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Abstract 

 The presence of gypsum in soil as bonding agent alters its behavior with a large 

influence on itsphysical properties.Soil samples were taken from two locations of 

different gypsum content(S1 = 30.5% and S2= 20%) inMakhmur area. TheUnified soil 

classification system indicated that soil type was clay with low plasticity(CL). Basic 

methods of physical testing of soils, such as grain size analysis,specific gravity and 

atterberg limit were applied. Stabilizationof the gypsiferous soil was performed by 

addinglimestone waste powder takenfrom Said sadiqandPirmam areas,with different 

percentages(5%, 15%,25%).The results show that the addition of limestone powder to 

the tested soils decreases their liquid and plastic limits. 

 

Keywords: Gypsiferous Soil , Limestone waste powder, Atterberg Limit, Grain size 
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نفايات مدحهق الكلس على خهاصها الفيزيائية اضافةوتاثير  معدنية التربة الجبدية  
 

 *نظمية نجم الدين مجيد ته لار عثمان رشيد، 
 قدم الجيهلهجي، كلية العلهم، جامعة صلاح الدين، العراق

 لخلاصةا
على الخصائص الفيزيائية للتربة.  ،يؤثرالجبدبدرجة كبيرة سلهكهوجهد الجبس في التربة كعامل رابطة يغير      

٪( من مظطقة  S2 = 20٪ و  S1 = 30.5) يختلف فيهاالطحتهى الجبديأخذت التربة من مهقعين 
(.الطرق CLطيظية ذات درجة مرونة مظخفضة )الأن التربة تبيظتبظعام تصظيف التربة الطهحد صظفتالتربةحدبمخطهر.

الجبدية الظهعي وحدود الأتربرغ. معالجةالتربة زيائي للتربة هي تحليل حجم الحبيبات ، الهزن الفيالأساسية للاختبار 
٪(. 55٪ ، 55٪ ، 5( بظدب مختلفة )اميد الصادق ، البيرمنفايات الحجر الجيري الطأخهذ )س مع إضافة مدحهق 

 والحد من اللدونة. لةأظهرت الظتائج أن إضافة مدحهق الحجر الجيري إلى التربة يقلل من حد الديه 
 

1-Introduction 

     Gypsiferous soils are usually stiff when dry, especially because of the cementation of the soil particles 

by gypsum, but the problem becomes complicated when water flows through the gypsiferous soils causing 

leaching and then its continuous collapse [1]. There are many problems that have been noticed when 

structures were constructed on gypsiferous soils in the last three decades in Iraq. These problems are 

related to collapsing of the soil, increasing leakage of water through the soil, softening of the soil and 

attack of sulfate to concrete. All these are related to the continuousand slow dissolution of gypsum by 
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seeping water through the gypsum-containing soil[2]. Several studies on stabilization of soil by using lime 

were conducted[3, 4, 5, 6, 7]. 

2-Geology of the study area 

     Two locations of Makhmur area around Erbil Governorate, located within the Foothill Zone, were 

selectedfor the present study[8]. Makhmur areais a good exposure of theMukdadiya , Injana andFatha 

Formations [9]. The Fatha Formation comprises cycles of reddish brown mudstone, limestone and 

evaporates [10]. The Injana Formation is composed of continental and sub-continentalclastic materials. 

This formation is locally covered by Mukdadiya Formation sediments represented by alternation of 

claystones, sandstones, and conglomerate, along with quaternary deposits generally composed of 

conglomerate, sand and clay, especially in the slope sediments and river terraces in high folded zones 

[11]. 

3-Materials and methods 

     In the present study, two different limestone waste powder samples, originally taken from Pirmam and 

Said Sadiq areas, were obtained from Erbil Marble factory. These were used as additive materials to the 

disturbed samples of soil taken from two locations in Makhmur area;the first location is of a high gypsum 

content and the second location is of a low gypsum content. 

3-1Samplepreparation 

     The samples of soil were divided into seven parts. The first part of each sample was left in its natural 

state, while the other six partswere mixed with limestone waste powder at different percentages (5% , 

15% , 25%) of the powder collected from both areas (Said Sadiq and Pirmam). 

3.2 Test Program 

     Samples of both natural soil and those mixed with the three different percentages of limestone waste 

powders were analyzed for grain size, liquid limit, and plastic limit, along with specific gravity and x-ray 

diffraction. 

3-2-1 Grain size analysis 

Particle size analysis for soil specimens was performed according to the standardAmerican Society Test 

Method [12]. 

3-2-2. Liquid Limit 

Liquid limit test procedure of liquid limitwas conducttedusing thecone penetration method [13]. 

3-2-3. Plastic limit 

Plastic limit test was performed according to a previously described method [13]. 

3-2-4. Specific Gravity 

    The specific gravity (GS) was determined according to the standard method of the American Society 

for Testing and Material [14]. 

4-Results and Discussion 

4-1Grain size analysis 

    Grain size was analyzed using thesieve and hydrometer method for two types of soil (S1 and S2). The 

diameter of the soil grains was first computed, followed by plottingthe relation between the diameter 

andthe percentage finer of soil. The results showed that S1 soil sample contained clay (< 0.002 mm,21.28 

%), silt (0.002-0.075mm, 50.77% ), sand (0.075-2mm, 25.61%), and Gravel (>2mm, 2.34%) (Figure-1). 

S2 soil sample was composed of clay (6.33% ), silt ( 76.12% ), sand ( 11.62 %), and gravel (5.93% ) 

(Figure-2). 
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Figure 1-Grain size analysis of untreated (S1) soil. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-Grain size analysis of untreated (S2) soil. 

 

4-2Liquid limit 

     The figure below shows that the liquid limit(LL)of S1 soil was 27(Figure-3 (a, b, Table-1), while it 

was 31.85 for S2(Figure-(4a, b, Table-2).By adding the three percentages (5% , 15% , 25%) of limestone 

waste powder fromPirmam and Said Sadiq to S1 and S2 samples,the liquid limit decreasedas the 

stabilizerconcentration increased. The maximum reduction of liquidlimit in S1 wasfrom 27 to 19.8 and in 

S2 from 31.85 to 24.3, both achieved by adding the concentration of 25%of the limestone waste powder 

collected from Said Sadiq area. 

     The liquid limit is more affected by addition of the limestone waste powder of Said Sadiq To the soils 

,as shown in Table-1. 
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(b) 

Figure 3-Relationship between moisture content% and cone penetration of untreated and treated S1 with 

three different percentage of limestone waste powder from(a) Pirmam  (b) Said Sadiq. 

 

Table 1-Liquid limit of S1 untreated and treated soils with three differentpercentage of two different 

limestone waste powders. 

Type of soil Liquid Limit 

 Untreated Untreated soil with adding limestone waste powder 

S1 27 5% 15% 25% 

Pirmam  24.1 22.2 21.6 

Said Sadiq  22 21 19.8 

 

 
                                                                      (a) 

 
                                                                       (b)         

Figure 4-Relationship between moisture content% and cone penetration of untreated and treated S2 with 

three different percentage of limestone waste powder from (a) Pirmam   (b) Said Sadiq. 
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Table 2-Liquid limit of S2 untreated and treated soils with three different Percentage of two different 

limestone waste powders. 

Type of soil Liquid Limit 

 Untreated Untreated soil with adding limestone waste powder 

S2 31.85 5% 15% 25% 

Pirmam  29.2 27.15 26.82 

Said Sadiq  29.4 26.75 24.3 

 

     The maximum reduction of the liquid limit was 19.8% for S1 and 24.3% for S2, both resulting from 

the treatment with25% of limestone waste powder fromSaid Sadiq.The effect of the addition of limestone 

waste powder of Said Sadiq was stronger than that of Permam, due to the composition of the limestone 

waste of Said Sadiq. 

4-3Plastic Limit 

     As a result of the addition of limestone waste powder to the gypsiferous soil, the plastic limit value 

(PL) of both S1 and S2 samples decreased as the stabilizer percentage increased. The maximum reduction 

of plastic limit in S1 soil was from 19.3to 15.84 (Table-3), while in S2 soil it was from 23.94 to 19.3 

(Table-4), both achieved by the addition of 25 % of the limestone waste powder from Said Sadiq. 

 

Table 3-Plastic limit of untreated and treated soils (S1) by adding three different percentages of two 

different limestone waste powders 

Type of soil Plastic Limit 

 Untreated Untreated soil with adding limestone waste powder 

S1 19.3 5% 15% 25% 

Pirmam  18.26 17.01 16.61 

Said Sadiq  17.33 16.71 15.84 

 

Table 4-plastic limit of S2untreated and treated soils by adding three different percentages of two 

different limestone waste powders. 

Type of soil Plastic Limit 

 Untreated Untreated soil with adding limestone waste powder 

S2 23.94 5% 15% 25% 

Pirmam  21.44 20.01 19.8 

Said Sadiq  21.6 19.6 19.3 

 

4-4Plasticity index  

     The maximum reduction value of the plasticity index (PI) of S1 soils was3.96(Table-5), while 

thatofS2was5(Table-6), both caused by adding 25% of limestone waste powder from Said Sadiq. In this 

test, the plasticity index of S1wasmore affected as compared to S2 by the addition of limestone waste 

powder from Said Sadiq. These results indicate that the plasticity index decreased by increasing the 

stabilizer percentage in the gypsiferous soil. 

Table 5-Plasticity index of S1 untreated and treated soils with three different percentages of two different 

limestone waste powders. 

Type of soil Plasticity index 

 Untreated Untreated soil with adding limestone waste powder 

S1 7.7 5% 15% 25% 

Pirmam  5.84 5.19 4.99 

Said Sadiq  4.67 4.29 3.96 
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Table 6-Plasticity index of S2untreated and treated soils with three different percentages of two different 

limestone waste powders. 

Type of soil Plasticity index 

 Untreated Untreated soil with adding limestone waste powder 

S2 7.91 5% 15% 25% 

Pirmam  7.76 7.14 7.02 

Said Sadiq  7.8 4.29 5 

 

     The classification of S1 and S2 soils according to the Unified Soil Classification system revealed that 

they belonged to the class of low plasticity clay soil. 

 

4-5Specific Gravity (GS) 

     The specific gravity of S1 soils was about 2.52 gm/cm
3
 while that of S2 soils  was about 

2.60gm/cm
3
(Table- 3.10 ). 

5-Mineralogical Tests 
     Several XRD runs were applied for untreated soil samples (S1 andS2) of both locations in the studied 

area. Clay minerals existing in the studied soils were identified according to the first reflection (001) and 

other reflections. The results of these tests indicated that montmorillonite, illite, kaolinite and mixed layer 

(I-M) dominated clay mineral components (Figure-5) while gypsum , quartz, calcite, anhydrite, feldespar 

and dolomite were the dominant non-clay minerals (Figure-6; Table-7).In addition, the bulk mineralogy of 

waste limestone of Said Sadiq and Pirmam areas revealed the presence of calcite, quartz, and dolomite 

[15]. 

Table7-composition of the studied natural soils (S1 and S2) 

Soil types 
Arrangement of minerals 

Clay minerals Non- Clay minerals 

S1 
Montmorillonite, palygoreskite, 

kaolenite,illite, and mixed layer (I-M). 

gypsum, quartz , calcite, 

feldspars and anhydrite 

S2 
Montmorillonite, palygoreskite, 

kaolenite,illite, and mixed layer (I-M) 

gypsum, quartz , calcite, 

anhydrite,  and feldspars 
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                                                             (b) 

Figure5-X-ray Diffraction pattern of the clay fraction of natural soil (S2) soils (a) S1     (b) S2 
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Figure 6-X-ray diffractogram of the bulk natural soil (S2) (a)S1   (b) S2 

 

6-Conclusions 

     The grain size analysis of S1 and S2 demonstrated various percentages of clay (21.28 %,6.33% ), silt 

(50.77%,76.12% ),  sand ( 25.61%,11.62 %),  and Gravel (2.34%,5.93% ), respectively. 

     According to the Unified Soil Classification System (USCS), the soils were classified as CL.  

The specific gravity of the untreated S1wasabout (2.52 gm/cm
3
), and that ofS2was 2.60 gm/cm3, with 

increasing gypsum content causing decreased specific gravity of soils, because the specific gravity of 

gypsum is as low as about 2.31-2.33gm/cm
3
. 

     The addition of 10 %, 20 % and 30 % of the limestone waste powder from Said Sadiq and Pirmam 

areas to the natural soil of S1 and S2 led to decreases in liquid limit, plastic limit and plasticity index 

values.  

     XRD analysis of soil samples from the two locations in Makhmur area revealed the presence of 

gypsum minerals and, hence, the soils are defined as gypsiferous soil. Others clay mineral such as  

(Montmorillonite, Illite, and Kaolinite) were present, in addition to a mixed layer between 

Montmorillonite and Illite (I-M). Non-clay minerals included gypsum, Anhydrite, Calcite, Quartz, and 

Feldspar. 

 

References 

1. Al-MusawiH. M., Mohammed, Y. F. and FirasA. S. 2012. Treatment of Collapsibility of 

GypseousSoils by Dynamic Compaction, Geotech Geol Eng, 30:1369–1387 DOI 10.1007/s10706-

012-9552-z. 

2. Ahmad, F., Said, M.A. and Najah, L. 2012. Effect Of Leaching And Gypsum Content On Properties 

Of Gypseous Soil, IJSRP, 2(9): 1-5. 

3. Dimitrova, R.S. and Yanful, E.K.  2011. Factors affecting the shear strength of mine tailings/clay 

mixtures with varying clay content and clay mineralogy, Engineering Geology. 125(27): 11–25, 

www.ivsl.org..  

4. BenchoukAssia , Abou-Bekr N. and Talbi S. 2013, Potential Collapse for a Clay Soil, International 

Journal of Emerging Technology and Advanced Engineering Website: www.ijetae.com (ISSN 2250-

2459, ISO 9001:2008 Certified Journal, 3(10)..  

5. MahaDevi, R., Devarajan, R., Shrimuga, R., Sathishkumar, E. and Vigneshkumar, M. 2017. 

Experimental Investigation on Stabilization of Black Cotton Soil by using Lime and Fly Ash  IJIRST 

–International Journal for Innovative Research in Science & Technology, 3(11) ,ISSN (online): 2349-

6010 

M 
I 

K 

G C 

A 

Q 
G 

A 

G-gypsum 

A-anhydrite 

C-calcite 

Q-quartz 

F- feldspar 

F-feldespar 

F 

https://www.ijert.org/
https://www.ijert.org/
https://www.ijert.org/
https://www.ijert.org/


Rashid and Majeed                                               Iraqi Journal of Science, 2020, Vol. 61, No. 1, pp: 83-91 
 

91 

6. Mohammad A. ,  Jahan, S., Chowdhury, M. and ArifHossen, M.d. 2018. Stabilization of soil using 

lime and nylon thread in combination, Conference: 1st International Conference on Research & 

Innovation in Civil Engineering At: Southern University Bangladesh, Mehedibag,Chittagong 

7. Vincent Trincal ,Vincent Thiéry   ,YannickMamindy-Pajany  , Stephen Hillier. 2018. Use of hydraulic 

binders for reducing sulphate leaching: application to gypsiferous soil sampled in Ile-de-France region 

(France) , Environmental Science and Pollution Research, 25(1) DOI: 10.1007/s11356-018-2376-5 

8. Jassim,S.Z. and Goff, J.C. 2006. Geology of Iraq. Dolin, Prague and Moravian Museum, Brno, Czech 

Republic. 341P 

9. Barazanji, A.F. 1973.Gypsiferous Soils of Iraq, Ph.D. Thesis, Dissertation, Ghent University, 

Belgium. 

10. Ctyrocky, P. and Karim, S.A. 1971. Report on Oligocene and Miocene Stratigraphy near 

Ana,EuphrateValley,west Iraq,internalreport,S.E.Geologicalsyrvey and mining, Baghdad,22-46. 

11. Buday, T. 1980. Stratigraphy and paleogeography, the regional geology of Iraq,Vol. 1 Dar-Al-Kut 

publishing house, Mosul Univ., 445P. 

12. ASTM D 422-63. 2007. Standard Test Method for Particle-Size Analysis of Soils. 

13. British Standard Institution. 1990. Method of test of soils for civil engineering purpose (BS 1377 part 

:2), London. 

14. ASTM D 854. 2000. Standard test methods for specific gravity of soil solids by water pycnometer, 

Designation D854-00, American Society for Testing and Materials, West Conshohocken, PA. 

15. Rozhan, S.A and Nadhmia, N.M. 2014.Some Physical properties Treatment of Expansive Soil Using 

Marble waste powder, International Journal of Engineering Research & Technology(IJERT), 

ISSN:2278-0181, 3: 591-600 

 

https://www.researchgate.net/profile/Mohammad_Ashraf24?_sg=HEeQrNWr71Qea9NekiWbIxDt_dC_-8ecg1C-3KD2-g7dpKWGkAk6IJXPIY8UICZao6qFHyY._Bw62jeLcosCtSZViw51RJuJY0HaNs3SlC_or2CH5TSRnM-N2kQLnv_uZ_EmI3j4AJ_ptogqMfCLmJF8XJQ4fQ
https://www.researchgate.net/scientific-contributions/2140197444_SJahan?_sg=HEeQrNWr71Qea9NekiWbIxDt_dC_-8ecg1C-3KD2-g7dpKWGkAk6IJXPIY8UICZao6qFHyY._Bw62jeLcosCtSZViw51RJuJY0HaNs3SlC_or2CH5TSRnM-N2kQLnv_uZ_EmI3j4AJ_ptogqMfCLmJF8XJQ4fQ
https://www.researchgate.net/scientific-contributions/2140186068_MChowdhury?_sg=HEeQrNWr71Qea9NekiWbIxDt_dC_-8ecg1C-3KD2-g7dpKWGkAk6IJXPIY8UICZao6qFHyY._Bw62jeLcosCtSZViw51RJuJY0HaNs3SlC_or2CH5TSRnM-N2kQLnv_uZ_EmI3j4AJ_ptogqMfCLmJF8XJQ4fQ
https://www.researchgate.net/profile/Md_Hossen53?_sg=HEeQrNWr71Qea9NekiWbIxDt_dC_-8ecg1C-3KD2-g7dpKWGkAk6IJXPIY8UICZao6qFHyY._Bw62jeLcosCtSZViw51RJuJY0HaNs3SlC_or2CH5TSRnM-N2kQLnv_uZ_EmI3j4AJ_ptogqMfCLmJF8XJQ4fQ
https://www.researchgate.net/profile/Vincent_Trincal?_sg=vMZJgzP7d6_ICIxTSnrcAErJ8W4Tkg_A0P5gAhhTYAytaMXtEbuB5-ejM_Wkkbl69V3pAxc.gS8YKmRZQAri8p1aqk-2wiNHjqo1laNznIoO42VkhagDA8oaCxNFpoZU9TaPfuvmazp_BaldeBM6huGODbne1A
https://www.researchgate.net/profile/Vincent_Thiery2?_sg=vMZJgzP7d6_ICIxTSnrcAErJ8W4Tkg_A0P5gAhhTYAytaMXtEbuB5-ejM_Wkkbl69V3pAxc.gS8YKmRZQAri8p1aqk-2wiNHjqo1laNznIoO42VkhagDA8oaCxNFpoZU9TaPfuvmazp_BaldeBM6huGODbne1A
https://www.researchgate.net/profile/Yannick_Mamindy-Pajany?_sg=vMZJgzP7d6_ICIxTSnrcAErJ8W4Tkg_A0P5gAhhTYAytaMXtEbuB5-ejM_Wkkbl69V3pAxc.gS8YKmRZQAri8p1aqk-2wiNHjqo1laNznIoO42VkhagDA8oaCxNFpoZU9TaPfuvmazp_BaldeBM6huGODbne1A
https://www.researchgate.net/profile/Stephen_Hillier?_sg=vMZJgzP7d6_ICIxTSnrcAErJ8W4Tkg_A0P5gAhhTYAytaMXtEbuB5-ejM_Wkkbl69V3pAxc.gS8YKmRZQAri8p1aqk-2wiNHjqo1laNznIoO42VkhagDA8oaCxNFpoZU9TaPfuvmazp_BaldeBM6huGODbne1A

