5 1.0 %5 2.0
s A A5 1%
(a) ©=16%
35~
30 F
Tk . :
:: [ & _DDDDDDDD
Zz 20+ S oo oY
< - 5 / e
B 15[ o 7 oo
10 Jot /D’D —U=D=25cm
5 &/ /3 —0—D=50 em
¥ —A—D=75 em
0 L 1 L 1 s 1 L |
0.0 0.5 1.0 1.5 2.0
AN A2/%
(b) @=29%

B9 MMM ET EEXAZHE
(D A3 @R IE )

2.5 AR P AR KRR A9 K AL

T A3 B A A A Al Y A B R ) A A2 A Y e
IR AR F7 51 A% Mt o A8 3k B 2 2 %0 b 45 0k in 2k, X
FEMEEAT 249 100 hr 9 35 252 W00 o L AS B R AR Bl B (1]
OB A B 28 A R ANIEL 10 Fir s . Fh BT AT G 2

20~
| —®—D=25cm
__'___.’I"./ —&—D=50 cm
15F —a&—D=75cm
:\\:
®oOT
EEY 1ok g
= oo
x L
05
I A - ey
0.0 1 1 |
0.1 1 10 100
I /b
(a) 15
1.5+
—®— D=25cm
L —o— D=50 cm
—&— D=75cm
e ——a
= 1.0+
g
=
5
T 0S o o e
Y Y
0.0 L el el
0.1 1 10 100
[} [a]/hr
(b) Z1h

B 10 4k P A e K R e A 6 AL

JE AR A Ji 7 2 i ) A 3 K 5 T s AT F O 1)
I A VAR B B /N R .t Bl B R 1 LR A
T AR A AL T L AR 2 A A 0 £L P AR R )
PN G 58 VL A3 FORT o A 5 S0 M I e BT 52
BEL 3 A E 5 R o AT 25 A A fl 1oz A2 154

3 & #®

AR P BT A ASOS A% A 286 P e 5 v o v AT
TIRIEHTSE I 3 1 T I N R K
2 DUZO M S TR PR

1) AN [) 5 157 73 4 R A A BIR 97T 4k 77 Biti 2 1
KR S T 32 U 2D o AR M A BR A A T A B
P B KR BN A ZAR K. T R 4 KR
P BB RAG I B BRITIR s T RE .

2) R I ST L ) 8 SR T R R B
R AT K R A 22 S T L 66 2R 0 BE K R
BRI K5 /N B e i JEE 956 AR BB A K Y
B0 £ BRGNS i B R A SO R & A
BRI TR RS KR R B .

AR IR ) r A% i 22 A Ak B AR ] 3 2
2RI AR LA A Al B B AR AR FR B B L {E B
kLB AT, A R R ML R PR R
i) A BIRAR 75 4 8 114w (1] o BLZ i AN W g

O RSNk 2 — 52 N AZ e E2 o TS AL
S 3 TR 53 A1 4 I AR AR 1 D 1 fi 2% 0 R R
AT S I B i AR A 2 T 1 A 2 B/

Bt Ik

L] ES. B TA R BN R IM]. ik SR
T RRAE S 2002.

[ 2 ] Holtz R D. Laboratory studies of reinforced earth using
a woven polyester fabrics [ C]//Proceeding International
Conference On the Use of Fabrics in Geotechnics.
Paris, 1977, 113-117.

[ 3 ] Myles B. Assessment of soil fabric friction by means of
shear [ C]//Proceeding of the 2nd International Conference
on Geosynthetics. Las Vegas, USA, 1982, 787-792.

[4 ] REE. BRI, ERIE, 5. L 16 RMES 3R mE
AR PRI]. &+ TR, 2001, 23(1): 89-
94.

WU Jinghai, CHEN Huan, WANG Lingjuan, etc. Study
on soil interaction characteristics of geosynthetics [ ] ].
Chinese Journal of Geotechnical Engineering, 2001, 23(1) ;

89-94.
(T 45 83 )



http://gks.cqu.edu.cn

AR F R AR LR AT R sk T AR B A5 AT 83

algorithms to improve earthwork operations in road
design using mixed integer linear programming [ ] ].
European Journal of Operational Research, 2011, 215
(2): 470-480.

[ 5] Warren L T, Egbelu P J, Sarker B R, et al. Metaheuristics
for project and construction management; A state-of-the-art
review [ J]. Automation in Construction, 2011,20(5):491-
505.

[ 6 ] Marzouk M M, Omar O A, Abdel H M S, et al. An
optimization algorithm for simulation-based planning of
low-income housing projects [ J]. Journal of Advanced
Research, 2010,1(4):291-300.

[7]WU I C, Borrmann A, Ert U, et al. Bridge
construction schedule generation with pattern-based
construction methods and constraint-based simulation
[J]. Advanced Engineering Informatics, 2010,24(4):
379-388.

[ 8 ] Navon R, Goldschmidt E, Shpatnisky Y. A concept

proving prototype of automated earthmoving control

(&% 51 1)

[ 5 ] ERE . BEN BARR. + TR A0 B0 T 0 A R OT

SR, A L TR, 1997, 19(6): 56-61.
YAN Shuwang, BEN Barr. Finite element modelling of
soil-geogrid interation with application to interpret the
pullout behaviour of geogrids [J]. Chinese Journal of
Geotechnical Engineering, 1997, 19(6): 56-61.

[ 6 ]Bergado D T, Hardiyatimo H C, Cisneros C B, et al.
Pullout resistance of steel geogrids with weathered clay
as backfill material [J]. Geotechnical Testing Journal,
1992, 15(1) . 33-46.

[7]Collin J G. Earth wall design [ D].
Dissertation of University of California, USA, 1986.

[ 8 ] Mohiuddin A. Ananysis of laboratory and field pull-out

Berkeley:

tests of geosynthetics in clayed soils [ D]. Baton:
Louisiana State University, USA, 2003.

[ 9 ]Murad Y A, Farrag K, Izzaldin A, et, al. Evaluation of

[J]. Automation in Construction, 2004, 13 (2).:225-

239.

[ 9 ]Van T Anthony A, Abourizk S M. Simulation modeling
decision support through belief networks [ ] ].
Simulation Modelling Practice and Theory. 2006, 14

(5):614-640.

[10] HONG Z. Multi-objective simulation-optimization for
earthmoving operations [ J]. Automation in Construction,
2008,18(1) :79-86.

[11] Jensen K. Coloured petri nets: basic concepts, analysis
methods and practical use-Volume 2: basic concepts
[M]. Springler-Verlag. 1997.

[12] Vander A W M P. The application of Petri nets to

Journal of Circuits,
Systems and Computers, 1998,8(1) :21-66.

[13] Zimmermann H J. B 4 58 L H M HIM]:4 iR, db
S A R 7 L2011,

workflow management [ ] .

(i ¥ %)

interaction between geosynthetics and marginal cohesive
soils from pullout tests [C]//Geo Jordan 2004. Jordan,
2004, ASCE Geotechnical Special Publication, 299-309.

L1005k, A1 &%, Kb 580 B 07 U0 -5 S 4l 50 X He 4y
HrlI]. &+ 1%, 2005, 26(5): 61-64.
ZHANG Bo, SHI Minglei. Research on direct shear
test and pullout test between clay and geotextile [ J].
Rock and Soil Mechanics, 2005, 26(5): 61-64.

L1105 e, A% A 5 2 1 45 4 0 1 38 B 525 B A 8 1 49 M
[D]. Kif. KiEH TR, 2009,

[12] e NRILFEAT AR ER S 2. JTI/T019—98 2
+ TG O R R AR B LS]. dbat s A R3CHE H R
A, 1999.

(m# %)



