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ABSTRACT: Light soil is a mixture, which is formed by appending firming agent and water and polystrene 
beads to soil pro rata and then well mixed. Its density is lower than soil. As the characteristic of low heat 
transfer coefficient, it has an excellent effect of heat insulation. In this study, combining with the application 
in practical engineering, the model test in freeze-thaw cycling was conducted to determine the effect of light 
soil on heat preservation and frost-heave reduction. The results we got may provide theoretical basis and me-
thods for the application of light soil in cold regions, which will reduce the frost heaving damage to engineer-
ing structures. 

1 INTRODUCTION 

With resources shortage and human’s enhanced en-
vironmental awareness, renewable-resourcization of 
waste has aroused extensive concern and recognition 
in the international community. The light soil is a 
kind of new geotechnical material. It is a mixture of 
raw soil, polystyrene beads, firming agent and water, 
which is formed after solidification. It reduces envi-
ronmental pollution and has features of light weight, 
high strength, good free-standing, small thermal 
conductivity etc. Therefore, it will be widely used in 
road, bridge, construction and other fields. However, 
as a new material, its application and anti-frost heav-
ing effect on projects in cold regions have not yet 
been reported in detailed. 

Basing on small thermal conductivity and heat 
preservation effect, in combination with the feature 
of frozen soil in seasonal cold regions, the model 
test for EPS light soil in freeze-thaw cycling was 
carried out. The effects of heat preservation and frost 
heave reduction were researched, which offered 
theoretical basis and methods for application in cold 
regions and guidance for engineering practice. 

2 TEST PROCESS 

The method of contrast experimental study was 
adopted to research the heat preservation effect of 
light soil in freeze-thaw cycling. 

2.1 Test program 
The test was carried out under low temperature sup-
plied by the low-temperature laboratory. Three dif-
ferent soil body forms were adopted, that is the light 
soil covering layer, iron board covering layer and 
natural soil surface without covering layer. Wherein, 
the natural soil surface was taken as the base sur-
face. The size of light soil covering layer and iron 
board covering layer is 
50cm×50cm×20cm(L×W×H) and 50cm×50cm×2cm 
(L×W×H), respectively. 

During the test, two groups of model tests were 
simultaneously carried out. The temperature filed 
distribution under the light soil covering layer and 
the iron board covering layer was monitored, as well 
as the soil body without covering layer. Meanwhile 
the change processes of frost heave forces and 
amount of frost-heaving on different covering layers 
surface were monitored. The heat preservation effect 
was researched by the distribution of temperature 
filed. The frost heave reduction effect of light soil 
was analyzed and appraised by the amount of frost-
heaving and frost heave forces measurement data. 

Additionally, the model test equipment supplied 
water to the model test soil body to ensure the open-
ing freezing conditions in the whole test, so that the 
maximum frost heave forces and amount of frost-
heaving were acquired. 

2.2 Temperature and time simulating 
The change processes of frost heave parameters with 
temperature in a freeze-thaw cycling were simulated 
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in the test. Under field conditions, the temperature 
change process referred to the actual observation da-
ta of Wanjia frozen soil experiment station in Har-
bin, Heilongjiang Province. Fig.1 gave the tempera-
ture measurement curves of the station in 2007-
2008. The starting and ending date of freezing and 
thawing were November 8 and May 22 in the next 
year, separately. The freezing and thawing process 
lasted 196 days, which was 53.6% of the days in a 
year. Fig.2 showed the test temperature control 
process. 
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Fig.1 Temperature curves of Wanjia frozen soil experiment sta-
tion in 2007-2008 
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Fig.2 Curves of temperature control process 

 
In order to simulate the warm soil layer under 

frozen soil in natural conditions and realize bidirec-
tional thawing, the bottom board temperature of 
model test equipment was controlled between 4� 
and 8�. 

3 TEST EQUIPMENT AND MATERIALS 

3.1 Test equipment 
The test equipment mainly includes model test 
chamber, temperature control system and data acqui-
sition and processing system. 

3.1.1 Model test chamber 
The model test chamber is a full-steel structure rec-
tangular box, with dimensions 2.4m×1.4m×1.3m 
(L×W×H). The soil layer, boundary and initial con-
ditions are controllable, the surroundings are en-

closed and the internal walls are smooth. The bottom 
and surroundings adopt 10cm polystyrene board as 
heat preservation layer to realize unidirectional 
freezing and bidirectional thawing conditions. 

3.1.2 Temperature control system 
The temperature control system includes two parts. 
The 1st part is the low-temperature environment sup-
plied by the low-temperature laboratory, temperature 
control scope of which is from -35� to 25� (with 
the control precision ±1.0�). The process of lower-
ing the temperature can be controlled in this part. 
The 2nd part is the bottom board temperature control 
system of the test chamber, temperature control 
scope of which is from 0� to 15� (with control pre-
cision ±1.0�). This part can be used to simulate the 
warm soil under frozen soil layer. 

3.1.3 Data acquisition and processing system 
The data acquisition and processing system is con-
sisted of data acquisition instrument and sensor sys-
tem. Acquisition and analysis of model test data 
adopt DT515/615 series data acquisition instrument 
and Delogger software system of Datataker Compa-
ny in Australia. The sensor system includes tempera-
ture monitoring system, deformation monitoring sys-
tem and frost heave forces monitoring system. 

3.2 Test materials 

3.2.1 Soil 
The clay for test was selected from the trial lot site. 
Table 1 gave the main physical and mechanical in-
dexes. The clay samples were tested in accordance 
with requirements in Geotechnical Testing Code 
(SL237-1999). 
Table 1   Physical and mechanical indexes of soil  

Classification of soil Sandy silt of low liquid 
limit  MLS 

specific gravity of soil 2.65 
Controlled dry density g/cm3 1.54 
Maximum dry density g/cm3 1.67 

Optimum water content % 13.2 
Sampling water content % 13.2 

3.2.2 Polystyrene beads 
Polystyrene beads, with diameter of 2-4mm and 
stacking density of 0.0135g/cm3, were adopted. 

3.2.3 Firming agent 
Portland cement was taken as the firming agent of 
light soil. 

3.2.4 Mix proportion of light soil 
Table 2 gives the mix proportion in the test (Ma 
2001). 
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Table 2   Mix proportion of light soil 
Mix proportion   g 

Soil Cement Water EPS beads
100 16 45 3

4 MODELING AND TEST PROCESS 
MONITORING 

4.1 Modeling process 
The modeling process consists of test preparation 
and model forming. The test preparation includes 
data acquisition instrument setting, sensors calibra-
tion, and the preparations of soil and EPS light soil. 
Model forming includes filling soil, burying sensors, 
saturating model, measuring water content of soil, 
keeping constant temperature of soil body etc. 

The prepared soil samples were taken as backfill 
soil. Model forming process was from bottom to up. 
The compactness was controlled as 92% of the max-
imum dry unit weight (Wang 2008). A rectangular 
groove in model surface with dimensions of 
50cm×50cm×20cm was formed. The EPS beads 
light soil was mixed proportionally and then filled 
into the groove. The density control of light soil was 
0.88kg/m3, and the curing time of which was 28 
days. After modeling, the model test equipment sup-
plied water to soil body to reach the saturation of 
95%-100%. Then the laboratory temperature was 
controlled to keep the soil at a constant temperature. 
The test was started when the internal temperature of 
soil body reached about 8�. 

4.2 Test process monitoring 
The data acquisition instrument was used to monitor 
the internal temperature field distribution of soil 
body, the amount of frost-heaving and frost heave 
forces development process. 

5 TEST RESULTS AND ANALYSIS 

5.1 Temperature field distribution 
Fig.3 and Fig.4 show the soil temperature distribu-
tion at the beginning of temperature rising and at the 
time point of reaching maximum frozen depth, re-
spectively. 

As shown in Fig.3 and Fig.4, within 30cm, the 
soil body temperature under iron board covering 
layer was significantly lower than light soil covering 
layer and the base surface during the low-
temperature stage and at the maximum frozen depth 
in Model 1, and the soil body temperature under 
light soil covering layer was significantly higher 
than that under iron board covering layer and the 
base surface at the maximum frozen depth in Model 

2. Except that there was not much difference. At the 
time point of 163h, the frozen depths of soil under 
light soil covering layer, iron board covering layer 
and base surface were 58.6cm, 69.6cm and 61.4cm 
in Model 1, separately, and which were 57.9cm, 
58.1cm and 58.0cm in Model 2. Wherein, the frozen 
depth difference in Model 1 was remarkable. Com-
pared to the iron board covering layer and the base 
surface, the frozen depth under light soil covering 
layer decreased 11cm and 2.8cm, separately. 
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Fig.3 Temperature distribution at the beginning of temperature 
rising 
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Fig.4 Temperature distribution at maximum frozen depth 

 
The results indicated that light soil had certain 

heat preservation effect, which can reduce the soil 
body temperature gradient and frozen depth. How-
ever, restricted by the testing conditions, the influ-
ence effect in detail was not given. 

5.2 Deformation results analysis of monitored 
sections 

Fig.5 gives the amount of frost heaving actual mea-
surement results. 

From Fig.5, at the initial stage of the test, the 
amount of frost heaving on the surface of light soil 
increased very slowly, though increasing rapidly af-
ter 50 hours, it was still not larger than that of iron 
board until the maximum frozen depth was reached. 
This result was a further evidence for the point that 
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light soil had some heat preservation effect. The soil 
body temperature under light soil covering layer 
changed slowly and the temperature gradient was 
small. The frozen depth development under light soil 
covering layer lagged behind that under iron board 
and the amount of frost heaving was small too. 
Along with the test proceeding, the amount of frost 
heaving of light soil exceeded that of iron board in 
the late stage of test as a result of the sufficient water 
supply during the test. The maximum frost heave de-
formation on the light soil covering layer surface 
was larger than that on iron board surface, and the 
amount of frost heaving of which was 13.5mm and 
12.1mm, respectively, with a difference of 1.4mm. It 
showed that light soil had the effect of inhibiting 
frost heaving and delaying frost heave deformation 
development. However, the effect of inhibiting the 
total frost heave deformation depended on water 
supply of actual engineering environment. 
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Fig.5 Amount of frost-heaving curves of test soil 

 
From Fig.5, thaw settlement occurred on the 

surface of soil in the process of temperature rising. 
The thaw settlement deformation on light soil sur-
face and iron board surface were 3.8mm and 
10.3mm, separately. It meant that the soil body 
structure had been changed in freeze-thaw process. 
When completely thawed, water content of the sur-
face soil body was very high, and the soil body 
module decreased, therefore the larger thaw settle-
ment deformation occurred as a result of dead-
weight. The settlement difference between two mod-
els was caused by different water content. 

5.3 Measurement results and analysis of normal 
frost-heave forces 

Fig.6 shows the actual measurement data of the 
normal frost-heave forces. From Fig.6, the develop-
ment trend of the normal frost-heave forces on light 
soil surface was almost the same as on the iron 
board surface. When the test was completed, frost-
heaving forces returned to the initial values. At the 
temperature rising stage, frost-heaving forces 
reached to the maximum when environmental tem-
perature was close to 0�. The maximum frost-
heaving forces on light soil and iron board surface 
were 13.83kN and 32.27kN, respectively, with a dif-
ference of 18.44kN. The frost-heaving forces on 

light soil surface were reduced by 57.1% relative to 
that on iron board surface. It can be concluded that 
light soil can not only reduce frost-heaving forces 
obviously, but also reduce the frost heaving damage 
of engineering structures effectively in cold regions. 
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Fig.6 Normal frost-heave forces curves of test soil 

 

6 CONCLUSION 

Through experimental study of light soil heat pre-
servation effect in freeze-thaw cycling, the following 
conclusions were obtained: 

1) EPS beads light soil had an excellent heat pre-
servation effect, which can reduce temperature gra-
dient of soil body, and inhibit frozen depth devel-
opment. 

2) EPS beads light soil can delay the amount of 
frost heaving development, the effect of which de-
pended on water supply of engineering environment, 
however. 

3) EPS beads light soil can obviously inhibit the 
development of frost-heaving forces. The frost-
heaving forces can be reduced by 57.1%. The appli-
cation of EPS beads light soil can reduce engineer-
ing structures frost heaving damage effectively in 
cold regions. 
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