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Experimental Study on Double-Mixture Solidification and Ratio
Optimization of Dredger Fill Sludge

QIN Liang',CHEN Zhimin>*,LU Yongfei*’
(1.Gansu Province Transportation Planning Survey & Desing Institute Co., Ltd., Lanzhou, Gansu 730030, China; 2. School of
Civil Engineering, Lanzhou Jiaotong University, Lanzhou, Gansu 730070, China; 3. Key Laboratory of Road & Bridge and

Underground Engineering of Gansu Province, Lanzhou Jiaotong University, Lanzhou, Gansu 730070, China)

Abstract: In order to study the optimal ratio of cement and calcium oxide by double-mixture solidification for
improving dredger fill sludge, the soil modification results by double-mixture solidification were analyzed based
on orthogonal experiments. Finally, the fuzzy comprehensive evaluation method was used to quantitatively
optimize each ratio scheme. The results show that: (D Under the same addition ratio (addition amount of 1.0%—
4.0%) , there is a positive linear correlation between the optimal moisture content and the addition amount, and
there is a negative linear correlation between the optimal moisture content and the maximum dry density. Under
non-equal addition ratios, the law is not obvious. However, compared to cement, the water-reducing effect of
calcium oxide is better. @ The unconfined compressive strength of the sample is affected by the relative ratio of
cement and calcium oxide, which is positively correlated when cement and calcium oxide are added in the same
amount, but in general, cement plays a major role in the strength growth of soil by double-mixture solidification.
(@ By taking the fuzzy comprehensive evaluation method and considering various factors such as project
solidification construction cost, compressive strength, and compaction characteristics, it is believed that the optimal
ratio scheme for dredger fill sludge in Shandong Yulongdao Refining and Chemical Project is 2.0% cement +1.5%
calcium oxide for double-mixture solidification. The optimal moisture content of the sample is 23.3%, and the
maximum dry density is 1.68 g/cm’. The unconfined compressive strength is 440 kPa.
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mixture ratio; fuzzy comprehensive evaluation

Y55 B 81 :2023-11-20(& M Fi)
E@UWAB:HEAHARFELSFIIH (%5 :11662007)
EEREAN F5w, B, RFEAR, TR E-mail: 949187883@qq.com
*BAEIERE W8, 9 1+ 2082 . E-mail: zylwdcq@163.com



% 2 B, 5 ok YL e X0 35 B A Fe BT VbR AL X B0 BT 2T 1
0 7= PR BB [ Ak A T ) B e P i B RN 28 35 1R AL EL

170 12 M ol [ = R 78 5 VB e S I < <R
TR R U U 22 2 3t O A i LA S 2 o e A T R
FHRE X JE G B4 HEOK % — FR 80 kb B T
FH T o e 1 AR V9 M X 2 T 2 R A R oK
A7 E ) i 06 T e 1% [ R, 30 2o SR DA VR SR - [
T3 3 il | BE A% S B2 B AR PR K R B H A o

/R e ol B e = N = G Ll S N B S W 23 GO
SHC AR = R, BRI ) 2R K B K
ZHAR (BB REAE1X10%em/s LT ) JE 46 1w .
FKRE A LT & . A R A
T il 22 i E COURE AN SR B Ah R AR R ZIE L —
FE R B P AT [ Ak B E R e R i T )
Ko, To 2 P g ok e, i g —
Fofrbe | 28 A I JEL VR U - Ak B 3, BE % R R
4 [ AT REAE | S5 T T A R e IORT LA X i Vi
i DX 2 A Ak B A T AR A (E AT 5
B, BT AL+ g b, A [ A R
SR TEHLEL BT CHALRA YIS Y 4RI
RS H oK U RN AR RS (8 R AR A O VR Ry 6 A
B 7 R TE LA RE R R AT RS I AR+ o R
e FERE L o BN, 25 42 A S K IR A R R 1 [T Ak
ORI 5S4 RL , R 34 B 2= N B R AR S 04 SO0 X
P4 T b A TROUL R A AR A AR A o AR
3 A K TR T A A B AR AL T R VR Vi R AR Y DT
Wit B, 0 HLIEAR W PR AR AE R AT T 5T, AN RS R
A+ TOREPE 22, JOvE A TORERE R, A 4 3K
e 4 AL B A5 B A Rk AR Y Bl R ) 5 s
A EGE T K UG HURY K A Sy 45 R 7 [ 4K e s
Y S R R B TS e O A5 IR A O R
Ve S R 1 R R ) — AR R R
Gy 2512 2 S A A R A O AR S 4 R OR [R)2
AT LIR30 & B0+ % OH Fil CaO 1y W2 i 4 5 7K £k
Tl AR 66 kB A R L 3k e R O U R T Ak i — A
HBEFE R 5 XIER 55 A B A 2 K R B
PEAT T Ak ) BC EL 3R 56, I 3 A KR D 5K [ b
i FE FAE AL LB R AT T 5T, 4 M L GO0 45 A O 2
BT BRI S DL B S R R LA R A
WFFE 5 oh T [ AR 09 B HLER A IS, OC Tk g +
SRS A5 [ 1 1) A2 Ak BF 5T SR AR X g D,

g1 RE < i VAR B DA 1 O+ ) ol = RN
F K, 3 R TR AR o, DR 0 X IR R A
I A 7K U8 AR08 5 T 1) 4 R B 42 T TR F 9

BT X6F 3 B [a] 1, AR SC DA L 2R B R B 4 000 J7 t
BrAb T 5 5L e S U R 0 g S MR % TR
SEBRAE B, TF R I E A IR I IR U8 A R K R RN AR
655 XL b 0 R & 5T, 43 B FEAE AS ) [ 46
ORI F5 Pl 0T 1) 45 T0T 356 AR 47 1L Jof R T R Rk

1 RBEMH

1.1 WIERRE L

A 50 T FH I e B 5 O 1 # T B A A H
Hb BE AL BE TR A F L AR AR e T R i e
V5 T P T S8, Wi T e VT S AR A T A R T R R
Tt 5 o BRI IX T B A B A R L i AN 44.63 7 m®,
W A & AR £ 08 R — M 3.0~5.5m,
Fh T 9 8 AR [ 4, T R it T RN D X G R L
R 25 R . WA VR D) R IR A R K
oKL 1005, ok B . 2 8 2 He PRk [ 45 b
G H A ACRFEARE 32.0% , kb F il SR ZS

N A T 5 AR ORI 5 i W SRR g AR )
FEAE R A KRR &K E 34.0%~34.2.0% , KR 5 i
1.79~1.81 g/cm®, M X} % B2 2.73, FL B Lk 1.24, W FR
39.5%~39.7% , ¥ARR 23.6 %6 ~23.8% ; i S 58 % B
AR UE B AR R SRR K E R 2050, I K TH
1.74 g/cm®s FH 0 4 35 F008% JE 32 306 A I3 80k 241
B, IR G G i & an T 1R .

100
90 -
80
70+
60
50+
40+
30+
20+
10+

0

ANTHRAR £ B A %

0.1 0.01 0.00

AL /mm
318 BN e b = DR S
Figure 1 Particle gradation curve of test soil sample
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Table 1 Basic parameters of cement
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Table 2 Contents of main chemical components of

calcium oxide

EE S Jo R A/ %
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Table 3 Ratio scheme of test group
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Figure 2 Relationship between dry density and moisture

content at the same addition ratio
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Figure 4 Relationship between dry density and moisture

content with constant cement and multiplied calcium oxide
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content with constant cement and multiplied calcium oxide
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strength of solidified soil and same addition ratio
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Figure 7 Relationship between unconfined compressive

strength of solidified soil and addition amount of calcium oxide
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B2, [ Ak SOPE ROR B 5 AR R AE L4 [
e PE B AN B B . N TRE S PR A &, AR SR
R R RSO 25 5 D A0 1k 4R 0 — Bl B 08 7 i TR e
TS R ROR 0 B R A B L T R
mr,

(1) 1 E #& He  B T 1

MR b — 7 i g% R ) 28 2 A, oK U R AR AL
Bl & AE 1.5%4+2.0%.2.0%+1.5%.2.5%+2.0%
DL R 3.0% +1.5% X A Fp i B0 T, BA 548 1 58 4 48
b il 3 o SRR B AR S A e A

X={xy, 2025, 2,)={1.5% + 2.0%,2.0% +
1.5%,2.5% +2.0%,3.0% +1.5%}

(2) 5 VR X - F0 43 b o

VEFEIC B o [ A AR |7 52 4 PR 0 Hs ik 52 AN
JESEEAE R P4 R o AR 4 B TR S bR, K U R
EALES B AR A N (1.5% K P +2.0% A ALE5)
21.476/m’, (2.0% /KR +2.0% H AL )27.5 6/ m’,
(2.5% 7K +2.0% A A5 )33.6 76/m?, (3.0% K e
+1.5% A A5 )32.1 50/ m’. Bk A R AR, o S5
PR R AT, B H o R IR 4P A A 4 R ARG L
T EB VN AE bR B 4, FI NI 9B 1R
— B CL R — 1~2, WRR K (4)

(3)

YZ{yl,yg,yg, y4}={—1,0,1, 2} (4)
4 BHRARENEEE
Table 4 Affiliation of technical scheme comments
AR CAE i S8 I 3 4 A
PO A4
—1 0 1 2
b 0.00 0.00 0.33 0.67
b 0.00 0.25 0.50 0.25
— i 0.25 0.50 0.25 0.00
% 0.67 0.33 0.00 0.00




% 2 B, 5 ok YL e X0 35 B A Fe BT VbR AL X B0 BT 2T "
(3) WL AL BB — RS RO R AR A T R

2 18 T Ak A AR S b SRR Y 8 R (R R 28 U P
JI AR SR e — R [ Ak AR 1 ACER R 0.30, TE A
B 1 i BE (A B A E N 030, ol S Bk i s 512 %
FH B AL A ARRAR — 53, 730 52 0.25F1 0,15, A7 A
FEREERN:

A={ai, as as,a,}=(0.25,0.3,0.15,0.3) (3)

(4) BEMIZEE PFH

1.5% 7K Ué +2.0% S A6 85 Bl bk i 25 & A0 4R
W4
E1.5%+2.0% =A X ‘)?1.3%+2.0% -

0.25 050 025 0

(0.25.0.30,0.15.0.30)] ¢ 0 033 0673
0 025 050 0.25

0 0.25 0.50 0.25

(0.06,0.24,0.38,0.32) (4)
K BRI RE A3 0 v, T AT AR
Eonnyﬁ%:AA ><)22,0%+1.5%: (5)
(0.00,0.11,0.40,0.55)
styfz.o% =AX )22.5%+2.0"/a - (6)
(0.08,0.18,0.33,0.45)
B.%Ao%fl.s% =AX )23.0%4“.5% - (7)

(0.08,0.23,0.40, 0.40)

(5) HE & B H A 25 A P [

Wi von =Bisvinon X Yio 00 =094 (8)

[F) BT USRS Woost15%, Wasnesov, Waonrisu B
59 1.42 1.20 F1 1.01. H 4f 45 R K0 2% 43 r ik i
B kB I KAEAE W Bt 48 e %6, 153 00 IR Z W ik
T &, e T HES . T Waowian >
Wasvitz00 > Waow 15> Wisvzov , B 28 7% KRN JE 1Y
AR EL R :2.0% K Ue+1.5% A5 .

5 4»

Oy AR R T LI e TP RIOCR AR T AR AR
AR P F AR AR 85 1 D X042 | 3l aod B0t A 2 A0 4 i
LU, A Bl 5 R TR 4 S5 O 1k e A T L R R D
FERE , F IR TR £ 5 1T R T 7R A K R
FUTRMECS LT 5. 45RT .

(1) 7K & AR AL 55 2R R 45 LL B 47 8 A T
DT, 1AL 5 A8 R B UG 5 2K Bl 45 B 08 i
I fe R R LR AR . X — R U Y [ )

— 7 T 1 o ] A A Ti) Esf 52 v ] Ak RGO

(2) ATa] [ A28 5 g rh, [ 46 B AT R R S
B — K YR Ay A SR OEAH OG R T B AU AR A A O AR
i, R B A I B BT R R S AN R E U
TR 7AE A AL, U BT AE X458 [ Ak i B v AR R B — A i
L& T

(3) 38 o il 5 7 528 AT DL & B, 3B AT 1k
5o — AR [ A A TR 3 22 0, 3B A A 2 B
H0 G B R REAE o SR FH K U8 ARk T [ Ak R I IR e
A H W A B i R R DG, (B R R B R K
e Y Fa B0k D OC F& N AR B A v L 1,006~
3.0% , R 2SR ik 2.0 % J5 i Ak X R o B 38 R /N T
400 kPa.

(4) 38 o BRI 255 PEAN J7 15 4 48 AT AR 5] 69 Bl
A% RN BT R 5 R R SE R RRAE R IR R B A5
B iz TR W R Ve N B DL BC S bl 2,090 K e
+1.5% HAES .

SE Wk
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