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Low . .
Properties plasticity | Hgh plasticity
clay
clay
Liquid
Limit 35 49
Plastic
Limit 22 17
Plasticity 13 -
Index
Optimum
Moisture 18.4 21.3
content %
Maximum
dry density 1.79 1.62
(gr/cm3)
Soil
classification oL cH
in Unified
System

Table 1. Properties of the soils used in this research
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Fig. 1. Gradation of the soils used in this research
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Chemical .

Compositio| CaO SIO| AlLO| Fe0 SO, Mg
n 2 3 3 0

Content % 63;'1 2;' 5.14 | 3.16 1i5 2.48

Table 2. Chemical composition of cement type 1-325

oslinl 350 Sl bt 3JUT (M) 5o

Chemical ]
Compositi | CaO L.O.| SiO| Fe,O| ALO| Mg

on ' 2 3 3 0
Content % 7459 2%.8 065 012 | 06s| 032

Table 3. Chemical analysis of the lime used in this study
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Fig. 3. Plasticity index of the soil with high plasticity and
stabilized using different percentages of cement and lime
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stabilized using different percentages of cement and lime
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Fig. 2. Compaction curves of the clay stabilized by CBR
PLUS



AL e

o Ol bodd o o)y sleS (golh0 Cplin anclan 5 oo

CBR PLUS 5 ol clopes 355 o3bs Jlie L 1y ol
Golid Caslie i o aa>Me a5 4 S0k s e OLL
I el b e SRl g5l sl se lde il L
CBR PLUS ; &l ¢l sos5l osle Slaie b o slis
Sl il e Olew sl 5 00 S S Ly 8
ool ol iy LISl (oioman ol a5 BBV G0
YA Coslis o V0 @ Olew S35520 o3le 5l ealizad U oS
Golad Cwslis a5 IS 4 ZSL s Olg e ois)
CBR 5 Kal Lot oo (sladi sas 31 8550 ol Vs g0
CBR 5 Sl oS 21y gsb50 cnl Mo .ol PLUS
S 36 5 b (et ansls b oy glasSt L PLUS
ol Olesw b ocslie Jlpl 5 sl es Lal s
olsdl Ol 4 was o 0L W K B (rees
s esle 53 3l e Oleww gl 5oy YA BV 31 Caeslis
ol
ciliee lado)s bsdd Cols oy oSt (g st aials (0) IS
CBRPLUS ol 5

35 4 High plasticity clay
B Lowplasticity clay

Plasticity Index

0 20 30 50 60

CBR PLUS content (cm*/500kg)
Fig. 5. Plasticity index of the soils stabilized using CBR
PLUS
Lo Sl Oleew oo ps b 5 (65L38 Caslie i (V) K3

b G auls

LowPlasticity Clay —&— 7 day compressive strength

7500

P —A— 28 days compressie strength
<

o

6500

F=

=]

5500

o

5]

=

%4500

©

=

23500

&

=

2500

S

(=]

glsoo

500 \
0 1 2 3 4 5 6 7 8
Cement content %

Fig. 6. Variation of the wet compressive strength with
cement content for the soil with low plasticity
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g. 9. Variation of the damped compressive strength with
cement content for the soil with low plasticity
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Fig. 10. Variation of the damped compressive strength with
lime content for the soil with low plasticity
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Fig. 11. Variation of the damped compressive strength with
CBR PLUS content for the soil with low plasticity
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Fig. 7. Variation of the wet compressive strength with lime
content for the soil with low plasticity
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Fig. 8. Variation of the wet compressive strength with CBR
PLUS content for the soil with low plasticity
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Type soil Type of Percentage of increase in strength
stabilizer
25 50 75 100 150 200
Low Lime 350 1750 2450 2450 - -
mﬁ;;?“y Cement 1033 1033 1033 1033 1033 3099
CBR 17500 17500 43750 52500 _ _
PLUS
High Lime 314 314 314 942 1570 2198
mf;;?“y Cement 926 926 2779 4631 - -
CBR 15750 15750 15750 23500 39250 39250
PLUS

Table 4. The cost of additives for increasing the strength of a cubic meter of the soils (x10IR)
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Abstract:

Clays are among the major problematic soils in construction of transportation infrastructures. Improvement
of their mechanical and physical properties has always been a challenge for engineers. Stabilization is known
as the most common method for improving these properties. Different types of stabilizers can be used for
improving the properties of clay soils; however selecting the appropriate stabilizer is affected by soil type,
environmental conditions, costs and required strength. In this research, effects of three different stabilizers
on the compressive strength are investigated for two types of clay soils. Cement, lime and CBR PLUS Nano
polymer, with different proportions, are added to two types of clay, one with low plasticity index and the
other with high plasticity index. The compressive strength of soils is evaluated in both wet and moist curing
conditions for different ages of 1, 7 and 28 days. According to the results, for the soil with low plasticity
index, cement can effectively reduce the plasticity index; where, for the soil with high plasticity index, CBR
PLUS plays the effective role. It is also reported that cement is the best stabilizer for improving the
compressive strength of soils with low plasticity index, both in moist and wet curing conditions.
Compressive strength of the cement-stabilized soil after 28 days of wet curing is found to be about 6 times
higher than that of the lime and CBR PLUS-stabilized soil. Also, for the soil with high plasticity index, CBR
PLUS has the highest effect on the compressive strength in moist curing conditions; where in wet curing
condition, the effect of cement is higher than lime and CBR PLUS. The difference between the reported
compressive strength for the cement-stabilized soil in wet curing condition and that for the soil stabilized
with two other stabilizers (lime and CBR PLUS) is much lower than its difference with the strength of low
plasticity index soil. For all types of evaluated soils and stabilizers, compressive strength in moist curing
condition is higher than that in wet curing condition. The effect of the curing age on the compressive
strength is found to be the same for different types of stabilizers. In this regard, compressive strength of the
28-day-cured specimens is approximately twice the 1-day-cured specimens. It is also reported that the ratio
of compressive strength in moist curing condition to that in wet curing condition depends on the soil type,
amount and type of stabilizer. The compressive strength is less affected by wet curing condition for lime-
stabilized high plasticity index clay and by moist curing condition for cement-stabilized low plasticity index
clay. For the CBR PLUS-stabilized clay, the amount of stabilizer plays an effective role in reducing the
compressive strength of the wet-cured clay. The most economical stabilizer for the soil with low plasticity
index is found to be cement, and for the soil with high plasticity index seems to be lime. Cost analysis also
shows that CBR PLUS is not an economical solution for clay stabilization.

Keywords: clay, stabilization, cement, CBR PLUS, lime, compressive strength
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