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ABSTRACT 
 

Vertical Electrical Sounding is used for engineering purposes at Al-Jadiriya area, within 
Baghdad University site .Two different electrical resistivity techniques were applied using 
Schlumberger array. These are the vertical electrical sounding (VES) and cross vertical 
electrical sounding (CVES) technique. The measurements of VES were carried out at                 
38 points distributed as much as possible to cover the area. Three main layers were 
delineated; these are the top soil, unsaturated layer of clayey sand or silty sand and saturated 
layer of sand to clayey sand and sand mixed with gravel at some places. The resistivity of the 
top soil varies from 11 – 600 ohm.m, and thickness ranges from 0.7 – 2.8 m. The unsaturated 
layer has resistivity values varying from 46 – 320 ohm.m, and thickness ranging from               
2.0 – 7.2 m. The resistivity of the saturated layer varies from 11 – 60 ohm.m, and thickness 
ranges from 4.6 – 13.8 m. There are also lenses in some places within the layers, 1.2 – 2.45 m. 
thick, which have high resistivity 800 – 900 ohm.m or low resistivity 9.6 – 29 ohm.m that 
may represent fill material and clay lenses respectively. The average depth of the groundwater 
surface ranges between 5 – 8 m. The measurements of CVES were taken along two 
perpendicular directions around fixed central point, at 5 points. The results are presented as 
radial graphs to show the variation of resistivity with direction; these graphs show that the 
sediments are heterogeneous in their vertical and horizontal distribution; especially for the top 
soil. Finally, it is concluded that three major causes of failures prevail in the buildings in 
Baghdad University. The first cause is the lateral inhomogeneity of the subsurface sediments. 
The second is the presence of lenses, and the third is the variation in the groundwater level. 
These failures may cause many engineering problems such as cracks in the foundation and 
walls of buildings. 

 
 
 
 
 
 
 
 

 ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
1 Department of Earth Sciences, College of Sciences, University of Baghdad, Al-Jadryia, 

Baghdad, Iraq, e-mail: jassimthabit@yahoo.com; jassimthabit@scbaghdad.edu.iq;               
e-mail: geobanna1955@yahoo.com  

2 Dept. of Petroleum and Minerals Geology, College of Science, University of Diyala, Diyala, 
Iraq, e-mail: munther_alawsi@yahoo.com  

31 
 

mailto:jassimthabit@yahoo.com
mailto:jassimthabit@scbaghdad.eud.iq
mailto:geobanna1955@yahoo.com
mailto:alawsi@yahoo.com


Using Vertical Electrical Sounding in Buildings Site Investigation; a Case Study in South 
of Baghdad, Iraq                                                                                     Jassim M. Thabit et al. 
 

  ،حالةدراسة  مواقع إنشائیة؛ الكھربائي العمودي لدراسة التحرياستعمال 
 جنوب بغداد، العراق

 
 منذر ظاھر نصیف الأوسيو     أحمد شھاب البناء، جاسم محمد ثابت

 
 المستخلص

سلوبین في منطقة الجادریة (موقع جامعة بغداد). إذ تم تطبیق ا الھندسیة غراضاستخدم الجس الكھربائي العمودي للأ
نقطة  38وباستعمال ترتیب شلمبرجر للأقطاب في  ،ھما الجس الكھربائي العمودي والجس الكھربائي العمودي المتقاطع

جس موزعة في منطقة الدراسة قدر المستطاع. واستخدم أسلوب الجس المتقاطع في خمسة مواقع ضمن منطقة الدراسة 
یاسات الكھربائیة باتجاھین مختلفین لھما نفس مركز الترتیب. للتعرف على طبیعة تجانس الرواسب، حیث أجریت الق

 أظھرت المقاطع الجیوكھربائیة وجود اربعة أنطقة كھربائیة.
 

النطاق الأول یمثل الطبقة السطحیة التي تتألف من ترسبات الطین أو الغرین وبنسب مختلفة، والحاویة في بعض 
اوم.متر، اما سمكھ فیتراوح  11 – 600اوح المقاومة النوعیة لھذا النطاق من الأحیان على الرمل أو بقایا مواد البناء، تتر

متر. أما مقاومتة  1.2 – 2.45متر. النطاق الثاني یظھر بشكل عدسات غیر مستمرة ویتراوح سمكة من  0.7 – 2.8من 
ترسبات الطینیة الحاویة أوم.متر وتشیر إلى ال9.6 – 29 النوعیة فقد كانت منخفضة في بعض المواقع حیث تراوحت من 

 800 – 950على نسبة قلیلة من الرمل في بعض الأحیان. وفي بعض المواقع الأخرى تراوحت مقاومتھا النوعیة من 
أوم.متر وھذه تشیر إلى عدسات من الحصى أو بقایا مواد الدفن. ویمثل النطاق الثاني نطاق الترسبات الرملیة غیر المشبعة 

أوم.متر، أما  46 – 320ویة على نسب مختلفة من الغرین أو الطین، وتتراوح مقاومتة النوعیة من بالمیاه الجوفیة والحا
متر. النطاق الرابع یمثل نطاق المیاه الجوفیة في منطقة الدراسة ویتألف من الرمل الحاوي  2 – 7.2السمك فیتراوح بین 

محتمل أن یكون حاوي على القلیل من الحصى الناعم في على نسب مختلفة من الغرین أو الرمل الحاوي على الطین، ومن ال
متر. وتبین إن  4.6 – 13.8أوم.متر، أما سمكھ فیتراوح بین  11 – 60بعض المواقع. تراوحت مقاومتھ النوعیة من 

ئي رواسب منطقة الدراسة غیر متجانسة في خصائصھا وفي توزیعھا الأفقي والعمودي وذلك بناءا  على نتائج الجس الكھربا
العمودي المتقاطع. كذلك أظھرت المقاطع الجیولوجیة عدم استمراریة الرواسب وتواجدھا بشكل عدسات تتغیر من موقع 
لآخر وضمن مسافات قلیلة خاصة نطاق الطبقة السطحیة وترسبات الرمل الطیني. وأظھرت منطقة الدراسة الوسطى عدم 

المشبعة بالمیاه الجوفیة، حیث یكثر وجود الترسبات الرملیة  تجانس واضح في خواص ومكونات الترسبات الرملیة غیر
ذات المحتوى المائي القلیل والحاویة على نسب متغیرة من الغرین، في حین تنتشر الترسبات الرملیة الحاویة على الطین أو 

ثیر عدم تجانس الرواسب تشقق جدران بعض البنایات سببة تأ والجنوب الغربي. لذلك یعتقد بأن الرطوبة في الشمال الشرقي
حیث یؤدي ذلك إلى حدوث تجلس متباین في التربة التي تقام علیھا البنایات، بالإضافة إلى تأثیر ارتفاع منسوب المیاه 

 الجوفیة في مواقع ھذه البنایات ووجود تذبذب في منسوب ھذه المیاه.
 
INTRODUCTION 

In Baghdad University site, land has been recently allocated to construct new buildings. 
After construction,vertical and near vertical cracks or discontinuities were noticed in the walls 
of some buildings, in addition to many settlements in some of the neighboring streets. 
Therefore, construction of any building needs subsurface information that can be obtained 
through geophysical methods. 

 
The study area is located within Baghdad University site (Al-Jadiriya area), south of 

Baghdad city, at the east bank of the Tigris River. It lies between (33° 16' – 33° 17') N and 
(44° 23' – 44° 24') E as shown in Fig.1. 

 
The aims of the present study are to determine: the subsurface layers, overburden 

thickness, depth to the groundwater, weak zones, and sediments condition such as 
heterogeneity in order to give a clear picture of variations in soil horizons to assist in 
foundations studies.      
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GEOLOGY 
Baghdad city lies within the Mesopotamia basin which is characterized by thick 

sedimentry cover. Most of these sediments are fluvial (Jassim and Goff, 2006). Three major 
horizons can be distinguished at the study area as obtained from the data of the National 
Center for Construction Labs (NCCL, 2002) as shown in Fig.2.  
1. Fill zone: contains brown silty clay or clayey silt and sandy silt, as well as pieces of bricks 

and concrete. 
2. Second zone: the upper natural subsoil strata, being of high to medium stiffness, include 

brown silty clay or clayey silt and sand or gravel sometimes. 
3. Third zone: the lower natural subsoil strata contains brown to gray sand mixed with 

various amount of silt and clay or clay lenses and silty clay lenses. This zone is of less 
cohesion than the second one. 
 

 
 

Fig.1: Location of the study area at Baghdad city 
(Modified after Baghdad Mayoralty, 2011) 

 

 
 

  Clay      Sand silt      Sand with various amount of silt and clay 
 

Fig.2: Soil section in B.H.1, B.H.2 and B.H3 in the study site, 
 (Modified after National Center for Construction Labs., 2002) 
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METHODOLOGY 

Two resistivity techniques are used in this study (vertical electrical sounding and crossed 
sounding techniques). VES technique is applied using Shlumberger array at 38 points 
distributed over the study area (Fig.3). Terrameter SAS 300 is used for the survey; the 
maximum distance between current electrodes (AB) is 120 m and the maximum distance 
between potential electrodes (MN) is 10 m. The measurements were taken according to a 
modified table from Bhattacharya and Patra (1968) and Al-Ane (1998), in which the ratio of 
MN/AB ranges between 1/5 – 1/12, to reduce the theoretical displacement between curve 
segments, and to recognize the effect of lateral heterogeneity on field curves.  

 
The field curves of apparent resistivity are interpreted manually through partial matching 

of these curves with theoretical curves using Ebert method, and also interpreted by computer 
through Win Resist 1.0 version software (the results of manual interpretation are improved 
and supported by the help of computer). The computer results are used to construct four 
electrical sections. The lithological sections of wells and other geological and hydro-
geological information have been used to convert the electrical sections to geological 
sections. 

 

 
 

                                  Electrical profile                  VES points  

                                           CVES points                           Bore holes  
 

Fig.3: The distribution of VES and CVES points and electrical profiles 
 

CVES was used to detect the inhomogeneous sediments at five sites (Fig.3). In this 
technique electrical measurements were taken along two perpendicular directions around 
fixed central point with N – S and E – W directions. Resistivity as a function of azimuth in 
crossed coordinates were plotted to produce polygons of anisotropy in order to show the 
variation of resistivity values with direction. The coefficient of anisotropy (λ) for current 
electrodes space (AB/2 = 1.5 m, 5 m, 10 m and 20 m) was calculated according to the 
following equation (Stienich et al., 1997).  
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min

max

ρ
ρλ =    ……………………………………………..   (1)  

Where: (ρ max) apparent resistivity measure along the ellipse major axis. 
             (ρ min) apparent resistivity measure along the ellipse minor axis. 
 

The purpose of CVES is to determine the variation in subsurface resistivity, because of 
its sensitivity to lateral inhomogeneity (Boris and Merriam, 2002, Abdullahi et al., 2012). The 
lateral variation of resistivity may be caused by changes in lithology and/or change in quantity 
and quality of the pore space water (Stienich et al., 1997).If this survey is applied to 
homogenous and isotropic horizontal layers, the resulting curves will show no change on its 
form and type. But, if there is lateral inhomogeneity, the resultant curves will be different in 
its form and types (Chandra  et al., 2004).  
 
RESULTS AND DUSCUSION 
 Vertical Electrical Sounding (VES)  

Profile AA' (Fig.4) shows essentially three layers: a top layer, is a soil of 1.4 – 2.0 m 
thickness and variable resistivity. The variable resistivity is probably due to variable water 
content. The second layer may be unsaturated sand. Its thickness varies between 4.6 – 6 m 
and its variable resistivity is again due to water content and probable increase of clay content. 
The lower layer, of a verage low resistivity, is saturated sand with clay. 

 
The other profiles of BB' (Fig.5), CC' (Fig.6) and DD' (Fig.7) show nearly the same 

picture with the three mentioned layers. The characteristics of each section are given in the 
above figures. A probable thin clay lens may occur below VES 4, 9 and 8 in profile BB'.            
A similar clayey lens may occur below VES 24 in profile CC'. A thin gravely lens or fill 
material of high resistivity is found below VES 26 of profile DD'. 

 

 
 

 

Fig.5: Electrical and geological 
section along profile BB' 

 

Fig.4: Electrical and geological 
section along profile AA' 

                                                        27 ohm.m   
25 ohm.m                          0          50         100 m  
                Horizontal scale                                                             20 ohm.m            

20 ohm.m                                                                                                 21 ohm.m                           
                 

water 
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 Cross Vertical electrical sounding (CVES) 

One of the most employed technique for studying the lateral heterogeneity is the crossed 
sounding or as it is called azimuthal resistivity technique, because of its sensitivity for lateral 
heterogeneities (Boris and Merriam, 2002; Abdullahi et al., 2012). In this technique, an 
electrode array is rotated about its center, so that the apparent resistivity is observed in several 
directions (Taylor and Fleming, 1988). Recent research indicates that any observed change in 
apparent resistivity with azimuth is indicative of fracture anisotropy. However, interpretation 
of CVES data is actually more complicated, as azimuthal variations in apparent resistivity are 
also produced by the presence of dipping beds and other lateral changes in formation 
resistivity (Watson and Barker, 1999).  

 
In this study, the CVES was used to detect the sediments heterogeneity at five sounding 

points. The measurements were taken at two perpendicular directions (N – S and E – W) 
around fixed central point. The effect of fracture anisotropy and dipping stratigraphy was 
canceled, because the deposits are mainly fluvial; therefore any variations in apparent 
resistivity with azimuth represent probable weak zones due to the effect of lateral 
heterogeneity. 

 
Figure 8 shows the radial graph of CVES point (C1) for spacing (AB/2) equals 1.5, 5, 10 

and 20 m. The departure of the measured resistivity outline from the circular pattern (elliptical 
shape) is an indication of subsurface heterogeneity. On the other hand, circular outlines 
represent homogenous isotropic subsurface. The coefficient of anisotropy (λ) varies between 
1 and 1.27. Three probable weak zones at apparent depth of spacing (AB/2) equal 1.5, 5, and 
10 m are observed. The value of anisotropy (λ = 1) at apparent depth (AB/2 = 20 m) indicates 

Fig.6: Electrical and geological 
section along profile CC' 

Fig.7: Electrical and geological 
section along profile DD' 

Legend 
 

Top soil 
 

Clay lens 
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that the sediments are homogeneous. The (E – W) direction of minimum apparent resistivity 
value is interpreted as the direction of weak zone, and it locates at apparent depth (AB/2 = 1.5 
and 10 m). Also, the weak zone appears in (N – S) direction at apparent depth of (5) m. The 
other values of apparent resistivity are constant with different direction at apparent depth of 
(AB/2 = 20 m); this indicates presence homogeneous sediments at this depth.  
 

 
 

Fig.8: Radial graph along CVES point (C1) 
 
Figure 9 shows the radial graph of CVES about point C2. The values of anisotropy 

coefficient (λ) vary nearly from 1.07 – 1.29. The direction of minimum apparent resistivity is 
interpreted as the direction of weak zones, and it represents the (E – W) direction for all 
spacing.  

 
The radial graph for CVES point C3 (Fig.10) show departure of the measured resistivity 

outline from the circular pattern (elliptical shape) indicating that the sediments are 
homogeneous in the (E – W) direction. The values of anisotropy coefficient (λ) vary from 
1.01 – 1.33 approximately. The direction (N – S) of minimum apparent resistivity is constant 
for all spacing.  

 
The radial graph along CVES point C4 does not show departure (elliptical shape) of the 

measured resistivity outline from the circular pattern (Fig.11). It indicates homogenous 
sediments, because all the measurements of apparent resistivity are nearly the same at 
different direction.  The values of anisotropy coefficient (λ) vary from 1.01 – 1.02. Therefore 
the site of CVES point C4 is more suitable for construction in the study area. The CVES point 
C5 have departure radial graph (Fig.12) which indicates heterogeneous sediments, and the 
direction of low resistivity values is at (E – W) direction. 
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Fig. 9: Radial graph along CVES point C2              Fig.10: Radial graph along CVES point C3 
 

                            
 

Fig.11: Radial graph along CVES point C4                   Fig.12: Radial graph along CVES point C5 

 
CONCLUSION 

The resistivity results indicate three layers, which are the topsoil, unsaturated layer and 
saturated layer. The top soil is generally thin with thickness varying between 0.7 – 2.8 m. It is 
composed mainly of silty clay, clayey silt, and sandy silt. The unsaturated layer is composed 
of clayey sand or silty sand, and its thickness ranges between 2.0 – 7.2 m, while the saturated 
layer is composed of sand to clayey sand and sand mixed with gravel at some places, with              
a thickness ranging between 4.6 and 13.8 m. Also there are thin lenses with high and low 
resistivity, which appear in some places, and represent fill material and clay lenses 
respectively; its thickness ranges from 1.2 – 2.45 m. The electrical and geological sections 
show the depth to the ground water to be between 5.0 – 8.0 m. The results of CVES show that 
the sediments of the study area are heterogeneous in properties, in its vertical and horizontal 
distribution, especially with the top soil.  

 
Therefore for building constructions, the topsoil must be excavated to a reasonable depth 

at which the soil becomes adequately competent, and the choice of foundation material must 
take into account the characteristics of the clayey material and lenses. The permanent 
direction of weak zones as determined by CVES is the (E – W) direction for most cross 
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sounding points and depths, except the sounding point C3 which shows a (N – S) direction. 
Finally from the resistivity investigation, three major causes of failure are identified. These 
causes may be the lateral in homogeneity of the subsurface layers, presence of the thin lenses, 
and the variation of ground water level. 
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