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Research on the effect of different reinforcement methods
on the surface of a granular slope

YANG Qingwen, PEI Xiangjun, WU Mengqiu, CHANG Zhilu
( State Key Laboratory of Geohazard Prevention and Geo-environment Protection ,

Chengdu University of Technology, Chengdu, Sichuan 610059, China)

Abstract ; Most of the granular slopes exist in western mountainous areas of China. Granular slopes, which are
made up of different sizes of lumpiness and few clay particles, are easy to collapse because of weak
cementation between particles, rain eroding & wind eroding or the people and animals’ tread. Traditional
technologies for slope protection contain frame and geo-grid with plants. A new method involves geotechnical
materials and ecological environment and focuses on the surface protection of slope by using topsoil which is
stabilized with 1. 3% of the modified sodium carboxymethyl cellulose (M-CMC) as well as plant fiber. Two
traditional methods ( rhombic frame beams and geo-grid) and this new environmental method for soil
modification are used to increase the stability of a granular slope in the field in this study and natural slopes are
taken as references. The values of soil loss, moisture content and vegetation deterioration rate of slopes
suffering from rainfall and runoff erosion are observed and collected. Under the same condition of vegetation, it
is found that the sediment yield, erosion deformation, infiltration rate of moisture and lodging rate of slope

stabilized by M-CMC are much less than those of natural slopes and slopes stabilized by frame beams and geo-
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grid. The value of these indexes of natural slopes is less than that of frame beams and geo-grid. As a result,

the slope treated with M-CMC protection is better than that with geo-grid, frame beams and natural slope.

Keywords : modified sodium carboxymethyl cellulose; granular slope; surface erosion; vegetation protection;

stability of slope
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Fig.1 A close-up view of the study area
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Fig.2 Sieving curve of granular soil
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Fig.3 Apparatus of the erosion test
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Fig. 4 Final picture of the erosion test
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Fig.5 Soil loss by rainfall with time



ETR ] 7K S Hl T AR H i <143
18 ;
Fe b lgw) (120) (90) (60) (30) 020
15 —— M-CMCHn &
—o— RN
121 —— =4Emm 15
éb 9 N9 1 R
g ﬁ ﬁ
2 6 2 10 %
5 & a
- 5
o o —— M-CMCInE —— =R 1’
— WHmE  —— KRR
-3 L | 1 1 1 | i i z I I
0 5 10 1520 25 30 % 30 60 90 120 150
I [E]/min B ] /min
Y= %
B6 BokmRl=D B @ A
(150) (120) (90) (60) (30) 0
Fig. 6 Soil loss by flow eroding with time 7 25
6
ARk, 5 20
2.2 JKILABFRHE 24 5%
S PR 4 Ca) 1) 120 ORE A A 0 388 I 7R g -
MEE AR I, FE LA B 3, AR i op il 7 R A 2 ,
o . . — M- =4 q5
oI B A LK IO W K o T — rman
K Ray am 1 DX, =4 P 0 DR AR DX 3 DR TR S A % 30 50 % 120 150
V5 A i _ %) = H o B []/min
AT SRR T M-CMC B /2 ¢ 25 i o

IRTASOR RS S

TOKBERAE T LE MBS R EMER KM, &2
TR AN (] Ta) |, T2 B K &1 B (&
Th) ,REM K N B, SRR AL 2, ik
2 KRR IR 2 B K SRR g 3 B 1 4
TBBAE, LER KM S, B’ 7 b M-CMC i[5 1
S FE A T A A bRl K AR AR I FNAK A N AL
TR A Bl

Bl 7 (a) i n A& 2 kb 3 K AR S0 X FE T 2 min
R 2 S K RPN 2 7% |, 5 AR AR AR 1 I
JZE K AL TN 4 min J5 RN E 10% ,BEW 4 ~
70 min 32846 5 35 B ERE & KR 13% . 70 min J5
RIZ B KFEA AL, IR R B il 18 58 24T B B R
T, 72 W R AR ORI R 3R )2 B )2 S50 B b 0B K T
SR, RN KT 98 0 K TR R A X 2 52, B — Rk,
1 WY 7K T8 8 B 4 B K HF /K e ) J5 4k 22
IR E Ve s g C AT A 5 T2 37 SA A

s A [ 3 X 2 AR 2 S KR A A AR —
HOMIRE & AKRDBA G TRZ. FBEW (2458
12 ~15 5pp ) RIZ MR ZE S KB Z B K 5%,
M JE (55 17 ~22 438h ) 1R )2 TR JZ & 7K 3253 51l P
HOK 3 18% (¥R)2) I 22% (WR)2) TR 22 ~ 37 44
PR BRI R T B2 10% (K%JZ) 1 7%
(W) ,AWHER R . Hiz X E & K FEAE 90 min
Je B B , LIV 2 BIIR R B A B I8 1 I 58 4 i

E7 BERHREATELEARNRESKEEL
Fig.7 Effect of eroding time on change in moisture

content of different slopes

o TR IR KAE B AR AR R 2 % KR R AE
ANWRI N o DI 285 44 43 BT, A% 481X 7K R AR AR 5 4%
PR A B A AR K OCZR o WAL o ] 75 22 4 DA 32
F4) 4 ) % S HIORE A2 PN S RS S A o, A o D
KB TEE WK R B A 1 A KSR I, oK
UL 2F R AR A T 5 S KRR

=0 [ DX A S K AR AR AR R SR R A
SRR, AN ) B 2 1R 2 IR 2 B K R B T KRR X .
FEF I Sy =2 R 2 AR g 0 T B HE AR P W]
S S5 KB BEAS B, 335 K R A 5 TR 2 A% B 6 T IR R i
W R)Z , TR AR =GR )Z R4 KR
HRREWZE FKEMIE, 1M 90 min J5 ¥R 2 & KE
JUF-RRE , B DAV 2 BT 2 198 T8 18 58 4 111 OF
KB R

AR T T DX J2 AR 2 5 7K 5 349 i o W ] ) 3
I 20 243 S0 1, oA H B8 QA A R = 4 J9 XY
WA, B 25 R 5 R )2 Bk RGN 4.5% ik
F13% ,FKZWKA1.5% K58 6.5% ., HiZXEKZE
TIHEEAKBIHRA R TIR)Z, KU M-CMC i [# )2 + 5%
BEE U] W AR, WK T B AE R0 S, R K B8
R



- 144 T 8 52, 45 A () J0 T Bl AR A FOR A AR 3k 32 = 6 13 T % LU AT 52

2019 4¢

Be A, 38 i bR e B R AR I R R 5 K R e ek

FIRRE , YT A% AL A0 [T DT = A o ] X, fi W
M-CMC T [ X, 7 4 0 K S8 138 4 8 35 1 R T 6 44
=R E £, KT M-CMC i 4o W45 3 56 B4
f & K (B 8) AT LUA i, M-CMC i & X 3 2 & K
i T AR, WK B T M-CMC i [ b R K P 8 5 %
JZ LR KRR R AT B TR TR IR S K AR R, 2 —
AU 55 A TR B W

or LR
[FY R— . BRE
12t -

5\Q]O—

@ ol
“ ]
2+
. . . . .

mE Heky KRR =
B8 HBEEAWMKRESKE

Fig. 8 Final moisture content of different slopes
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