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Strength and leaching performances of stabilized/solidified (S/S) and ground
improved (GI) contaminated site soils
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Abstract: The soil mixing technologies (SMT) such as stabilization/solidification (S/S) and ground improvement (GI) are used
to treat heavy metal and organic-contaminated site soils in the Castleford, Yorkshire site, UK. The ground granulated
blastfurnace slag (GGBS) and magnesia (MgO) are used in this study. The unconfined compressive strength (UCS) tests as well
as the BS EN12457 batch leaching tests are conducted on the S/S contaminated soils at 1.5 years and GI soils at 1 year to assess
the influences of different depths on the strength and leaching performances of these samples. The results show that the
MgO-GGBS can significantly improve the strength of contaminated soils as the average UCS of MgO-GGBS-treated samples
exceeds 350 kPa suggested by the UK design standard. Moreover, except part of Ni, the leaching concentrations of Cu and Pb
are able to meet drinking water standard of the England. The combination of MgO and GGBS are found to be able to
immobilize Ni efficiently. Compared with the GI technique, the S/S technique can achieve higher pH, lower leaching
concentration of both Ni and organic compounds, which is more effective in immobilizing heavy metals and organic
compounds. The depth of the site has few influences on the properties of contaminated soils after remediation.

Key words: stabilization/solidification; ground improvement; unconfined compressive strength; leaching test

0 5 =

TR R (SMT) 2 H 20 2t 60 £ H A
AEG A L TREMN PR REERR. B 20 MEL
80 AEAX, T IEIFEHIAR U TE 55 [ AR B B FH 126
Ber ot IR R — PR . ROR
& MBI EAAEE Tk, FEaFERE /R E
b (S/S). B (GD FA[BiEN: & NEE (PRB)
3 FpAbFE T EERL [EAL TR SIS AT G HEAR I Lo

AU FH A 40 70) 6 45 K IR RN AT 2K 25 7K U8 3 A

Bl MEEEESEKYE (PC) IR =X BREE A SE AR K,
AMUHFEREREIE (5000 MJ/t PC), HA =i fE o HE
OB AR IR FE A AR E AR,

Uk, LN BRI TV SR SR . mie
AN AT K YE B AR H 32 B0 . P

5 (GGBS) R SR b M Bk B o vk ik

HEIIH: EPSRC (The Engineering and Physical Sciences Research
Council)Z BT H (TP/5/CON/6/I/HO304E)

BiEAEA: 2019 - 11 - 04

*E(EVEE (E-mail: feiwang@seu.edu.cn)



1956 H O+ T OB % M

2020 4F

IKEAFBN S 20 T Ak IRk AR A R SR T
BT GGBS 1AL, HKAAE R 221,
I H 2> S EUE AR R AR EE AR R a7 A
BB R Eh Ik GGBSI® . Bl & 74138 1 A 4 v £
Si-O il Al-O #EWiIZLRINiE GGBS /KL FE, M
TERREERRES (C-S-H). FRIRES (C-A-H) BUREFRIREY
(C-A-S-H) Z&/K4r=#U08), DL GGBS N EZJFHH
BRI K LR AR BN, BF 783K B — ey e
) (W1 As. Cr. Cu Ml Pb) £ GGBS 7Kg [E 1k U
PEIR ) o IRIR R AR T RE R Sk R AL I R ). ]
SRR K PR AR E S MR AN i2 . BT R
FRIg 000, DR R AL BE (MgO) E N GGBS I
ROBCR AR A ER T kM, | 20 4 90 AR,
TR E A KBS AP E Rt D&
N FAKJEA . SHEREL/KEMLL, 1hHELEE
IR IR G, AR I 2, S4B [ 4 5]
FHECSE AL BRI A B A s bR AR v e S PEAIMIG
gEEEMRAML, HHRZH AL RRH MgO &—
B B GGBS BRI, A KA ™= 1) 3 2R
C-S-H A&/ A A (HY, L ar LR 2 T KRR
FE A At )58 E,  FF H AR A 3z U41e), ik
Ab, BTN KR [ A 7 22 DR o 3 2 AR R RN
YRGB PR RIS AR B 2 Ak e,
FHLEZ N MgO-GGBS [ 471 (1 At ZLHL T 7K e 2
fi] A4 7R8I

S/S T GI 2 [7a) 435 Ak 2 - 358 o 7 o 14 751 1 -+ 358
PUFEROR, XOIE TR RGEAF, A S/S
FAR A R DR B A A, BRI GI
FAR PR E AR LA T R s 2 8. Bar,
S/S HARCH N HTHEEE (41 Pb. Zn. Cd) {54+
AMRIRIZEE N AnZHF5E) B EEEN22, K
WIshr S/IS BE %, (Hl1THAMEE FBansiiiin
HERAR AR E, G5 w3 Bl TR R AL S/S
BEHEARBR T Z N AP, GLEARE 2 18 H
TR Y IR FRES T r R, N 538 [ A
FUATR IR . AR 25-268), st Jin ] J AR 1) g2k
RE Qe /N FL B AR AR AR s b 5 . GGBS 7
Gl HiARFH S, WK B GGBS K mT A
BEEL Ok e, BRI R, R R SR AN
MRS, RATFE R LRI, (HH AT
Gl HiARME G 15 e L Fi /b, TEH = A7 [\ 2% AR 5
PR ZHIKS S/S FREAT LA .

ASCEHFFRFE— AN, AEE T T 2B EE
EREMENME AT LR R AR (B3
PR PR . W pH 1. E&EAEGHIH

R, R 7 S/S M GL B T Z k5 g+
MIRCR, FOAASK ISR B 10 H S 4t 1 K7y
WronEME IR TE S

1 SR

SMIRT 2 9 |5 4 A s 23 i1 2= 95 Bh I K Y 1) 75
e B R HARTUE , H 6T 2007 45 10 A, N1 4 a.
ZIH B SN RS 18 K LR A&, 5 7R
B F T IR G R AE i [E 5 By - B A8 57 TH (1) R
. THEBE0EAE Castleford, Yorkshire 3zt _FIT
J& o FE UK I IR ER P K BRPAN [ (1) SR . DIk
e, BMEH=IBhesl &g, BATIINKE DOER
WAL FE, FrEIREMHRE S &I 15%~30%
TGN @, BISRA ALLU FREfE 245
AFEE . N T RGBSR E, B\ T2
L) 2m iR, B L07 2 JFIMART % &1 4k 7
—2¥, M ALLU RG0S5 TR MR . 2
Joa EESE R R A A ], EE R, B
FPEAYUY EIE . FHIXWF T, K IR A E
3~4m MRE, FEIMAKIE. MHER. S, A
B, BhA . AL LRCHLE WL 2N H 1 [ 1k
7—;\?”[29]o

Wi L33t K2 95%HIRD LA 5% %+ At
Mk, TEEMTT I NRELE (0.1~035 m), H
+(0.35~4.5m), Wb+ (4~6 m) FIWM A+ (6~8 m).
HURKALNERIZCLT 3.2~3.9 m?, HIESKERRN
25%, WIR9 30%, ZEVERRA 24%. tIErhpr oG g
VIR FRES TR 1. WK 1 ] LE izt &
5 INEN . B (Cu) FIER (ND %%,

F1 LESRHSED

Table 1 Concentrations of soil contaminants

59 WOl (mg-kg 1)
Pb 95~175

Zn 150~220
As 130~140
Cu 1075~1600
Ni 1170~2200
Cr 700~1150

JERERIIkY 7185~9230

£ SMiRT Wi H 71, & 24 B AFIMFH S/S T
2, 31 HEMLHUEH GI T2, EAEEigH
AR E A EBE (MgO) FlE i # (GGBS)
(1) 7 PP LLF], DB TAS FHE R AR ) E LB =
BV [ Ak R4 AR T B AL . MgO A1 GGBS
I o IR 2, AR A A WL 3.
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Table 2 Compositions of binder materials

FER AR SRR

Si0 0.9 36.5

CaO 1.9 39.5

ALOs 0.1 12.5

Fe203 0.8 0.5

MgO 93.5 8.5

K20 — 0.4

Na20O — 0.2

TiO:2 — 0.5

LOI 2.78 —

&3 BEWFIEERmS
Table 3 Compositions of binders
. |
I A ,
gﬁ% /% /% MgO GGBS MgO .
1% 1% GGBS

SS16 70.0 15.0 1.50 13.50 1:9
SS9 85.0 7.5 0.75 6.75 1:9
SS11 85.0 7.5 7.50 0 —
GIl 90.0 0 10.00 0 —
GI2 95.0 0 5.00 0 —
GI3 97.5 0 2.50 0 —
GI9 97.5 0 2.25 0.25 9:1
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Fig. 1 Average densities of S/S cores at 1.5 years and GI cores at 1
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year after mixing
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Fig. 2 UCS values of S/S and GI mixtures at different depths

X LCRE A AEAS IR S B3R B2 v LA Y, SS16 Al
GI1 1£ 3~4 m )58 & T HARR L, Horh SS16 78 3~
4 m SR RTE 1~2 m B 1) 7 £%.SS9 Al SS11 7F 2~
3 m SR AT HARGREE, T GI3 18 4FAHR, 0~1 m
TRAESRIE (130 kPa) Lk 2~3 m (87 kPa) . sk
Kevt, BEEUREERIE N, FOREE AR A [ e ARl
B, R ERERR T EL A KR B
b E. mT Gl LEH FELFISBER R TR
IS KRR E SR AP, G T Z N L5
KT S/IS T2 NIl L 50
3.2 wRIBHFHE

3T 1.5 a SISHEMAT T a i GLFERE
TR pE IS e, JEVR I pH ELANJEME A Ni [ R I
FERIARE . B Tgw 50 SS11 I PANFE il Ni 251
BRI T AL A AR IR, RIAE I 3 TR i
7No HAR Cu Ml Pb 2 AL H 7T A, (HRHT
Pb [P FEA T L8 T LI H AR BR AR, Cu PR FEAR T 2
mg/L IR KBRAED, PR, ARSCAFE R

I 3 AT RUE H, R pH 72 7~ 11 Z[A]138
tho & GGBS ML AZH AR T pH il s T RA

107

10!

MgO 4, &H MgO-GGBS ] GI9 £ pH ik
BT 1. XSEAAFEEEA R, MgO KL=
Mg(OH)2 ) pH KZIHF 10.5, BEHEE 15281 a
[ERRAHI S, AR S MgO 1 4 2H-EMER
W pH #TE 7~10 210 BRibz 4b, S/S A TR H
T pH Wik T GIAE 4. FRERHT S/S TEH 3
HFE A B RS s T GL T2, L2
GGBS M55 .
K 3 w4, HAE SS16 (1.5%MgO). SSi11
(7.5%MgO) F1 GI9 (2.25%MgO) 3 4LFE i HIJE
Ni [P FEA T [ CFH 7K bR AR 1) 0.02 mg/L. & 3
Hh % AR FE AR TR R 2 3R NI A LR 2
T2 —2, Ni ¥ H7ERE S IR E B,
U1 SS9 7E 0.002~0.080 mg/L 2 [A]. X}t GII
(10%MgO). GI2 (5%MgO). GI3 (2.5%MgO) 3
4, BEEEFIT MgO & &S, I Ni B+
PR B R IEOR, RGN MgO B AT LA
il 52 T3 Ni B 1. XLk GI1-GI19 4 4, GI9 [
eI N 0.25%1) GGBS &, 352 b Ni 8115
WIZ (0.012 mg/L) B A EH MgO W54 3 HA T
SHIRAL, HERR] GI3 AL B Tk
(0.256 mg/L) 1 1/20, FH MgO-GGBS [ElL7%}
Ni EACRCR R . B GI9 Z4b, S/S FEF AR
NI IR FES ST GLFE Al 2H.

PAFHE
10% - WE: 112
m 0~1m 111
—~ 1 A ~3m .
L 10 v 3~4m 10
A ——pH 19
CRTINS 18
- 17 =
- =
Eglo - v v 416
5
2 7
21071 % 14
10’2 2

$S16 SS9 SS11  GIl GI2
LA T

GI9

3 FREIRET S/S #&(1.5 a)F GI #m(1 a)iY Ni ;2 HKE
Fig. 3 Leaching concentrations of Ni in S/S mixtures at 1.5 years
and GI mixtures after 1 year at different depths
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