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Properties and microscopic analysis of lignin fiber-reinforced soils under
freeze-thaw cycles
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Engineering, Tianjin University, Tianjin 300072, China)

Abstract: It is a common engineering method to improve the subgrade soils in seasonal frozen soil areas. Lignin fiber is an
economical and environmentally friendly additive with good durability. Taking the soils improved by the lignin fiber as the
research object, the UU triaxial tests and SEM scanning tests are carried out on the soil samples with different contents of lignin
fiber after freeze-thaw cycles. The influences of the times of freeze-thaw cycles and the content of fiber on the mechanical
properties of the soils are analyzed emphatically. The results show that the characteristics of stress-strain curve are related to
confining pressure, freeze-thaw times and lignin fiber content. The elastic modulus, strength and cohesion of the reinforced
soils decrease with the increase of freeze-thaw cycles. Under the lignin fiber content of 0.75%, the elastic modulus, strength and
cohesion of the reinforced soils reach the maximum. The fiber forms a three-dimensional grid structure in the soil samples or
plays a role of "bridge" overlapping, which reduces the impact of freeze-thaw on the pore damage, thus enhancing the strength
of the soils. The test results show that the reinforced soils with lignin fiber have obvious advantages in resisting repeated
freeze-thaw cycles.
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Table 1 Physical properties of soil samples
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Fig. 2 Effects of freeze-thaw cycles on stress-strain curves of 0.75% lignin fiber-reinforced soils
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Fig. 3 Effects of fiber content on stress-strain curves of reinforced

soils
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Fig. 4 Effects of freeze-thaw cycles on elastic modulus

7 8 9 10



138 A+ L OB % W 2020 4E

PR FUAE A — VR AKE N AR R R 4P 465 3K FAh, R 3 ATAL BEEVRRUREE N,

PR A IIRER, & OV R SRR D, SR H IS FITRE K. 9 IKIKRE, &= THE

p, =Ev=Eo 1000, () PERIRIRLA 100 kPa [ MIABIR A 34.9%, 1M

E, 0.75%A R R AP 4E i B F kg 7 200, 300 kPa

K, E, N N IRERRGE SR E, B MR B T 2908 16.92%, 17.16%, 351415 Bl T

LR . B, WEERE, UM KRR REBEE
it ExTE, Ak R, NEARRRL4ES 0.75%Mk.

R A R 1 s ekl FE LR 2. 7E 200, 300 kPa

Bl T, 0.75%45 5 1 550 R e i A 5 sl il 40 31

N 53.55%, 47.33%, AFE—FE T RSIRE. 17

100 kPa LK, ZERIREA 58.74%, (XL 0.25%

BRSR K, FLEAKRE, ATLLUET 0.75%A 50

AT YR R AR RRONT SRS 55 A 2R 1) AR B 4
2 BRI 9 R FREREMIRERRIEE

Table 2 Attenuation amplitudes of elastic modulus of reinforced

soils after 9 freeze-thaw cycles (%)
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Fig. 5 Effects of freeze-thaw cycles on failure strength of soils
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Table 3 Attenuation amplitudes of strength of reinforced soils after

9 freeze-thaw cycles (%)
g il

AEBE% 100 kPa 200 kPa 300 kPa

0 -34.90 -26.32 -33.02

0.25 -34.35 -21.67 -32.26
0.50 -25.50 -22.83 -22.96
0.75 -26.51 -16.92 -17.16
1.00 -26.33 -17.64 -19.82
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Fig. 6 Effects of freeze-thaw cycles on shear strength index
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Fig. 9 Variation of porosity with freeze-thaw cycles
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