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

33717
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+ + 4+ CVES points © ¢ Boreholes

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 (A) 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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A= )
pm‘n
Where: (p max) apparent resistivity measure along the ellipse major axis.
(p 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).1f 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".
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Fig.4: Electrical and geological
section along profile AA'
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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 (A) 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 (A = 1) at apparent depth (AB/2 = 20 m) indicates
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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.

Isoresistivity line

- @ ABR2=10m )

O—0 ABI2=20m )

Fig.8: Radial graph along CVES point (C1)

Figure 9 shows the radial graph of CVES about point C2. The values of anisotropy
coefficient (A) 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 (A) 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 (A) 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
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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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