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Abstract 

The subgrade soil is the supporting part of the concrete road for transferring the different 

traffic loads from the road surface. The strength of this soil increases its ability to receive 

loads, increases the durability of the concrete road, and does not cause structural failure 

problems. If the soil is weak, it will decrease pavement service life and cause multiple types 

of failure on the road such as damage to joints, an increase in stresses and deflection, and 

cracking.  

In addition, the soil stabilization process increases the soil's strength and its tolerance to 

high loads, so the laboratory results showed that the use of 4% of the asphalt emulsion led to 

improving the gypsum soil properties and increasing the California bearing ratio to 52%.  

In the process of designing rigid pavement using the AASHTO design method and 

depending on concrete properties and subgrade properties before and after stabilization, it 

was found that alterations in the CBR value within the range of 27-52% and a compressive 

strength of 30 MPa resulted in a reduction of 7.5% in slab thickness during the design 

calculations. A reduction of 7.8% in slab thickness was observed upon alteration of the CBR 

value from a range of 27-52% and a compressive strength of 35 MPa. A reduction of 4.5% in 

slab thickness was observed with a variation in compressive strength from 30-35 MPa and a 

CBR value of 27%. A reduction of 4.8% in slab thickness was found with a variation in 

compressive strength from 30-35 MPa and a CBR value of 52%. Therefore, it was found that 

the effect of increasing the soil strength on reducing the thickness of the concrete road is 

greater than the effect of changing the compressive strength of concrete. 

Keyword: Subgrade soil, soil strength, concrete, rigid pavement 

 

1. Introduction 

Rigid pavement is a layer of Portland cement concrete positioned on the prepared 

subgrade or a layer of granular material known as a sub-base. Concrete pavement is typically 

reinforced with steel bars or mesh to enhance tensile strength and control cracking. 

Transverse and longitudinal joints connect the isolated panels that make up the structure. 

Also, it is commonly used on highways, airports, industrial areas, and other high-traffic 

applications where long-term performance and durability are essential. Its strength, stiffness, 
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and resistance to deformation make it a suitable choice for areas with heavy traffic and load 

requirements. 

The subgrade soil for rigid pavement plays a crucial role in the overall performance and 

durability of the pavement. It must be able to support concrete slabs to prevent cracking, 

settling, and other damage from occurring. The soil should have a consistent, stable subgrade 

to support the pavement. 

Aziz and Abdulsattar [1] selected a soil sample from a single site in the Al-Nda'a quarter, 

which is located west of the City of Al-Najaf. As part of the sampling process, soil samples 

were taken from a depth of three to four meters below the natural ground surface and had c 

and ϕ values of 2 kPa and 32°, respectively, and a gypsum content of 32 percent. 

Generally, the west and central areas of Al-Najaf City have soil classified as poorly graded 

sand (SP) by the Unified Soil Classification System (USCS) and A-1-b by the AASHTO 

classification, whereas soil in the east is classified as silty sand (SM) by the USCS and A-2-6 

by the AASHTO classification [2]. 

A soil stabilization process improves the engineering properties of soil for construction 

and other uses. In this approach, several techniques are used to improve soil strength, 

stability, and durability. Batra [3] used the Direct Shear Test to determine how cationic 

bitumen emulsion percentage (0, 2%, 5%, 6%, and 7%) affected soil shear strength. By 

increasing internal friction and lowering cohesiveness, a 6% bitumen emulsion enhanced the 

soil shear strength by 65%. Finite element modeling examines maximum dry density and 

CBR improvements. 

Shah and Ahmad [4] showed that by using MS bitumen emulsion in the right way, the 

California Bearing Ratio (CBR) of subgrades can be greatly improved. The soil emulsion is 

at its most potent 5.5 hours after mixing. They found that the CBR value increased 

continuously from Case A to Case D. The experimental results indicate a 50% increase in 

CBR value over unmodified soil. 

The pavement thickness varies from 175 mm to 400 mm depending on traffic, 

environmental conditions, base types (rigid, semi-rigid, or flexible), slab measurements, and 

concrete mixture properties. In addition, pavements are generally constructed with mixtures 

with C30 or C37 strength classes [5] and [6]. 

Concrete efficiency has a sizable impact on the thickness of the concrete slab as well. 

However, the integrity of the ground underneath the concrete slab is less significant. If the 

concrete slab cannot be upgraded, this does not indicate that efforts are not being made to 

enhance the soil qualities underneath [7]. 

Vaitkus [8] showed that reducing the concrete pavement's thickness by anywhere between 

6 and 39% was possible by changing the concrete's compressive strength from C30/37 to 

either C40/50, C45/55, or C50/60. 

2. Research Objective 

Rigid pavement design is examined in this study as a function of soil stabilization and 

concrete compressive strength changes. 
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3. Materials and Testing 

In this study, the subgrade soil sample is carried out from the west of Al-Najaf city from 1 

m below the natural ground surface that is used for experiment work. This sample is 

composed of brown and medium-concentration gypsum, which is a dangerous soil condition 

when it comes to contact with water. Also, an asphalt emulsion (Polycoat RBE) is used to 

stabilize the soil containing 27% gypsum with different percentages (2, 4, and 6) %. This is 

the most reliable strategy for halting gypsum decay when the soil is wet. The properties of the 

soil sample before and after adding asphalt emulsion are shown in Table 1. 

 

Additionally, the major concrete components (cement, fine aggregate, coarse aggregate, 

and water) with an admixture (Sika 905) are locally equipped and tested according to Iraqi 

standard specifications. The final product was created by combining the four main 

components (cement, fine aggregate, coarse aggregate, and water) with an admixture (Sika 

905) using mix proportions calculated according to ACI 211, 2009.  

Concrete has a compressive strength of 30 to 35 MPa. The mass of the concrete 

component is displayed in Table 2. along with a combination of its mechanical characteristics 

(compressive strength, rupture modulus, and elasticity modulus. Concrete component and 

mechanical tests are shown in plates 1 to 4. 

Table 1. Physical and Mechanical Properties of Subgrade Soil before and after 

Stabilization [9-15] 

Properties Natural soil 
Stabilized soil with (Polycoat REB) 

2% 4% 6% 

Void Ratio (e) 1.58 1.03 1.01 0.92 

Specific Gravity 2.64 2.6 2.6 2.6 

Max. Dry Density (gm/cm3) 1.857 1.829 1.822 1.817 

Porosity (n) 0.61 0.51 0.5 0.48 

Permeability (cm/sec) 0.0245 0.0106 0.0128 0.0209 

Ø 46.58 42,3 36.1 43.5 

C (KPa) 0 10.17 6.6 1.99 

%OMC 15 14.68 13.64 13.04 

%CBR 27 43 52   41 

D10 0.18% --------- --------- --------- 

D30 0.37% --------- --------- --------- 

D60 1% --------- --------- --------- 

Cu 5.56 --------- --------- --------- 

Cc 0.76 --------- --------- --------- 

%Gypsum content 27.1 --------- --------- --------- 

% Organic substances 1.4 --------- --------- --------- 

%SO4 12.6 --------- --------- --------- 
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Table 2. Concrete Components Weights and Mechanical Properties [16-19] 

f’c Cement 
Fine 

Aggregate 

Coarse 

Aggregate 
Water W/C Ratio 

% Admixture 

(SIKA 905) 

C30 407 787 1024 182 0.45 0.74 

C35 064 004 4400 480 4.4 0.7 

 

Compressive 

Strength (MPa) 

C30 C35  

 

 

 

 

 

 

31 34.7 

Modulus of 

rupture (MPa) 
4.2 4.7 

Modulus of 

elasticity (GPa) 
26.7 28.4 

 

Plate 1. Concrete Components and Admixture 
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Plate 2. Compressive Strength of the Cylindrical Specimen 

 

 

 

 

 

 

 

 

Plate 3. Elasticity Modulus of Cylindrical Specimen 

 

 

 

 

 

 

 

 

Plate 4. Rupture Modulus of Prisms Specimen 

4. Results and Discussions 

According to the findings of soil tests conducted in a laboratory both before and after 

stabilization with asphalt emulsion, it was discovered that the optimal ratio of asphalt 

emulsion is 4% because of improved soil properties and increased CBR value from 27 to 52 

percent. The AASHTO design method is used for finding rigid pavement thickness based on 

several design factors shown in Figure 1. the values of these factors are shown below: 

 The equivalent 18 Kips single axle load for the analysis period (50 x10⁶ ) 

 Modulus of subgrade reaction (k value) = 145 PCI (natural soil) (40 MN/m3) (27% CBR) 

and (k value) = 510 PCI (stabilized soil) (141 MN/m3) (52% CBR) 

 Recommended load transfer coefficient for jointed plane concrete pavement J= 2.8. 

 Water was removed within 1 day, and the quality of drainage is good. Percent of the time 

pavement structure is exposed to moisture levels approaching saturation (5–25) %. Drainage 

coefficient Cd= (1.10–1.00). Take Cd= 1.05. 

 There are two levels of initial and terminal serviceability: 4.5 and 3, respectively.     

Design ∆PSI = 4.5 – 3 = 1.5. 
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 Range of reliability R% is 80 to 99% for principal arterials.  Take R= 90%. 

 At the AASHTO road test, the rigid pavement had an overall standard deviation of 0.35. 

It was observed that the thickness decreased with an increase in compressive strength and 

CBR as shown in figures 2 and 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Rigid Pavement Thickness Design Chart [20] 
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Figure 2. Rigid Pavement Thickness with Compressive Strength C30 

 

 

Figure 3. Rigid Pavement Thickness with Compressive Strength C35 
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5. Conclusions 

It is concluded that:  

1. The best percentage of emulsified asphalt is 4% by the weight of the soil because it is 

improved the properties of the soil and increases the California bearing ratio endurance by 

92%. This is done when mixing the soil with different proportions of the asphalt emulsion 

with a range (2-6) %. 

2. The slab thickness was reduced by 7.5% when the CBR value changed from (27-52) % 

and compressive strength (30 MPa). 

3. The slab thickness was reduced by 7.8% when the CBR value changed from (27-52) % 

and compressive strength (35 MPa). 

4. The slab thickness is reduced by 4.5% when compressive strength changes from (30-35) 

MPa and the CBR value (27%). 

5. The slab thickness is reduced by 4.8% when compressive strength changes from (30-35) 

MPa and the CBR value is 52%. 
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