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Water transformation law of cement improved frozen soil and its effect on strength

YIN Zhenhua'?, ZHANG Jianming' , ZHANG Hu', WANG Honglei'*

(1. State Key Laboratory of Frozen Soil Engineering, Northwest Institute of Eco-Environment and Resources, China Academy of
Sciences, Lanzhou 730000, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; Sulphoaluminate cement and ordinary Portland cement were used to improve the frozen soil in order to
ensure the stability of foundation and solve the problem of shortage of earthwork materials in permafrost area. In this
study, the strength characteristics of the two types of cement were obtained by unconfined compressive strength tests
at different dosages and different curing ages. The variation of free water, bound water, and constitution water were
measured with the methods of centrifuge and freeze dryer in the process of cement improving frozen soil. The law of
water transformation in the process of improving frozen soil was explored, and the relationship between constitution
water, bound water, and the strength of improved frozen soil were established. Results show that the strength of the
improved frozen soil treated with sulphoaluminate cement was obviously higher than that treated with ordinary
Portland cement. Sulphoaluminate cement presented remarkable early strength characteristics. The water
transformation rate of sulphoaluminate cement was faster than that of ordinary Portland cement in the early stage of
curing, but the transformation amount of constitution water and bound water was low. The contribution of
constitution water and bound water to the strength was more significant in sulphoaluminate cement improved frozen
soil than in ordinary Portland cement. Sulphoaluminate cement is more suitable to improve frozen soil.
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Tab. 1 Particle-size distribution and physical and chemical
properties of soil samples
. WKL 5345/ % .
ik JBRR R pH
0.1~ 0.05 ~
>0.1 mm <0.005 mm
0.05 mm  0.005 mm
#Ht  3.69 11.96 52.83 31.52 18.6 36.7 8.59
x2 AREKERSRESH
Tab.2 Major components of different cement
. R w/ %
P STE S

Si0,  Al,O, Ca0 MgO SO;  Fe, 04

SAC 12.60  25.80  46.65 1.30 12.60 1.05
OPC 22.20 5.11  63.90 1.06 2.23  5.50
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Fig.1 Diagram of test tube and rotor
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Fig.2 Diagram of water transformation
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Fig.4 Soil water potential curve of soil sample
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Fig.5 Water content of different cement improved frozen soil

40 1S AN A AR D
KIBAA A K R
35 [ B& Ak
NN NN NN NN
< »FPE PR FES RS
] 25 7 %,
KR
i 20
=8
& 15
¥ 10
5
0510I5 51]10](15 51|10|(15 51|10([15
3 7 14 28
FRYR /A
(a) SAC
207 SBES%
cBE10%
15 BEI15%

0 5 10 15 20 25 30
FEY R #A/d
(a) SAC

201

ABES%
BE10%
15 BEI15%

0 5 10 15 20 25 30
FRI R A/
(b) OPC

6 JkiELtrEHKRERENTARE

Fig.6  Variation of free water in cement soil with curing age
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Fig.7 Variation of constitution water in cement soil with curing age
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Fig.8 Variation of bound water in cement soil with curing age
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different dosages and curing ages
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Fig. 10 Variation of different water contents with curing age
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