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[ Abstract |

treatment and disposal of silt have gradually attracted great attention. Using solidification technology is one of the effective ways to solve

With the implementation of river dredging projects in China, a large amount of dredged silt has been generated. The

the problems caused by dredged silt. Taking the dredged silt from Beibaidang in Zhejiang as the research object, the solidified products
were analyzed through X-ray diffraction (XRD) , and the porosity and pore structure of the solidified silt soil were quantitatively ana-
lyzed by means of X-ray computed tomography (X-CT) and mercury intrusion porosimetry ( MIP) tests. Meanwhile, it explores the
mechanical variation laws and solidification mechanism of the soil under soaking and dry-wet cycling conditions. The research shows
that the calcite content in the solidified soil increases with the increase of the solidifying agent dosage. The increase of ordinary sand
dosage improves the small and medium-sized porosity inside the soil, but the overall porosity shows a decreasing trend. The results of
water stability tests indicate that the strength and stability of the solidified silt soil are significantly improved with the increase of the so-
lidifying agent content, and they first increase and then decrease with the increase of sand dosage.
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S TRESCAED SR KR PR L KRR
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eSO IN T IE AR RIS [ A
PR Ak —2 & B R IR A, BURAE
PR [T A 3y T A AR A T EE ST R
ZHERE N R AT R, E 5 A R — 1 S X
P TS T %b -3 55 [ A 50 2 28 fin 1 5 1 9 78
S E SIS N A

TEM A EBFFE 7 T, 8T Z Hi ok B 2l 5 4
R KSR B IS T E R A A TR TR
BT AR KR TR Al T8 ¥4 B f e
CUA AP 2 BEOCTE R i PR b [ AL IR A DG RR 1
X 52 AR IR B FHOCTE R /D | IF HLAE N A i 72 v g
W R R AN AR B Ak AR T 2, TR R S
oIt i T AN, BEAESOR AR A=,
LA 008 IAE SR I 5T 6 4, DA DA Sk X E
21,38 AR FLAB B RIORL AR S IR YT Ak Tt R 1Y
JE, DA [ 1k oA e 00 R A RIOR , T 45 & X T4
8 (X-ray diffraction, XRD) | 7R M ( mercury injec-

tion porosimetry , MIP) X Sreewr 234 ( X-ray com-
puted tomography , X-CT) A 5% [ 4L 4 B9 T IE 25
FFLBREE M FRFE KV A K B | = & i 55
21 2 A AR AL 3 a9 3 A T
DA T4 B A R aF KR M IR U8 [ 1k 1 2 R &
2, P A AR KR T A A AT AR
NSRRI 2%

1 R SH &

1.1 RIasrd

TG ARL BE | AF X 9% B | 7K 6 R it e 4
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RS —E R, B R B — 0 5 SR A
PRI G X SR 4 A 38 DX R e A7 1 o 98 4 9 Dy 2= Pk
W, B 7 1A AR Je 78 HE V8 3 138 i Ko B
FEE

WA A A 5 IR FIREEAE 0.34 ~0.75 m
JEEEN IR FRREE 25 0. 50 m, B RAEER, &
FREHFEN 3 ~5 m Ak 0 ~50 em KRR, HB43Hb
X IR VAT 43 )2 15 O, A 2 R 8 i 3R, BROME IS
PEEET PVC AR, B IR IR YRR IK . LIRS EnE 1
M2 FR,

M2 1 Al R TR ARIAR B LUK R IR
ALY, LAAR SRR 32, R RIS R AR 41, B AT 4
KB LR RURNTE M, BB A K A7k o3 A ) o
W A - SRS ] [T T 0k 2R R R B et s )
b JZHAE GKIE, RS KRR FLBL R, £ 5
R BEARARRE . 1 7K SR )42 B WO R 4 1 B S
FREE, TEAA B S [ 45 3028, e 2 v]
AL IRIERB I R BN, RN LB IK Ry 3
FEPRFEIN B K H R | R e I Y
B L R OIE Y [ 25 MR 22

*1 BEREEZVWERRSITER
Table 1 Statistical table of important physical indicators of dredged silt

. o ORLRRS LRI %
EIKE % W/ % SRR/ % SAPEFE R o
I 0.075 ~0.005 mm 0.005 ~0.002 mm <0.002 mm
97.6 53.2 28.3 24.9 2.72 60.0 15.0 25.0
®2 ERRENSE B BEHNERSITR
Table 2 Statistical table of permeability, consolidation and direct shear indexes of dredged silt
BEZRE/ (em-s™!) &2 HBY
B4 2%00.1~0.2 PRBy [l phe
K HEH —
JE4E R/ MPa ! JR4FETEL/ MPa BER F1/kPa FESER/ () HER F1/kPa e/ ()
4.2x1077 1.4x1077 0.935 2.53 6.0 5.6 12.0 13.8
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IRA BT A LA KRR R AL S N, A A R S | Rk 4R
PR R e B W o, A 1) i 42+ UKL 5 3E 7T L R A AR
H S AR R AR R e e SR AR B4 & A K
FIEE AR BT 32 55 R0 pH, o] i SE 8 i £
HRERIEE R R Tk, 5 R AR & A1k
OB, H A P K AR nT R e 4R e 1 R s
& LA = S B4R Sl — Pl s ), mT DL 4 48 JE AL
MBI AR A A R T R 1, 48 1 40 R — 5 1
b, Pt AR RS B A RERR R B iy F
B — R RN T KR, nT iRt 5 4 1 I 2
BB PE IR 5, — R aERRANE T /K5 AT E A 77,
Bt A O [] 9 25 45 68 01, MO AT 45 AR R
TR

FRE ] [ AL ) BE A HER 6 fe 200 1 PO42. 5
RERRER KU . M BEIK A K | = R S M R R
FEEAF, VAIKVE 27 47 A K 11,85 4y Ik
39 1. S LBERE 0.15 1y A A ALEN 3 1 RERREN 19
1y 55 2 A AR, £ A Eeane 3 iR,

3 BEUFFTERSRAL

Table 3 The main components and proportions of the

solidifying agent

% /% HAbzEsk
KU 25 ~35 42.5 wEER LK R
MR 30 ~50 ft’
Ca0 10 ~ 15 R T5% VL
= LR 0.2~0.5 Sy Hrl

1.3 RAEH&E

BRI AT B, 3 2 mm 7 FLIH IS 5P
MLIREAT , B A 35 7K R 70% WIRE S B AS TR Fp 2k |
AN[FAB LAY [ AR TR 20 0 i A D RE G248 i AK
HEKKHEHR 0.5, SRIGHATHEFE, e Hi £ 60
s, HHE 90 s J& , " TR b i b RObRRE 1 Ad ik
FERIA SR TR RS , AP 60 s, SRR (7
3 )2, BESPRE 1 min) B S R SCvE R R
WA SERE I, PR AR B 55 e m, AR K r 28k, T
FIRN 22 CLAATE 1 d ok fEbriEFR 0 4%
TFHP T d,fHER: (20 £2) C,FHE . AR E 90%
Uik,

2 R EME LR E RS

T HRGRE B AL - B RO HL B B = R 481
N, R TERA O E AR HLE], 51 X 52T
S AT 5 o A AR A AT, R S
BRI XS LR S ALBR 5 # R4 7 S P4l DA
ST FEAR I AL O S A LBRARE
2.1 XRD WX R A H

ST RGN T A TR R SR SR A R AT S Y
AR AL, AR & AR 5 E D (S) S SR
TR S KR ) 2 40% |, >R A AU o 52 9E 47 i #F
Beil R £ (GO) | R #B  8% (G8) | [ fk7#E
i 15% (G15) FifE L0 8% + b 5%
(G8S5) . itk & 8% + LWL & 10%
(G8S10) , [ fL B & 8% + LB & 15%
(G8S15) % 6 Pl {b 1, i XRD Xf i GO . G8 |
G15.G8S5 .G8S10 Fil G8S15 HEATHIAH AT .

X SPERAT S B3 i 43 AT 32 08 X 07 5 04 A AR
S PSR AT BT R BR EE K2 20 AR T )
B AR AR GERE , PRI RT T 0 4 A 28 0 2 5 T AR R B
HTHAL, RAELER (W 4 ME 1 FoR) al o, Eie

x4 XRDMKER
Table 4 The results of XRD test

R/ %

Wi
GO G8 G15 G8S5  G8S10  G8S15

GIES 10.00 10.00 10.00 10.00 10.00  10.00
Pag: 37.07 37.19 35.85 37.86 36.60 37.45
KA 1447 16.22 15.75  13.90  14.86  15.05
FRA 4.08 3.70 3.96 4.82 5.50 5.61
Iy fig A1 — 3.01 4.08 2.53 2.49 2.10
ey i 34.37  29.88  30.36 30.89  30.55 28.42

—G0 —G8 ——G8S5
——G8S10——G8S15——G15
P e HECMIE K R KGR
N + N + K PRI
(¥4 Jok aefaplHF  sereecre Ceeve e e

o i /a.u.

10 20 30 4‘0 5I0 6I0 70
26/(%)
K1 GO.G8.G15,G8S5,G8S10 1 G8S1S5 1 XRD 43 Hras
Fig. 1 The XRD analysis results of GO,G8,G15,
G8S5,G8S10 and G8S15
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T FLETWAHAREN E (B A, corundum ) A
B ( EAALRE , quartz) BHE A (B EREEIREE R AW,
microdime intermediate 1) 1FEK A (PSR EEE &
¥y, orthoclase) J7 AT (BRERES , calcite ) K /1 3k i
AW (amor) |, [R] I AT W05 1) AT 5 1T 3 %) /R w0
FERBR . JFUIR £ 5 A Bk 1 0 5L AR 0 P A
O REOEAL, (BAFAE /N 25 5, 1] 2 &1 46 57) 32 22
530 CaO, T 87 it Bl A 51 AL 745 B2 1 18 o 2
R B FE, BRI, BE RS S SN, 7 A 0 A
TR TR, 7R A IR B R R,
5 T AR s 7+ 2R A LR, DA 3 B T
4k sR EE

SELE 1 AT, 3 S SEE Y XRD 4R S A H
B, FUR L S5 L EEYMHAPRA (Hs
BE) 35 (20. 86°.26. 65° 1 60. 12°) , /b5 &} )7 45
AT (8.86°.22.05°F1 51. 14°) , il A ALY M,
{HEREIEARIA R . B ABALRG, B H Y
FEA Bt AR B AR N |29, 350 kbR IR AT 6 F
W B AD H i R T AR S R T P
B, PRI I DA S 36 300 52 1T 40, i 25 1A 70 48 1 0 38
fi] £ 5% B2 N B 2 B G, T b G8 L G8S5 . G8S10
H1 G8S15, bifi % 5 38 b #5 & 14 i, XRD &1 3% W] JL-T-
WA XA,
2.2 X-CT MRS

KSR YXLON 22 F 4 =1 YCT Precision Y
X BRI Z A (X-CT) X &4k 148 5 #E 4713k
SER AT, X-CT W& BB E YR 320 W, 1R FE 5L
17 10 242 pixel, F£ 5 AME <140 mm, B & E
200 mm, BT KAEHE 1.6 ~200 £,

Wit X-CT #3145 GO, G8 . G15 F1 G8S15 U Ffi [
b4, Geitas sk 5 Uron 3D st aniE 2 iR,

EXE X-CT T4 R A7 =4, IF LA
IKBEAE ST LB 4% I Bl Fa AR FROR | 48 113 oy
1.61 x 107 ~53.2 mm’ , &5 F ] 1, BE 5 GO .G8 |
G15 Fil G8S15 M fLBR #5351 Ky 2.34% . 1.24%
2.35% M11.21% , N2 R &0 B A mT LE Y R
G8 F1 G8S15 M AF-FE# Z 4l /N R 8L, i FE i GO Fll
G15 HBRAN/INRBIL i AEFEIEZ W FLIR S5 44 | 3%
FEH TR T EL, FE A GO .G8 G115 F1 G8S15

5 X-CT HGEIHER
Table 5 Statistical results were analyzed by X-CT

KRB 8 MORHABY BRI FLE SR
2

B pkE
Ui Jti~ i i m? m? /%

GO  5.44x10° 1.68 x10* 221 4.58 x10* 1095 2.34
G8  3.44x10° 1.88x10* 266 5.51x10* 692 1.24
G15 5.01 x10® 1.95x10* 290 4.20x10* 1008 2.35
G8S15 3.16 x10° 1.75x10* 280 5.19 x10* 637 1.21

FRITEAE ) B, AR S X-CT JRUFE AT %0 (9 6 2 2%
VA B4 TR, AR i TE L A N 12 A i b, e
G8S15 M5 A B B i e 2, A GO .G8 Al
G15 hHG SRy gD, HZ2 A Rk, it
ALAL, AR R B 5 ATE— R FE R L] 2 5 5
AR, AR50 5 A0 5 15 1 Akt 4 5 B R T
/N = - T e

2.3 MIP Ui &ER o

i W [ b 0 X-CT 045 48 70 B ink % 3R,
14k 1= B o B AN A PE 2 52 B s b B A B R
M, AR HGE AL, AT AR AR T e
PUBE BEXT LR gR AT, Bl R £ (GO) | 4L
B 8% (G8) L FB & 8% + HilibiB i 5%
(G8S5) . [tk B i 8% + LW B 10%
(G8S10) ML B & 8% + Wb B HE 15%
(G8S15) % 5 A& fb £, ¥ sl BB [ v R UIRE,
KA Auto pore IV 9520 JE R ALK} GO, G8 ., G8SS |
G8S10 11 G8S15 [FLBR LS HE AT 43 AT, 45 R an 1Al 3
M6 R,

i & 3 fIEE 6 nl A, GO A FLIER R AAK, A 8%
(RS , FLBR R R M K T 14, 1% |, [RS8
[ A3 S8 D A 4 T G8 B b i L R A%, LB
HERIARMR (BT ) B 3G, FLE R 2 %
fIRHY #a #5, G8S15 Y L B FAH & F G8 FE Ik T
3.3% ; MiAHEL GO, F-3FLAR Rt [ 4k 75 ol 538 7 1)
BAA R, SRR Y AL+ b AR AE K B R
FLRNRFLUA B 2t | [ A3 04 5 1 A 838 i3 [
b BTSSR, (B REAR T R FL A 0 A 2 8, e
AL TN, B 3R R B & AR ARk,
A3 K e Az s A R AR =, B T AL D I

Fz6 ERMAER
Table 6 The results of MIP test

o G fLEAR/ TR/ LR
9 % nm (g-m’z)
1 GO I 30.9 44.41 16.042
2 GO 24.2 40.63 12.463
3 GO T 23.8 41.10 12.101
4 G8 I~ 41.5 47.36 23.833
5 G8 40.7 46.71 23.472
6 G8 T 38.9 40.79 24.603
7 G8S5 I+ 38.2 43.79 22.401
8 G8S5 40.2 45.65 23.352
9 G8S5 T 38.9 41.76 24.591
10 G8SI10 I 38.4 40.56 24. 696
11 G8S10 H 37.9 43.95 21.793
12 G8S10 T 38.3 44.95 21.758
13 G8S15 I 36.3 45.90 20.554
14 G8SI5 H 37.2 44.62 21.028
15 G8SI5 T 37.1 45.76 20.476
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Fig.2  Microstructure analysis of X-CT (3D reconstruction, top view, front view)
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Fig. 3 The pore size distributions of GO, G8, G8S5, G8S10 and G8S15
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SRy ff e R B BT T T 1 ~ 14 d IRIEY

SR EHICRIML 25 R R gt 1 d R IG i
REHT 30% , UL, A T4 L8R, Tk
R R F2 7 7 d R 1 d, IS5 A AR R )
b5 2 1 4 A T

AR BC LU 9 S B0 25 S T A1, 1 d 3R 3 5 43
KRBT 30% , IR T Indukes v i | R 3R 7
d =i 1 d AT E A a2 0 4G £ ok
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HARBLE AT . O 1L 7] 8% (G8) ; @ [ k5
10% (G10) ;@ E AL H] 15% (G15) ; DE AL 20%
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x7 AEBEILHEKLIERE . SKEEERGEIT
Table 7 Statistical table of indicators such as strength and

moisture content of solidified soil with different proportions

TMBGUERAE KPa gt WIRIE/ (grom )

B B dE RF% @R Bl dE
G8S10  1503.04 1062.25 29.33 1.83 1.81
G8S15 1563.96 1133.24 27.54 1.91 1.86
G8S20 1 100.33 761.09 30.83 1.89 1.89
G8 944.02 735.40 22.10 1.82 1.81
G10 1245.05 1040.24 16.45 1.95 1.82
G15 1928.26 1743.99 9.56 1.90 1.80
G20 2 555.67 2429.64 4.93 1.90 1.84

2500 - RN 1828 i
B w1 iR
2 000

1 500

1 000

T M BRHTE 3 B /kPa

500

0 AN N
G8S10  G8S15  G8S20 G8 G10 Gl15 G20
1kt 4 5

4 AN[RIBC T RIEAT A [ AL 5
Fig. 4 The strength of solidified soil before and after

soaking under different proportions
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[}
T

w
T

1 1 1 1 1 1 ]
G8S10 G8S15 G8S20  G8 G10 G153 G20
&1k +-% %

FS RIRIRE He T 0 3

Fig. 5 The strength loss rate of solidified soil under

different proportions

SR ERTUAE I Bl B AR i e R b ) (3 58
) BB A 3G, T BR Bt F 5 B AT JIr 38 0, 2 9 iy
S B 58 JEE 45 2 AH R U /0, G8 LG10 . G15 G20 [Efk+
PREEFE RN 4.93% ~22.10% ; A B 28 LA bt
B (SR J5, G8S10 ,G8S15 ,G8S20 AXT A fin A
SRR R (D) (G8) RSN T 16% ~

66% ;H¥Zi#1 1 d J7,G8S10 ,G8S15 . G8S20 IR
USRI R E ik 27. 54% ~30. 83% , A LA
N RS AL A ) U5 352 0 50 5 SR T R, L
AR 4RI R AR (I D) A A I T AR
R H/INFLBRR | F8OR IK 5 K o i ZNFL R AE
i 32 K8 B o TR0 7 By NI 1 X R A | S )
A, BRTEEFLBCR B & LA XK iK1 d
AIBEAR TE 48 15 L AR PN, DR I 4] 039 /K 17 ik 32 46
PRI /N, X — HAESE T MIP IR gs R IbAh 37
TR % B BRI S
3.2 FERBEHRE

FEAP T d SR AT IR IR, R AR T
FRANR K 7 3,40 CHEAR TR LT 24 h ZRIRKIR I
24 h A 1A T IRAE IR T, B 58 R 8] T A8 26 5
W (1.5.8.10.15 4) T, WL [ 1k + /0 J5 A2 1k 1%
O, e —RIEAR S WK 1 h J5 R, I 4T T
PR BT 5 B 0 308 A 5% 3% B B 25 105 20 A 301 /)
WK EE B R B2 15 A T IR A BR A 1)
LR e i PN o S TR 7R B N
=W KR IRERE R IR T 1, 884,

m=X (1) Fiw,
B = —0.0008 444 —3.765 3n — 0.212 4n* +
0. 003 59n° (1)

A (1) H .8 M TRAEIAET G B AR, % sn N T
T R IR N = R 5 N s o T 7 I
R,

s EE R A R an e 8 K& 6 ANE 7 FraR, Al LA
i, TRAE 1 G s E A ik, G8 5iE
FEHR S e H, O 29. 87% , G8S15 . G8S20 AH X 2k
A P (AR IR M 10% 5 BEE B4 RS BE AN,
JCM FRPT 5 B A BT 384 0, 12 0 A 0 i 5 35 2k A
NP, G8 . G10 ., G15 . G20 [&l 4k 4 3 JiF 41 2 % ol
7.73% ~29.87% ; TG ¥ 1 W5, % B A B
FEAK.

*8 AEBELMENLLRE SKESERSIT
Table 8 Statistics of solidified soil strength, moisture

content and other indexes of different proportions

TeM FRPLE 58/ kPa

WHIE/ (goem ™)

ity

et i TR g o TR

LR LRBIIR
G8S10  1503.04 1279.03 14.90 1.83 1.81
G8S15  1563.96 1371.07 12.33 1.91 1.75
G8520 1 100.33 925.29 15.91 1.89 1.71
G8 944.02 662.03 29.87 1.82 1.66
G10  1245.05 979.24  21.35 1.95 1.70
Gl15 1928.26 1648.94 14.49 1.90 1.72
G20 2555.67 2358.15 7.73 1.90 1.77
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