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ABSTRACT: Iraqi soil is mainly composed of gypsum and during constructions works, the major target is to 

replace this gypsum component of the soil; hence, it is necessary to study the behavior of gypsum soil and its 

treatment method. The gypsum soil used in this study was collected from Tikrit city; its gypsum content was found 

to be 38 %. This study focused on the effect of iron filling on the engineering properties of gypsum soil, as well 

as on the level of positive effect of iron fillings on the behavior of gypsum soil. The iron fillings were added to 

the gypsum soil at different percentages by gypsum weight (5, 7.5, 10, 12.5, 15%), followed by performance of 

chemical, physical, and engineering tests. From the results, the soil exhibited improved engineering properties as 

an increase of the additive percentage from 0 % to 5 % improved the soil collapse from < 5.08 to 1.16 while 

cohesion was increased from 29.34 KN/m3 to 50.02 KN/m3; furthermoe, the internal friction angle of the soil was 

increased from 33.19º to 43º. 
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INTRODUCTION 

A good portion of the earth surface is covered by soils that are susceptible to significant reduction in bulk volume 

upon saturation (hence, such soils are generally termed collapsing soils) [1-5]. Soil collapse could result from the 

action of water alone or by a combined action of water saturation and loading. Gypseous soils are mainly found 

in Spain, Russia, Argentina and Australia; meanwhile, about 20% of the entire land area of Iraq is mainly 

composed of gypsum. Iraq is home to about 9% of the world’s gypseous soils [6]; they are mainly found in the 

arid and semiarid areas of the country where the annual rainfall is < 400 mm [7]. From the agricultural and 

engineering perspectives, gypseous soils are not suitable for both agricultural and engineering purposes as most 

of the projects established on such soils are prone to numerous problems due to the sustained action of seepage 

water on gypsum [8]. 

Among the soil minerals, gypsum (CaSO4.2H2O) is the most soluble soil mineral and can be found in many regions 

of the world [6]; at different soil gypsum contents (ranging from < 5% to as much as 50 %). Most structures that 

are built on gypseous soils face many propbels. Gypsum soil is considered a strong soil with good engineering 

properties in its dry form; however, it is a problematic soil when wet. Gypsum serves as a binder that holds soil 

particles together but the action of water on gypsum makes its unusable. As per Iyer et al.,[9], as cited in FAO, 

[6]), small gypsum content can affct the structure, texture and water retention properties of soil even when the soil 

gypsum content is less than 10 %. The use of gypsum-containing soil as a cememting material has been studied 

by Al-Nouri and Saleam [10]. The study observed that high soil gypsum content increased the compressibility of 

the soil; the study also found a significant variation in the compression index value in the presence of water. 

The behavior of gypsum soil can be improved in so many ways; one of such ways is to introduce other material 

to the gypsum soil to improve the soil properties. The study by Aziz and Ma, [11], focused on the improvement 

of gypsum soil properties using fuel oil as additive. The outcome of the study showed improvements in the soil 

properties owing to the ability of the fuel oil to reduce the effect of moisture on the soil. The study also tested the 

soil permeability, compressibility and soil characteristics at collapse and the results showed the ability of the fuel 

oil to improve the studied soil characteristics. The outcome of tests performed on four types of gypseous soil with 

varying gypsum contents and properties has been presented by Fattah, et al. [12]. The tests were performed on 

undisturbed samples in order to evaluate the gypseous soils for compressibility under varying conditions. First, 

the samples were grouted with acrylate liquid to reduce their compressibility by about 60–70%. This is achievable 
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due to the ability of the acrylate liquid film to coat the gypsum particles, thereby shielding them from the effect 

of water. The outcome of the study showed that the treated gypseous soils achieved a low potential to collapse as 

the acrylate liquid significantly reduced their collapsibility. However, the shear strength of the gypseous soil was 

affected by the acrylate liquid treatment as it increased the cohesion and decreased the internal friction angle [13]. 

Al Neami, [14], studied the properties and behavior of gypsum soil collected from the city of Tharthar. The sample 

was first treated with kaolin prior to laboratory tests on the mixed and non-blurred patterns. The study proposed 

the use of kaolin as a natural additive for the treatment of gypsum soil. The effect of the washing process on the 

mechanical properties of the gypsum soil was also studied and the outcome showed a significant improvement in 

soil compressibility, as well as a significant decline in soil shear strength upon addition of different percentages 

of kaolin (2, 4, 6, 8%) to the gypsum soil. The effect of silicon oil on gypsum soil, as well as the level of 

improvement of gypsum soil characteristics upon treatment with silicon oil have been studied by Ibrahim and 

Schanz, [15]. The study found that additon of 4-16 % of silicon oil to gypsum soil improve the soil cohesion while 

the internal friction angle was decreased in comparison to the untreated sample. The addition of the silicon oil 

also improved the shear strength of the soil due to the viscosity of the silicone oil which improved the soil tenacity 

by binding the soil particles.  

The treated soil with 4% silicon oil also showed low collapse potential compared to the untreated soil (the treated 

soil exhibited a collapse potential of 27.4% at 800 kPa stress level). This observation could also be attributed to 

the sielding effect of silicone oil upon coating the gypsum particles, thereby preventing the effect of water on the 

soil gypsum content; this reduces soil skeleton destruction and limits soil collapsibility. In this study, the major 

aim is to investigate the effect of iron fillings on the engineering properties of gypsum soil; this study will also 

evaluate the extent of positive impact of iron filings on the behavior of gypsum soil. 

MATERIALS 

Soil 

The gypsum soil used in this study was collected from the city of Tikrit in Iraq; the sample was taken from 4 m 

below the earth surface and characterized for physical, chemical and engineering properties. 

Iron fillings 

These are tiny pieces of iron that seems like a light powder which are commonly used in science to demonstrate 

the direction of a magnetic field. Being that iron is ferromagnetic, each iron particle can be induced by a magnetic 

field to become a tiny bar magnet. 

SAMPLE PREPARATION 

The specimens were prepared following standard procedures for standard collapsiability test (60  mm diameter 

x 20 mm height). The samples were manually prepared from disturbed gypsum soil samples. The soil sample 

was dried for 24 h to ensure an initial zero water content. Then, the soil was stored in plastic bags until needed 

for sample preparation. To prepare the samples, water (field water content) and xanthan gum powder were mixed 

and added to the soil. The mixture was ho,ogenized prior to collapsiability test. For the collapsibility test, the 

mixture was put in a mold and sealed in plastic bags for 24h. After 24h, the sample was removed from the bags 

and transferred to the collapsiability apparatus for testing. 
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Figure 1. Flow charts of the testing program. 

Physical and Chemical properties  

The prepared samples were tested for physical properties using soil standard tests. The test for water content was 

performed according to ASTM D2216-02; The Atterberg limit, liquid limit, and plastic limit were performed 

according to the ASTM procedure designated as D4318-00. The specific gravity (Gs) test was performed as 

described by ASTM D 854 (2010) standard while the sieve analysis was as described by ASTM D422-02 standard. 

Field density was performed following ASTM D1556-00 standard; the outcome of the physical and chemical 

properties of the untreated soil are shown in Table 1. 

To detrmine the soil gypsum content, the following equation was employed (Al-Mufty and Nashat, 2000): 

𝑥 =
𝑤450𝐶 − 𝑤1050𝐶

𝑤450𝐶

 ∗ 4.778 ∗ 100 

Where: 

x =gypsum content 

W45℃= weight of sample at 45℃ 

W105℃= weight of sample at 105℃. 

The total sulfate content and pH of the sample were determined at the chemical engineering laboratory of the 

Tikrit University. 

Table 1. Shows the Physical and chemical properties for the soil. 

Properties Value 

Moisture content, (ω)% 2.172 

)sSpecific gravity, (G 2.60 

 

Atterberg limits 

Liquid limit (L.L)% 27 

N.P 

------------- 
Plastic limit (P.L)% 

Plasticity index (P.I)% 

) kN/m³minMinimum dry density, (γ 11.16 

) kN/m³maxMaximum dry density, (γ 18.39 

) kN/m³fField density, (γ 12.78 

Relative density, (Dr) % 56.1 
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Gypsum content % 38 

Total sulphate content (SO3)% 40 

pH value 8.0 

Engineering properties 

Direct shear test 

The direct shear box test was performed following the ASTM D 3080-98 standard and the results of this test were 

presented in field unit weight. 

Collapsibility tests 

The oedometer device was used to perform the collapsibility tests in accordance to ASTM D5333-03 standard; 

the tests were performed to determine the soil collapse potential (Cp). The test was continued until a maximum 

pressure of 800 kPa was reached; the Cp was determined as follows: 

 

 

Figure 2. The Oedometer device 

RESULT AND DISCUSSION 

There are several ways of improving the engineering properties of gypsum soils; such methods could include 

chemical stabilization to reduce gypsum dissolution-related effects. Test were performed on the disturbed treated 

samples and the results were showed that the addition of iron filings to gypsum soil improved the soil 

characteristics. A shown in Figure 3 increasing the iron fillings content from 0% to 15% improved the decreased 

the Cp significantly from 5.08 to 1.735, respectively. Figure 3 showed the results of the tests on the treated soil 

samples at each iron filling percentage. Figure 4 showed decrease in Cp as the iron filings content of the soil 

increased. This improvement could be attributed to the ability of the iron filings to act as small particle that prevent 

the soil from collapse, thereby reducing the Cp and soil compressibility.  
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Figure 3. Outcome of the collapsibility test for the iron fillings-treated soil. 

 

Figure 4. Relationship between iron fillings content and Cp. 
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Figure 5. Relationship between iron fillings content and soil cohesion & internal friction. 

Figure 5 represent the relationship between the fillings content and the soil cohesion & internal friction. The 

results show that the collapse potential and the void ratio decrease as the percentage of the Iron content increases, 

when increase Iron content from (0%) to (15%) the collapse potential increase about 2.7. The results of treated 

soil, it can be observed that the magnitude of collapse decreases when the binder content increases and the soil 

changes from the state of trouble to moderate.  

CONCLUSION 

This material is beneficial as it needs no treatment upon mixing with the soil; hence, the treated soil is considered 

ready for use after the mixing stage. Furthermore, this material is cost-efficient and available as factory waste; 

therefore, its usage for soil properties improvement could also have economic gains through waste recycling, 

thereby conserving nature and the environment. 
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