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Experimental Study on Coupling Characteristics of Contact
Surface Between Fiber Composite Clay and Subface
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(1. School of Earth Science and Engineering, Hohai University, Nanjing, Jiangsu 211100, China;
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Abstract; The soil-rock interface is a common binary geological structure in the remediation of rock
slopes. Based on the fiber reinforcement technology, this paper studies the coupling stability between
the fiber composite clay substrate and the bottom. Through the sliding friction test, the influence of
moisture content, sisal fiber content and other variables on the sliding process of the soil at the contact
interface is studied. Combined with the micro analysis, the improvement mechanism of sisal fiber on
clay is explored. The main research results are as follows; (1) With the increase of moisture content,
the average value of dynamic friction coefficient of the sample increases first and then decreases. The
critical friction angle a increases to the maximum value first and then decreases with the increase of
moisture content. When the moisture content of the sample is between the plastic limit and the liquid
limit, there is an optimal moisture content value to maximize the dynamic friction coefficient and the
critical friction angle, and the adhesion effect of the clay sample is the best. (2) With the increase of fi-
ber content from 0% to 1.2%, the average dynamic friction coefficient and the critical friction angle of
the sample increase first and then decrease. The addition of sisal fiber can effectively improve the slid-
ing failure resistance of the sample, but the reinforcement effect will be weakened with the increase of
fiber content. The coupling effect of fiber composite clay and acrylic plate contact interface is the best

when the content of sisal fiber is 0. 8%.

W5 B #3:2021-06-29

HEWE . BHE A RPAEE GBI H (41472241) s VL0 B0 7= 2 RARMIFT H (2019KY13)
YEF R AT (1997-) , B TLHRERIRA  BEAF 5T AE | NS5 BR55 BT T A% J7 T AR5

« IR XIEE(1983-) , 2 WA N 4 B0, A3 TR b S s 5



o541

FE TR B BRET A S B AR S R ) 2R S R 5T 45

Key words: rocky slope; fiber composite clay; sliding friction test; coupling stability ; microscopic

analysis

Wit 2 ] il e T BB A, R A
Bl M Bl S TR A T AR e SR B
REAG BZ IR IR, TR R AR 01 35058 A
WIRLEE R 20 . 78 A AR ) B TR A 2 iy 3
VR, e 28 St 5 35 5 i M o K . %%
IR B A I i v W i 7 A R T
AR, th T % LA S A R O] 7
A 5 A R b AR T B — A X i 3 AR
PR P A5 T, AR 52 B AR P R I
G AW B LR KB B, X A
S YIER AP T 2 - A ik T 5 U0 2 e
PATWIRBA B TR E X,

b PR R o R R S O I A A W RS
SIS, AR A i Y =AU B oY
FOKEE IR S Kk E R S O I K
ERISEAI PR R Ve SAR e U R S 0]
G, M L B R Y D R T T S K Bl AL
Bhi-L SR EE R PR, 2GSRI A B
WA BERTHTSE , 3 M HIE iU R 45 1 -5 0 5t
T 2 HE R W 0 450y sh il iy 4598 . Nk,
B A AR AT AR S B B A4 AR R AR
FERR, A KA 3 I IR AR T Tz 5
FP2F-AE R AL P RC 5 6 B W 1Y
PR BORAFAEE R, BREE A 27 2 95
VI e - S VR A A 2 5 J2 BE R 4t BT T i
FRifi, BRAE LUK A AR e 0, w5y
TAERMERE550], B v 7 1 TR 5 0 3
FRGRHERE . Em S IR RSN A K
2R B R BUAL B AR KT ] v e S B
THE T RIS, 227 (55 0 27 4 ¥ L
TFIERLAR 3L W 22440 BE I 7 KoK T B 445 2 1)
T, I R 2 T 4 o 79 E DRI B 4 v A
(HTBYSRAE I R

P, A SCHRE TR A BOR , X 47 4 55 b
55 A S AR AR E MR R IT AT I, R &
PRS- oW o0 A RH 25 19 07 i, BF AN T 55 7K
AR G JBRET Y 5 25 AL B0 HE b Byad R i S
AR T R P P ) A A P A7 % -k 1] T £ 14 421
LA H e B 5 R L Ak SR T Bl B R s
PR P B 1 WL 5 9 PR 2T 4 -5 - AU ] ) A
VERT, R T S R ET 24 %o 6 - B 80 R A B ) 3
B - Pl SR TECRE & R, BE— P R DA AR )R

& ERE TR RA EE R TR L
1 KRB S

1.1 RIes

AU A I Fir 18 FH Y A S T e DX 300 3 1
TEL(E )RR e, TS 8 TR,
AT 1, B2 SRR IR T Y4
IR TR B, L B0R K 2 52 Rtk AR sl
rnARZERE TS A AR SR T R SRk
PE RS+ EATFLBR LUK 55 Rk vk AT o A AR | R
IK AR FE L5 ek, e 55 I ik v 2 SR AR ZG
TR E AR TR A I K, S A8 AR | BBy U5 B R
%, RN EETHER, LIRS EE A
B SO, TR S A AL N AR 25
SR SE MR X AR RS M 2y 7 A AN RS

§105°C

@ J o
(@) R+ v (b) RE A £

P15 o R e v

Fig. 1 Preparation process of soil samples used in the test

xR 1 AWET AT HEERYE MR
Tab. 1 Basic physical properties of soil samples

used in the test
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Tab. 2 Physical and mechanical parameters of sisal fiber
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Fig. 2 Improved material of guest soil-sisal fibers

1.2 AHEHERIAEERE

FIRABE TR B KR BIRRAT 4 e K &=
XoF 2685 -390 3k AL TR B R T R ) T R i Bl R 4
I, 4B B KR | G RRET 2 45 X6 3 0k 5 42 ke
FHRTRN A RRPE Y 52 e B B RV A, R il 1
RS AR - LRI RL 2k 20 A XEH RS
S S1—S20, Hoill £ Ik KL BRI

(1) ahigh Halkedl s fE L B o B BUs 1+
FER MR AE 105 C R NPT, Z )5 T A
BRE, 1 2 mm T4, RS B AR E N
BE IR R LA, I 5 A2 7K 7 3 5 g T Al 1
—[EER R AL E, TE A5 2l B R (S1—S5)
B, AR 0 T 8 1R 1 B K R S8, FRIUE At
e, 5B AKIR A G 780 B Y B3 51 5
TUedk ., BhIE ARHE 5 2 WA R R — T s BT
BE G AR — e i BEAL ¥ BT A5 A BT i 875 ¢
(%G e IGE X — e =F 43 5 W 1S Hb {5 A B
H&h A A S = MERT ARKER, &
AR 2o i v T 3k A A N A AR LB, HE
RZE oS 1P URE R 18 I 3 TR 5 min, {7 AF
(SER ST TTRE R A TWAL TS . L8

(2) B R Bl s d B, ZETT R T 4
AR 1 B B R I ), T IR B KR 4 S
25% 30% 35% .40% . 45% , S| R £T 4k & 550 5 N
0% .0. 4% .0. 8% 1. 2%, T il % 21 4 i fif 2 13k
FE(S6—S20) B, AR A0 B T 1 21 4 5 1 PR HUE
TSIRRET4E W SURRLT 4 35+ MR KRG
A5 AT 5 IR O i am g AL [ R — v B A
e HE AR R G, 7 HERR G5 oS 7 4 4
TN i RE R T IF B O R 5 min, SRR R

7 HARUE LR 115 3. 5 ) AR 78 04 fi
ARG, 27 2 Ak (Cy) 58 SR SRR 2T 4 5T
ST A A, D

C, =

<|=

(1)

P C 44 i, M —BIFREF 4E S, M—%h
iﬁ‘%o

2 FirEEmERmaRERmI N

T TRERRE T, I TRER 218 R B thl 25 5L 2., 5%
SURE T TOUAY 8 A 8 S0 5 ) T Al 20 3 22 18 4R
Tt B 2R e RS S 1 Rk D v 3 Sl
15 15 5l vy o D00 A 4SS IO v g TG AR A 3
NGRS oo B, FHECRS AR AL AR
BRI T AR IT R, B M B 45 2 A AL BE
BB —WEAR P A2 % S RIS T] ¢ 79 2H 5CHiE 4y
SRC s, I LA B g g AR B 2 i B0 o A
& IF PR A it 2 S A AT LA T4
£ 7 N 1 S0 Sl N = o e -3 A T 9 = 7K DA
Bk S(1) .

XU BT A BRI S (1) SKRINFIA] ¢ B9 — B4, v]
DITHRAS I B T i R A LA I o,
WA 3 s, BRE A ST IR 1 AR 2R s —
EF F=ma ,AB BtWIINERE o B R .

a = g(sina — pcosa) (2)
o 05 ) AT A , BTG SR EEAE A 5 g R
JIIMEEE B9, 8 m/s? s R F A 5 5 T i
M T 2 18] F) ) B 48 2 50, AR X (2) mT RAAS

&

(3)

M = tana —

geosu

F =mgcosa

o

B3 A s g o b s A

Fig. 3 Analysis diagram of sliding acceleration of soil sample
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Tab. 3 Sliding friction test results of fiber-reinforced clay

RAEgS FEAKER/ % FABE/ % EEZBCRIIARR k10 S RROr e WA o/ ()
S1 25% — -2.69 0. 45 24.52
S2 30% — 2.19 0. 64 32.89
S3 35% — -1.32 0.54 28.74
S5 40% — 3.39 0.40 22.20
S4 45% — 8.73 0. 46 25.13
S6 25% 0.4 6. 81 0.48 25.97
S7 25% 0.8 2.73 0.49 26. 14
S8 25% 1.2 1.36 0.47 25.45
S9 30% 0.4 -2.22 0. 68 34. 35
S10 30% 0.8 -3.14 0. 80 38. 84
S11 30% 1.2 -1.50 0.70 35.28
S12 35% 0.4 4.32 0.62 31. 80
S13 35% 0.8 1.52 0.73 36.32
S14 35% 1.2 -1.64 0. 69 34.92
S15 40% 0.4 7.16 0.49 26. 19
S16 40% 0.8 1.03 0.53 28.09
S17 40% 1.2 2. 14 0.52 27.58
S18 45% 0.4 -1.33 0.42 22. 84
S19 45% 0.8 -6. 66 0.42 23.18
S20 45% 1.2 3.31 0.44 23.91
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Fig. 4 Displacement-time fitting curve of samples with different fiber content
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Fig. 5 The variation curve of the displacement and time of the sliding stop of the samples with different water content and the fiber content
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Fig. 6 Relationship between average coefficient of dynamic

friction and fiber content of sample
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Fig. 7 Relation diagram of critical friction angle of

samples with fiber content

3 WIS

T BB R I B A Y AR AL TT LAAR
Ll s S 1l i 2 A R S PO N ES
ETIKER 45% BT 2555 - S4B i 0. 8% 1AM
FIUE SRS LR E . MR 8 FRm] LI HY | bt 25 st ]
R ey 11wy W = B R e 2 | A W = =3 1]
AR R E DA D) AR R A L T2 2 1
RN, BEE SRR B w08, 7 LR
AR T RS LR B[R] 20 A8 R B AR R I
55305 7 T AR A2 flk A AR EE AR TS R R AE
Bl FEURLT AR B A, A GE T ERG 1
5T ARAY SR SR R W R A AR R, B
TARBVER LA L XL RE R R B IR,
7 T TR 1 AR AR 0 B VIR AR D

G FR LT 2 55 36 1 WOR A B AR, K T A 4
5 B0k (] 2 Al T AR ([ 9) e T A 4R S 4
B A E A SRR T | 25 4k -Fh 1 54 Fe bt 52 AT
R AEATE I A2 5 4 Uk ) & A 58 2l ifii 7=
A JEERH T, 35K (A5 57 - 2 floh A 1 ) JEE A ) v
MFE—E AR P 1 A2 A A 1w ARG 3R g, (A



5 4 1] P T A GURRET 4R 55 B 1 R SR I ) SRR R 5 51
40 R 0 ke, 45K 4 6 R T

‘ \ \ \ LR35 5 O A7 6 F b, ILEE10(a) T
B2 £F 4 L0 2 SURRET A BEWLAY 15 T £ 1

IR IR ST S LSS 3 I PR

G S PR L 3 LR, LI 10(b)

‘ ‘ ” \ F R - B AR 5 2 44 $ il 3 0 24 7

A LA 1 1 IR S 5 4 4 o LG T

", B-L ORI HIXE 3, BN IR A 3

o R TSRO PRI RREYE . 498 A B (01 240 2 ik

8 Bk 45% kN DRI 1A
Fig. 8 Sliding state of sample with 45% moisture content
and 0. 8% fiber content

TNSIZRh 56 BEAT i B s s TR I, P AEB A iAo 5e
SECRh A JOUR TB] A FLBRT, 3R 28t - Ok S 2 ik v AL
DR AE I A 32 S Mg 2 R v, g A8 K 47 HIC
PRASSZ BN S HE AR A % AR AR T BB A
S5 A AR RRR R P, TS AT i) 7 A= 41
AR 35 A 5 ] E{’J BB

P S o)

S BRLF 4

3 x
| wo:te0smm | view et .58 mm
[ et omemiayy ozt

K9 LR 4 LA ik

Fig. 9 Scanning electron microscope image of

fiber reinforced clay

E-Ee T

e

SRR 4
(a) IRA 4 BF LAk

e BN R 2 i ) S0 JBR 2T 24 ) A7 AE 22 A 3 L 2
A AR M B, — A S T A2 0 A A
XF Bl AR YRR A RS, I A S 2 524
SURRETHE 0] 4% 325 I 73 #0522 A1 T T, 1 R 1% 32
VEATERS A S8 i (] R 224 5K 3 1, wl 20 B
FAE LA A AR SR AN TR, R
I LR R ARSI, 5 Ah, th T OIRRET 4 B AT R
UINEE S o) S SN o A T = DT O Wte S A G251 7
AEHEHUAN R R SR BRI — R S AR
G A SRS RO R E MR AR AR TR
1o L RS R I B AR AR E M N e e AR, 2T 2
BRI R B, LT 4B A T 0. 8% I,
212 5373 28 K g f A TR RS 5 R R S
2, X ERUEH T L 4EB i id Z 0t SIRRE 4 5) H
HAGEHESE, ;A A WSS A I A R
G, B 3 4 FURE 8] B T4 42 sk L | 2 2 B
B Z IRV FH 56 T, 27 4 22 18] 1) A0 A ) B
SE/INT AR 45 b b ORE 8] A9 AR ELAR 0, I 22 ik
VAT B) S SR 2T A A 28 AR R o Al AN 249 2 s 2
TSR Ty K FE AR B 0 £ A 0 A R 5
[ R A R

4 Zig

1) 1aURE 5 7 R A 2L Al 2308 8 1 iRE 1 Bl id e
FEAERCRELM B K AR ARG, SRR Y Bl B

FR BT H {5 ST 1 DR /N 1) 72 A e i L
S AR A

'

(b) FEEF4EE Bk

K10 2R 2 Lo 2K
Fig. 10 Schematic diagram of fiber reinforced clay



52 WL TR K % ¥

A % B %R 2021 4E

PEF o PR URE 7 7K 00 2 5 S R B B R,
(IR TN =R B W = S & S o 21 S
PR Z BB, A7 7 e & AR Al 2h EE 4 R 8 S I
FLIEE S A 15 B B K AE, At 2 A RE 10 280 B AR
AW LT

2) UKL 4 HoAp ik 206 5 -3 e 5 4
PR AR, $aE e B K RANAE | i £ 4
Bati 0% 2 0. 8% , iAFE I Bl R R AT H41H
Il FEESEE AR o SR HTHG G S TG SRR 2F 445
ARSI, R 1Y) B BE 15 R BOT- 38918 J2 I S
B o« A BTN, SIRREF4ERYIB A REA SR Rk
FERPTE B INAE S1 (DT 445 Bt S & TR,
FEAE— AR BIRREF 4E 4B 1 0. 8% , (81 75 2F 4k Jin
Zh 5 Ak T R S ASOR B

3) SURREFAE 35 AFERE HAR IR B = 4k 7 4K
DA, 38T A AT R B 4 s A BEEVE A
Fht-Zh 4 5 R - ok i e) A BR 45 TR R TR 4y B
2 T v 2 4 ik T ) R R RLRS

S Xk

[ 1] 2. B MG HE oy ZOF5E[T]. A 4
J&,2021,44(6) :38-39.

(2] B4 7. T 2 I 30 300 T ke A TR 0 T BT B Bt [ ]
TR 5, 2021(13) :91-93.

[3IRHIAR, 55 M, 2R A A B e AR AWK T+ 3R
SHEWZ R T]. AES2ER,2012,32(20) 6404-641 1.

(4] BHUM IR S 5 T, A A S B e v
53R, ST ,2021(3) :200-204.

[5]%% M, BEoRPE, RIARTE. B MK o B2 5% PR 28 55 A0 1Y
RIEAFFE[T]. B 12 ,2011,32( 1) :44-50.

[6] Bk, Bt 5 T i 3 9 3 A B B A s [T ]. 41
JK¥AT,2020,39(5) :90-93+107.

(717 WG, X PRvE. -2 T 3 8 B X 43—
BV R SRS I S A [ 1] YIS EEAS ,2015(15) 1227,
[8]#FZF, X 1, /e, . A B TR & L w4
B RCRITAN (1], 3238 32 4 BF 5%, 2020, 6 (4)

45-51.

(915 KR, B, Whd 1, 45, ARk 3T &F 4 25 44 R
WG AR N3G PR ST S5 R I L 7). #K3E 2247, 2021, 61
(2) :79-82+94.

[10] BRAR Bk 4. & L BB B AR L1 DX i 3 28 % 0
Bt A b i B [ D], 28 6 22 4 AR, 2006 (3) ¢
141-145.

(L] BN, a4t ol /NER 55 - SR AR A A %o 5 9
SR BT Bt v BE RS [T ], K LR R,
2010,24(2) :79-82.

[12]2E) 715, BR 46, R4k 8, 45 1 4 i w2 £+ 19 i 98 0F
FE[1]. AKH 24k, 1995(6) :31-36.

(13225, D, i AR, 45, KRBT erdemF a i+
LA AL A0 [T, U4 H b R 5 B, 2021, 49 (3) .
182-188.

[14]TANG C S, WANG D Y, CUI Y J, et al. Tensile
Strength of Fiber-Reinforced Soil[ J]. Journal of Materi-
als in Civil Engineering,2016,28(7) :04016031.

[15]f8 T, XS4E8E 52 1, 45, DURR T & R Er 4 in i % +
PUoTREE 5T [ J/OL] . KITRF 2 Be Bedft - 1-6[ 2021-10-
05]. http://kns. cnki. net/kcms/detail/42. 1171. TV.
20210510. 1123. 002. html.

[16] 25k I8 WA BRI, 5%, ZRA £F 2 il 2 + 7K
RS [ 1], K SCH BT T A2 # 5T, 2021,48 (1) .
131-137.

[ 17 JAB&e3C, MiAEfE, skoo il , 45, SURREF 4 1Y 45 7 i .
%), CN 101294309[ P ]. 2008-10-29.

[I8] X4, W4 , I st URLAA TS 17 B0 28 48 R 5%
TEWFFE[ )], TREM BT 244 ,2020,28(4) :740-747.
[19]VTALIE, SRy X 2, %5 M TR AY-SIMRET 42
AINED PR R R A ST [ T]. WA TR K22

. ARBIF R ,2021,38(1) :32-39.

[20] 1 %, 0t b, B 7, 25 STW Rl AR 28 H IR e Fl sk B
TR B GE P B o [ 0], T8 Mo i 24 4,
2008,16(6) :820-825.

[21 )Rk, 4% T, X0 B & SRS 4/ + B &Mk =
SHoTDIsE B AR (D], WAL TR R YRR, A AR
FR ,2020,37(4) :26-33.

(AT I THE)



