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Abstract

An-Najaf province is situated in south-western part of Iraq. It is 70 meters
above the sea level in the dry desert environment. The city is considered as
one of the most important cities in Iraq, facing a fast population growth and
continuous development in constructions such as residential complexes, ho-
tels, bridges and shopping malls. Soil investigation data for An-Najaf Province
(An-Najaf and Kufa cities) from 464 boreholes drilled by the National Centre
for Construction Laboratories & Researches (NCCLR)/Babylon laboratory
were used in this research. The data were analysed and possessed using Excel
program then represented on the Geographical Information System (GIS)
program by Inverse Distance Weighted (IDW) tool to create an allowable
bearing capacity map for the soil at depths 0 - 2 meters. The allowable bearing
capacity is one of the most important soil characteristics to be considered
when making a database for An-Najaf city soil. Geographical Information
System GIS program enables to create reliable database for any characteristic
and it is one of the best programs to produce an accurate map and allow ease
in dealing with it. Those maps cover all the studied areas and by using contour
lines, approximate values for no-data areas can be obtained. The results show
that the allowable bearing capacity range is 5 - 20 Ton/m’ for both An-Najaf
and Kufa cities. Kufa city has the range 5 - 9 Ton/m’. An-Najaf city has the
range 7 - 18 at the center, 8 - 10 Ton/m’ at the north eastern part, 7 - 14
Ton/m?’ for the north western part, 6 - 12 Ton/m, at the south eastern and 12 -
19 Ton/m” at the south western.
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1. Introduction

The soil compressibility characteristic is very important when establishing any
engineering structure. This compressibility is referred to as the bearing capacity
of soil, which is the possibility of selecting the extent of dynamic and static loads
without failure. Allowable bearing capacity is one of the important parameters
used in deciding the engineering foundations [1]. The ability of a foundation to
carry a load depends on the bearing capacity [2]. For any building to be con-
structed an extensive soil investigation must be carried out; this is a very stre-
nuous, expensive and time-consuming task. Therefore, the need arose to mi-
nimize investigations as much as possible to meet the challenges of rapid expan-
sion. Since soil exploration is too costly and mere guessing will not suffice when
making foundations, this work suggests a quick way to over such engineering
requirement [3].

The foundation is the supporting base of any structure which forms the inter-
face across which the loads are transmitted to the underlying soil or rock [4].
The bearing capacity of soil is calculated from the standard penetration test
(SPT) and core penetration test (CPT), or depends on engineering and physical
properties obtained from test results for the samples in the laboratory [5]. The
data of bearing capacity (B.C) in this study was calculated using a dynamic me-
thod, which depends on the standard penetration test (SPT). From the results of
on-site that took the number of blows (N) and got bearing capacity value de-
pending on a formula. The bearing capacity depends on several factors such as
soil quality, cohesion soil (fine-grained), cohesion less soil (coarse grained), and
groundwater in addition to soil saturation condition, and wet and dry densities
[6]. By knowing the bearing capacity for the soil, the type of foundations and its
depths can be guessed, as well as improving soil properties to take the necessary
precautions to avoid the damages especially from earthquakes [7]. This study in-
cluded collecting, classification and analysis of the information for 464 boreholes
in the study area and for depths 0, 2, 4, 6, 8, 10, 12, 14, 16 and 35 meters. The
data that were used in this research were taken from the National Center for
Construction Laboratories & Researches (NCCLR)/Babylon laboratory reports
(NCCLR) [8]. Using GIS program abilities, a digital data base was made for the
allowable bearing capacity. This can be generalized later to cover all soil proper-
ties and for all parts of Iraq, which enables to do the re-cyclization and treatment
and analysis easily in making the designing and planning of any engineering
project [9] [10].

This type of technique was used for Faisalabad region and proved to be fast
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and simple access to the information regarding foundation and allowable bear-
ing capacity [11]. In addition, it was also used in other Iraqi provinces such as
Baghdad, Diyala and Basra [10]. However, such a study has never been done
with such a large amount of data, which gives greater accuracy to the results. Fi-
nally, such map will help in preliminary studies, feasibility studies, and land use

policies.

2. Methodology
2.1. The Study Area

The governorate of An Najaf is located in south-western Iraq about 161 km
southwest the capital Baghdad and it borders Saudi Arabia (Figure 1). It also
shares internal boundaries with the governorates of Anbar, Kerbala, Babil, Qa-
dissiya and Muthanna. Desert plains dominate the landscape of the governorate.
It has an area of about 28,824 km* which is approximately 7% of Iraq’s total area
[12]. The province comprising three districts: An-Najaf Center district (holly
An-Najaf city, Kufa district and Al-Manathira district). This study cover parts of
An-Najaf and Kufa districts and located between the coordinates 44°17'00"E and
44°25'0"E and 32°7'0"N and 31°N [13]. An-Najaf city is located in Plateau region
with an attitude of about 60 m. Its slopes are flat and gradual toward the north,
northwest, east, south east, and south, while its very steep and forming natural
edge toward west and southern west [14]. The study area is consisting of succes-
sive rock formations from sedimentary origin [15].

An-Najaf province is located on the edge of the desert. It is located at the
southwestern tip of the north section of the Mesopotamian plain and on the
edge of the desert from the western side of the Euphrates River, which is 10 km
away [16]. This site has been developed within the desert climate, which is cha-
racterized with a hot dry summer, cold winter and large difference in the daily
temperature. The general direction of the wind is Northwest [13]. Summer tem-
peratures rise to 34.70 C, 33.70 C and 36.70 C in June, July and August respec-
tively. The main reason for this is the angle of fall of the sun, which is
semi-vertical, causing high intensity of solar radiation during summer. Temper-
atures decrease in winter, where it reaches 12.60 C, 11.50 C and 30 C in Decem-
ber, January, and February respectively. This difference is due to the duration of
solar radiation, where it reaches 11.9 hours per day in July while in December it
is 5.7 hours/day. This variation resulted in a great thermal range between the
summer and winter months and between night and day.

The rainfall in Najaf, like other cities in Iraq, follows the Mediterranean sys-
tem. It increases in the winter and rare or absent during summer. Rainfall is re-
stricted to the period from October to May and distributed unevenly. The total
annual amount of annual rainfall is 101, 112.3, 121 mm/cm? [17]. An-Najaf city
was chosen for this study because it is one of the largest and most important ci-
ties in Iraq, witnessing extensive urban development in the field of construction

of multi-storey buildings and bridges. The results of this research will help
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Figure 1. Location of An-Najaf province.

engineers and decision makers in Najaf to save time and cost needed to conduct

the primary investigations.

2.2. Data Collection

The data used in this research was taken from the National Center for Construc-
tion Laboratories & Researches (NCCLR)/Babylon laboratory reports. Babylon
laboratory represents a branch of the National Center for Construction Labora-
tories & Research (NCCLR), which is part of the Ministry of Construction and
Housing. This laboratory is conducting the geotechnical tests for the Middle
Euphrates region in addition to the testing of construction materials since its
founding in 1977. After completion of all tests, soil is finally described in the
light of these results. Then the layers were compiled together to find the bearing
capacity of soil. It is usually calculated using the dynamic method from the re-

sults of in-suite N-SPT method for depth from 0 m to 2 m using Meyerhof for-
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mula 1965 [18] as follows:

qull = N/0.08[ (B+0.3)/B] (1+033Df /B) (1)

where:

qull = ultimate bearing capacity of soil

N= No. of blows for SPT

B = width of foundation,

Df= depth of excavation of the footing

In addition, the groundwater level was recorded in the report where it was
measured in situ after the completion of drilling, as well as directly after a period
of 24 hours. The data were taking from 464 boreholes distributed in An-Najaf
and Kufa cities and for depths of 0 - 2 meters. Locations of boreholes are shown
in Figure 2. The coordinates of the boreholes have been obtained by GPS. The

geotechnical maps were prepared using GIS program version 10.2.1.

2.3. Software

A Geographic Information System (GIS) program is designed to store, retrieve,
manage, display, and analyse all types of geographic and spatial data. It can
produce maps and other graphic displays of geographic information for analysis
and presentation. To produce the bearing capacity maps, first the data were
sorted and categorized in Excel files. This includes the name of the studied site

and the site’s features. It also has all the tables containing the data that were used
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Figure 2. Locations of boreholes [10].
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Figure 3. Allowable bearing capacity map for the study area.

in the analysis process. Then this file was used within the GIS (Arc-map) pro-
gram for the purpose of data analysis and production of maps using a set of tools
for this purpose. The GIS in its version (10.2.1) finally produced the bearing ca-

pacity geotechnical map.

3. Results and Discussion

The final map of allowable bearing capacity produced in Figure 3. In this map,
the colour counters represent the bearing capacity for each neighborhood of the
study area, where light colors indicate the lowest values while the dark colors in-
dicate the highest values.

Figure 3 shows that the allowable bearing capacity for:

1) Najaf old city ranging between 11 to 16 Ton\m”.

2) AB.C in Wadi Al-salam (west of AN-Najaf) ranged between 10 to 18
Ton\m’.

3) At the north of the study area, the results show that the allowable bearing
capacity ranged between 6 to 14 Ton\m* While to the south, it ranged between
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(6 - 13) Ton\m?>.
4) The west region of the study area shows an allowable bearing capacity

ranging between 10 to 11 Ton\m”.

5) The highest results have emerged in Wadi Al-salam, while the lowest value
emerged in Al-Salam Al-Jadeed neighborhood.

4. Conclusions

Using the information obtained from 464 soil test boreholes within the study
area, an allowable bearing capacity map was constructed. This map can help in:

1) Using Geographic Information System (GIS) to produce geotechnical maps
provides a helpful way to predict the allowable bearing capacity in non-Spatial
data areas.

2) Geotechnical maps produced for the study area represent a very powerful
database and visual display of the collected data. Besides, using these maps will
help save time, cost and effort.

3) The produced maps can be used as a guidance for engineers and decisions
makers to decide the suitability of any construction in the study area, the best
foundation design and type of suitable treatment needed.

4) The allowable bearing capacity of the study area was ranging between 5 and
19 Ton\m>

5) This map can be used in the applications of smart cities.
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