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Analysis of the anti-erosion effectiveness of polypropylene fiber (PPF)
cement-reinforced soil for slope protection

QI Xing, YANG Lang, LIU Huan, CAO Ruliang
(School of Civil Engineering, Sichuan University of Science and Engineering, Zigong, Sichuan 643000, China)

Abstract: Taking the application of cement and polypropylene fiber in the protection of silty clay slope as the research
background, this paper explores the validity analysis of polypropylene fiber cement reinforcement material on the anti-erosion
ability of silty clay slope. Based on indoor experiments, the research investigated the effects of varying cement and fiber content
on the shear strength of silty clay. A slope erosion model experiment was conducted based on predetermined experimental
ratios. The results indicate a positive correlation between cement content and the shear strength of silty clay. Additionally,
polypropylene fiber was found to further improve the cohesion of the reinforced soil. The slope ratio initially enhances and then
diminishes the anti-erosion effect on the soil. Compared to unreinforced slopes, the erosion resistance of the strengthened side
slope is significantly improved. Scanning electron microscopy (SEM) analyses revealed that the improved erosion resistance of
the reinforced soil results from the hydration of cement and the dispersed arrangement of polypropylene fibers, which promote
interparticle cohesion and form a robust structure, thereby enhancing the soil’s impermeability. The research results offer novel
engineering application insights for protecting slopes against erosion.
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Table 1 Physical properties of test soils
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27 HAR/mm R/ (grem ) Prhiis EE/MPa S PEA B/ MPa Y5 1./°C PR /PC it FR i
RN R4 3 0.91 =350 =3 500 160 550 B

2 RBABAYENRMEM B ER R

2.1 R R S

R L 5 3 50 R 15 1 U A T 61.8 mmx
20 mm R, BB HIAE 44, 7247 7 dJE R
ZJ 7 B Y B 0 AR ) 2 B A AT BT I . it
FEAT J 4l by i 2k + 00 F R KT LR AR TN
WP 4K P IR A 1 aleE, ook e Rk g it s
K 4%, 6%. 8%. 10%. 12%; NI ET 4K iR A
A DL 10% B 7K U8 U hn i 8 FEUE, AR AN 0.1%.
0.2%. 0.4% MR N4 . AERIRER R, Pr A ialee
TR e B AR S K R R 12% P, /K U8 38R ks
KRB S TR RIR A, XTI IR 4 i K
U - D) PR IBOREL I L f81) %) 5 PR M 4 4 TR AR, BT
NSRS e HE, BB ¥ B A1 n IR A W 8 AR
h, 75 100 kPa 9 5 ML R T #E 10 min 6 AY . 1a0FE
BB, HISP 2R 7 i I S, b R A 2 e, R T
N HRIAEE T (ABEEE Ry 25 °C+5 °C) & 79" 7 d.

2.2 EEE T
221 KREHERIPUITERE R

AKVE AR AR [ T B 7 440 T b By o i
WE 1 AR, KR+ 5 R AP BY S R R S e

300 —m-— Z —— KB E8%
—o— KB A% —— KIEBREI0%
250 F —— KiRBH6% KB 12%
£ 200
=
9
=150
2
100t ///
50 /_/
0 50 100 150 200

W2 [m] [ 1 /kPa
BE1 ZiX5KkEBELRENANSHIEEZEANXER

Fig. 1 Relationship between vertical stress and shear strength of soil
and cement-modified soil
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Fig. 2 Effect of cement content on the internal friction angle and

cohesion of silty clay
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Fig.3 Relationship between vertical stress and shear strength of

cemented soil mixed with polypropylene fibers
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Fig. 4 Cohesion, internal friction angle and percentage increase in cement soil with varied polypropylene fiber contents
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Fig. 5 Slope scour simulator
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Fig. 6 Erosion processes of plain and reinforced soil under different flow rates
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Fig. 7 Relationship curve between soil particle yield and water discharge on slope before and after reinforcement
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Fig. 10 SEM images of plain soil and reinforced soil
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