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Abstract
The present study aims to investigate the possible causes of cracks, in the walls of
buildings and storage tanks, in Al-Hussian water project of Kerbalaa city. Eight seismic
refraction profiles and seven cross-hole sections were made to investigate the pumping station
hall in the studied site.
Two refractors were obtained. The first one is at depth range 1–2.5 meters, which
coincides with the water table level and base of foundation (two meters below the ground
level). The second refractor is depending on cross-hole results of depth range 4- 4.5 meters;
which confirms to the top of the dense sand layer.
It is believed that water seepage from broken pipes and its infiltration through the soil play
the great role in washing the soil and changing the water table level from one point to others.
The differential washing of soil causes differential settlement beneath the buildings which is
appears as cracks at the walls.

الوسحخلص
اطزٍدفذ اندراطخ انذبنٕخ اطزكشبف اطجبة انزشققبد فٓ جدران انمجبوٓ َخشاوبد انمبء انكُوكزٔزٕخ فٓ مشزَع مبء
 اوجش قٕبص ثمبوٕخ مقبطع سنشانٕخاوكظبرٔخ ططذٕخ َطجعخ مقبطع سنشانٕخ ثئزٔخ.انذظٕه فٓ مدٔىخ كزثالء فٓ انعزاق
.ندراطخ انمُقع
َانذْ ٔزُافق مع عمق انمٕبي،  مزز5.2-1 االَل عهّ عمق ٔززاَح، أمكه رذدٔد ططذٕه الوكظبر انمُجبد انشنشانٕخ
أمب انظطخ انثبوٓ َانذْ ددد ثبالعزمبد عهّ وزبئج انمظخ انشنشانٓ انجئزْ فٕقع عهّ عمق. ٓانجُفٕخ َقبعدح اطض انمجبو
 فٓ ضُء وزبئج اندراطخ وعزقد ان وضُح انمبء. َانذْ ٔزُافق مع انظطخ انعهُْ نطجقخ انزمم انمضغُط،  مزز4.2-4
مه االوبثٕت انمزكظزح َرظزثً انّ انززثخ ٔعمم عهّ غظم انززثخ مه انججظُو َرذثذة مظزُِ انمبءثشكم مظزمز ٌَذا
. َانزٓ طججذ ثدَرٌب انشقُق فٓ انجدران،ٔؤثز فٓ رغٕز وظجخ انٍجُط فٓ انززثخ رذذ انجىبٔخ مه مُقع انّ اخز
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Introduction
Al-Hussian water supply station is the only station that is supplies Kerbalaa city by water
for domestic uses. This project was established in 1972, when the water table level is about 7
meters below the ground level. This project includes many precipitation and storage concrete
tanks, in addition to the filter hall and the high pumping station hall.
The problem in Al-Hussian water project is represented by occurrence of many cracks in
the walls of tanks and buildings, plat 1,2and 3. This problem demands a geophysical survey to
investigate the soil condition below the foundation. Seismic refraction and cross-hole
techniques were used successfully in previous works to solve the problem of foundation and
soil condition, (Dutta 1984, Haeni 1986, Steeples and Miller 1990, Hamdi et al 1996, NCCL
2000, Stephenson et al 2002).
The seismic refraction and cross-hole were used in the present study to achieve the
investigation of soil condition and water table level below the high pumping station hall of
Al-Hussian water supply station in Kerbalaa city.

Geology of the studied site
The studied area is located in Kerbalaa city, center of Iraq figure 1. The ground of the site is covered with
Alluvium sediments of Quaternary deposits, (Buday and Jassim 1987). Many wells were drilled in the region to
depth of about 30 meters penetrated three sedimentary layers,

(NCCL 1980). First layer, which

includes brown slightly gypseous clayey sand, extends from the ground surface to about 1.5 meters. The second
layer, which extends from 1.5 to 5 meters, includes slightly gypseous silty sand with some small size gravel. The
third layer is very dense sand. The foundation of buildings penetrates the soil to a depth of about two meters.

Instruments and field works
ABEM terraloc Mark II seismic system and a hammer weight about 20 kilogram are used
to generate and record the longitudinal wave velocities for seismic refraction survey, (ABEM
1983). The SPT hammer is used as source in one borehole to generate waves in cross-hole
survey in order to determine the true velocity under the studied site. A special system of three
components geophones (suspension P-S logging system) is used as a receiver for cross-hole
measurements, (OYO corporation, 1983). Eight surface seismic refraction profiles were
carried out to measure the longitudinal waves. Also seven cross-hole traverses are considered
to investigate the variation of velocities from the ground surface to 6 meters depth beneath the
building of pumping station with half-meter interval, (figure 1).
Three shots are applied for each surface seismic survey, two of them at the end of profile
and the third at the mid point of it. Many attempts are applied to improve the S/N ratio using
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the high and low cut filters. The distance between geophones were varied from 1, 1.5 and 2
meters according to the length of profile and geophones number.
Three boreholes were considered to achieve the cross-hole traverses, first borehole as
source, while the second and third boreholes as receivers.

Results and interpretation
A- Surface seismic refraction survey:
Mainly two methods are applied, in addition to the least square

(critical distance and

intercept time) method, to interpret the seismic measurements. These are the Plus-Minus and
ABC methods, (Hagedoorn 1959, Cummings 1979, Dampaney and Whitely 1980, Sjogren
1984). It was found that the velocity of the top layer (first layer) range between 304-500
m/sec, while the second layer velocity range between 878-1454 m/sec. The Plus-Minus and
ABC interpretation methods show nearly similar results, (figures 2and 3). The depth of
refractor detected by seismic refraction method varied along the measured profiles. This may
depend on variation in the soil elastic properties beneath each geophone. Generally the depth
of the refractor found to be range between 1.0-2.5 meters along profiles 1, 2, 3, 4, 5, 6, 7 and
8.
B- Cross-hole survey
The distance and the travel time, to the near bore-hole Tp, far

bore-hole T p and the

difference time ΔTp, are measured to determine the longitudinal wave velocity Vp, V p , and
ΔVp respectively. The shear wave velocity was also determined, after measuring Ts, T s and
ΔTs for near and far bore-holes and the distance and time between them.
The mentioned velocities are determined for all cross-hole traverses except traverses 4
and 5, where only the Vp and Vs are applied. Velocity variation of longitudinal waves with
depth in the boreholes is drawn to define the sharp changes related to the refractors, (figure 4).
This figure show two abrupt changes in velocity, first change, at depth range 1.5-2.5 meters,
is nearly coincide with the water table level and base of foundations. Second change observed
at depth of 4 meters below the ground surface, (figure 4). The later refractor defined the top
surface of the very dense sand layer.
Discussion and Conclusions
Surface seismic refraction and cross-hole techniques show similar results. Two
refractors were obtained in the studied site; the shallow

refractor coincides with water table

level, while the deeper refractor confirms the top surface of the very compacted sand. The
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shallow refractor proves the change of water table level, from seven meters depth during the
establishment of the project in 1972, to about two meters at the present time. It is believed
that the causes of water table change may be related to the infiltration of water, from the
broken pipes on the surface, to the soil.
At the present time the potential surface (the water table) exerts a pressure that increases
the strength of the soil against the loading force of the studied building. In the same time, the
infiltration water, from the surface, weakens the soil through the process of gypsum washing.
It is believed that, the differential response of soil particles, from place to another, to the
washing process and continuous water table fluctuation causes the differential settlement and
cracking in the walls of buildings and tanks.
Many direct measurements of water table in the borehole encouraged the seismic
results, which, it is found that the water table ranges between 2.2-2.6 meters below the ground
surface. These measurements indicate that the water level change from place to another in the
studied site, which may depends on the amount and position of seepage water. Comparison of
profile P4 of surface refraction method and C4 of cross-hole shows that, the results of these
techniques are integrated to define the main refractors in the studied site.
Depending upon the results of the study, it is strongly recommended to replace or repair
the broken pipes to prevent water seepage in first stage. Secondly, in such case it is suitable to
build up a monitoring system for the water level and composition, in order to define any
probable external sources of water from the surrounding area.
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