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Experimental study on variation law of shear strength
of river dredged silt with water content
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Abstract: The utilization of dredged soil plays an important role in promoting the harmonious development of
society, building energy-saving resources and developing low-carbon economy. The properties of dredged silt in
Shiqiao Lock section of the Beijing-Hangzhou Grand Canal are tested and analyzed by large deformation multi-
functional geotechnical ring shear instrument, and the influence of restrained axial compressive stress on the strength of
curing soil is studied. The test results show that the physical parameters such as bulk density, void ratio, liquid limit,
plastic limit, liquid index and plastic index of river silt samples decrease with the increase of silt’s water content. The
addition of curing agent can obviously improve the physical parameters of silt soil. The compression modulus, cohesion
and internal friction angle of curing silt are significantly affected by the axial confined compressive stress. In practical

engineering, it is suggested to increase the axial compressive stress of curing soil to further improve the strength of soil.

Keywords: dredging silt; test analysis; compression modulus; internal friction angle; cohesion

o RIS 5™ AR Y B IR AR B 2 Pz, BORXTBLR L2475 A A 0T b H
JRFTY), 20 g B ORI A s g, B sk SEBR b, BR LA BRI, —J7
A, AERERFA O I TR 52 B i BE At 1, A 1T AT DA X PR RS2 0, 53— 7 Tl ik RE SR IR
BLR o — T Bl R P A B IR A WL B AR 2 4% EIANT WO SR, A A T RG] 5F

WimBEHE: 2022-02-10
TEBE . SREF(1988—), B, #Hit, SR TN, KEH ol LRI KFT I/,



% 2 49 BRfBE . . NITHA LA IR T M AR R ACHLIE 6 RIS PR 223

SR,

FEBLR UK B4 7 i, [ A3 AP 8
H., Ghobadi % SRR INA PORELEE +, K
B 7% 0940 K BVA] I K AR B 1 285 - 114k
Horpibulsuk 25U FIJ T H A7 785 AU 506 2% [ A b
M DX AR B AT AL, i X A 9 b 4R
Prab B TR BEEOR ;) Lasheen 5 5 T ALK
AREXT A 4 JE o e AR ), R
— ZGNR IR, A BJOL KA R AR
PET1 VA e 58k B A [, S e B 5 42 R M
th, S8 ELRCR B Cerbo 555 SR JH B HEIK |
KSR A3 AR AR (AN B R A Bk R A RN 2 e DY
CWRAF) , MoK A H 4R T e ny e BEAT
[l Ak A B, 2 B0 1A 70 8 5 A fe i U 4 12 i 4K B
RS H BT s N ;- Sivapullaiah 251 78 & 1
YR IS A ENEELL N A 20% W BEIE 1=, Of
S4B 1% WK Ve B K, & 3K e 14 57 39 11 4k
REFLAF; Sahu SEMAFSE TRYBEIK | A K FLA 46
Z AR GO0 T AR Ve AR, 15 205 AE
Be G b, JE o s e 1 21 22 P I 1 5 2 4 )Y
B

X B Az Tl i A I 2V T B
RUGR T B aE AT, At Ue ok 3 2 50
TR, 438l ) Fe R ) % EL AR TR e 4
HL T F B HUN R L

1 REHZE
1.1 K5 A

TR AR B A 5T Iz ] i B A IR 2RI 1)
BOUERE TR BRI, AR E N 4 4
TN - RE AT MR G B B S O, A T IR VR Y
R W, SRR FLBR LSRR AR S S K R
MG, (RIS S MR 20 WM B3R 2 K
R, RIGLRWE 1 iR,

Pl 1 g s i Rt 3 6 00 ) ok — 25 43 A Tt
et = o4 o 1 R ) 1= e = SO DB o
BT BB e 4 A1 SRR R ER S
HEPR IR 1 PR,

35

30 -
® 25+
3z
sal
20+
15 -
10 . . . ‘ . .
30 40 50 60 70 80 90
FIKE%
a) YAPEFR B
2.00
1.75 »
I
1.50 -
Fy
3
fsal
4@ 125
1.00 -
07555 40 50 60 70 80 90
K%
b) WPEFEEL

1 BRgRENESHY

F 1AW EYEER
KR& RARWE/

T HER S WIR/%  SHFR /% LB H
HAS e (o TBU% BRI fLBREE
® 38.7 1.80 38.4 26.9 1.096

@) 59.5 1.75 46.3 27.8 1.432

® 64.8 1.62 50. 4 29.1 1. 590

@ 85.3 1.53 62.5 31.2 1.976

1.2 R38R Pl R AT

R T ORI TS WA A, AR A KR
ARG £ TR R I e A R AR, T R AR TR G 1
st . 2 m IR e A i JC M BR Bt FE 5 B, A S
R A A AR AR IR, B o a0
FEULIE 2,

...................

B2 BSRELRitRRE
HiR ERHEFE 4 5 ko R vh — & & R
MR, BT LU Y R 250 B AR R, it
FESMB RPN 43 3K 200 mm A1 120 mm, XFE 5



.24 - X iE T A2

2022 %

JEA 100 mm, FERRIG AR 8 A g 37 1 S 1)
fap 2k, W AIHLAE M52 O RE 10 456 5 57 UIVE
A2 PRSI 3 FR .,

B3 HEREFRIEZ RS

N T R A A B N -5 e i 1] TR 45 X
BARR, fEfEE TSR 3 d SR

U2 T BT XA ] 4 4 ) 6 o T R 2 4 A
AT RS, 5% Tk 2 iR,
*F2 KBIR

AL TS0/ % Uil 1] & /1 /kPa TR EKE W %

2 38.7
10 59.5

4
50 64.8
100 85.3
2 38.7
10 59.5

8
50 64.8
100 85.3
2 38.7
10 59.5

12
50 64.8
100 85.3
2 38.7
10 59.5

16
50 64.8
100 85.3

1.3 gk

Fie IR 2 s B i AR T ke . 1) A 4
ar, RIS AR EAERERE S); 2) HIRER 2 X
FERY 16 B T AL, 78 H 8 PR JE b i i &
AIAE AT, R R AR IR 4R 3 5 2 4IR30 1
3K AT LB A RS, AETR , fE
BARRA DY 3 d; 4) Y Els, LS
B ARASTE IR G, 5% a8 AR e o ity ) £ 2

(B2 MR 2) , SRt LR 22
RBE BT R 2 22 LA 5) RAZAME L
TR, XA A K A B 8 U8 e AT T2
ik

2 KR
2.1 SRR R AR AR 5

FIH Z D) 6E 8 5 A0 7 R [ b 1) T VR R
BAERFLBR I, 2 IR (1) SR IRE 1Y R 4 &R
B, MIRFESKE W=38.7% ., LA KGN H

R R J1 R 10 kPa B, R 45 it 2k i 1 4
7N o
e,—e,
a=100x (1)
Pr—D

A, o WIAFERS R e MIAFELBLE; p A
BURERl M) 77 (kPa)

1.1

1.0
©

0.9

1 1 1 é
08 0 100 200 300 400

P/kPa

4 BRI ep ERIEL

RN (2) ARSI BR 26 45 T 9 e 4
5 ARTEE AR AR RS AN A
ARBIEAEBU T B R giR i B R R

I+e,

E,= (2)

AP a WIAHERA ARG e MIKKHESLERLL; ECN
BiLIR LR AE 5 (MPa)

a

50
—a— AR INR4%
45| —o— AR EINES%
—A— ARSI 12%
a0l —v— EAREE16%
o 4
s
o 3.5
;&‘ﬁ
fﬁ 3.0 -
25+
20 1 1 1 1 1 - ]
30 40 50 60 70 80 90
K%
a) R4 /12 kPa



% S2 4 BRAEF, F. NFEA LR IR E R A K R T AL RIS R .25 -
so- 30
’ —a— HEARIRINEE4% | *
—— RIS Y% 28
45 —a— AR 12% 26k
—v— EARER16% —k— [kt R
© 40l 24T —— E=0.907+0.019 2P,
s £ 22
B35t D%ﬂ 2.0
& 21
B30t §
1.6
25+ 14
12
20 s s s s s .
30 40 50 60 70 80 90 1.0
BES U 08, 20 40 60 80 100
b) JE4i ) 7110 kPa b1 R4 1 /kPa
0. 6 BEWITEREEMRHEERNNTLER
- 'k WINE8%
i e R 12% E.=0.907+0. 019 2P, (3)
—v— A AREINE16% § NS .
Ky Py MRl ) R 46 0 77 (kPa) 5 E N4k
T AR (MPa) .

JE4i 54 /MPa
i N ~

4 | -
3 1 1 1 1 1 1
30 40 50 60 70 80 90
FIKFEI%
¢) 4R 7150 kPa
13-

—a— R INEA%
—o— EAKININE8Y
—a— AARIRINE12%
—v— AR 16%

JE4i 5 /MPa
W N ~ o0 el 5
T T T T T

30 40 50 60 70 80 90
EIKHEI%
d) JE45 77100 kPa

Es5 EtEHFEENTLRE

XS 45 IR 6 A A R AT T, DA
K W=38.7% , EARBIMEN 4% RH), K
PR 47 1 i 25 DA T A 7K SR B i 2 AR B
S iy S S T AR I B NEB D)1 ITR: I NP A S R i
TR i 1 R AR N ) B R AR . 6T B
SR, ot A AT S Al ) R 0 ) Y AR A OG R
AR A TR 3 (LB KR 38. 7% A A KN
hnit 4% 1), WLIE 6.

2.2 SKEEXASHEK BT 3 1) 5 e

X 7 g5 Uit U 2 R T B R AT A A
ISR W=38.7% . A=A KIS N 4% 1,
R AARFE R 1 BE A WA e 2 7K 32 0y 3 hn i & B AR
s [RmE, FER 7R A A W AR R Y 1
PTG A Al 1) 32 Fe A& B 26 23R ) B R 46 1 )
E D NITIE =

24 - —a— AR INEA%

2+ —o— EA RGNS %
—a— BRI 12%
20r —w— AR 16%
L I8t
-9
=< 16F
B o1l
;‘(& 12 -
10
8 -
6 )
30 90
FIKFRI%
a) R4 /12 kPa
26
24 - —a— A IREINE4%
»nl - A RBINEES%
—a— AR 12%
20r —v— AT KA 16%
£ 18t
2
R 16
% 14 F
12
10 F
8 -
6 1 Il Il 1 1 J
30 40 50 60 70 80 90
FIKEI%
b) FE4i1 77110 kPa



.26 - K iz L A 2022
90 - N 26
—a— A AIRENEA%
80 L —o— HHIKEINESY% 24}
—a— RN IR 12%
70 - —w— LRI 16% 2
£ ool 20F
R ] -
5 sl g 18
@ R 16}F
40 w
# 14F
30| Ll
20 L L L L L i —a— A REINEA%
30 40 50 60 70 80 90 10F _o— A:fIRIHIES%
KR g [ —a— EAREIMEL2%
o ° —v— RV 16%
©) FRARNLJ150 kPa 6 35 2 55 T
EIKEI%
b) 450 F110 kP
10 —a— LRI 4% ) ARSI a
100 - —o— 'EAURAINES%
—a— EAIRIN N 12%
90 | —w— AR 16%
£ 80t Qr
=
E}i 70 80 |
W& 60 -
70}
50 -
40 - 5 e0f
30 1 1 1 1 1 - J R
30 40 50 60 70 80 90 % 50F
TIKE % | R
. OF _a EfRARMRA%
d) JE4i 1% 71100 kPa —a— EFURIRINE 8%
301 —a— ALUREIE12%
E7 EXIoBENEUME I RO T
30 40 50 60 70 80 90
XTEL 7 AR AR A B AKCR IO B, 45 R R AR Bk
, c) FE4iiN 1150 kPa
ANFEA ARSI . AN RVl R g5 e,
MR K R T 60% 368 S B R W, 24 1or
AV A 2 : 2y A 2 100 F
T EIKFRLT 60%I, R 1 n 3 bl & &K%
%}
FOE IS 2 B 2825 0, B30T A 0 7K 3% (=~ 50%) L
=¥
rs =
i, SRR B ISR R T (1 8) 5 o
&' 60
1 OF e 7 T N R4%
2} 40 | —o— A KIFMES%
—a— A IRIINE12%
20r 30 —v— AFREMRIS
18F 30 35 40 45 50 55 60 65 70 75 808590
% 16} K%
Boar d) 4 F1100 kPa
W&
12F
10F —a— A=A KREEA% oy AR kTR S TR Ax4Y 404
o SARBEY, Hs SHALRER TREATUNE
8T *kﬁ?ﬁf\;;]]u‘im%
L —v— EAKIRINE16% AL
6 ’ HFE 7 RBEE, A EKE W=38.7%
4 A e
0B 0w ?;Sw“m””“% ARG 4% LT, Bk R R R )
BIKERI%

a) JR4i R /12 kPa c BBl ) R0 7 AR AL R e A



% S2 4

BRAEF, F. NFEA LR IR E R A K R T AL RIS R .27 -

c=4. 78— (4)

K, Py AIEFERE FR46 0 T (kPa) . R (4) Hik
IEE RN LR WK 9,
50+
45}

4.0
351

3.0+

—=— HER)
— FEIEMAK

251

FH% J1/kPa

20
1.5
1.0

1 1 1 1 ]
034 20 40 60 80 100
1) FRAR N 1 /kPa

9 BEMLEIHRABERNHEURE

DIk W=38.7% . A=A KEBINE N 4% K
1], XHURYE 1 P EE B A B BEAT Ar B, R Ak
DAL PEE A2 £ I A DR 8 15 7K S5 100 398 i i 5 AP s
[IES),  PAEE S8 A B A 2 A 1Ak n 351 %) 348 Jin i
RO Tl 2 s A A B P9 R A 0 I A R 4 ) Y
R Mg R (#10) o

18
16 |
l4r —a— ARV I4%
12k —o— EARININIE8%
e —a— ARG 12%
& 10f —v— AR 16%
£
# 8f
z 0
4 -
2 =
0 A A A A A .
30 40 50 60 70 80 90
FIKHI%
a) JE4E N 112 kPa
18
16}
14r —a— ARV ITEA%
~ 12} —o— AT %
< —a— ELIREN I 12%
& 10F —v— KB 16%
®
# 8F
7
6F
4}
2F
0 R R R A . ,
30 40 50 60 70 80 90

TIKHI%
b) FE4i 1% 7110 kPa

251
20k —a— ARSI 4%
—o— HAIKENES%
= —a— EARAINE12%
EE/ 15F —v— AR 16%
b
7 10F
5 -
0 A A A A A )
30 40 50 60 70 80 90
BIKEI%
¢) 41 7150 kPa
30
25k —a— AR INE4%
—e— HEAREINIES%
0k —a— A RANEE12%

—v— A REINE16%

N EESEFR /(%)

10
5 L
o . , , A A ,
30 40 50 60 70 80 90
EIKHEI%
d) &4 77100 kPa

B 10 HNEZERTLNE

FTE 10 Fros il i 8o, 4 & KR w=
38.7% . HEAKEINEN 4% G0 T, Bk LR
FEAE AR o Bttt ) RV ) 28 (AL AR A

»=0.85P;"" (5)
Ao Py RS 45 ) (kPa) o A3(5) 5
IR LR R WA 11,

20

N EEHE £ /(%)

10 ¢
0 20 40 60 80 100
i1 FE4R S 71/kPa

B 11 Bt B A B 1 R 4R R R

3 &g

1) P AE AR IRRE (% B . FLBR L . WRR
FARR . VRPEAR R, BPEAR AR Y L S B G TR e
FroK AR IG I REAR ;R0 AE A R T A 7 R 65
B RINe RS



- 28 - K B L #2

2022 %

2) iR A R AU [ A A AR SR 4 R
TERIT, ERBREE . 2R . WEEEMT
B —ERE MR, PR TR, EBOE R E L
ARl ) 4 R R AR e R AR R

3) FEAS AL IR JE BB S, AT
HH 2256 2 3 BE 8 5 4 M A UL A 0 T A9 9 1)
Z ARV H T B A I e R e B, S Bl )
I3 350} P AR M B 2 S R

S

[1]  AAh, kM, sk BT, 5. 6k e 1k b Bk 47 3008 T
RIS I WFFE ] . E A T A, 2005(5) - 32-35.

[2] GHOBADI M H, ABDILOR Y, BABA ZADEH R. Stabilization
of clay soils using lime and effect of pH variations on shear
strength parameters[J] . Bulletin of engineering geology and
the environment, 2014, 73(2) : 611-619.

(3] HORPIBULSUK S, PHETCHUAY C, CHINKULKIJNIWAT
A. Soil stabilization by calcium carbide residue and fly ash[J].
Journal of materials in civil engineering, 2012, 24 (2):

184-193.

[4]

[5]

[6]

(7]

(8]

LASHEEN M R, ASHMAWY A M, IBRAHIM H S, et al.
Pozzolanic-based materials for stabilization/solidification of
contaminated sludge with hazardous heavy metal: case
study[J]. Desalination & water treatment, 2013, 51( 13-15):
2644-2655.

CERBO A A V, BALLESTEROS F, CHEN T C, et al.
Solidification/stabilization of fly ash from city refuse incinerator
facility and heavy metal sludge with cement additives[J].
Environmental science and pollution research, 2017,
24(2): 1748-1756.

SIVAPULLAIAH P V, KANTHA H L, KIRAN K M.
Geotechnical properties of stabilised Indian red earth[]].
Geotechnical and geological engineering, 2003, 21 (4)
399-413.

SAHU V, SRIVASTAVA A, MISRA A K, et al. Stabilization of
fly ash and lime sludge composites: assessment of its
performance as base course material[J]. Archives of civil
and mechanical engineering, 2016, 17(3) : 475-485.
FARTE, TR ZE, IR SR M E B R K SRR e SR Y
SR JEE ARG LA IR ST (D] . B 9 I 9 T 27 4, 2008(2) -
167-170. (ALthit FTH)

R32,299,239,299,299,239.939.939.939,939.939,939,939,999,939,939,099.999.999.999.939.939.939.239.939,939,939,939,939,939,099.939.999.999.999.939.939.939.939,939,939,939,939,939,039.939.099

(EEF 10W)

S0k

(1] SRAAE, T SO ASTR)TE 2K 28 o i 420308 D6 30 4 3 50
IR AR 22 B B2 4R, 2020, 37(5) : 108-112.

[2] UK, WL, kAR A A B SRS R L RS
I RIS T[] . A0 0% 5 TR, 2005(12) -
2009-2012.

[31 XU &A, kiR, B2, M 828 AR N R
BESSRB P[], LR ARBER),
2014, 20( 2) : 228-238.

[4] PENG J,XIONG X, MAHFOUZ A H, et al. Vacuum preloading

combined electro-osmotic strengthening of ultra-soft soil [J].

[5]

[6]

Journal of Central South University, 2013, 20 ( 11):
3282-3295.
GOPALAKRISHNAN S, MUJUMADAR A S, WEBER M
E, et al. Electrokinetically enhanced vacuum dewatering of
mineral slurries [J]. Filtration and separation, 1996, 33( 10):
929-932.
KANIRAJ R S, HUONG H L, YEE J H S. Electroosmotic
consolidation studies on peat and clayey silt using electric
vertical drain [J]. Geotechnical and geological engineering,
2011,29(3):277-295.

(AX4m#E  FAEH)



