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Abstract; MSWIBA was used to improve the spoil by synergistic curing with calcium hydroxide — granulated blast fur-
nace slag powder (GGBS) , and the performance of MSWIBA improved spoil was investigated by strength and leaching
tests, and the improved soil was microscopically characterized by XRD and SEM — EDS. The results show that adding
5% ~10% MSWIBA can improve the water stability of the spoil and reduce the liquid limit of the spoil effectively. The
improved soil with 5% MSWIBA content has better application benefits, its water stability coefficient was increased by
16% , the liquid limit was reduced by 5% , the 7 d unconfined compressive strength was 1.95 MPa, which meets the
requirements of subgrade filling strength. The leaching concentrations of heavy metals in the improved soil were all low-
er than 0. 05 mg/L, which could meet the requirements of Class Il groundwater and Class Il surface water. The main
hydration products of MSWIBA improved soil are (N, C)-A—-S—H and ettringite. The stability of strength and pollu-
tion components have been improved. The material is low carbon economy and has good application prospects.

Keywords : marine silty engineering residue ; municipal solid waste incineration bottom ash; improvement; en-

gineering properties; micromechanics
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S AL SEURE R E PRt e A BBk B A x
PR 47.2% FABR 20. 6% LT (0, 5 R 1% F 7K I8
MR, BATKIR LR 7% B, 30 B IR . Dl
KA (GGBS) A L ik 35 8 w85 ] Ak 390 705 1, = 18 i
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TR R AN RDRLAR (1 UL A R A AR S T ok R
LIRS . BRFEZE A B AR R K L
BP0 B4R R TR i Ak AR L
JEAETE SR AR BAVER . 1B A T W 451 Mk R
AT Pk b R S RE I PR B 4R L (BB G B A
Xt KSR (4 B A6 FF3Re , I 254 B RS AS AR AT AT
AR i AR — S AR R S AR SR A I T 1
it T AR I R, A 255 e e TR S K R 25 R 3R
J755 5 N F) TR )

ULAE R, BRI A8 1 20 J o T T A 3% B A
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B, WFFE EE X MSWIBA #2 H T — 2 %71 98 U5 4k )
FIJ7 4 A WFFE R W1, MSWIBA HAT I K A48
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FIFZKPHR LS
1 REMRE R T 14
1.1 B drid

TR0 RN R N B SR A T A AR
AR A B TR LAY ' (JTG 3430—2020)
5 o B SRS AR, AN 1 PR, i R
W, FoRL B i 22 WO, S B, KRR
WA R KR TR - T 3 MR (DL/T
5355—2006) + /) 73 Ak, %t o 24 R IR PR 2
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Il (g3 = e K, DA, B 2%, 5 2 mm B, B
TYWER RS ARWE 1 iR, Hf, AR
C, }y3.55 MIRAHC, Hy0.92 KiARIrAi%E, kL
9, WA B+, MSWIBA 22 105°C 4t T )5 , &0
WP, SR S BRI 15 min, 3 2 mm G 40
PR G AT VR A R AR (R X5 ST M AN e ()5
Pk, W 1 R, S AL PR MSWIBA 35 R4k
C, H5.66,MRAEC, N 132, HBERIF AT T
it H R I KBURCRL AR 43 A Y Rl (100 um ~ 2 000
pum)

100

A\
- - -MSWIBA . \),'
—®t R 1 80
' g v

AN RVRLAR 4 % /%
(3] w £ wn

e — 0
I 10 100 1000 10000

ki 42/um

B 1 &Fn MSWIBA #f245 7 i £k



52

X, 45 MSWIBA Bl BV AH AR R L RE i + M RE S VLBEITST 123

1 MSWIBA Y F 222 pl o WA 2, 4R,
& FEICE SR Si AL MSWIBA [ £ Z 0 R4,
J& Si \Ca, HXTHE 2. 41, A MR HENEL . 79

Gl T e S S S U7/ R SR A i e s ek
FOREFI IR YA =8

%2 @70 MSWIBA BJLE S AT %
PR Si0, AL O, Fe, 0, K,0 Na, 0 Ca0 TiO, S0, cl
i+ 65.35 15.50 7.13 4.07 1.61 1.61 0.96 0.48 0.45
MSWIBA  63.16 6.84 1.32 1.71 8.78 12.47 0.40 1.13 0.38

1.2 R RRERIER

AL EBAR T MSWIBA 5 5 X i i & [ 1k i
R A T R R R T A 2
.24 Ca(OH), Fl GGBS AMB &AM (5 T 1 4% B,
HABHFI S P RE M A BE8aE . NIk, BT v
L, PRITANIR] MSWIBA #8506 F 8k K 4 PR 1 %2 i
T IR0y ISR bR N2 3 iR,

#3 AR HTRERERER

Rtd mRTEE

#+ MSWIBA Ca(OH), GGBS

/% /% /% /% K KR/ % /(g - em™)
100 0 0 0 BOCOGO  18.7 1.73
100 0 4 4 BOC4G4  21.6 1.63
95 5 4 4 B5C4G4  21.4 1.64
90 10 4 4 BIOC4G4 21.3 1.67
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60 40 4 4 B40C4G4 18.8 1.74
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1 h ASERAR  FRIUR DL 2 7 AR A e KT 28
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et T K BRI 26 AF T, MSWIBA AR EE 5 Jm ¥k
JET ALV TR R B v R T2 kK
(R (5. 00 x 10 mg/L) , 1 ¥ 16 B FRE R 1K
I o
F4 MSWIBABHER
BHHIE/ (mg - L)

EoEE
7K FR TR
Cr 2.59 x10 72 8.19 x10 72
Cu 3.20x10°3 6.00 x10 3
Pb 3.35x10 72 1.97 x10 72
Zn 2.02 x1072 2.50 x10 3

X 28 d FEP T Y ok R 4 T R R R R
(SPLP) B8] ik B+ 5% 88 75 BR T 45 1 F 103t 47
N RN 5 PR, R SR I 4
i S T2 KR V 2830 F 7K O FREE b o 35K
Zhang Wanlu %> Jf GGBS kb HH YT R Yy, W] T
GGBS HA—EME LB M E ERE ). IS IR
7 2 FE B IS [0 , B T AR IR 4 22 A % it
Herr B+ P A S ) MSWIBA 5405 5% .

F5 BRELRHER
W/ (mg - L)

BOC4G4 B5C4G4 B40C4G4
Cr 3.17x1073 2.74x1073 4.49 x10 73
Cu 2.03 x10 2 2.44 x10 72 3.01 x1072
Pb 3.30 x10~* 4.00x10* 2.40 x10*
Zn 2.69 x10 72 1.55x1072 4.96 x10 72

2.5 PR
2.5.1 BRTHER

8 + MSWIBA KA [F] MSWIBA 42 5t i 4 (1) ki
BEEINE 6 FiR.

x6 HESH

ELReS dip/pm  dyp/pm  dg/pm C, C.
M100 3.51 6.33 12.47 3.55 0.91

B100 88.11 345.19 791. 46 8.98 1.71
M95B5 3.60 6.97 14.65 4.07 0.92
M90B10 3.65 8.29 18.32 5.02 1.02
M80B20 3.75 10.17 24.56 6.55 1.12
M60B40 3.91 13.24 31.87 8.15 1.41
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BN R A28 e R 47+ 3X Ui B MSWIBA 11y
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(b) 2y BSC4G4 1y SEM - EDS £ 5% HUBURL A JS
AKACF= P MELL AL ZE MSWIBA JJBURLTE B 19 455 B 22,
AR ORI fith 1F7 B 20z 5 77 A2 3855 T, MSWIBA 22
] (R KA = AU A 58 JBE 45, EL/ N DR S S8 78 R
KL ALBR P, R RO S Mk MSWIBA £
AR, Wi E 6 (3) i (c) iy BAOC4G4 1) SEM -
EDS Z55R, R AEIR S 1) MSWIBA /Iy FU3 K, 73 Hk
S5, i 100 S AT, KA ) 5 S 2 BE D s, L
i T 5L I A /N R

6 BRI SEM-EDS EifRFHEE

XFEEIE 6 (1) —[&1 6(3) A [A] MSWIBA 2k
KL BEARIRY , A H o B 8 R RIS B OO BIL ] - il
6 (1) 7w , ORI AN, HORHE T AR, A7 e R 2%
FLBR, LR BR 7K B 2 M T 2 5 [T AR /KA =) f 2
TEZERL, I T B2 R M 28 B2, N
I, TR A B3R (B KA P A R TR
SRR - F i, FLIR 45 F I 2 R RETE IR 5E B 1
2%, Sy oK AR = AR PRI - RORE BB K R IR
A BRI, 7 AR . MSWIBA 12
ANJE UnEL 6 (2) B, 25 URE AL R, Be 8l
I, /INBURLIFCSEAE R BORE A4 FLER H , FLAIR b, Wiz
KB T 5 A i A RO i € fih A0 153 T

AL, ARAL =P D, MELLSE 42 ) 3 MSWIBA K
FOURLIEL BSGI00 2 B, B T 7 JROURE 22 [ (S A4 5 53 Jie
RPN, L, 1E 2 S IR T ALy it At v 1
PR 5 W 36 ROORLH fi B JE2 RS ) 58 T 7™ A= 1
IR, N RGEAR 1o B2 o (R ek R il T R A
PREE Y B 3 592, 7K 7 X AR el /IO , a2 T 7K A 2R
KOS = Of H MSWIBA 2 5] 1 7K Ak 7 11 119 55 i
45, ]k — 2L sk JI R, 2 MSWIBA i
K AnE 6(3) Bz, Behd T3, R/ NBURE ] £L B
(%6 UKL, MSWIBA WK 55 6 +000KE, T
BEF 7K ST 2 5 [ 4k i 38 7 MSWIBA R REH L4,
5553 R 22 ) 7 A ) (A A i T ~F- T, AL B3
AR/NREBE, PR, SRR IR R RE 12855 , RAIE T
—EM IR

3 RS ET AR VY

HAE TR HE BT 5 AR dE)™ (GB/T
51366—2019 ) KAHSEHIETT, AN [Fl A4k ST otk
HER R F 48 b DL 3% 7, 538 ik R R K 8 (117 47
1,735 kg CO, e/t) ML, GGBS FEREME HEMAK . %
23 PR A AL PS5 3] e R AR Rk HE
TR AR LA 8., BEFHE MSWIBA 24 (3, 4541
AEBJEARE] L m R HE R 2 b ik B
A MSWIBA Ji5 (4 i BEAS D /D Bk HETICRE , X 2R 2536
BEr g = e GO R

KT TEMBHESH B E TR
RS Ca(OH),

AR B R R
/(kg COye-t7")

GGBS!?)  MSWIBA[?7)

747.00 182.80 9.94

®8 RAKNEFED | THMBERHANE
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