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Abstract    
   Geophysical, Geotechnical and geochemical investigation was conducted. The samples of four 

boreholes were examined for classification and chemical test. In this study the surface Seismic 

Refraction profile showed three layers were distinguished light marl silty clayey sand with 

gravel, silty sand with fragment of carbonate rocks and the third layer consist of carbonate rocks. 

The seismic cross hole survey result showed that the fill material is non homogenous in thickness 

and in degree of compaction which resulted in different settlement, and the cavities and weak 

zones are located.  . 

  From geotechnical and geochemical study , the types of soil is CL – ML , this indicates that the 

soil of studies area is mainly fine grained soil to coarse grained soil with a lens of very dense 

white marly limestone silty gravel with sand .The MC, IC, P.L,L.L are measured too. 

  The chemical properties of the soil of study area were investigated. The results showed that the 

percentages of  sulphate as CaSo4.2H2O was(o.32– 2.1)% ,Organic matter was(0.0 )%,Carbonate 

was (39 - 94 )%, Chloride was (o,11 – 0.14 ) % respectively. PH  of the soil was (7.4 – 7.9).  
 

 الخلاصة
ذ َزبئح انًسر انزسشَبد اندُىفُزَبئُخ واندُىركُُكُخ واندُىكًُُبئُخ نًُطقخ رقع ضًٍ يعًم سًُذ كشثلاء .واوضس     

انزنزانٍ الانُكسبسٌ واندسٍ )انًزقبطع( وانفسىصبد انًىقعُخ وانزسبنُم انًخزجشَخ نًُبرج نًُبرج انزشثخ يٍ سطر الاسض 

(يزش رزكىٌ يٍ ثلاس طجقبد : طجقخ يزكىَخ يٍ انطٍُ وانشيم يع انسصً وطجقخ انشيم وانسهذ 51انطجُعُخ ونغبَخ انعًق )

خ وهبرٍُ انطجقزٍُ رًثلاٌ طجقخ انذفٍ وانطجقخ انثبنثخ طجقخ صخشَخ رًثم صخىس كبسثىَُخ انىقطع صخشَخ كبسثىَبَزُ

)انلاًَسزىٌ(. واوضسذ َزبئح انًسر انزنزانٍ اندسٍ )انًزقبطع( اٌ طجقخ انذفٍ غُش يزدبَسخ انسًك واٌ وخىد انفدىاد 

 فٍ ايبٌ يخزهفخ يٍ انًُشأ.واَطقخ انضعف ودسخخ الاَضغبطُخ انىاطئخ كبَذ انسجت وساء زصىل انهجىط 

وهزا َذل عهً اٌ انزشثخ نًىقع انذساسخ ثصىسح  CL-MLايب انذساسخ اندُىركُُكُخ واندُىكًُُبئُخ اٌ َىع انزشثخ هى يبثٍُ 

سئُسُخ يزكىَخ يٍ زجُجبد َبعًخ انً خشُخ يع وخىد نعذسبد يٍ قطع صخشَخ يٍ الاًَسزىٌ انًبسنٍ وانسهذ يع انشيم. وقذ 

نًسزىي انًبئٍ نهزشثخ ثبلاضبفخ انً زسبة زذود انهُىَخ وانذوَخ نهزشثخ .واوضسذ َزبئح واوضسذ َزبئح انزسبنُم رى زسبة ا

(% وانكبسثىَبد 838(% وانًىاد انعضىَخ )035-83,0( يبثٍُ)CaSO4..2H2Oانًخزجشَخ نهزِ انذساسخ اٌ َسجخ اندجسىو)

 (.433-439وخٍُُ نهزشثخ َزشاوذ يبثٍُ )(% واٌ الاس انهُذس8359-8355(% وانكهىسَذاد )3-39,)
 

 

Introduction 
   The relationship between geophysical, geochemical and geotechnical techniques has showed very 

good indicators to investigate the movement causes cracks and distortion in the building and to 

locate cavities and weak zones, and also for checking grouting effect after grouting processes. 

   So the present study uses the three techniques to study the case of Kerbela
'
s Cement Factory for 

the previous reasons. 
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Geological Setting 
  The Cement Factory situated in Karbala located at  (189)Km. from center of Kerbela City .So it 

lies in Tigris subzone at Mesopotamian zone which is in unstable shelf (Fig.1)according to Buday 

and Jassim ,1987.Dibdiba formation expose at the surface associated with Injana formation
(2)

 . 
 

Methodology 

Materials and Work Methods: 
  Geophysical and geotechnical investigation are made in this study. Four boreholes were drilled to 

a depth of (15)meters for collecting geotechnical samples and executing S.P.T after that these 

boreholes were caused by using galvanized pipes (2.5)inch diameter.For Cross hole survey another 

four boreholes were drilled and used as an energy source to generate seismic waves for cross hole 

survey
(13),(3),(16)

. 

  The samples of each borehole were examined for classification test and chemical test as in table(1) 

and (2).The underground water table appears at (2)meters depth during the execution depth of 

investigation . The soil profile for the four boreholes are showed in the fig.3 and 4).Four samples 

were examined to determined L.L,P.L and P.I as in the table (1 and 2).    
 

  Results 
  From the seismograph record of the thirteen surface seismic refraction profile ,the first arrival time 

of compressional wave was determined
(7)

 as in the table (3)which summarizes the results of surface 

seismic profile P/1-P/13 (fig.2)and present the range of comprssional velocities and thickness of 

each subsoil layers. 

   From the seismograph record of the four cross hole profiles, the first arrival time of the 

compressional and shear waves was determined
(6),(15),(18)

 . 

   The velocities of shear wave (Δvs )and compressional wave (Δvp)for each depth was 

calculated
(16),(3)

 as in table (4,5,6,7). 

  From the results mentioned above, the study determined the profile location of cavities and weak 

zones
(5)

 as in table (8) and in the fig. (3). 

     Also this study record of the chemical tests to determine the SO3%, CaCO3%, OR, Gyp%, and 

Cl% and to determine PH of the soil. This part of the study showed that the rang of SO3% is( 0.1-

3.5),CaCo3% is(42-94),Gyp. is (0.32)for one sample from B.H.1 at depth (9-9.5)meter. The present 

of Cl rang between (0.12-0.14) .No organic materials in the studied area. 

     The PH ranged from (7.4) to (7.9) showed that the soil of the studied area is slightly alkalize. 
 

Discussion and conclusion 
      We summarize the conclusion of this study in conclude two parts, firstly, the geophysical 

conclusion and secondly, geotechnical conclusion.  
 

First; Geophysical Conclusions   
  The geophysical study which is divided into two kinds, surface seismic refraction and cross hole 

methods ,the results of these methods agreement with In-situ information, boring, drilling, 

sampling, this indicate that: 

1. From the results of the surface seismic refraction profile exacted in this area, three layers were 

distinguished depending on compressional wave velocity. 

a. Top layer ,which consist of white to light marl silty clayey sand with gravel , the compressional 

wave velocity was range (200 – 1113) m/sec .The depth of first contact was (0.1 – 3.0)m. between 

the first and second layer. 

b. The second layer, which consist of silty sand with fragment of carbonate rocks. The compressional 

wave velocity was range (1219 – 2305) m/sec .The depth of second contact was (3.0 – 8.6)m. 

between the second and third layer. 

c. The third layer consists of carbonate rocks. The compressional wave velocity was (>3000) m/sec 

.This layer extends to the end of investigation depth (5 – 15) meters. 

These agree with soil description as in soil profile for borehole (1, 2, 3, 4) fig. 4, 5). 
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2. From fig .(6 )and (7)which shows the relationship of Vs,Vs ¯ and  Δvs, the shear wave velocity with 

depth. The highest thickness of fill material appears at depth (10.0 m.)at profile (S1 ) while at        

(5.0 – 6.0)m. at profile ( S2 , S3 and S4 ). The shear wave velocity is in range (400 - 600)m/sec. 

   This result represent that the fill material is non homogenous in thickness and in degree of 

compaction which resulted in different settlement. 

     From the result of surface seismic survey, cavities and weak zones  were located as in table (8) 

and shown on fig.( 3).From seismic cross hole survey ,weak zones were located as following :      

  * S/1 located between crushers and control building, weak zone appears at depth (1.5 – 9.0)m.   

  **S/2 and S/3 weak zone appears at depth (1.0 – 6.0)m. 
 

3. From the geotechnical study, the type of soil according to USCS is CL – ML consist (45.9%) and 

ML consist (36.3%) and the type GM consist (18.1). This indicate that the soil of the area is mainly 

fine grained soil in borehole (2,3,4)but it fine to coarse grained soil in borehole(1) exactly in the 

sample No. 3,4,5,6 at the depth (3–  3.5)m.,(5 – 5.5)m.,(7 – 7.5),(9 – 9.5)m. which alones of very 

dense white marly limestone silty gravel with sand. 

        Mitchell,1993 refers that the soil with L.L less than 20% are non cohesive soil and this study 

shows that L.L of the studied area ranges (24– 29)% so the soil of this study area is cohesive soil
(14)

. 

Terzaghi and Peack etal,1974 mention that a direct relationship join between swell potential of the 

soil and liquid limit as in the table (1 &2)
(19)

. 
 

Table 1 :Swell potential and plasticity Index 

Plasticity index Swell potential 

0 – 15 Low 

10 – 35 Medium 

20 – 55 High 

35 and above Very high 
 

The liquid limit of the studied area ranges (12 - 24) so the swell potential of it may be low to 

medium. 

On the other hand Lamb & Whitman, 1969 found that the hardness of the soil increase with increase 

of plasticity values
(12)

. 

    The moisture content (MC) values show the range (4 – 17)% .This range refers to be low – 

medium which related to the soil texture and permeability that differ from borehole to another so 

the moisture content in samples from borehole (2) is 17% as the texture is clay and silt while the 

moisture content of the borehole (1) rang (4 – 9)% related to coarse grained texture to the soil and 

very dense marly limestone silty sand. 

    Maharaj ,1995 refers  to  this properties that may help to create problems to underground 

geometrical buildings especially which related to unless the internal cohesive of the grains and the 

ability to swell. 

From the equation below
(12),(4)

: 

Ic = L.L – Mc /P.I              

Ic=consistency Index  

Mc=moisture content  

P.I=plasticity Index  

   The present study showed that Ic of the soil range (0.76 – 1.58)% this values refer to consistency 

to be stiff – very stiff as in table ( 10  )also this table refers to relationship between Ic & unconfined 

compressive strength (qu). This will refer to unconfined compressive strength of the studied are 

range (100 – 400)KN/m
2
. 
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Table 2 : The relationship between soil consistency & unconfined compressive strength
(10),(11)

 

un confined compressive 

strength qu KN/m
2
 

Consistency consistency Index 

0 – 25 Very soft o.o – 0.25 

25 – 50 Soft 0.25 = 0.5 

50 – 100 Medium 0.5 – 0.75 

100 – 200 Stiff 0.75 – 1.0 

200 – 400 Very stiff >1.0 

 400 Hard  1.0 
 

Secondly; Geochemical study  
This study results in the chemical composition of the soil of the study area consists of: 

 Sulphate  (SO3)% 
   The sulphate  percent in the studied area range (0.1 – 3.5).The vertical distribution of sulphate in 

bore hole (1) fluctuated between (0.13 – 0.87) while the vertical distribution in borehole (2) is 

nearly alike (0.7-0.75).In borehole (3) the percent fluctuated from (0.1 – 3.5) in vertical distribution. 

The horizontal distribution was showed that the percent of SO3 increase from boreholes 1, 2, 3 and 

4 sequentially with difference in some samples. 

   Generally the difference in SO3 value from borehole to another obvious from the abundance 

sources that SO3drived from the source of SO3 are gypsum sediments which found as crystal or as 

ions transport by Tigris and Euphrates and their tributaries from the high regions that the rivers 

cross then like Fatha, Injana and Mugdadia outcrops. 

   Vozbutskya, 1977 refers to SO3 increase in soil of dry region more than the soil of humid region. 

    Tomlinson, 1988 advise to use resistance cement if SO3%is more than 0.2% and the cement 

amount must be (310) Kg/m
3
 or more ,and the percent of W/C doesn't increase than 0.5,in this case 

the sewage pipes prefers to be paint with more permeability matter to keep them from corroding , 

and if the percent of SO3 is more than 1%, It is necessary to use super sulphates equal to 0.4% and 

the concrete foundation must treat with adhesive plastic sheeting. 
 

Gypsum (CaSO4.2H2O) 
    Gypsum percent in the soil of studied area ranges (0.9 – 2.1). Gypsum assurance in the soil of 

studied area obvious from the sediments of Fatha formation in the first degree and sediments which 

transport by Tigris and Euphrates. 

The risks of gypsum on the resistance of soil or differential settlement of building and foundations 

causes voids and cavities because of the ability gypsum to be soluble in ground water .                      

Gypsum has an effect on the concrete because of the reaction of sulphate with slacked lime 

Ca(OH)2 and the volume expansion of gypsum causes fractures in concrete
(10)

. 

    As gypsum has the ability to be soluble in water so some gypsum content in soil may dissolve 

because of the fluctuation of the ground water table or seepage of water into soils , thus the voids 

may increase and enlarge so the may cause the soil settlement under heavy loads
(8),(17)

. Arutyunyan 

&Manutyan,1981 ensure if the percent of gypsum is more than 10% of the sample dangerous on the 

foundation . 
 

Organic matter 
    There is no an organic matter in the soil of the studied area so                                                                      

the soil is far from the problems that may create from assurance of organic matter. 
 

Carbonates     (CaCO3) 
   Carbonates percent of the soil in the studied area range (39 – 94) so it is very higher than the 

average which mentions that the soil is of high content of CaCO3 may cause geometrical problems. 

    Carbonate of the studied area result from occurrence of calcium ions in the ground water, also the 

source in the studied area which is alluvial resulted from the erosion of dolomite and limestone 

from the formation which Tigris & Euphrates pass through. 
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   The importance of carbonate study related to it is high percent cause's problems on the bearing 

capacity and resistance of soil because of the high ability to dissolve in water and acids and this 

causes cavities and increase the void volume especially in the lower bed of soil which become no fit 

to use as bases of foundation. 

    Jumikis, 1962 ensure that the percent 30%of carbonate or more has a risk because it causes 

geometrical problems as settlement building or weakness of soil
(9)

. 

     From the above the percent of carbonate in the studied area is higher than while may be taken 

with considerable so this may cause all the problems if there is no treatment. 
 

Chloride 

     Chloride percent in the soil of the studied area range (0.11– 0.14 ) whereas the higher value is in 

the borehole (2)and the least value in the borehole (1).Considerably the percent of chloride more 

than 0.1 in the soil is high and it is possible to cause risks on the foundation and steel rods. To avoid 

the effect of high chloride in foundation needs to put shield from concrete with thickness of (5–15) 

m. round the foundation
(1)

. 

  The importance of PH value of the soil related to the corroding of the concert wheeze the concert 

is alkaline and its Ph 13 so it is exposed to attract by acids formal near it where calcium hydroxide 

and produced acid to produce soluble matter. Soil became alkaline because of the oxidation of 

carbon to CO2 and the percent of be carbonate  increase so the water and soils because alkaline and 

the other reason to the high occurrence of calcium carbonate in the soil produce from the erosion of 

dolomite and limestone. This agree with the high occurrence of carbonate in the studied area soil. 

The values of PH to the studied area soil range (7.4 -7.9) it is slightly alkaline.    
 

 
 

Figure (1) : Location map of study area (General commission on survey, 2007)  . 
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Fig.  2: Seismic refraction &cross hole profiles and boreholes location for cement building for crusher in Kerbela cement factory 
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Fig. 3: Seismic refraction &cross hole profiles 
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Fig. 4: Soil profile for bore holes 1&2 

 

 
 

Fig. 5: Soil profile for bore holes 3&4 
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Fig. 6: Relation between Vs, Vs¯ and ΔVs with profiles S1 ,S2 

 

 
 

Fig.7: Relation between Vs, Vs¯ and ΔVs with profiles S3 ,S4 
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Table 1: Record of Test Results  
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Table 2 :Record of Test Results 
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Table 3 : The measured compressional wave velocity and for different contacts   

         

Depth of 

contact 

m. 

 

 

V3 

m/sec 

 

 

Depth of 

contact 

m. 

V2 

m/sec 

V1 

M/sec 

Profile 

length 

m. 

Profile 

No. 

7.2 2339 1.7 – 2.0 1388 – 1428 833 – 113 27.5 5 

4.7 2201 – 2205 0.7 – 1.8 1474 468 – 681 ,, 0 

….. ….. 0.5 – 0.7 2095 – 2140 441 – 1071 00 , 

4.0 0590 0.9 1111 – 1524 333 – 608 98 9 

….. ….. 0.8 – 3.0 1219 – 1463 400 – 617 00 1 

2.9 – 7.0 2703 – 2777 0.7 – 1.4 1818 – 1873 507 – 770 98 8 

6.8 0188 0.6 – 1.2 1222 -1635 394 – 400 ,, 4 

4.4 – 8.6 2584 – 3891 0.1 – 0.3 965 – 1260 333 – 666 98 0 

7.95 ,8,0 2.17 1229 -1368 625 27.5 3 

….. …… 0.3 – 0.6 945 – 1500 200 – 333 23.5 58 

4.0 – 6.6 2727 – 2815 0.6 – 0.7 1242 – 1584 250 – 500 ,, 55 

5.2 – 5.7 2500 – 4000 0.7 1276 – 1787 300 – 500 ,, 50 

13.23 – 13.97 4200 – 4238 1.9 – 2.8 2305 – 3043 567 – 704 83 5, 
 

 

 

Table 4: Seismic wave velocity for profile No. S1 

 

Remarks ∆Vs 

m/sec 

∆Vp 

m/sec 

Vs¯ 

m/sec 

Vp¯ 

m/sec 

Vs 

m/sec 

Vp 

m/sec 

Dept

h m. 

Profil

e No. 

 1209 0888 819 5,,1 019 889 1.0 S1 

,19 088 ,18 ,99 ,80 813 1.5 

158 098 914 590 ,03 108 2.0 

,08 048 035 085 ,00 8,8 3.0 

083 340 040 085 ,51 188 4.0 

,,8 8,1 ,08 895 038 813 5.0 

05, 808 0,, 895 ,91 401 6.0 

088 …… 000 ….. ,80 401 7.0 

035 350 035 09, 038 813 8.0 

001 188 018 100 90, 5080 9.0 

48, ,051 841 0189 980 5080 10.0 

5,81 0088 5581 904, 010 5855 11.0 

0858 4801 5880 904, 838 5050 14.5 

5954 ,588 5591 0189 838 5855 15 
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Table 5 : Seismic wave velocity for profile No. S2 
 

Remarks ∆Vs 

m/sec 

∆Vp 

m/sec 

Vs¯ 

m/sec 

Vp¯ 

m/sec 

Vs 

m/sec 

Vp 

m/sec 

Dept

h m. 

Profil

e No. 

 ,81 401 ,40 391 189 5,58 1.0 S2 

,08 051 940 5808 808 5341 1.5 

055 5000 ,88 198 450 5,58 2.0 

548 139 010 098 8,0 5341 3.0 

049 8555 ,89 418 913 5500 4.0 

,08 5,41 940 5150 804 5411 5.0 

910 50,, 198 5038 450 5341 6.0 

855 0998 418 0108 5500 08,, 8.0 

5039 0088 5088 0108 5051 ,588 9.0 

5000 0999 5088 0108 5,58 08,, 10.0 

5,41 0088 5088 0,80 5500 08,, 11.0 

5894 0999 5808 0,80 5500 0014 12.0 

 
 

 

Table 6 : Seismic wave velocity for profile No. S3 

 

Remarks ∆Vs 

m/sec 

∆Vp 

m/sec 

Vs¯ 

m/sec 

Vp¯ 

m/sec 

Vs 

m/sec 

Vp 

m/sec 

Dept

h m. 

Profil

e No. 

 ….. ….. ….. ….. ,00 400 1.0 S3 

….. ….. ….. ….. 098 400 3.0 

510 ….. 080 ….. ,85 400 3.5 

584 901 538 118 045 400 4.0 

548 058 018 555, 5,88 0888 5.0 

988 0088 159 0008 300 0588 6.0 

8,4 ….. 408 ….. 300 0588 7.0 

888 ,988 880 ,,98 050 ,018 8.0 

850 9808 831 9541 088 9,,8 9.0 

48, 9808 413 ,,98 088 0888 10.0 

345 9808 304 ,,98 088 0888 11.0 

5,88 ,988 5530 ,,98 5888 ,018 12.0 

5,88 9808 555, 040, 088 5014 13.0 

5183 9808 5848 9088 5888 0888 14.0 

5019 0898 5848 0,01 5999 ,018 15.0 
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Table 7  : Seismic wave velocity for profile No. S4 

 

Remarks ∆Vs 

m/sec 

∆Vp 

m/sec 

Vs¯ 

m/sec 

Vp¯ 

m/sec 

Vs 

m/sec 

Vp 

m/sec 

Depth 

m. 

Profile 

No. 

 80, 0300 418 5100 ,88 818 1.0 S4 

400 5989 888 5004 ,90 050 1.5 

818 5400 8,1 5100 138 5505 2.0 

31, 5480 388 5088 489 0588 3.0 

040 5400 0,8 5088 400 5999 4.0 

5,88 ,51, 58,0 0488 138 5014 5.0 

035 508, 445 5088 195 5801 6.0 

5090 0088 5001 1988 5999 0888 7.0 

5400 80,, 5190 9188 580, 0588 10.25 

0180 80,, 0588 1988 5999 ,018 10.5 

0955 80,, 5088 9188 5888 0588 11.0 

508, 9588 5190 ,888 580, 0188 12.0 

5310 4813 5188 ,014 088 0188 13.0 

0818 950, 5190 ,888 088 0188 14.0 
 

 

Table 8 : Location of cavities and weak zones 

Expected 

depth m. 

Location of 

weak zone in 

second layer 

Geophone No. 

Expected 

depth m. 

 

 

Location of 

weak zone in 

second layer 

Geophone No. 

Expected 

depth m. 

Location of 

weak zone in 

first layer 

Geophone No. 

Profile 

No. 

10.5 8,9 2.5,5.5 6,11,12 0.7 8 5 

……. …… 0.6 – 3.6 6,11 2 -3 10,11,12 0 

……. ……. ……. ……. 2.2 11,12 , 

5.0 – 9.8 14,15,16 5.0 – 8.5 3,4,5,6,10,11 0.8 22,23 9 

……. ……. 9 Weak zone 0.0 Weak zone 1 

6.8 -7 

4.4 -6 

3,5,6,7 

9,10,11,12,13 

 

4 

54- – 

6.8 

8.0 

3,5,6,7 

10,11,12,13,14,

15,16,17,18 

,21 

0.0 – 0.9 Weak zone 8 

……. ……. 1.2 , ……. ……. 4 

……. ……. 4 

1.3 – 5.6 

7.2 – 8.4 

5.6 

10,11 

,13,14,15,16,17,

19,21,22, 

24 

……. Weak zone 0 

11.o 8 1.5 – 5.0 4,5,8 0.5 1 3 

……. …… 6.0 Weak zone 0.5 Weak zone 58 

2.4 – 4.2 5,6,8 ……. ……. 0.5 Weak zone 55 

6.6 1 o.9 – 2.1 

3.6 – 4.2 

3,4 

,6,7,8 

……. ……. 50 

……. ……. ……. ……. ……. ……. 5, 
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