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1. Introduction

Cement treatment produces bonding strength between soils particles that makes their behavior different
from the behavior of reconstructed soils without structure. Soft cemented soils show a great change in their
void ratio after virgin yielding as the result of destruction of their cemented structure. In this paper the
compressibility of soft cemented soils was investigated in the laboratory. In order to obtain highly
compressible cemented soil specimens, an artificially soil was produced mixing clay, silt and sand with
cement and polystyrene granules with water content more than liquid limit. All the tests carried out on oven
dried specimens at similar conditions such as temperature, stress level and loading rate in oedometer
apparatus. Based on the experimental results a pressure-void ratio relationship was proposed for cement
treated soft soils. The proposed model employs a variable slope for compression curve in In(e)-In(p’) space.
The performance of the proposed model was also verified for compression of naturally cemented soils using
the data available in the literature.

2. Methodology
2.1. Experimental study

Specimens of cemented soft soil were prepared in the laboratory mixing 30% sand, 12% clay and 58% silt
with 0.3% contractile polystyrene granules with cement contents ranging from 1 to 8% and water content
more than liquid limit to obtain a structured but highly compressible soil with brittle compression behavior
(Medero et al., 2009) The specimens placed in 110 °C oven for 16 hours to contract the polystyrene granules
and create highly voided specimens. Curing at high temperature prevents the cement from complete
hydration and creates a weak brittle structure. One-dimensional compression tests conducted on dry
specimens under vertical stresses ranging from 3.5 to 900kPa.

2.2. Proposed compression model

The main distinctive behavior of cemented soils is their nonlinear compression curve both in e-In(p’) and
In(e)-In(p”) space (Chowdhury et al., 2014; Hong et al, 2012; Liu and Carter, 1993). In this paper, the
nonlinearity of the compression curve of soft cemented soils is described by a variable slope compression
curve in In(e)-In(p’) space using Eq. (1) as:

In(e)=ap — o In(ij , D>Dr @)
r

Where:
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. -p -p
Ce =Cgj (piJ +Cor| 1= (PiJ 2
r r

In which, cci and cc, are the initial and final slope of compression curve of cemented soil after virgin
yielding. pr is threshold stress of virgin yielding where the crashing of the structure of cemented soil starts
and 3 is a model parameter describing the rate of the degradation of the structure. The variable relationship
used to describe the changes of the slope of the compression curve is based on the distributed state concept
(Desai, 2016).

3. Results and discussion

The results of one dimensional compression tests on artificially cemented soils conducted in this study are
presented in Fig. 1a. Also the results of the compression model proposed in this study are illustrated in this
figure. In Fig.1-b the proposed model is used to predict the compression behavior of natural calceranite
reported by Lagioia and Nova (1995). The parameters of the proposed model for these soils are presented in
Table 1.

1.2
(a) (b)
1.8
®No. 13
¢ No. 36
1.4 A No. 46
X No. 55 o 1
o 12
1 ® Exp. (Lagioia and Nova 1995)
0.9
0.8 Proposed Model
0.6 0.8
1 10 100 1000 100 1000 10000
p' (kPa) p' (kPa)

Fig. 1. Results of one dimensional compression tests and proposed model on (a) Artificially cemented soil conducted in
this study, (b) Natural cemented calceranite reported by Lagioia and Nova (1995)

Table 1. Parameters of the proposed model for laboratory tests

No. pr (kPa) cci Cer p R? Err?

13 11 0.11 0.05 046  0.995 0.0005

25 106 0.22 0.07 2.05 1.000 0

36 200 029 017 1.06 0991 0.009

46 190 0.4 0.12 1.6 0.991 0.0018

55 262 0.17 0.07 243 1.000 0.00001
Natural Calceranite lagioia 2185 097 024 101 0.982 0.08

and Nava (1995)

The brittle compression behavior of prepared specimens is evident in Fig. 1a. Also it can be seen that
increasing the cement content has increased the threshold stress of virgin yielding. The results presented in
Fig. 1 and Table 1 show that the proposed model describes the compression behavior of the cement treated
soils as well as natural structured soils with reliable correspondence.

4. Conclusions

The results of these tests showed that the compressibility of cemented soils decreased as the cement
content increased. The effect of the loose of structure is more evident in specimens treated with lower
cement content. Based on the experimental results a stress-void ratio model was presented according to
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Disturbed State Concept. The model describes the effect of the destruction of soil structure by means of
variable slope of In(e)-In(p’) curve. The proposed model can be used for structured soils as well as
reconstructed soils. There is a good correlation between the proposed model results and laboratory data. The
main advantage of this model is its ability to use with critical state based models by implementing variable
compression index.
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