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1.1 isa sttt

TG T R A B0+ EED MR R Y L I 1R
=, KR A A IR TR e bR )E S
TR IR L BORURL 43 TR IR A5 2 A 4 B SR
e 1, MR CRE IR I Al U T M YE ) (GB50007—

201 DM Ay M R 1B TR L M R TR
J& TR R L B OB 8 TR e IR KT
INARZK PSR P RO R A7 Y 32. 57 B PR ER /K U .
v Uy~ PR K 2R ) 28 1A 7B » 0 D7 R 0 9 e M B
T OB AR IR KB

F1 XBERATHERYEMER

Table 1 The basic physical properties of soil are tested

BT R/ %6 17Tmm I/ Y SRS thE WRER/ N BMRSE/ N FREE/

The soil in the test Plastic limit Liquid limit  Plasticity index Specific gravity Gravel content  Silt content Clay content
i £ 40.9 65.9 25.0 2.75 0 40.4 59.6
HELG R Y 19.7 33.7 14.0 2.72 0.5 71.0 28.5
F 1 21.8 27.3 5.5 2.71 3.6 90.3 6.1

Note: (DKaolin; @ Dredge soil of Weifang; 3Silt in Yellow River Mouth
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Table 2 List of testing program

TG & KA w, /%0

Initial moisture

B £

The soil in the test

IKEBA a, /%

Cement ratio

Fel B 21 /d

Storage period

I H

Test project

KA B R PR o 5

Bl 44 2.4.6.8,10,12 0.1.3.5.7 RIS oM PR T R i A e
E ?l‘ 48 2.4.6.8,10,12 0.1.3.5.7 Test moisture, Atterberg limits
aolin
65 3.6.9.12.15 0.1.3.5.7 test, Compaction test, Strength
test
MO TR e 26 3.6.9.12.15 5.7 .
. FK R
Dredge soil of 33 3.6.9.12.15 0.1,3.5.7 )
. Test moisture
Weifang 40 3.6.9,12.15 5.7
i O+ 22 2,.4.6,8,10,12 5.7 L
L KR
Silt in Yellow 30 2.4.6.8.10.12 0.1.3.5.7 )
Test moisture
River Mouth 35 2.4.6.8,10,12 5.7

L3R H =%

RS Jr 2 5 B iR 5 FH 4 A0 /K el A B £ 4
o N LHERE TR &9 BRI AK AT P28 000
5~10 min, HEPESE UG BHR A VTN B 1 SR ol
BHE AR B A, %3 5] 0 10 1 Ak B 4 AT AR ) B
AR SR A SR L iR 50 e BRC = TR 58 Iy ik ) )
AT . SR e AR A SR e 0 45 2R L A T B A R A
TeMIBR BT o B B A i S5 R 10 em, AR
5 cm W4 B AR g 7 RGBT AT To M FR A0 R 5
R

2 BT KR A A ML B R o [ A Ak BE A K
eB AR

2.1 RIBHR KRBT A E T 2K BRI

Pl 2 Ca) S BT 11 53 A B4 5 7K i 8 e Ao S0 ) A
PR FR . o PRI Ak B ) 5 K A 0 0 P R AT
P RURHY 5 d RUE » 35 7K SRR IRE AL /NI TR
JE » LU MRS S KB 5K IR B B S R I AT PR
15 d K RAR LA

Bl 2(b) el 5 d 4k B+ B oK B K B A
B R R . AR L 35 K B BE K IR 18 A L R3S
MR . TEAIKIR AR AF T KRB A BN . 5K &
BRI R B A HE BRI AR B /N O 8 T AR
TE o

30 ——2%
—&— 8%

—0— 4% —k— 6%
—&— 10% —O—12%

& /K B Water content/%

2 4 6 8
& £ # Delay time/d
(a) B 7K B B Pl BLH A9 25 AL

(a) Variation of water content with delay time

o 62
Z 57 _‘_ﬂ"-;“"*---;,
8 s £ Kaolin(48%,
K —t5— I - Kaolin(44%)
= 52 iy U
S —B— 4 Kaolin(65%)
5 7 R R Drodge soil(33%)
§ 42 M Silt(30%))
37 A
g
2 328
4 o7

(=1
[ 8]
=
(=2}
ok
— 4_
< 4
—_
[o8]
—_
=~

JKIBIB A Ha,Cement ratio a,/%
(b) &K B FE A Y221k

(b) Variation of water content with cement ratio

B 2 [SPEHIE KRB A HXE S K R
Fig.2 The influence of cement ratio and
delay time on water content

2.2 BKEMRER
RS HEA AL P - AEA K JE B AL R B &K &



6 40 SRS » A5 JRUGF A BE T RRE B 137

s Al B, 31 A A K R BRI R HOME s i L
.

D, =2 %100, )
w

K Do AEHKEFERR s w, R85 KR s wr
O PRk 22 4 R I R AL P B KR

B3 PRI 5 d Ak B4 ) 55 K BRI R FIK
PRBALBKR. HER . B A RN A 2+ /Y
BR B ERBEK B A R B B AR
WRAZ.

474 + Kaolin(44%)
_ AFIL 1+ Kaolin(48%)

25
. W4+ Kaolin(65%) o
2 2k O % BDredge s0il(33%) o
SE oMt SiG%) e
= & o Q_,-g-‘- ™1
Q & -
gel -4 -
£3 2"
= on g
SRR 0t n
% 2 A R0
41 3 &
5 s
o 5+
=) /
’
/
0 Vi

0 2 4 6 8 10 12 14 16
7K 8B A Ha, Cement ratio a,/%

B3 BKERERRESKEBAL o LR
Fig.3 Relationship between decreasing

ratio of water and cement ratio

2.3 ANMBMKIEC A EZHELELLELHKEIER
BAL

AbFE ) K REREAR R AR A LL (0 06 R 26 5 WL
i 23 REARL o A Oy £ 36T 5 K R [ AT SR R R AT
PG F WU 22 )90 4 VI 26 5 347 30T 28 110 58 0 % g 1)
AEFRAK TR B A HAE AL BE A g R AL . LA
NP

a,

A-+Ba,°
K ra, AKRBA G /m,) D R & KGR
A B A EIA 28 nTARTE RIS SR AR B R R 8k A LB

D.= (2)

A
U 25496 A0S 4 75 i A 26 9 0
I SRS a0 =5 Do =5k

K5 NS EKR IR D B RE (X2 2]
JEBEATSRS) oy B AT AL S A BRAB AL a0 X LY
Do (0. 5/B) J& s Do BN — a5, K TE B A B SRS
. ga M PE B HKR B AN T a0 AR
HE SR AR B A LR ARG, KB A
OB @0 Ji s 5 KRR AR AR R AR % PRI » X i
TN a o B fE D [ A Ak 2 4 55 [ A AL B+ Y 57
BRAE .

Dy
D, =A—1 a,
1
B nnnnnnnnnn SRttt
i
1
DWD wwwwwww } DW _ as
1 A+B a,
H
1
)
i -
Ay da; -
Bl 4 gk E A
Fig.4 Hyperbolic fitting
- f
£
da, '
a,D, E
:
¥
[
]
L]
8
§
L3
P
L]
L]
]
¥
]
E
¥
£
£
B
L
L
B
A i

0.5/B vg  Dw

K5 HEKERELE D, HXRE
Fig.5 Relationship between

decreasing ratio of waterand

AR b 3R U 2K 0] U517 3k AN ) Ak B - 1 55 K
R EAT T 00 26 (01 U9 AR 48 XUt £ 1 P8 s
SR PR Bl B A a0 CRTIR DI ZR R T 26 58 14
AIBTARAR) » t TAIRE H KB A LR T LA
oo, AR S T LR Z . TR BAL o 5%
HRBAW aHAL AR

14w, ”®
Kia AKRBALGn/m) sa. HKPBALL G,/
m,)sw, N PILG EIKE .

Kl 6 it EAa AL+ RRBAL a0 55
KR EZR I BRI S [ AL 2R 4 1Y a0 5 5 1Y
TOK AETELR AN R . 2 i A s A ek [l 13

3

a.—

a.o=4.15a, . 4)
Ka, ﬁ%iﬂ@éﬁkﬂ:,aw:z%;wn s BB EIN

Tk E swr AR LR 17 mm KR,
S /A WD II 51 ¢ 4 T I 9 A 5 s S O wb v o



138 o DR E R TR

27K E ISR ER AL 5 EHIgE S /KE MR
PR, 3t BT DA SR 12~ S B AABRAY/KOE 5 AEERY
SR o BAH KRB AR T AFITERBALL
I ZABE O BB 4 BB A NI RS REE AL
if, AR EE L - FIFHAZ 4 ST 1+
L ( «=62% 1 =53% #H1TitHREKIGak =
4. 85%, LT FLE 5 3 B F im i AT IR I S tS 2 0HY
a5 =P A {BAAEEHTS A EEA. A%AE NN

B 72 A1 P [E) = B 2 ] Y Y AAER £ =~ [ B DR
B E XAV o3 B BIFEEDN T 22 DA SR 7 AT - [
(bt B LTI AABE 42 A b £

> >t <Q.00R ]

é\ﬁ(tb Moisture ratio

SHRE Atba 5&KIENR A
Fig.6 Relationship between limit

ratoofcementandwatercontent

14

12 =4.15(ww/wJ

il

Soildification

FEEX

Semi-solidification

KPR B A Ha, Cementi ratio a,/%
S N B o o

5 2 z5 3

/E\ﬂ([:t Moisture ratio

TEE S FEEEX S E
FCg,7 DCferentatongraphbetween
soldfcatonandsem-soldfcaton

PEN AR+ AR ) 5

PRI I ST = N A R IR FSbRAE B AU HY
HIBL oAl o (ALIEI8) X EEAA TN B BRI B E X A
T M5
3. 1B - HYHRRR TR AT AR ¥

P O A [E el et B =i - AAE - YRR 2R
PSR E RS A LB sk - HEE TR
T HEARR PR R B FE T (W R e EE Ry =2

20204

FE2k " WA EE - HYYBIR R IR S PR MR R e 2R b
AR BIRMEZKIES ALLEAAR 22 IR IR 2B M FE %
IS AR KT N ZK0E#s A BERV NG (2FEESE
" R RIEE R KRB ALEBORNS (BB "
EEaFHta Tz

»

Serni-solidification

%
: &
Q. Aw —44% A
p3

Aw =48% )
- 4 FiyrYy
c
e 3 I b X
S Soildification LYY
o
m 2
ﬁ
s 1 AM FREMEX

0 0.2 0.4 0.6 0.8 1 1.2 1.4
”§7J<H: Moisture ratio

E SEMLFEIEXTE
Fig.8 Differentiation graph between
solidification and semi-solidification

< HRwL 3d ORIRwWL(7d)
tERwe 3d AZ[Fwp(7d)
2P 3d LR IR (7d)
170
~ 60 Q 60 p
E 50 o 50 8
=
J 4o . e - f1 . 40 _
M 30 " 30 d
20 ﬁr T Tttt oTTTT .77 2o
0 s S
lo 10
o 0
° 2 4 6 8 10

sk3eds A tkal Cementi ratio ai/%

K O IR a/KE R B EEEKES AL (b
Fig.9 Variation of water ratio limit and
plastic index with cement ratio

3. 250+ Hy A SE M

107 A Y ERE/KES ALEB . (L5
J&) AR ERE LR KB AL EEDCERE AT,
TEEREE/KEE AL BRI R R g iEEEER
HE KRS AL EEEXTEE N AAB /Y2
MES A LB EEBANE , EESMEE AL
HERIMFERSLER F /K e B A A E LA AT AR 2
&, i AT REN A R RA MR IS B S B2 E
AP I K
3.3 E T HUSRE MR

1279 ZAER I TEMIPR BT 58 L RE/KES A
EEB<RYZE AL 2R A 7KIEiE A EEAE BN ERCE R el
PRUUE R EREE S A LAY AT A e - EY BT



6 40 SRS » A5 JRUGF A BE T RRE B 139

e /f,h?ﬁ Bl i), b 3 |- B«jﬂﬁ{mu BETKE%&EJL%ZZ:E Zhu wei, Zhang chunlei, Gao yufeng, et al. Fundamental mechani-
ﬁﬂ%%ﬂj e/ T EEET I;% VAT %ﬂ %/l 7J({JE‘$§}\ Hﬁ}*ﬁi‘iﬁ’ cal properties of solidified dredged matine sediment[]]. Journal of

Zhejiang University(Engineering Science), 2005(10): 103-107.
(2] BT, kP, PRPRDE. T B 1R M 7 I E o R R AR 4k
AR, B 9am g TR 244, 2008, 28(2) . 167-170.

BRAELA , 403+ B A i AL FE

1.30p —>—0d(44%) I —— 0d(48%) s iejun, i
3d(44%) : 3 d(48%) Deng dongsheng, Zhang tiejun, Hong zhenshun. Undrained
1.28F —2—7d(44%) P —A—T7d(48% strength behavior of treated dredged clay with quick lime[]J].

e Journal of Disaster Prevention and Mitigation Engineering, 2008,

1.26} o i
H A 28(2): 167-170.
1.24} L //.I"

/ (3] BRERAS, THESC. ATl S5 A AT IRAL IR 2 K i IR I e 1

KA AR SE [T, 4 1%, 2009, 30(9): 2775-2778+
el T N LA 2791,

. s e -t Soildification
S -solidificat .. S <
ernisolditication, 1 ) ) Zhangtiejun, Ding jianwen, Deng dongsheng, et al. Change law of

F % & Dty density/g * cm™
0
0

0 1 2 3 4 5 6 water content of dredged clays treated by quick lime[ ]]. Rock and
KIEIZA Hoa Cementi ratio /% Soil Mechanics, 2005(4) ; 645649,
K10 FEERIKRSE AL L C4] ABATE, sRER7E, gk, A% FKIU I AR TR 5 B K 1
Fig.10 Variation of dry density with cement ratio MR By LT ] iR 22l CHARBLE D » 2008(4) + 559~
562.
Deng dongsheng, Zhang tiejun, Zhang shuai, et al. Technique for
320 —4—3 d(44%) —o—7d(44%) utilization of high-water-content dredged clayey soil as fill material
300 —&—3 d(48%) —+—7d(48%)

for the Eastern Route of South-to-North Water Diversion Project
[J]. Journal of Hohai University (Natural Sciences), 2008 (4);
559-562.

(5] KEER, wykwde, 4Rl 45 o 3K RE R IRV B -k ST AL
PERFFELT ], M T 2845 CRE . 2010(5) ¢ 1072-1076.
Gui yue, Gao yufeng, Lizhenshan, et al. Study on the compaction

[\

xR

(=1
T

]

=

(=1
T

o]

e

(=1
T

To | PR 4T E 38 [ /kPa
Unconfined compressive strength

[ . IX

N

[\

(=1
T

A E X

=N 7 N

. e Soildificati
200 Serni-solidification o Il e loln , timing of the quicklime-stabilized dredged sediment of high-water-
0 1 3 3 4 5 6 content[ ] ]. Chinese Journal of Underground Spaceand Engineer-
7K’ B A Ha,Cementi ratio a,/% ing, 2010(5): 1072-1076.

[6] Al-Amoudi O S B, Khan K, Al-Kahtani N S, Stabilization of a Sa-
udi calcareous marl soil[J]. Construction &. Building Materials,

2010, 24(10); 1848-1854.

B 1L ToNBRYUE SR FERK JE B A L2 1

Fig.11 Variation of unconfined

compressive strength with cement ratio (7] FSeH, K. WK R RS TR M. Jbat: Rbos
kL, 2008,
Wang baotian, Zhang fuhai. Improvement Technology and Engi-
4 é:'%i/t\‘ neering Application of Expansive Soil[ M]. Beijing; Cornell Uni-
A R o, e versity Press, 2008,
ASCHFAR AL WSRO SR THE o o, . kA A 1 S5
S ALK TR B 1) TR Jr o 31 T T A I
/f‘tlz$n¥ lzﬂ\}ij: B"j%}ijj %'ﬁrﬂﬁ‘ ’ %i’t‘,ﬁﬂ—F : Guiyue. Du guoqing, Zhang ginyu, et al. Study of compaction
(DA A W& K B K TR B A LE B 38 T FEA . K I8 method of lime-stabilized high water content sludge[ ] ]. Rock and
ilj}/\ Hﬁﬁd\ﬂr‘l‘ R @ﬂ(%ﬁ%/ﬂf& [I]E‘Ejt , }j}/\ Hﬁﬁjﬁﬂtj‘ , TIE Soil Mechanics, 2010, 31(1): 127-135.
ISR ST Sk BRI BN It TR (9] EBERT, VEARHE, BAMEZ. BIL@i oo it R]. Juifd

i 82 B H Y R U7 4, 2005,

FEits TR BT ELACEECRORIBBA 10y g, ms. com. saknm bz s T2

AR A R X a3 B A T A IX R E A X TR 17 F 2 b i T LR, Jbosi. It it R R & %
PR YRR e e B B A AT R 22 5. [k 2, 2005,
F WAL B FLBR 22 06 N = 8% X 40 [ Ty B S A, AT S (111 fI%. MRA, KEA, & BRI A E BT ROCR ZIGBR bt
LA T e T Ak B B M T4 8 RIIPLLL RIDIEIERS 2012, 1, 12712
He yi, Yang junjie, Zhang fuyou, et al. Analysis of semi-solidifi-

}Eo cation effect and unconfined compressive strength of dredging
ST spoil[J]. Water Resources and Power, 2012, 7, 127-129.

[12]  ope A RJEFIE 2538, GB/T50123—1999 - Tk Jr P bk
L1 A, sk5TE, mENE, 45 M TRER Ve B AbAb 2 4 S AR ) 241 il LS dbnt: iRl piat: . 1999,

WEFELT ], WL KA A4 CT 22RO 5 2005(10) ; 103-107. Ministry of Construction of the People’s Republic of China, GB/



140

FOE O ¥ R =

2 4p 20204

[13]

T50123 1999 Standard for Soil Test Method[ S]. Beijing: China

Planning Press, 1999. [14]
e AR 2 ERH. GB/50007-2011 BEFUMIEREREEL 407

(ST, db3%: hEEF T &, 2011

Ministry of Construction of the People’s Republic of China. GB/

jing: China Architecture & Building Press, 2001.

Yang J, Ochiai H, Suzuki A, et al. Evaluation of the bearing ca-
pacity of geogrid reinforced foundation ground using the velocity
field method[ J]. Technical Reports of the Kumamoto Universi-
ty, 1994, 43(1-20) . 129-148.

50007 2011 Code for Design of Building Foundation[ SJ. Bei-

Research on Engineering Properties of Cement Semi-Solidified Soil

SU Xiao-Teng, YANG Jun-Jie, DONG Meng-Rong, WANG Xiao-Qian, JIAO De-Cai
(Key Laboratory of Marine Environment and Ecology, Ministry of Education, College of Environmental Science and Engi-

neering, Ocean University of China, Qingdao 266100, China)

Abstract: The semi-solidification is an important approach for resource utilization of dredged and soft
soil. Researches in this kind of treated soil are based on basic physical properties, compaction properties
and strength properties by scholars currently, However, there is no clear limit or method for determi-
ning the range of blending ratio for semi-solidified soil. In this paper, the basic physical properties, com-
paction properties and strength properties of semi-solidified soils are studied through laboratory tests,
The limit of cement blending ratio of semi-curing treated soil was obtained by the analysis of the change
rule of water content and the relevant test data were used to discuss it. The results show that the water
content of treated soil decreases with the cement ratio, when the cement ratio is large,the water content
decreases slightly. There are obvious differences on physical and mechanical properties between solidified
soil and semi-solidified soil by analysis.

Key words: semi-solidification; cement; water content; physical properties; mechanical properties
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