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ABSTRACT: The Hofuf area in Eastern Saudi Arabia is featured by subsurface sinkholes, solution cavities,
voids, karst and caves. These features have resulted in hazards to the human safety and stability of the
structures founded in them. The development of the area involved the construction of flyover bridges in Hofuf
city. For these structures, several investigations were attempted including conventional geotechnical
investigations using boreholes and cavity probing, however, these did not provide necessary information to
visualize the subsurface zones with cavities. Finally, Electrical Resistivity Tomography (ERT) survey was
selected to map the shallow subsurface strata at proposed construction sites with the aims to detect and map
the subsurface cavities. ABEM Lund Imaging System consisting of Terrameter with Automatic Electrode
Selector was used to acquire apparent resistivity data during the survey. Cables with 2m to 5m electrode
spacing take-outs were used with a total of 84 to 400m surface spreads using Wenner-Schlumberger
configuration. Windows based software; RES2DINV and RES3DINV developed by Geotomo Software were
used for the inverse modeling of the acquired apparent resistivity data resulting in 2-D and 3-D absolute / true
resistivity models of the subsurface conditions. The results revealed several anomalous locations which were
subsequently verified by drilling boreholes. This study resulted in most feasible recommendations for the
design and construction of safe and economical foundation systems for the proposed structures.
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taken up by Al-Hassa Municipality include the
construction of fly-over bridges at most of the
heavily trafficked intersections in the Hofuf city.
Several
efforts
including
geotechnical
investigations using boreholes have yielded
imprecise information that could not be
successively used for the safe design and
construction of the structures in the area. This
entails the requirement of a precise 2-D and 3-D
mapping and delineation of the zones with
cavities
using
geophysical
technique(s).
Several geophysical
techniques
including
Electrical Resistivity Tomography (ERT), Seismic
refraction / crosshole, Ground Penetrating Radar
(GPR) and Gravity were considered to be used for
the project. Owing to the limited applicability
of the other techniques to the specific site
and subsurface conditions, ERT was selected
as most feasible among its counterparts. This
paper explains the details of geophysical
exploration of two proposed flyover
sites
using
Electrical
Resistivity Tomography
(ERT). Based on the results of the exploration,
most feasible and safe foundation

INTRODUCTION

Hofuf area of the Eastern Province of Saudi Arabia
is part of the Shedgum Plateau positioned at the
eastern edge of the greater As Summan Plateau
(Hussain et. al., 2006). Hydrogeologic processes
during the Miocene age of Hofuf formation and
Quaternary period has resulted in the formation of
large and continuous zones having cavities in the
shallow subsurface strata of the Hofuf area. The
Shedgum Plateau, including the Hofuf area, is
marked with numerous karstic features including
sinkholes, solution cavities and caves (Pint, 2000,
2003). Edgell (1990a, 1990b) reported over 58
caves in an area of 500 km2 in the As Sulb area of
the Summan Plateau. Vicinity map of Hofuf is
shown in Figure 1 while typical surface karstic
features of the area are highlighted in Figure 2.
The karstic zones in Al Hofuf area
have always been a hazard to the stability of the
structures founded in such type of strata. Recent
development projects
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system(s) have also been suggested for the proposed
structures.

Figure 1. Vicinity Map of Hofuf City

Figure 2. Typical Karstic Features of the Area
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and 80 tests were conducted at Mobarraz and AlHassa three level interchange locations respectively.

STUDY AREA

The study area is situated in Hofuf City, Al Hassa
District Eastern Province Saudi Arabia. Two
proposed fly-over locations at Mobarraz interchange
and Al-Hassa three level interchange were selected
for the cavities exploration.
The project site is covered with sand and
underlain by flat lying sedimentary rocks of
continental origin, known collectively as the Hofuf
formation. The Hofuf formation in general, consists
of red to reddish brown, gray to rarely off-white
conglomerate, sandstone, sandy limestone, sandy
marl, and sandy shale.
The surface rock of the area is highly weathered, at
places, transformed to the residual soil. Underlying
the weathered rock surface, fresh-water hard sandy
LIMESTONE / LIMESTONE layers exist. Typical
of Hofuf formation, a calcareous duricrust caps the
surface rock of the rest of the area and provides
resistance to weathering of the underlying rock. The
depressions in the area are filled with eolian dune
sand and fine gravel-sized weathered rock particles.
Another notable feature of the area, in general,
is the innumerable dry valleys or wadis that traverse
the rocky strata. The steep slopes of wadis are
covered with dune sand. The wadis were cut by
ancient streams flowing during the humid climates.
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3.1.1

Investigation design & data acquisition

ABEM Lund Imaging System consisting of
Terrameter SAS 4000 and Automatic Electrode
Selector ES10-64C was utilized for the acquisition
of apparent resistivity data during the survey. Cables
with 2.0 to 5.0m electrode take-outs spacing was
used with a total of 160 to 400m spread layout in
both the directions.
Data acquisition process initiates with the
plugging of a total of 81 electrodes into the ground
at the selected spacing and connected to the multicore cables using the jumper cables. The multi-core
cables were in turn connected to the auto electrode
selector which is directly operated by the Terrameter
SAS4000. Terrameter generates current and records
the corresponding voltage across any set of
electrodes selected automatically via the electrode
selector. The data acquisition process was
completely controlled by the software that verifies
the connectivity and grounding of all the 81
electrodes before actual acquisition of the data was
started. As surface strata of the terrain exhibited
extremely dry conditions, proper grounding of the
electrodes was ensured using the saline water at the
contact points where needed. During the execution
of the designed protocol, data was being
automatically stored in the Terrameter.

RESEARCH METHODOLOGY

3.1.2

Electrical Resistivity Tomography

Electrical Resistivity Tomography (ERT) was
proposed to be carried out along the proposed pile
foundation grid at the abutment and pier foundation
locations. This paper presents details of ERT
investigations and provides the assessment and 2D3D mapping of the subsurface cavities at all the
proposed structure locations.
The measurement protocol used for the data
acquisition was a combination of WennerSchlumberger configuration ensuring both vertical
and horizontal precision. Using the designed
electrode spacing of 2.0 to 5.0m and a spread of 160
to 400m, maximum depth of investigations achieved
was about 12 to 70m below the ground surface.
Based on the designed configuration, a total of 68

Data Processing and Analysis

RES2DINV and RES3DINV software developed by
GEOTOMO were used for the processing and
inverse modelling of the acquired apparent
resistivity data. True resistivity models were
interpreted by using 2.5D smoothness constrained
inversion, employing a quasi-Newton technique with
precision of the models was established through a
maximum RMS error of 5%. A typical processed 2D resistivity cross-section is shown in Figure-3.
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Anomalous Location

Figure-3. A typical 2-D Processed ERT Data

Figure 4. A typical 2-D sampling

The processed ERT sections were then analysed for
the identification of various subsurface features and
anomalies. Background resistivity of the subsurface
strata encountered at site was assessed and used to
demarcate the anomalies at various horizons. An
anomaly in ERT testing campaign was assessed by
several indicators. These indicators were determined
for each specific site using the geologic knowledge
and subsurface strata information acquired through
the borehole drilling. Upon identification of such
anomalies, physical confirmation of these locations
was carried out as a next phase of the exploration
process. Processed and analysed 2-D ERT crosssections were drawn in the RES2DINV editor.
3.2

strata at the identified locations.
By associating the entire spectrum of the resistivity
from the ERT sections and the physical data
acquired from the boreholes and the knowledge of
the geology, electrical resistivity cross-sections were
transformed into interpreted subsurface strata crosssections. After assigning the specific resistivity
ranges, the interpreted sections consisted of the
details of the depth, lateral extent and nature of each
type of stratum and the associated engineering
characteristics. A typical interpreted ERT
cross-section is shown in Figure 4.
For the creation of 3-D modelling from this
ERT data, an algorithm was used to perform a
unified processing of the parallel 2-D lines data at a
particular location. 3-D sections were digitized in
RockWorks software by RockWare. The 3-D ERT
model is presented in Figure-5.

Data verification & calibration

Calibration of ERT data for these sites have been
carried out using the subsurface strata information
acquired generally through the geologic knowledge /
setting of the area and specifically through the
borehole drilling and sampling at the known
anomalous locations. This is accomplished through
the performance of probe / boreholes and the
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Channel Cavity Zone
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33 Cross-section
5. 3D
Figure 5.
ERT Model
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Figure 6.. Design of pile foundations
.
.




4 CONCLUSIONS

Extremely Shattered Limestone (Isolated
Zones)

The subsurface strata contain seams of clay material,
intercalated / filled in the cracks present in
Limestone rock. Based on the final conclusive
results, loose filled cavities / extremely shattered
zones have been encountered in a depth range of 18
to 25m, therefore it was suggested to design the pile
lengths to ensure proper pile tip socketing in the
strong bearing stratum to a minimum of 28m depth
as shown in Figure 6.

Electrical Resistivity Tomography and borehole
drilling revealed that two distinct types of strata
exist in the subsurface i.e. Sandy / Silty / Clayey
Soil deposits overlying rocky strata as MARL /
Marly LIMESTONE / LIMESTONE with varying
degree of weathering. Generally, the site could be
divided into two different zones, namely “Zones
with cavities” and “Zones without cavities”.
These zones with (or without) cavities could be
further divided into different sub-zones, as described
below:
 Clay / Marl
 Clay Filled Zones with Cavities (Isolated
 Zones)
 Moderately to Highly Weathered Limestone
 Moderately to Highly Shattered Limestone
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