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Abstract:- This study presents an attempt of experimental 

study on the effect of adding asphalt emulsion and Portland 

cement on the engineering properties of sand poorly graded 

river soil used as subgrade soil in pavement construction. The 

soil brought from sides of Al-Kufa River in Najaf state middle 

west of Iraq. Asphalt emulsion used in this study is that 

manufactured for surfacing and cold paving proposes. While 

Portland cement is that used in construction building. Percent 

of adding are (0, 3, 6, 9, 12 and 15) % by weight. Properties of 

soil studied and presented in this paper are compaction, 

optimum water content, CBR, and direct shear. Results showed 

that the adding of asphalt emulsion and cement increase the 

dry density in different rate. While the optimum water content 

decrease with increasing asphalt emulsion and increase with 

increasing cement added. Direct shear of soil stabilized with 

cement is higher than both natural soil and that stabilized with 

asphalt emulsion. CBR values showed the same trend of direct 

shear test results. 
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I.  Introduction  

Under the effect of heavy traffic loading, high temperatures 

and water damages, specific requirements are essential to 

control quality of highway pavement materials and subgrade 

soil properties. Improving the properties of soil by 

stabilization is considered as a means of fulfilling design 

criteria. The stabilization is usually affected by controlling 

the void ration of the soil by introducing a cementing 

additive or waterproofing agent, or by injecting a substance 

to fill the pore volume.  

There are several techniques for stabilization, and the 

selection of an appropriate technique depends on the nature 

of soil and environmental sensitivity or both [Newman, et.al, 

2011]. It has been reported in many studies that soil 

stabilization has been widely used as an alternative to 

substitute the lacking of suitable material on site. 

Stabilization of soils to improve strength and durability 

properties often relies on cement, lime, fly ash, and asphalt 

emulsion. These materials are inexpensive, relatively easy to 

use and apply, and provide benefits to many different soil 

types [Ige, & Adeleye, 2012]. 
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The last 20 years have seen several emulsion-based new 

technologies for road construction and repair, as well as 

significant improvements over previous emulsion systems. 

These include ultrathin hot-mix friction courses with 

modified emulsion bond coat; DRM (spray-applied crack 

seal with emulsion seal surfacing); scrub seal with modified 

emulsified binder; glass fiber-reinforced chip seal; trackless 

tack coats; warm mix using emulsion or foamed asphalt; and 

improved chip seal systems. Several new systems for cold 

mix have also been commercialized [Delmar, 2006].  

In 2013, research aims to analyze in details the soil 

stabilization method which utilizes Portland cement and 

bitumen emulsion in improving soil properties. As a result, 

this will increase the pavement bearing capacity. The 

combination of Portland cement and bitumen emulsion are 

beneficial for the purpose of increasing the stiffness and  

also  the  elasticity  of  soil  stabilized  layer. The importance 

of soil stabilization using Portland cement and bitumen in 

improving pavement’s performances by increasing bearing 

capacity of its layer. [Mojtaba S. B et.al 2013]. 

A proposed dense-graded gravel base material was treated 

with an anionic slow setting emulsion with low viscosity 

(SS-1). Dynamic resilient modulus and permanent 

deformation tests were performed to assess the effect of 

curing and temperature on stiffness and resistance to the 

repeated traffic load. This study showed  that  high  resilient  

modulus  and  low deformation  values  were  attained  for  7  

days curing at 24°C. The low temperature slows the 

breaking process of the emulsion and causes the emulsion 

aggregate mixtures to have a lower resistance to repeated 

loading [Ahmed Sh., 2014].  

Another research review on cement kiln dust (CKD) usage 

in soil and waste utilization and the results of experimental 

investigation on its usage in building block manufacturing 

and soil stabilization. The experimental results clearly 

showed that the use of 34% CKD may bring the pH of 

sludge above 10, which is enough to stabilize the sludge. 

Furthermore, the final  concentrations  of  heavy  metals  

were  found  to  be  within acceptable  international  limits 

[Rahman et.al 2011]. Federal and state highway engineers 

have a renewed interest in “perpetual pavement” which will 

benefit from “perpetual foundations”. Millions of dollars can 

be saved by soil subgrade stabilization in comparison to 

cutting out and replacing the unstable subgrade soil [Joel, 

2003].  

The present research aims to attempt improving sand poorly 

graded soil properties by treated it with asphalt emulsion 

and Portland cement experimentally. The studied properties 

are compaction, optimum water content, California Bearing 

ratio (CBR), and direct shear.   
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2. Materials and Methods:- 
Soil used in this research, brought from side’s river of Kufa 

in Najaf state located in middle west of Iraq, about 160km 

south west of Baghdad, was characterized by conventional 

tests and results were compared with specifications in Iraq 

[SCRB, 2003] for using soil as subgrade soil. The soil 

samples were obtained from a depth of (1.5) m below the 

natural ground surface. Gradation of soil particles is shown 

in figure (1). While, the results of physical tests of natural 

soil are summarized in Table (1). According to test results, 

the soil is sand poorly graded with high percent of dark fine 

particles as compared with Unified Soil Classification 

system (USCS) [ASTM D2487 06].  

 

 

Table (1) summary of physical properties and 

classification test results of soil 

Property  results 

Maximum Dry Unit Weight (kN/m
3
) 16.5 

Optimum Water Content (%)    15.51 

Specific Gravity (Gs)   2.7 

Initial Water Content (%)    2.89 

Liquid Limit (LL) %   0 

Plastic Limit (PL) %  23 

% passing sieve No.200 2.5 

D10 % 10 

D30 % 12 

D60 % 26 

Cc 1.11 

Cu % 2.6 

CBR 4.6 

Soil Classification According to (USCS) SP 

 

Portland cement was used after comparing physical 

properties with the Specification limit (AASHTO M 85-74), 

as shown in Table (2); the Portland cement of Kufa factory 

used in all the tests of this research. Asphalt emulsion used 

in this study is anionic slow setting emulsion with low 

viscosity (SS-1) manufactured by Henkel Polybit Industries 

in UAE. All test results show that the chosen materials 

confirm specifications requirements and suitable for testing 

program and within scope of research. 

Table (2) summary of physical and chemical properties 

test results of Portland cement. 

Properties Result 
Spec. 

limit 

Chemical tests 

Sio2 20.3  

So3 1.89 ≤2.5% 

Insoluble residue 0.77 ≤1.5% 

Loss on ignition 0.59 ≤4% 

Physical tests 

Initial settling time (min.) 137 ≥ 45 min 

Final settling time (hours) 240      ≥10h 

Compressive strength @ 

3day(Mpa) 
17.1 ≥ 15 (Mpa) 

Compressive strength @ 

7day(Mpa) 
28.0 ≥23 (Mpa) 

Fineness (cm
2
/gm.) by 

Blaine method 
2769 ≥ 2500 

 

3. Experimental Program:- 
Testing program presented here can be illustrated in the 
following paragraphs: 
Soil classification tests were performed firstly including 
physical properties of soil with routine standard tests. Tests 
include grain size distribution, that determined according to 
(ASTM D922-72) with dry sieving. Atterberg limits, Liquid 
and plastic limits tests were carried out on soil passing sieve 
No.4. The liquid limit was determined according to (BS 
1377:1972, Test No. 3). Specific gravity, determined 
according to (BS 1377: 1975, Test No.6 (B)). Water content, 
was determined in accordance with (BS 1377: 1975, Test 
(A), Head, 1980). And California Bearing Ratio (CBR) test, 
as stated in the specification (ASTM D 558).  
Standard Proctor compaction tests were carried out to 
determine the moisture-density relationship for natural soil 
and soil treated with asphalt emulsion and Portland cement. 
The test planning to obtain as follows: 

 Group one: soil tested in the natural case without any 
additive. 

 Group two: soil tested with (3, 6, 9, 12, 15) % of 
asphalt emulsion. 

 Group three: soil tested with (3, 6, 9, 12, 15) % of 
Portland cement. 

Standard Proctor compaction tests were carried out for the 
untreated and treated soil to determine the moisture-unit 
weight relationship according to (ASTM D 698, 2003). A 
mold of (101.6) mm in diameter and with a height of (115.5) 
mm was used. Samples were compacted in three equal 
layers each hammered by (25) blows using a (2.5) kg 
hammer dropped from (305.5) mm height. Each test result 
depended was an average of three tested samples.  
After completing moisture-unit weight relationships, 
optimum asphalt emulsion, Portland cement, that provide 
maximum dry density, was computed. And in order to 
ensure the enhancement in other engineering properties of 
stabilized soil, California Bearing Ratio (CBR) and direct 
shear was performed in two cases. One test result (an 

 
Figure (1) Grain Size distribution of Soil Used 
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Figure (2) Standard Compaction Curves for Soil 

Treated with Cement 
 

      

 

 

 

 

 

 

 

 
Figure (3) Standard Compaction Curve for Soil 

Treated with Emulsion 
 

 

 

 

 

 

 

 

 

 

average of 3 samples) for soil without any additives and 
anther two test results with the optimum Portland cement 
and asphalt emulsion.  
California Bearing Ratio (CBR) test is one of the most 
commonly used methods to evaluate the strength of a 
subgrade soil, subbase, and base course material for design 
of thickness for highways and airfield pavement. CBR test, 
performed according to ASTM D1883- 14, is penetration 
test meant for the evaluation of subgrade strength of roads 
and pavements. The results obtained by these tests are used 
with the empirical curves to determine the thickness of 
pavement and its component layers. That is the most widely 
used method for the design of flexible pavement. 
Direct shear test performed according to ASTM D3080. The 
sample is subjected to a controlled normal stress and the 
upper part of the sample is pulled laterally at a controlled 
strain rate or until the sample fails. The applied lateral load 
and the induced strain are recorded at given internals. 

4. Results and Dissuasions: 

experimental works implemented according to research 
testing program explanted above. As mentioned earlier, 
according to the Unified Soil Classification System (USCS), 
the selected soil can be classified as sand poorly graded with 
high percent of dark fine particles (SP).  
The relationship between dry density and water content for 

tested soil treated with Portland cement are shown in Figure 

(2). For each percent added, density increase with water 

content increase reaching specific value, then the 

relationship take reverse trend and density decreasing with 

increasing water content, as usual. The research planning 

aimed to treat soil with (3, 6, 9, 12, 15) % of additives. In 

cement treated soil case these percent caused increasing in 

dry density until reaching maximum values for adding 9% 

then densities began to decrease. While, figures (3) shows 

the same relationship for soil samples treated with asphalt 

emulsion. Figure (3) illustrate that optimum asphalt 

emulsion that caused higher dry density is 12%. 
 

 
 

 

 

 

 

 

 

 

 

 

 

For comparison between effect of adding Portland cement 
and asphalt emulsion on density and optimum water content, 
maximum dry density and corresponding optimum water 
content for each percent added plotted in figure (4 &5) 
respectively. Figure (4) shows that soil treated with cement 
had higher dry densities for all percent added. While figure 
(5) illustrates that adding cement increasing optimum water 
content continuously, while, adding asphalt emulsion 
decreasing it in reverse amount. This behavior retained to 
hydration action of cement that need extent amount of water, 
on the other side, water content in emulsion provide extra 
amount of water in the mix. 

 

 

 

 
Figure (4) Effect of percent Added from Emulsion 

and Cement on Soil Dry Density. 
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Rate of change in dry density and optimum moisture content 
resulting from treated with cement and emulsion shown in 
figure (6&7) respectively. As shown in figure 6, adding 9% 
by weight Portland cement increasing dry density about 38% 
from initial density (i.e. maximum dry density of natural 
soil), more than that caused by adding 12% of asphalt 
emulsion by approximate 19%. On the other hand, 
corresponding water content of adding 9% cement increase 
optimum water content about 52% form initial percent (i.e. 
optimum water content of natural soil). While, adding 12% 
of asphalt emulsion decreasing optimum water content about 
20% as shown if figure (7). 

 

Figure (8) shows effect of adding asphalt emulsion and 
Portland cement on CBR values. Portland cement increasing 
CBR values in approximately 5 times form initial values. 

Taking in consideration, the tested cement treated samples 
was after compaction, i.e. no curing condition 

 

 

Finally, figure (9) illustrate the effect of treated soil with 
asphalt emulsion and Portland cement on direct shear test. 
Soil treated with Portland cement will be stronger than that 
treated with asphalt emulsion. Where, direct shear test result 
increasing an approximate twice than of natural soil. On the 
other hand, soil treated with asphalt emulsion increasing 
direct shear test result in about (50-85)% from that of natural 
soil have.   

 

 

 
Figure (6) Dry Density Rate of Change for Percent 

Added from Emulsion and Cement. 
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Figure (5) Effect of percent Added from Emulsion 

and Cement on Optimum Water Content. 
 

      

 

 

 

 

 

 

 

 
Figure (7) Rate of Changes in Optimum Moisture 

Content caused by Adding Emulsion and Cement 
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Figure (8) Effect of Adding Emulsion and Cement on 

CBR Test results 
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5. Conclusions: 

The following points are drawn from experimental testing 

program carried out on river soil treated with asphalt 

emulsion and Portland cement as a stabilizer. As mentioned 

earlier, different percent by weight added and compaction 

properties, CBR values, and direct shear observed:  

1- Adding both of asphalt emulsion and Portland cement 

improving soil engineering properties; 

2- Adding both of asphalt emulsion and Portland cement 

increasing soil density; 

3- Soil maximum dry density established at 12%, 9% by 

weight added from asphalt emulsion and Portland 

cement respectively; 

4- Portland cement increase soil density in about 19% 

more than that caused by adding asphalt emulsion, with 

lower percent added by 3%; 

5- Adding asphalt emulsion reduce optimum water 

content while adding Portland cement increase it; 

6- Because of above point, soil stabilized with asphalt 

emulsion can be depend in hot weather sites;  

7- CBR values for soil treated with Portland cement 

higher than that of natural soil and soil treated with 

asphalt cement; 

8- Portland cement added doubling the shear strength of 

natural soil, while asphalt emulsion improve it in about 

one and half times of its. 
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Figure (9) Effect of Adding Emulsion and Cement on 

direct Shear Test 
 

 

 

 

 


