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Freeze-thaw durability of sulfate saline soil stabilized with SH

agent and fiber

WEI L7, LIU Qingya®, CHANG Xinxin®, CHAI Shoux/’

(a. Tianjin Key Laboratory of Soft Soil Characteristics and Engineering Environment; b. School of Geology and

Geomatics, Tianjin Chengjian University, Tianjin 300384, P. R. China)

Abstract: Winter freezing and spring thawing cause engineering geological issues such as frost heave cracking,
thaw settlement, and boiling subsidence in sulfate saline soil embankment construction. To this end, freeze-
thaw test, unconfined compressive strength test, SEM test and CT test were completed on sulfuric saline soil
stabilized with lime, SH agent, and fiber to study the mechanical properties degradation and the microstructure
damage characteristics under freeze-thaw conditions, clarifying the influence mechanism of the SH agent and

fiber on the freeze-thaw durability of the soil. The results show that the UCS of soil exhibited a stage-wise
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change, with a large decrease, small decrease and stable strength as the number of freeze-thaw cycles increased.

With the increase of freeze-thaw cycles, the area ratio and the equivalent diameter of soil particles decreased,

some aggregates were broken, and the morphology of soil particles gradually transitioned from elongated to

circular. Fiber reinforcement reduces the porosity of soil, and the number of small pores gradually reduced, and

the number of medium pores and large pores increased little by little. The number of cracks increases, and they

gradually extend from the surface of the specimen into the interior. Sulfate saline soil stabilized with 12% lime,

3% SH agent and 0.3% fiber is a more suitable mix ratio. SH agent wraps soil particles and fills soil pores, as

well as the interface interaction between fibers and soil and the spatial network structure formed by fibers, which

improves the mechanical properties and freeze-thaw resistance of sulfate saline soil.

Keywords: freeze-thaw cycling; fiber reinforced soil; SH agent; compressive property; microstructure

B R k5t 2 — PR IR £, IR B K R PR
G, B R R WK A= B /K B R 4, & AR R K
B N s e N W AR 11 O (S e e 2 S8 £
A JOURL AE I E) DY L B AL R, R IR RG
BRI KRR BRER MK S B IR AL, P b b XY
B 12 6 it 38 3 2 B R AVIE SR E L, R A I TR
HE B TR R R 2 R I o A I IR,
J00 % T TR R Tt - e Ak TR R R R R R
A RER AT TR

FE B R 15T 1 P B [ 450 3 o 4 E R AR 2
VB ks + i TR 0T, 2 d5 i Y A 38y i 7
i O S 712 S A 7 T [ = e ol S A
S 75 1 A U A R RN R T Ak R R L 2
o T BB R R R K AR E M [ A e R B A
R AR IR TR i 1) B 2 2 3 RS /N 1 AR Ak
PORIEE A N 8% A K +24% By IETIR . #
MO HIE 5 K B, A K 45 5 6 TC 0 BR BT R 5k B 1Y) 5
i e K, 48 A 12 %0 A K 0 6 R 46 58 = A 5 B 3 K T
236 f5 . TR QMR & B, SH I 57 [ £k £ 75
AT AR R RE Y S T /N Y R R g
5, BB BRI MPURBERE o /N B3 T 4 4R [
PR B 8 3 15T - 14 JC M0 B 0 5k B 3 00 & B, 1 h i
J 2% AN 12 % A7 KN 0. 3% B VN M £F Yk (47 4 K
FE 12 mm) B, 28 2 7 15 Ak 1 0% s B Gk B 0
EF 2 5 A IR T B R R T R S R a4
PUE BT I B8 ) £F 4E7E + b BEHL 53 A1 318 iU
RGBT RS B — R R AR T
P TS T 6 R £ 4 SR K

VR IR T R A G PR, S a2
PERE 25 A6, 28 A A S B R s N T R
R N T AL WO T R ] A 42 fi
J5 20, 1 BB SR B BT BT 5 B A7 R B L B AR
KA HE R M E KRN E K., SHIBIEY &
B, BtV il O O, = A B R A R I B DR/ D
R, JEE AR RS 58 R B BB (R il O~ 2 U) 5 8 A8 s 48 /N By

Bt (kA 3~7 ) (o AR B B (R Al 8~12 1K) .
TR AR A B, £F 4 A A B 5 5 VR o
R TR B R B R, VR B 5 U B B R A A e, 38
ES 1 e Sl D VAN B VARl € 8 < 1 VARG . 7 A
Roustaei 5" & BT AN [R] 45 5t 1) 58 I 25 2 Jn /i +
AT T 0~9 Wk kX 56, &5 2R 2 BH 2 4 i  re 32
BB A fE

KW E A HIER A T 0k 0 HES
BN T R WOk A R B4 . A BEAEY . Wang
SV B SEM SR S PR 5 il R 15 A 9 S AR
FLBR 3 K, FLBR Ll 051 B 264 2 Lo 49 38 A, 4 KL 5
B, GRS AF AN o S oK i K [ A AR
B SEM 5 CT X5 & B0, VR Bl FH 38 K 1 + 10
FLB R AN LA, 52 g A J0R 0 3 2 HES O SCRE
O B (1 e w1 v e = NI BT R 7 NP 2 31 o
205 36 W AR Avizo B AT CT b 86 245 1 Rk
B, Bl T 3 0 R R A B R P B R Bk
FIREZRWHIMEE8 TRE , SH R ERES
WP W LAY 2598 . Bk SEM AT NMR
I & B, URml 3 KT LR, MR T AL
B 43 A R AE 1 8000 25 4k RT L/ L B A 1
PR LR A4 e 55 % 8

H ai, BF 6 A1 K+ SH [ 51 -+ £F 4 554 fl
&1 £k Bt R 6 5% = B9 7 2 1 BB A Bt Uk @il i R AL ) T
g8 R A I RAH W A . Rk, TR A
JK SH [ 4 551 F0 25 2 5K A A [ 46 1 # T il R 4t
JE 5 BE ARG , B8 1 R il 6T £ 4E A5 + A RE R
Wi o 383 SEM AR, WLEE A B 1025 4 T 550 4 5
B AR AL 5 15 B CT 386, 408 1 A4 FL B 43 A
TF S5 s A ML . ST SR E IR BUR S il
S IR ESEFWE VAT & €L A
2, TN R Rl VR R 5 4 n A Ak A R W R B
TOWLEE 4 2 Jre LA



% XX #

W, SH B LA 5 4 4 e i B AL AL BR 3 5 £ 09 7k s XMk 3

1 RIEHE R
1.1 KA

R ok s+ A B SR B A
FA L TE R AR TR — 28 K2904+-556 4b . + 194
PR 48 bR 51 T 1.

1) i R #h 0t +
F1 WMEBHTTIHHEERER
Table 1 Physical property indexes of sulfuric saline soil
CEN S M mILE mKRTH UKL AL/ %6
W/ mm/ A - -
wm/Y% KR/ % E KkR/% E/(g/em’)  <0.02mm  0.02~0.05mm  0.05~0.075mm  >>0.075 mm
5 3 31.9 19.6 12.3 19.5 1.72 6.5 8.2 42.4 42.9

2) A K

05 A RS B S A 70% . B
TR 5 25 S i TR AR K S AR R AR R AR
TR 1 i 1R 85 5 ok L K T P B 43 55 K R, AR AR
Jie &5 P 19 K Ak B R S R K AR R R S 5 [ B, B IR
5B B AR K B W K AR T A AR A B
A SR O A i a7/ 2 B e i Y 5 W e e o 2 2 S
B R % S B, DT 48 5 Y 5 B RN RRUE ML HL
T AR N B R R R B N R R K A R
M. RIIFFRET 6%6.8%.10% . 12% .14 % £ JK [#
b B 1R £5 357 4= 9 JC 0 R 0 e 5 3 e, 25 SR R,
Wi & A1 K45 5 0380, i 5 RE S 38 i s s
12% A KB RE, LR ER K, 14% A K E A+
AR R AN . HIt, 5 R 1296 /A K Ak
BriR R Y M A K 1 mm .

3)SH [ £ 57

SH [ 4 71| S — Fl g 8 14 5 20 B /K IR W, G
BE TGO, W WD IR M T 0T A T TR A Y
6%, % B 1.09 g/cm’s H 34 Ay B K P B -k B AR
SRNG5S W B ) G A U8 Iy
FEAEHEI L oK AT JC RRAR R BN AR T S A A4S
=N R Al v NI B =) | | S e e
Py #0402 AL BRI AL B O T AR 1 p R AR
SE MR IR BE A1

4) B I 21 Yk

BTN £F 402 DL IR VT AR R JEORE 3 I 4 il
2 2 Y] B AR B A ORRA 4E . % 0.91 g/
em’, H A& 2 20 pm, 550PE A ORI B0 R AR B 4 N
3500.500 MPa, W 24 4E 138 1590, RN 4R A
JCEETCTS Y o PR A B A i B v L) 1 5
SO AT IO UE 5, B AR AR 4K R iR AR
1) 1/3CFE B AR 50 mm, & 50 mm) , §5 B £F 4 K
FH 17 mm™,
1.2 AHEH&E

W #h B Lt KT B G 2 mm B . iR R
SRR 96 %, RS KRN 19.5% 0 FREL— & fE Y
e FK 5T FE RS % B 24 b, DUBRIE - 59 7S 4 iR

Mo HIAETT, 7E b8 0 SH R 57 A K, 4 4
IR T 30 %0 K (A K 5 238 SR K [ 46 B
HAEM K)o FEB MBI L4E P25,

AR Ji) 3 o A8 e o B L PN RE R R B
VIR LA, BN BE RN AR S R Ty
AR A BHE 78 R N #8 R 10 min /5 #E d o 4
FEE AT RN TR 28 ds
1.3 RWHE

1) U il it 56

W Al 56 46 B 5 DR-2A, i 18 g S 6 U 28 A FR
oy w) il . RS T vE S BOK KR TR A A
T FURRE ), VR 4 R B S A IR B 43 0 1 R -20
20 °C, UR&5 FIR AL IS [E] 25 2 12 he VR 1~15K

2) o FR HT Hs 58 B i 50

JC M BR Bt 5 B O g AN ph P e AR T A
AR, S EOA B TR ) 56 kg .
PEHE 10 KN Ay & 1 36, il 5 & /Y B ) 1 mm/
min, &[] 0. 5 mm, S HUE ) PR A8 JE 4, 8~10 min
W58 B S  BE TOL IR E 6 AT

3)SEM iR 5

SEM il 45 #% £ 745 2 TM4000Plus, H H 5728
A A o BRI RI AL FE 5 mm & 5 mm K 10 mm
(9 4%, BF T 4%, K R G DR T S 4 )5 57 L SEML WL
52, FRAFHOK 2 000 5 3 000 5 1 % 4% , WL 5% SH
W14 o < Wl Rl D 27 o U A 1 N S B2 £ 2y i v
- d H Avizo B9 “Interactive Thresholding” | “Label
Analysis” 3158 55007 1 A G 59007 S5 R B AR A EURE
Bl JiZ

4)CT A5

CT i 58 1% & A 5 nanoVoxel2000C T, H K
=N AN B A BR S m) . A ] A R 3
pm/500 nm AL ZE Y15 53 HEBE J1 1 pm/50 nm. i FE
3 CTHH G, & e =4 % & 5 & a3
Voxelstudio Recon # 17 £ 4l P AR O 52 LB L HE f1&
TE PG 05 Mg kb 3 A S22 0L O 1 9 A B S
i FH Avizo B4 BOFE 9 L BR 5 i o8 o ik
IR W3k 2,



4 KRB x££ F RO E % XX &
*F2 WHWitkE
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Fig.1 Stress-strain curves of soil stabilized with lime and

fiber under different fiber ratios
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Fig.2 The UCS of soil stabilized with lime and fiber under

different fiber ratios
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Fig.4 Stress-strain curves of soil stabilized with lime, SH

agent and fiber under different SH agent content
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Fig.8 Stress-strain curves of soil stabilized with lime, SH agent and fiber under freeze-thaw cycles
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Fig.9 SEM photos of soil stabilized with lime, SH agent and fiber under freeze-thaw cycles
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