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Experimental study on reinforcement mechanism of vegetated slopes with
root system and vertical geotextile belts
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Abstract: Under rainfall the vegetated slope often slides along the soil layer below the root system. The main reason is that the
root system is shorter than the influence depth of the rainfall, and the mechanical reinforcement is insufficient to effectively
protect the slope soils. In order to compensate and improve the capability of the mechanical reinforcement of short roots to
resist-rainfall induced landslides, the vertical geotextile belts can be arranged in the slope. A large-scale direct shear test device
is designed to explore the reinforcement effect of the root system and geotextile belts on the mechanical strength of soils. The
direct shear tests on the root-soil composite with different inclinations (0°, 30°, 45°, 60°) and the belt-soil composite with
different moisture contents (0%, 5%, 10%) and different numbers of belts (0, 2, 4, 6, 8) are carried out. The results show that
the root system can significantly increase the mechanical strength of the soils. With the increase of the root inclination, the
tensile deformation increases, and the shear strength of the root-soil composite increases. The greater the initial inclination of
the root along the shear direction is, the smaller the shear displacement occurs when the root fractures. The interfacial shear
strength of the belt-soil composite is affected by the moisture content of the soils, the number of geotextile belts and their dry
and wet state. The strength decreases with the increase of the soil moisture and increases with the increase of the number of
belts. Under the moisture content of 5% in the soils, the cohesion and internal friction angle of the wet geotextile belts are
significantly lower than those of the dry ones. The test results provide theoretical reference for the application of geotextile belts
in the vegetated slopes, which is beneficial to prevention and control of shallow landslides.
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Table 1 Physical and mechanical parameters of test soils
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S BUE S BUE
FHXT 2 E G 2.66 FHXT 2 E G 2.68
PR wi/% 33.7 ESSEES (el 11.1
IBIR wp/% 20 = K13 Ce 1.44
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ksa/(cm*s 1) 8.15x10° | FHE i c/kPa 9.1
WSS 0/ ) 30.3

1.2 REEE

DR FUAR ZRAEAS [FGUA I 7R 3] L 2 S AN 355 75 1)
I RCR, BATEIHAIN TE IR0 E, ey
. KERAESE (B 1~50mm). TH (&K
BT, BAM 442 mm). Wit RS (B3E )
FE RS S B LT s as, K EFE 500 kg, AH)E
0.1kg)o BIPIEHE 2 em (1 TREE RN T,
SN 20 emX 20 cmX 20 ecm (K X B8 X ). KAYEIY)
&R B RSN 755 mmX 530 mmX 500
mm FIERFES, W 1R (o FIRRSRE TR
(P 11D o FEAE 7 ] L ) B U050, S T 32 B0 e
Bt b A A B R RGBT P EEY &, R L
BTS00 eS8 18] 58 — HET BEALATA I8 PR I 4 ]+ 5y
Wik 2 Frios.

200
a I
LI pan| =
165 oy | ©
H ///’ C
BR o
&
4 530 £
R84 mm

1 RARE T E RGN E
Fig. 1 Side view of direct shear tests on soil reinforcement by

roots
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Fig. 2 Layout of direct shear tests on soil reinforcement by
geotextile belts
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Table 2 Change of root length before and after tests
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Fig. 3 Shear curves of single root under different inclinations
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Table 3 Comparison of shear strengths of root-soil composite under

different inclinations of single root

WHE HEHR EAR W 5 B s Nl
THOMUOWRE WE g,
1°) /kPa /kPa R 1%
#+ — 7.84 43 — —
0 931 6.2 18.75 44.19
, 30 10.57 6.0 34.82 37.21
R s 10.89 7.1 38.90 65.12
60 11.26 7.9 42.22 83.72

FH R0 45 SR LU T N, A iR RAEER AR B &1k
PUBY R L = T 2 L, ORI R A T B AR ] AR A
B FRARMUAR G 0, AR R R ARG, R R
PEIC WA HUBT SRR I, WAL 5 518G 0 e 2 B
B0 AN [FGT AR AR AR 2R TR B R B DI A RS AN — A,
HRE R EER RS E S KAEKR, HEERSR
AR 3G 0, AR R TR 0 S BT AR I/ . 0° FRLAR
TEBIUIAIFE A 41 mm B R AR, 30° SARCEBIYIAL
N 31 mm B RAEWTEE, 45° BARTEEIYINFE A 14
mm B RAEWR, 60° HARTEBT I N 11 mm B &
Gl
2.2 EmEtEHTHETWEIREERR S

I LRI AN R AR S KA L AN R A T 4
B ANEREE NN ERE, B3N 58]
R R AR b2 an &l 4 fros,  BRT R 7= Jo i i iy
5 2 MR A A 0 N BB U b 22 AR A T I A
B 7 2= DAEAE R T A EERE ) (EPH0RR T BB &
KF- BT 5B 5 B DTiR ) DU 32 B & 5317 18 [+
R A il — L A ST PRI B 5 DT R

Bl 4 ek 1A AR E KRR . AN A R A
e [ R AT R L R OR . ANET 4 () B, B
RELF 5 I B 27 5 BT U 4% it LR AE BTN W I BE, B
ORI, MZoaT T8, MIE 4 (b) FLE
H, AR, BEEBIVI A A, SR R
BN S8V RS KRB R R KOG A& .

4 w3 kPa—0% ——12.9 kPa—0%

—5—3 kPa-5% —6—12.9 kPa—5%

——3 kPa—10%——12.9 kPa-10%
—&—22.7 kPa-0%

r —A—22.7 kPa-5%

—¥—22.7 kPa-10%

w

g,
32
=
=R il
0 10 20 30 20 50
B /mm
(a) OMHEAIH

127 -3 kPa-0% —e—12.9 kPa—0%
-3 kPa-5% —©—-12.9 kPa—5%
10k ——3 kPa—10%—6—12.9 kPa-10%
—&—22.7 kPa—0%
——22.7 kPa-5%
—¥—22.7 kPa—10%

B3 S1/kPa

20 30 40 50
YIS fmm
(b) 2R
4 ARIMEBE TR THNASHYIRIHE X FR ik
Fig. 4 Relation curves between shear stress and shear
displacement under different working conditions
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Table 4 Shear strengths and shear strength indexes of belt-soil
interface under wet geotextile belts (moisture content of

soils of 5%)
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