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Experimental research on anti-freeze properties for the
fiber reinforced solidified soil
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Abstract: Based on the engineering properties of poor anti-freeze performance of the solidified soil and led to de-

cline the engineering life, adopted the orthogonal experimental design method, has researched the quality loss rate and

strength loss rate for the soil which blended polyester fiber and stabilizer after freeze-thaw cycle. The research obtained

that: When the MBER soil stabilizer content was 9% , the quality loss rate after 10 cycles was more than 5% , when the

stabilizer content wais 11% or higher, the quality loss rate after 20 cycles was less than 5% . But the fiber content had

a small impact of the quality loss rate. When the stabilizer content was 13% and the fiber content was 0.8 kg*m™>, the

strength loss rate has reached 28.51% which was the minimum. These results showed that: The stabilizer content had a

large impact to the quality loss rate and strength loss rate, fiber content only had a certain impact to the intensity loss rate.

Keywords: solidified soil; MBER soil stabilizer; polyester fiber; quality loss rate; strength loss rate
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Table 1  Factor level

A AR MR 0K R

K& Factor IKF- Level
=] //ﬂ 07
E RIS R % 9 11 13 15
Stabilizer content
T em-3
Y558/ (kgrm™3) 0.6 0.8 10 12

Fiber content

T AL 2 2 18 AR B AT L s Bt 2 L

Note: Curing agent content refers to the ratio of the curing agent quality

and the quality of dry soil.
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Table 2 Quality loss rate of solided soil

512 HR Mass loss rate/ %

ENLE TR
No. IR/ 5 WABFE 10 RAEF G 15 RAEH G 20 WA G
1 cycle 5 cycles 10 cycles 15 cycles 20 cycles
9-6 0.32 4.21 5.12 bR T 5% .
9-8 0.42 4.00 5.05 2RI GRS
9-10 0.31 4.21 5.16 Mass loss rate is more than 5%,
stop the rest cycle
9-12 0.31 3.78 5.16
11-6 0.38 1.27 2.51 3.47 3.9
11-8 0.32 1.45 2.42 3.16 3.79
11-10 0.42 1.58 2.2 3.47 4.31
11-12 0.32 1.68 2.43 3.27 4.03
13-6 0.32 1.48 2.43 3.29 4.14
13-8 0.32 1.58 2.44 2.97 3.62
13-10 0.32 1.57 2.43 2.98 3.42
13-12 0.32 1.48 2.33 3.07 3.62
15-6 0.31 1.57 2.32 3.15 3.78
15-8 0.31 1.57 2.41 3.25 3.88
15-10 0.32 1.36 2.41 2.84 3.47
15-12 0.32 1.58 2.1 3.05 3.37
AR 9 - 6,9 RERABEN 9% ,6 IREBL 4B RN 0.6 kg-m =3, HAH LKA,

Note: Specimen No.9 — 6, 9 refers to the curing agent content is 9% ,

6 refers to the fiber content is 0.6 kg*m~

3. The rest have similar meanings.



92 T2 X AR AT 531 4%
2.1.1 mEHH RIEE 2 PR L5 E, TR AL [ b A B 0 R R B AR AL AT 445 i 22 ()

2t R L3R 3,

(1) FZEFEHHr

2 4 AL, 20 o e 0 R R A TR - A
([EfLBE)—>B(LF 455 ) —A x B(EL A FZF
e HAE) , BV 42 1 0T o e 40 2 2852 M)
KA AEB R, BRI FI LT 458 BAR S/, 2
AT DL Z W

(2) & ER EH ot

T AR K TR 2 b g R 3R K
ARG R UL, g 1 FE 2 s

M 1 E 2 AL ST EBRETE0.6~1.2
kg m 3B AR TR, B 45 2 R 1 AR A I A B B Y
A, TR 2 SR 3 £ 415 5 i 28 A th 28 L B4

=3

(SFHEBEAE 0.6 ~ 1.2 kg m ™) HANTEAELE W BIK
KFZR. HE 2 AT LLE W, EAHB 5N 9% 1)k
TEGRRR 10 DG 224, Hom & 45 2k Rt it 1
5% , R IL , B AR A 5L PR TRE A 2, T Ak )
Bl 1% . 13% 15 % B 7 20 WAE 3 )5 i
HRRAIR N T 5% , o] UL &4k 751 45 1 % [ 4k +
R T REBR A G T AR
2.1.2 FE4H @R ZESHAT IR, HAE
FAMZ AR /N, R AE AT 07 22 53 BT I3 DA 45 22
HI5 2 W R ansk 4 s

4 F] AT, [ 40 545 180 o 5 2R SR 1 R )
WA 2, 2T 4E 45 5 6] ot it 408 2k 2R I A W 4 1Y
UM X S 255 BT A AR — 30 .

10 RIEAR BRI RERKBRES TR

Table 3 Analysis of very poor quality loss rate after 10 cycles

1% 10 eI R A %
RIg Factor After 10 cycles of quality loss rate
No- (LA L) B(FAEB L) AxB )
A(stabilizer content) B(fiber content) Ji
1 1 1 1 4.63
2 1 2 2 5.05
3 1 3 3 5.16
4 1 4 4 5.05
5 2 1 2 2.42
6 2 2 3 2.20
7 2 3 1 2.43
8 2 4 4 2.43
9 3 1 2 2.44
10 3 2 4 2.43
11 3 3 1 2.33
12 3 4 3 2.32
13 4 1 2 2.41
14 4 2 4 2.41
15 4 3 3 2.10
16 4 4 1 2.31
Yin 4.972 2.975 3.025
Y 2.370 3.022 3.022
Y3 2.380 3.003 3.021
Yia 2.307 3.028 3.005
R; 2.665 0.052 0.020
FAAKTF A B Dy = 48.12
Optimal level !
vk R .
b LRHIE AGRLAIZRD — BOFAEBHRD —~AxB
ary condary A(Curing agent content)—> B(Fiber content) —A x B
factors
o4y mAiNey

B
Optimal combination A,
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Table 4 Variance analysis of the quality loss rate after 10 cycles

TERBE HME

Variance source

SS MS

BEE
DOF Significance

A

B
B S,
47t Total

3 20.6056 6.8685  226.77 *

3 0.0068 0.0023 0.07
9 0.2726  0.0303
15 20.8849 Fo.01(3,9) =6.99

*

TE: o x fRFBEMAKTEH0.01, Tl

Note: * *

) 5% 450 2K %
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Quality loss rate after 10 cy

B 1
Fig.1
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Fig.2
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Quality loss rate after 10 cycles

refers to the significance at 0.01. The same as below.
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P, ¥y O 10 AP R I B AR R (%) 5 A D[]
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Table 5 Regression coefficient table

{2 ES Ve

" e T ¥ .
M wpr L g

Independent . - Ml .

. Coefficient Coefficient Significance
variables T Test
standard error
#ht Constant  7.736 1.341 5.71 0

A —-0.39925 0.08841 -4.52 0.001
B 0.07 0.8841 0.08 0.938
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Table 6 Variance analysis of dual linear regression equation

Ty 2 KR B S5 MS P B
Variance source ~ DOF Significance
Bl Sk 2 12.7560  6.3780  10.20  * *

WE Sy 13 8.1289  0.6253
At Total 15 20.8849 Fo.01(2,13) =6.70
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Table 7 The strength loss rate of solided soil

Rl DU 5 B 1Y 58 P4
RS ETE/MPa SEY{E/MPa RFE/ %

No. Average strength  Original average Strength

after freeze-thaw strength loss rate
9-6 1.15 2.48 53.63
9-8 1.31 2.38 44.96
9-10 1.15 2.51 54.18
9-12 1.26 2.44 50.83
11-6 1.83 2.64 30.68
11-8 1.77 2.49 28.91
11-10 1.77 2.58 31.39
11-12 1.79 2.65 32.45
13-6 1.88 2.88 34.72
13-8 1.93 2.70 28.51
13-10 1.91 3.01 36.54
13-12 1.94 2.89 32.87
15-6 1.72 2.51 31.42
15-8 1.88 2.70 30.37
15-10 1.74 2.62 33.59
15-12 1.67 2.46 32.11
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