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Abstract

With the rapid development of China’s highway construction and the improvement of highway
grade, more and more engineering problems of unsaturated soils have emerged. Studying the ma-
trix suction can predict the shear strength, permeability coefficient and moisture holding capacity
of unsaturated soil, which is of great significance for engineering practice. In particular, the frost
damage of the subgrade soil will cause great harm to the performance of highways, so the study of
the subgrade soil under freeze-thaw cycles in seasonally frozen area is also important and the re-
search on the prevention and control of frost damage has been carried out in our country. In this
paper, the matrix suction of the modified soil and silty clay is measured by filter paper method
and Fredlund model is used to simulate the soil-water characteristic curve. Furthermore, the ma-
trix suction of the two soils under freeze-thaw cycles is measured and the relationship between
the number of freeze-thaw cycles and the matrix suction is analyzed. The results show that the
matrix suction of the two soils decreases as the dry density decreases. The stability of fly ash soil
modified by crumb rubber is much better than that of silty clay under freeze-thaw cycles.
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1. 51§

FREI A Z ORI L, AR AT AT, ARLEE TR S A R B R D g e S )
B EBIAZ W, WA TR A 78 2 . FEIEMEA T I 2= M R S rf, - KHREAE 1 28(Soil-Water
Characteristic Curve, SWCCO)¥) 5 JE W HE MM, TAKRHE 28 s e T 338K 5 Be s AR 2 [A] 9%
R, WERRNZETR I EEKEOREEKE RS KR SCE R ) Z (898 R[1].

BRI 1R A K E HBE R BN 4y —— e @ I 5 KA T 3 4 28 SR S T
MR 5 LKA R BEA) AL T 147 (358 43 285U T Aff e (SB[ 2]0 5 ) I K /NI 57K I R
ik 715 BMIGHE R, B AR EIEF KRR, LB N E R L E IR AR AR
S8, QARG B I S B BT 0 S B A KRR R OB . R FH R R 5 0 E vk R SRR Tk
PR JIARA . BRI TR IR A ARE LS R 7R 3] (4], Herh IR i TR AR T 8, oo 4 4 B R A
A5 3] 7 BN Z fH FH . Whatman 42 /2 5 FIORIGIEAR,  H T3 LKRRAE ih R i B3 28 L& i mn
D5, 38 3 W 52 AN (R JHE G_bF 7 1 IR 7K B R AT SR IR 7 (1 25 S 9 [5]0 bAh, — S8 HoAth e 2 4 BT 1) 4K
0 F 5 5 W% A7 (930 %2 40 Shieicher 5% Schuell No. 589 %5, FEZE =1 “ XU 7 g4l gl 3 E R
P Ja T e 2R A1(6] [7] (8], FAI[61ALL “ 08" ji 203 BUELCNIRIEXT R, K SR OGH
ITRRGE, FFLASK Jviv (28 S kAT X L, PRAIRTT T “XUEE” 203 S840 Tl e 55 W Ay ]
ITVE, NUEAE B HE B N E FR A T S A

K ERAE 28 2 A B AR AR, AN TR ) K AR R 3T DA e = AAAS [ 14 7K 2 W B 3 7K
RRAE . B 48 T KRFAE B 2R I BCFE R TR O W B AR EB M. R, fLERLE \ WIS ES S MIN R
X I KERRAE 28 ) 5Emn 22 DG 2L, Gardner (1922) R4 H T A OB A M) LoKRHE T 4R, Bl f5 SO B 41
BN EE[9] [10]. HAT, Van Genuchten [11]#%!, Fredlund & Xing [12 4% N . FRIH
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TR 13 THR A - ALBR AT B 2 TR, 3R 1 /K 73 RRAIE R AR P A 30, S5 SRR 73 TR ik +
A LR T AL AR AT, 38 ZRIE SO BEAR i s L A AR AT R3S
I 7K R 2k, th RE P A ) 7 24 i S50 7 20 AT P 228 PO e 7K ek 2 AT 7K b 2 o

TR R SR ABAAETERGREIR. BEFTNLE, HRAUKSRERE S, WMo RE
VR AT R PR SR R 5 T I T RSN BOR, AR ER Y 1SRG B UL 4 R A BORS [14],
FLUR RO PR 5 A E 10 70 22 R BB A RE R WZ R O W o — R R PR B B BRI A [15] [16] . AE A — b
BRI A L, BARERIIE R, JCHR A GRR AR 0 % 5 A R BRI T 1P oK AR
PERER T HEL.

ARSI TE T Z R IXCH P AR B B SR o0 5 286 - S5 AR BN 50 R B AR (5 AT A 5 R )3 P A A A
LR A7, 83 Fredlund & Xing BEAS PyAH - ) K FFAE - ZGBEAT TG, M 1 P AR b B
SEERIRER, HHX T PR SRR ROl A SCE e 1 URBEIAE AR 7 - 22 5
TIRI AR, i TR R IA O BE SR T RO RE R, JE I X LE PR AR RR A R TR 2R B AR
AT BEAAIT TP e O R R AR E 17

2. BRLRRIR 7 %
2.1. REAREERYIEIERR

BRIG FH AR R 2 B K7 7 B R A i S T30 10 m SR AR TR S 0 2 o SR MR K et
AR, HAT KRR, TR 24060IR, H & BB R EMA WL 1 Fis.

BRI R FH (A BURLRL AR AE 1~1.5 mm 22 8], R E AN 1.29 g/len’s

P W8T B EEON = o R A R = 65.3:32.7:2 I ELBIHEATIR & [ 141, 45 2 B+ i B S 50
%2 P
2.2. WIE/RIE

PEARIR FE L AR BEARRE U8 [F) AT — 2 W 1) L IA RSP  (FE K - T sh i SC ) I s ki . 508
YR AN K o BOK R S AS T LA B P47 . 9P I 4ORTE LA b, 5 R BB, Ko (8 L3
NIEAL, JRIREPH . ST 184K E T HAE By (AR B eiefh £, /K2R 0K R NBELR, I15 3745 .
SR G BEIE BT AT AR S K B 1]. JERT IS KESWAMER B MR R, HIERREmL. A
[ PR AR 2 58 T ZR AN F], A SOR F IB ARk & A L (5 77, % H Whatman’s NO.42 A5 [
Ao FEJRI A3 2R =D AQ)FTR[17]:

lg$ =5.327-0.0779w, (w, <47%) (1)

lg$ =2.412-0.0135w, (w, >47%) )
Table 1. Ingredient and loss on ignition of fly ash
1. BRI RIRKE

Si0, + ALO; (%) Ca0 (%) SO; (%) Bk (%)
78.13~88.64 4.12~7.02 0.1~0.72 1.0~5.26

Table 2. Basic physical parameters of the modified soil

2. MREHEXMIESH

AR ZBIR MRS R KE R TH#E
38.33% 24.88% 13.45% 15.38% 1.73g/em’
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23. REAHR

R AT X 32 TR S (SR, 3 P B B R 52 100%, 95%, 93% (R 1.73 g/em®, 1.6435 g/em’
55 1.6089 g/em’ =T34 1), MAEEAE S /KR4 R S /KA 11.38%, 13.38%, 15.38%, 17.38%,
19.38% TN AN R R &5 7K ZR AT 5 TR R

TEBHAT R RIE AR IS, VRIS AP BOR AR B N —-15°C [18], Alfbid B T =i TRk, ¥
R FRRRSE 24 /BT DA HAR S 6 4, Al FERRSE 24 /N, iRMF2IT 24 /NEHASE G 40 24 /eS
RAEA — AN RGN . B JE4GE, X ESKEN 11.38%, 15.38%, 19.38%, K514 100%,
95%, 93%MHIZ T 5 PR FR IR EL(1, 3, 5, 7, 9) A K - 50 5 26 I = 3 R 77

3. REERS O
3.1. EKHFAEBMZAIHLE

REZ2FHEH T KT SWCC A A 3, Horpb B 4 £ 1142 Fredlund & Xing B F1 VG Genuchten
SRt A

T E LK 23 b, AR KR I E TR A G — b, &M EmS R EA R, 2
ANME VAR 8 A, BT LA SR A Fredlund & Xing #1934 A3, A Microsoft Origin FAFX B - 547
G AT LOKRHIE T 2

0= 2 3)

Rol

K O NEAREFAEKE, 0 REMEKE;: v NEEERT T 28 o 5 EA K HBE KT
TEMEAE; SHn BHE LKEHE AR, 5EEBUKERE R, S8 m AEERKREHKTSEH
[19].

Hrp & KR =R RIE T TR G AR, RS ACRRPRE . Hrb i E S KR SRS KR 2 Jh]
1 ¥ ok 22 n=(4):

6,22 @
=2
Reb: O, WEBEKE: o, WEMTHEIE: o WLIRBIE: o WREAKE.
AT LRI 3% 4.
MBI (- AR E I T DL 1, L4 925 SRR B T ST L KA AE 2RI, A T S0
HIX R R WA TSR R T .
WS 1SR BLE 1) X 5 R S Bk L, 7B KR LT, B F R K,

Table 3. Fitting results of the modified soil
3. MRTAIAESER

T glom’ MANEZH :
a n m 0 R
1.73 724.438 1.340 0.691 37.677 0.99156
1.6435 700.492 2.469 0.422 33.838 0.96837
1.6089 674.395 2.879 0.370 31.178 0.96406
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Table 4. Fitting results of silty clay
=4 MERFLIHMEER

A Hh £ 300 & 25
WFET % g/em’ :
a b c (28 R
1.73 4007.812 1.048 1.450 34.373 0.98245
1.6435 1815.092 1.236 1.1627 33.0216 0.97971
1.6089 505.997 1.348 0.639 31.66828 0.99838
-~ 3 36 3
34 —=—p,=1.73 g/cm “ —=—p=1.73 g/cm
32 —o— py=1.6435 glem’ —e— p,=1.6435 glem’
_ 3 32 3
304 A— py=1.6089 g/cm 0 —a—p,=1.6089 g/cm
K28 g ]
[EH, = 28
%26 % 26+
%24 fﬂz 241
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Figure 1. Soil-water characteristic curves of the modified soil and silty clay (a: Modified Soil; b: Silty Clay)
B 1. BRI FM R LA KT EZG: BRE; b: MEFLD)

FFURIIBEZ G K o FUATE AR NEAAR SR T RO A2, AR IR BURE B T X% HE 81, BURL A
Mg Z, SECRRLE PR, G RKRRBN, BRI, T R RS FLB B
N, AL RS AR, AR AR IR, P DL RO R, B R, HhZ R
WEEEN . 2) FENTERAES/KEN, B R MEFUR IR, R T RAES/KERN, SR 5%
VAl O

3.2. FRAEMEATHIIRIESR

T ARKERFAE i 28 TT DR B ) S Bt R ST 77 5 & /KR 2 (B C &, fEIEWLRN 1 )22 R R ik 2 v,
HIRZZHERE T KT SWCC &k as, HNHHERZ K Z Fredlund & Xing #2441 VG Genuchten
PR AR

DAVRRAE IR BN Y B, 008 X RBI 5 R R PR O EO AN B T3 B I e R R 58 R
FE BRI IHIFE o

MEL2 RRTRUE H, SRUL, T e R B PR, BEE VRS PA REE n,  BR R R S
W, JEETRGE. HRMRETRGMIEH G, BRI EAAHZN: X ThRE L, 2d-tkik
REIA I JE, FER O REA Bl TR E. MBI LEH, BEE TR/, ERRIEA R,
B Sy BEE RN o OB SRR AT B A E A OC, PG RRE R AT, Ak
Z IR SLBRBE < 38K, ISR (Rl RS AE A ) 5 gy S8 )y, oekss 1B E A B APE R, R BEE TR
RIE PR B 3G n,  FER R IBE 2 Jl, Gk — @ BRI S, AR TR B FpPAERIR S,
b RORE 2 T8 (1) R B S AR FEANAS TR 3 B — Fh R E RS o
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Figure 2. Relationship curves of freeze-thaw cycle times and matrix suction of the modified soil and silty clay (a: Modified
Soil; b: Silty Clay)
B 2. FREIRRBESRMLEERR AR R XRE; b: MERML)
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