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Abstract: This study proposes using a xanthan gum-biochar-coconut fiber composite, termed bio-matrix, to amend the topsoil of
expansive soil fill slopes, addressing issues of cracking and poor vegetation growth. The response surface methodology (RSM) was
employed to analyze the cracking and strength characteristics of expansive soil amended with bio-matrix at different ratios during
dry-wet cycles. The analysis revealed the effects of individual factors and their interactions on the crack ratio and shear strength of
expansive soil. Underlying mechanisms were further investigated using scanning electron microscope (SEM), X-ray diffraction
(XRD), and tensile tests. Results indicated that all factors significantly influenced the crack ratio and shear strength of expansive soil.
The primary interactions were observed between xanthan gum and coconut fiber, with negligible interaction among other factor pairs.
The high viscosity and colloidal properties of hydrated xanthan gum enhanced the interfacial bonding between soil particles and
fibers, intertwining with coconut fiber to form a stable three-dimensional network, thus improving soil tensile strength.

Multi-objective satisfaction function optimization identified the optimal bio-matrix ratio: 0.60% xanthan gum, 3.60% biochar, and
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0.24% coconut fiber. Compared to unmodified expansive soil, the optimized bio-matrix reduced the crack ratio by 71.04%, increased

shear strength by 93.73%, and enhanced vegetation coverage by 223.77%. These findings enhanced a theoretical foundation for the

application of bio-matrix in ecological protection of expansive soil slopes.

Keywords: expansive soil; biological matrix; response surface method; crack rate; shear strength; satisfaction
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Fig.1 Grain grading curve of expansive soil
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Fig.2 Chemical structure formula of xanthan gum
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Table 3 Basic physical and mechanical parameters
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Fig.3 Xanthan gum solution and its polymer film BN TH (box-Behnken design, fii %k BBD)
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Fig.6 Processing flow for crack images

24 HERE

263 8 WHIRAGH 5, B Jext 17 2R E AT s
AKULAT. B85 FI FH B BY3R T] o BIAE AR AR b A
HRE (EEL 5 ). BB IR E, Wl 7
Ft7R o

35cm

B7 EBNAAREEA E

Fig.7 Sampling position for direct shear sample

HORE >R H DI-1 284 R A5 AR B BTASC, X A
BEATPRBALS . K K R AR 2 IR B ROR,
T AR 0 7 1S — AN I 50 kPal'™20l, R,
Vg R P BT U3 A H E Y 0.8 mm/min, AN
EAATECN 50 kPa. LA 5 A EL BT AT HT B o
&, SEROVERHT IR R I AR BT IR L

3 WG R 500
3.1 EBIREST KR ESHT

205 8 WHREH G, 17 HlAEr e s R,
K 5 Ao~ . FIH Design-Expert B4 5 77k
W R BEAT 2 Tl A 0 H, AL T BRI AR AN o
JEE Wi N7 T AR 7R

Y,=7.38-2.77X, -0.60X, —-5.61X, +0.13X X, +
5.56X,X,+0.17X,X, —5.15X] +0.05X; +
7.47X;

QP)



1372 e +

71 =5 2025 4F

®5 TRIEARRLERKRER

Table S Dry-wet cycle test and direct shear test results
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2 1 -1 3.02 32.35
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Fig.9 Crack ratio response surfaces
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Fig.14 Microstructures of unimproved expansive soil and expansive soil improved by xanthan gum

DU I AR B2 20, 2 Ak o 38 ) 5K B g
KT BHGHIPIRRER, e/ R, Fit, +
PR 5 B R S R B K T AR B I ORI R 2
—o FIHBERIKFRARREE, AP o R EZIK
TP AR YR R AR, Al
PN (R 2K 45 [ G2 7 0 7K, BRI TR A R ~F
WE 15 fion. AP RIS, ms22e. VB
Hiles . B BRI AL FOEE R EALE
WAk, WE 16 fras. He-il ik & Ja A
200 N, &N 0.1 N, BB A SRS KME N
12.7 mm, ¥4 0.01 mm. LA 0.5 mm/min K5
TRPAAE, 193] TEARFIRC L&A T AR o R
R L s i s s, il 17 Fros e

FH L 17 HmT DUR B, AR 42 i o R K 14t
PR EMEREK L E. SREKME, £
R RN b o B B e T 75.18%. 1%
RIS RULA R BN, AR s 7K
T PTRL R, KT K TR SR RS T .

50 mm

(b) R RAARSS

B15 RERRAR T

Fig.15 Shape and size of test specimens
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Fig.17 Uniaxial tensile strength of improved
expansive soil
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Fig.18 Vegetation growth of expansive soil and improved
expansive soil
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