55 43 3 55 4 ) Y/ S | B S Vol. 43, No. 4
2021 4 8 H JOURNAL OF GLACIOLOGY AND GEOCRYOLOGY Aug. , 2021

DOI: 10. 7522/j. issn. 1000-0240. 2018. 1194

LI Siqi, YANG Ping, ZHANG Ting, et al. Experimental study on the frost heave and thaw settlement properties of cement-improved silty clay[J].
Journal of Glaciology and Geocryology, 2021, 43(4):1102-1110. [Z=I5%, #°F, ks, 45 . By RLAL /KU H R IR TR R o [T ], vk R

+, 2021, 43(4):1102—-1110. ]

#3 B %h £ 7K e T R Bk B T4 1 A 5%

?}3&\%1,2, 7}% 7 1

K &, #ARZL

(1. B ML K2 R TRE B, 195 PR 210037 2. [ R 22304 L oA BRA W) 4 e (L 28 ), 2288 B 244000)

OB WK R R BTURR M, 4T B At X SO B R AT TR R 0 R AR K R TR
RIS il B R ALFE KRB AL B K 36 I 1T 4 it T8 R A5 45 s il R 3 A 3 S AR (E 1) IX TR Y
IR I S A T B — AR B . IR FH A R IR AT T, VRAK B TA R 0 e B, F ik
BEAMKEEE BB R RS I K A T R ad B . A5 R R A K T R K R B K R B A L
R T T 2 A SO R/ 5 7K 3R DK A i Tk T v A i 2R N S R A 5 T R AR R K e 4B
A AL SR I, TR — 25 (R T AT R B804 K TR ik %6 5 7K = 5 BRI 14 st i) o A o L T+
B ED B AR R B R R IR B U S BUK R B AL, R E LA S KB AL N 10%, 1L
B RAK N 1. 56% , T R BN 2. 15%. PEUHR Y AREE It T, BURE H IR b4 A BUK e B A LS
AR, G RTAT S5 ] AR VR B BT, SOAT i i it T80

K& Ket; KIBALL; %k @l
HESES: TU41 XHERFRERD: A

0 35i

ULAFA R PN RS A AT 1K A& )2
BT TARSE PR, ot %) & FRI PR E A 52 it H 4
M TR T AR, R AREE AL, (RS X
PR AR RTINS A B, 2351 i B
AR FIHL S AL FREIR S B4R, 52 R 1 B4 it
THERE B T AR R A A
TR T BAE RS, PR AR R 7K = 5 HXCR
PN T URGSIEZEAT M [T i R B I8 D W] X2
T Rl A LB B %, — B o3 o B i R AL DL
R (AL A8 Rl A 5 AL A A B B DL A E R LR ) Al
] T A DR (T D M s | A TR ) P A
BrEce s AT T R R DT T A B Bl
T A R K R T A A i e A A SR el
VR I Bl C Qi o B L 20 TR a0 R K A T AR
fifp R 2o R R B R D R TR L X ST A
R, B T 252 A AR ME AR A b fige ke

il

Fm HER: 2018-11-18; &iTHHA: 2021-08-05
BEEWMB: FHEARPAEESTH (51478226) ¥t

XEHS 1000-0240(2021)04-1102-09

TR BT

VR Rl AE AR BE 32 A2 43 R AR R A 2R 3 [ 4
Filo TRRAR 0 B 5 R BERR L RGBT
TR [ 1 TR A5 DR 3R 0 o e AR 5 2 -
PR ik alse, IR E 1T K IR R . BRitZ
B, i S BE X A AR R R L 5 W R A
R, PRk 5 o SRR b s 3 R i A R i, ARk S
d B . R A E NI A S Y
FMWY, UK i R 4 RS RN I I R L 5 W R i
FEJJRY BRI ZR 0 MR RO 2 R R
DR UK 5 R R R Rl Al R
R, TAERRMIR L, TR BN

JK YR W T JZ N 1k 7K B - AR O
LR AT LU SR AR5 1 2 0, W9 e AR
] b A VR I R T TRIRGCR (35 . Sabry ST AL
XA A KU S AR B VR Rl A0 B 1 AR S T
BEAT T AT, S BLECSE A R R B, RIS [

EEE A : 257, B TR0, 2 Akl b N TS . E-mail: 997153982@qg.com
BEESE: 7, 8087, TENES L 5T TS . E-mail: yangping@njfu.edu.cn



41 ZEISRAE Ry A e R ik B TR S 1103

FE RN A 2ESR . 2 JE XK e A TR Bl R R AU 5
WS 38 1 [A] AR A KRS (R E AT
G B, 7K U8 - R GE 5 | RS 1Y) 5 R b 3 o e o 1L
P e B Ak e 4], HLK e B A0 AR R ik
DRI A PR EE A, AR L AOK BB A LA RS
By ", Hotineanu %™ | Makki-Szymkiewicz
EPUIEAY T N E K R K e R RS A BT R
B, KBRS KR G A AL - Br R EE N R,
RAEAF il 7k s S 58 o 4 K e 5 i FSURL 9
HC 7 I A B R A URFIRETE | 2 4B A KRR
FE LR AR 38 A T DL BOTR AR AR R
SEEUW) A AR BE R R R, U8 0 EPS Uk [ #E AT LA
B 1 A58 BRI, 9320 PR il AR R i (L3 o
INEB R KT 40 R4 i — 5T
FWIFEAKDE 1 as AR A 8 R K R R 54
JnF AT B S A2 A KU R PUB  A R A
it AP A B A s O G i T B 2R
B2 TR URL S B BORLRL AR KK e 8 X R K A Y
SR S R ORI BT BT X AN ]
IR A B LT R FIAS R K e 45 i FUBOR. LI
RIS AT AN IS 5T s, 7K Je e R Hb 245 i R ik
AT SEARPLE R KV RAE AR T L1085
P BH IR T KRS &, 800 T UK BEVE L DT ik
DT RIS

FH DAL AT FE AR B A KU AT A O A

IREN TR 25 A T AR R ik il e, (HK e 8 A
P R I Ve SRR A 2R PR K T
VR K Rl U5 ) ) HAR AR R B AN T A . e ) 2
oy Bk b B B ) S R 22 R IR R AR T
BER, 2R FH K A B oA 30 ] o i Rl AR A b 22
BRI b4 7 Bk Kk U - R Rl T R AL
A SO 326 2 PR 28 %0 7K 908 - VR K Rl T 45 R 5 e 2R A T
T

1 #R57E*®

B OKJEI 5 H3 + p dt FefE) 1 o B
— [N G B AL, RIEKRZALL
A K8 AT R T R T A8 SR B T S
PR A AR X R B B DT RR) 2E5K R BA B (i 22 3
Mgt BiES B A LG 165 T 8 2R
A, DI A DR 2R 08 7K 8 - VR P il T ) 52
JKYEFRHEFRAP I 8] Ay 28 K, G 7K Y 5i J ml 3 3] 35
THORE 1 90% , SO 28 KWK BG SEERY ] . — At
R L IR 2 - 10 CTYE R RET 0 T i B 2R
BB =10 CHAREEFMES Il . 2% [ 45050 J7
2, FERE O BUIN 1 kPa g7 2k A0 T30, i
FER IS U R i K% R R LR, oA
S O K Rl T R R e, OB 1 kePa A Dy B HE AT 480
Rl DTS 32 B ST K YR B A LU MRk U il B2 X il 90
s HAER R DL 1 AR 2.

1 KU AP R R M)

Table 1  Single-factor frost heave test plan of the cement-improved soil

BAK BRHRI% I /d Woditig /T fii #k/kPa
0%,1%,3%,5%,7%,9% ,11%,15% ,20% 30 28 -10 1
A, 30 7,14,21,28,90 -10 1
A, 24,26,28,30,32 28 -10 1
A, 30 28 -2,-5,-10,-15 1
A, 30 28 -10 1,50,100,200,300

e AR 2. 1T, ASURA =10%.

#2 KYEA P R AT

Table 2 Single-factor thaw settlement test plan of the cement-improved soil

BAL FIKAI% g Y fiRvRILLEL/C i #/kPa
0%, 1% .3%,5% 7% ,9% ,11% ., 15% ,20% 30 28 30 1
A, 30 28 15,30,45,60,80 1

TE: ARE2. 104, AU =10%.

W o0 e at e XOR RE , OK R
30%, % E 0 1.93 g-em™, THE N 1.48 g-em™, T

B 158 B 43591y 32. 8% i1 16. 8% , M I 8 B H5 i B
+ o R FT KR IR P. O 42. 57K .
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Fig.1 Schematic diagram of frost heave and

thaw settlement instrument
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Fig. 2 Relationships between displacement and time during
freezing-thawing of 10% cement-improved soil and silty
clay (Age is 28 days, cold junction temperature
is =10 C, moisture content is 30%,
and thawing temperature is 30 C)
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Fig. 3 Relationship between frost heaving ratio of cement-
improved soil and mixing ratio of cement (Age is 28 days,
cold junction temperature is =10 C,

and moisture content is 30% )
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Fig. 4 Relationship between frost heaving ratio of cement-

improved soil and moisture content (Age is 28 days,
cold junction temperature is =10 C, and

mixing ratio of cement is 10% )
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Fig. 5 Relationship between frost heaving ratio of cement-
improved soil and age (Moisture content is 30%,
cold junction temperature is —10 C, and

mixing ratio of cement is 10% )
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2.5 g RRCE A0

PEAT 7K IR A R A Al RS B, Ry il iR R T S
AR A 58 4 AR B0 1R 25, AE IS AT TN 1 kPa
far 28, SR AR rb 22 B0H X 1R o Bl ml T i ] 22
W, DR AT 9 r 28 X6 7K U8 - R K 52 i s M 1 kPa
FRURIE I fr 2%, HARZE R ULE 7, o EIATAL TR
Wi i 25348 R 2 R /DN | 185 K Aar 22k T B Sk 0 o K U
+7RAK , 300 kPa 2548 T, R AKSRAUH 0. 22% , V1A
TN AT 225 1 Rk b 86% . AE B A1 R EE G P,
SRR A N R, PR AR B REK i R R A )
B R ARIE | AR R L 1) T fer 3R
LI TS IR T AR

) B fr 204 8 4 A % 2B T8 25 HE K, FLBR K
BEHEH  FLBRIK R 18 548 Sy i i HR3Z A

HIKE%

0 l(I)O 2(I)0 3(')0 4(I)0
T #k/kPa
K7 KU SRR S 7 200 2R it 2 (e 3010 28 %, v i I
JER-10 T, FKAN 30%, BALN 10%)
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Fig. 9 Relationships between thaw-settlement coefficient of
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and mixing ratio of cement is 10%)
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Experimental study on the frost heave and thaw settlement properties of
cement-improved silty clay

LISiqi'?, YANG Ping', ZHANG Ting', BAO Jun’an'
(1. School of Civil Engineering, Nanjing Forestry University, Nanjing 210037, China; 2. Tongling Electric Power Supply
Company, State Grid Anhui Electric Power Co. Ltd., Tongling 244000, Anhui, China)

Abstract: In order to study the frost heave and thaw settlement properties, experimental researches were carried
out with silty clay in Nanjing region. Test control factors include the mixing ratio of cement, moisture content,
age, cold junction temperature and load. Each control factor selects representative conditions within the interval
containing the benchmark value to conduct a single variable test. The test was carried out with frost heave and
thaw settlement instrument. The lower part of the instrument was equipped with a refrigeration block, and the
upper part was equipped with a water supplement, to simulate water migration process when real soil is frozen.
Frost heave of cement-improved silty clay declines exponentially with mixing ratio of cement and age increas-
ing, enhances linearly with moisture content, cold junction temperature rising and load reducing. The mixing ra-
tio of cement also influences thaw settlement of cement-improved silty clay, which is in line with the law in
frost heave. Thaw-settlement coefficient is higher than frost heaving ratio in same situation. The time of com-
pleting thaw settlement declines with thawing temperature, while thawing temperature has no impact on final
thaw-settlement coefficient. The reasonable mixing ratio of silty clay in Nanjing is 10%. Frost heaving ratio is
1. 56% and thaw-settlement coefficient is 2. 15% in reasonable mixing ratio. In conclusion, mixing cement into
soil beforehand can control frost heave and thaw settlement effectively in artificial freezing construction and en-
hance productivity.

Key words: cement-improved soil ; mixing ratio of cement; frost heave; thaw settlement
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