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Performances of industrial residue-cement solidified soils in resisting sulfate erosion

WANG Zi-shuai' 2, WANG Dong-xing"*?
(1. School of Civil Engineering, Wuhan University, Wuhan 430072, China; 2. Hubei Key Laboratory of Safety for Geotechnical and

Structural Engineering, Wuhan University, Wuhan 430072, China; 3. Key Laboratory of Rock Mechanics in Hydraulic Structural

Engineering of the Ministry of Education, Wuhan University, Wuhan 430072, China)

Abstract: To promote application of the industrial residue in coastal soil solidification, the performances of the industrial
residue-cement solidified soils (IRCS) in resisting sulfate erosion are investigated. Based on the combination of the cement and
the industrial residues (ground granulated blast-furnace slag, fly ash, silica fume and calcium carbide slag), the mechanical
behavior, microstructure and intrinsic chemical reaction of the IRCS after standard curing, water soaking and sulfate solution
soaking are identified by the appearance observation, unconfined compressive strength, X-ray diffraction and scanning electron
microscope tests. The obtained results show that: (1) The erosion of magnesium sulfate to the IRCS is higher than that of
sodium sulfate. (2) Compared with the cement-solidified soils, the addition of the industrial residue can significantly alleviate
the sulfate erosion. (3) After magnesium sulfate solution soaking, the strength of the IRCS is improved within 7 days and then
descends continuously with increasing curing age. (4) The strength retention coefficient of IRCS follows the sequential order as
ground granulated blast-furnace slag > silica fume > fly ash > calcium carbide slag. The IRCS in sodium sulfate environment is
mainly affected by erosion of SO, while the combined effect of sulfate erosion and weakening cementation occurs in
magnesium sulfate environment. It will result in the enlarged intergranular pores, and the reaction products are correlated with
the CaO content contained in the industrial residues. Finally, the conceptual model for the microreaction mechanism of
solidified soils in sulfate environment is established, which provides a theoretical basis for the researches on sulfate resistance
of solidified soil.
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Fig. 1 Grain-size distribution curves of muddy soil
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Table 1 Components of cement and industrial residues (%)

Moy K mHEE OBMBIK O REE K
CaO 48.80 42.0 241 66.79 0.30
Al,Os 1150 12.0 26.86 2.36 4.70
MgO 1.16 6.0 4.24 0.10 0.70
Si02  27.40 33.0 53.48 4.77 80.90
Fe20s 3.43 1.0 3.40 0.32 8.90
LOI 5.04 3.4 1.85 24.85 1.86

1.2 RWHR

NPRUEFE R S, HRE AT S I B Rl 3 e 3t
AT — 35 2B HE o TAVE & 7K 38 338 52 NI 37 I 5 4B 40%
WAL TAE, #EKEBEN 6%, TIEESBE
N 3%, RFAARECNEZ 50 mm. 5 50 mm ] PVC
B, BEFER R AT R, 2 3 BEAFELIER R
IEHIRE, bRAEFRYT 7 d EIBE, FE LR R G SR
PRUEFRY A 28 d, Bl f5 o L AON TRV R IR

ARG FPRAEFR Y 15K BRERBNIR AN
TRIREEIR I 4 PPy s, HhaRIRE: S mIRANA
BN 5% E L, B 7 d iRk, CE E R R A



11

WIEHIARIRE A 20°C o 4 F7 57 2 T8 8 3R B
t, BRI K S 34T TR B & 5 B . e 7
% KR 6%, TAVRE NN -G, HAE-C. K-S
A EEIK-F, FE T bR AE-S. BRK-W. BREREN-N
AR EE-M, IRV N 1,3, 7, 14,28 d. L C6-G3-N
B, R 6% 7K UR+3%l I [ 4k T IZ TR R ER A ik
Fo

TeM BRI 5 58 K WDW-50kN bl il
HL 7 B IR AL, IiEOE 2N | mm/min, FEALIFEF
3 AN PATFER5R EE T3 AE s BE SR o 5 I
IR, GG  OHAR AT R T, X Ap KT
WT T Wt 4 JE AT SR BT K, AR SR Zeiss
SIGMA 137 &S 7255 (FESEM). XRD
MK A RS, XK PANalytical X’Pert Pro
A X AT A

2 NER R
2.1 FTWLTL

B 2 S AN AR EE T /K R RS A i A .
MEET A, TREREER RIS T /Ke TR h Bl % 5
NFEE . BEE RV A, [ R R
H B~T7d), REUZWY . CIRIRER M 14 d i,
KR 3 TH ORI Ui i v » 2 W 56 B M 381 7 EL AR
£ 28 d FHAFE e M ECE HIR . EARETRY . BK
FBRERENAEE R, /KU RIS A K I B AR,
T LR 3 MIREI KR LB RN

1d 3d 7d
- s&ﬁvm
284 FHUBUTHIR 144

dief 3t

E 2 TEMETKRLERNER

Fig. 2 Change in appearance of cement-solidified soil under

different environments
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Fig. 3 Change in appearance of industrial residue-cement

solidified soil
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Fig. 4 Strength of cement-solidified soil under different

environments
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Fig. 5 Strength of industrial residue-cement solidified soil under different environments
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Fig. 6 Change in strength retention coefficient of solidified soil



ERR FEr, 55 TAbERE

- KV [FI A - HURR R £ 4R h 1 e 2039

2.3 YHEHEM

7 @%TKH%%FHF? C6-G3 A XRD
K. MEFEH, SmRBBIRIEE, TIEE -
IRV A LA oo O PR S R AR R AR AR,
XS HAFHMERA . AT AR KRS R B4k 1
RFEARHIEIE A, RINRATEA TR N HK
Wr=MR AR, % H C6-G3-N Al C6-G3-M (1
XRD ] LA, B BREEANER BR BN TA A FH I Tl
R - K6 A AR SO A R 22 . B, BRI
PV IRILE , AL R I AFE I CaSO4 AT
S, BREREEIMNIR N, GBS AT 14 B B 5E, C-S-H
T S R P U B S FRAEG, [RJ B HY B M-S-HL AT 5 0, 3X
K. AR C-S-H BRI, M-S-H $EIRHE %,
X 51RO AR — B

1 1-A¥% 2-C-S-H 3-tHFE
: 4-AFt 5-C-A-H  6-CaSO,
p 7-Mg(OH), 8-M-S-H  9-M-A-H
3 6 3119 2L3681511 111 1
W‘“—__,—%J‘WJ .y JM%L,«}W*——W‘.&_
| | C6-G3-M
SO0 120 [0/ LR 110 D O U
HERE : | C6-G3-N
N\ . A i :A R
‘ ; ! C6-G3-W
A ; :A A
! C6-G3-S

L 1 1 3I 1 3 3I 3I 3I I3 1 3I i 1 ]
5 10 15 20 25 30 35 40 45 50 55 60 65 70
20/(°)

7 & - KRMEIEL L XRD

Fig. 7 XRD patterns of GGBS-cement solidified soil
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