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Abstract

Bearing pressure is the load per unit area along the foundation bottom. The value of bearing
pressure can be obtained from soil exploration. In this research, three sites in lraq were
tested (Mosul at north, Baghdad at middle and Basrah at south) for the best type of
foundation to be chosen. Seventy nine samples were taken from twenty three boreholes
drilled to a depth ranging from 1to 24m, from various sites for the three sites. Samples were
tested for their size; Atterberg limits; direct shear; unconfined compression; consolidation
and SPT tests. The results showed that the nature of soil in Mosul was generally were silty
clay to clay (in some areas silt or sand) with high to very high plasticity. In Baghdad, it was
loam clay, silty clay, and in some areas silt. Its plasticity range was medium to high and
non-plastic in few sites. For Basrah, the soil type was clay loam and in many places was
sand or silt. The value of plasticity was medium. The average and the worst values of
bearing capacity were: 177KN/m? and 77KN/m? for Mosul; 125 KN/m? and 68 KN/m? for
Baghdad; and 84KN/m? and 24 KN/m? for Basrah. These values were used in a computer
model (SAP2000 and SAFE softwares) to find the best suitable foundation in each site. The
model suggests that spread or continuous and raft (if basement is used for building with
many floors) are suitable for Mosul. For Baghdad, spread and raft type of foundations are
suitable. While, for Basrah, raft foundation type are to be used in some areas where
building should be less than three floors and for other areas, deep foundation (piles or pier)
can only to be used.
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1 Introduction

The interface between foundation and soil supports is defined by the most essential
parameter which is the bearing pressure. It is the contact force per unit area along the
bottom of the foundation [1]. The force acting between the foundation and the soil must be
equal to the integral of the bearing pressure over the base area of shallow foundation.
Bearing pressure is not necessarily distributed equally. Filed measurements and analytical
studies mention that many factors define the actual distribution of the bearing pressure such
as eccentricity of the added load; volume of the applied moment (if any); foundation
structural rigidity; the soil stress-strain properties and bottom roughness of the foundation.
Bearing pressure distribution along the shallow foundations base makes foundation
exposure to concentric vertical loads [1] (Figure 1).
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Figure 1: Distribution of contact pressure on base of smooth rigid footing supported by ()
Real, elastic material; (b) Cohesionless soil; (c) soil having intermediate characteristics.

Curve cyrefers to contact pressure at the loading of footing to ultimate value [2].
Generally, each structure (such as buildings, dams, bridges, towers, etc.) has two parts;
the part above the ground level which is referred to as the superstructure; while, the lower
part is the foundations supported by soil below. Soil is also a foundation for the structure
and affords the entire load coming from above. For that, soil should be defined before any
design process, starting with site investigations to define the types and properties
(mechanicals and chemicals) of the soil [3 and 4]. Soil is non-homogeneous material. It
does not have a unique stress-strain relationship and its behavior is affected by pressure,
time, environment, and many other parameters. Soil below the ground level cannot
prototype its behavior because it cannot be seen entirety and must be estimated through
small samples taken from random locations [4]. Soil properties in each location are
defined by various methods such as geology of the area, topography, and soil exploration
(disturbed and undisturbed sampling) or the geotechnical soil properties and nature of soil
layers for any project site. The aim of these tests is not only to define the soil types and
properties. The aim is to define the bearing capacity parameters (angle of internal friction
@; cohesion c) that will specify the allowable stress to prevent shear failure in soil because
soil is considered as heterogeneous material. Moreover, the tests of soil will define the
active zone. Active zone is the soil layers which are near the ground level and its water
content state in continuous change depending on evaporation and wetting [5].



Design of Shallow Foundation in Various Regions of Iraq 37

Bearing capacity of soil under foundations depends on different factors such as shear
strength, cohesion; unit weight of soil, etc. Foundation design must achieve two criteria. It
should be safe against overall shear failure and don’t exceed the allowable settlement of
the soil that supports it [6]. Figure 2, shows the relationship between the allowable
bearing capacity and the width of foundation.

Earlier work done by Al-Taie et al. (2013) was included the use of a hypothetical building
model designed and analyzed by STAAD Pro. program for three locations (Mosul,
Baghdad and Basrah) in Iraq. The work was done to find the best type of foundation to be
used in each location.
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Figure 2: Relation between the allowable bearing capacity and the width of foundation

[7].

In this research, a design and analysis of building model using SAP2000 and SAFE
programs for three regions (Mosul in the north, Baghdad in the middle and Basrah in south
of Irag) had been undertaken. The bearing capacity used in the design will be calculated
using general bearing capacity equation by Hansen [8], and the parameters used in the
equation were taken from soil samples at different locations in the three regions of Iraq.
Samples were tested in the field and laboratory to obtain the shear parameters. This was
used to determine the best type of foundation to be chosen for the three regions.

2 Methodology
2.1 Soil Exploration

Soil exploration was carried out through samples collected from the three different regions
of Irag. The soil nature of these locations can be summarized as follows:
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2.1.1 Mosul region

Mosul soils include different types (figure 3). Some of these types can cause engineering
problems (collapse, swelling, soluble in gypsum, volumetric change; etc.). Large parts of
Mosul area are covered with clay of different colors (light brown, reddish brown and light
green). This clay belongs to the lower Fars Formation (Middle Miocene) and has been
deposited in a closed basin. Most of the clay soil of Mosul is an expansive clayey type that
had affected several buildings in the center of Mosul city. The buildings in the city were
normal and their foundation is within the active zone (0.5 - 7.0 m). The volumetric change
into soil of the active zone is due to the change of its water content, which causes the
swelling of soil [5; 9 and 10].

2.1.2 Baghdad region

This region is part of the Mesopotamia plain and characterized by great variations in the
land use and high population density (figure 4). Quaternary sediments covering the
Mesopotamia plain are of Pleistocene to Holocene in age. Its thickness varies from few
meters up to 180m. Flood plain deposits are of fluvial nature brought by the Tigris and
Euphrates Rivers. The prevalent component of soil in this region is silt and clay [11 and
12].

2.1.3 Basrah region

This region is part of the Lower Mesopotamian basin where Quaternary sediments are
deposited (figure 5). Basrah region can be classified into two parts. The eastern part,
constitute surficial fine-grained deposits and its thickness is 14m. While, the western part is
characterized by coarse-grained sediments that are part of an alluvial fan and sandy Dibdiba
Formation deposits. The sediments of Dibdiba Formation gradually changed from marine
to river sediments. The upper parts are characterized by hard clay followed by very dense
sandy layers having significant bearing capacity. In general, the ground surface of Basrah
city is flat and its soil consist of silt and clay with little amount of sand. The sediments at
depth 1-18.5 m are clayey silt, while the sediment at depth 21m are sandy silt and at 24m
depth are sand [13 and 14].

2.1.4 Sampling

Disturbed and undisturbed samples were taken from nine boreholes in different locations in
Mosul region northern Iraq, (figure 3).Three to four samples were taken from each borehole
drilled to depth 3- 10m.



Design of Shallow Foundation in Various Regions of Iraq 39

SYRIA

" ARABIA

Figure 4: Baghdad region center Iraq map.
At Baghdad, samples were collected from five (figure 4). Three samples were taken from
each borehole drilled to a depth of 10 - 13m.

In Basrah, samples were taken from nine boreholes in different locations (figure 5). Three
to four samples were taken from each borehole drilled to a depth of 10-24 m.
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Figure 5: Basrah region in southern Irag map.

2.2 Samples Tests

Field and laboratory tests were performed on the samples collected from the three Mosul,
Baghdad, and Basrah. The purpose of these tests was to classify and define the mechanical
properties of subsoil. All tests were done according to ASTM, AASHTO and BS standards
[15 and 16] as follows:

Sieving was performed using sieve numbers 4, 10, 20, 40, 60, 140 and 200 to classify
the subsoil for each sample taken from different locations. The outcome was to find out
the soil grains size distribution. Hydrometer grain size analysis was used for the part of
soil particles which were finer than sieve No.200.

Atterberg limits were used for the identification and description of subsoil conditions
(ID). The test was done to obtain the liquid (LL), and plastic (LP) limits. The difference
between them is the plastic index (PI).

Strength parameters were obtained from two types of tests. The direct shear and the
unconfined compression tests. The samples used for these tests should be undisturbed
type. Finally, the results were cohesion (c), the angle of internal friction (¢°) of soil and
undrained compressive strength (qu).

Consolidation soil test was performed for undisturbed samples to obtain compression
index (C.), swelling index (Cs), pressure (P), and the preconsolidation pressure (Pc).

2.3 Calculations of the Bearing Capacity

The calculations of ultimate bearing capacity (qu:) were performed using Hansen general
equation [6] depending on the parameters obtained from the direct shear test:

Guit = cNescdiicgebe + qNgsqdgiqggqbg + 0.5vBN, s, d, i, g, b, (D)

where: ¢: cohesion of soil, kPa.
q: effective stress at the bottom level of foundation, kPa.
B: width of foundation, m.
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v: unit weight of soil, KN/m?.

N¢, Ng, N,: bearing capacity factors, (their values can take from especial tables).
Se, Sq, Sy: shape factors.

dc, dq, dy: depth factors.

ic, Ig, Iy: load inclination factors.

de, g, 0y: ground inclination factors.

be, by, by: base inclination factors.

The depth and shape factors values can be calculated from the following equations:

K=D/p....For D/p <1

Equations for calculated depth factors are:

d. = 1.0 + 0.4k
dq = 1.0 + 2tan@(1 — sin®)2k
d, = 1.0

Equations for calculated shape factors

Se=10+Ng.B/y L

Cc
Sq=10+B/,sing ........ forall @
S, =10-048/ ... . for B/, > 0.6

In some locations in Baghdad and Basrah the calculations of ultimate bearing capacity
depended on the unconfined compression strength (q.) obtained from unconfined
compression test and was used to calculate the undrained cohesion (C,) as follow [17]:

1
Cy = ECIu (2)

Standard penetration test (SPT) was used in some locations in Basrah to calculate the
bearing capacity value. Numbers of blows identify the compression strength (q) value
depending on the correlation as shown in table 1. This correlation is quite useful when
according to the soil conditions [18].

Table 1: Relationship between Ncor and q, [18].

Consistency Neor qu , KPa
Very Soft 0-2 =25
Soft 2-4 25-50
Medium 4- 50-100
Stiff §-15 100-200
Very Stiff 15-30 200-400
Hard =30 =400

Where: qq is the unconfined compressive strength.
Neor is the correction blow of SPT.
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2.4 Results

The results of field and laboratory tests and the calculations of bearing capacity for

Mosul, Baghdad, and Basrah are shown in table 2.

e Atterberg limits results included the LL, PL, and PI for different locations in the three
regions. The results showed that the soil in Mosul region is between silty clay to clay
with high to very high plasticity and in some areas contain sand or silt. In Baghdad
region, the results showed that the soil is loam clay and silty clay, and in some areas
contain silt. Range of plasticity was between medium to high and non-plastic in few
sites. For Basrah region, the value of plasticity was medium and the soil type is clay
loam and in many places it contains silt or sand.

e The strength parameters values for angle of internal friction ¢, cohesion of soil ¢, and
undrained compressive strength gu were obtained from direct shear and unconfined
compression tests.

Table 2: Results obtained from field and laboratory tests.

Parameters obtained from field and Locations
laboratory tests Mosul Baghdad Basrah
Atterberg Limits:
Liquid limit(L.L) 43-54 34-53 37-45.6
Plastic limit (P.L) % 22-26 19-30 21.33-31.9
Plastic index (P.1) % 17-30 15-29 11-18
Unit weight (y) KN/m?® 15.7-19.7 14.4-20.31 15-20
Direct shear test:
Angle of internal friction 15-28 - 31-33
Cohesion (C) KPa 0-40 - 0-4
Consolidation test:
Initial void ratio (eo) 0.558-0.767 0.647-0.769  0.72-0.90
Compression index 0.065-0.28  0.156-0.22 0.186-0.267
Swelling index (Cs) 0.11-0.156  0.010-0.054 0.028-0.090
Preconsolidation pressure (P.) KPa 70-150 95-165 90-135
Unconfined test:
unconfined compression strength (g,) KPa - 76-370.6 24-125
SPT test: qu KPa - - 24

e Using the consolidation test, the initial void ratio e,, compression index Cc, swelling
index Cs, and preconsolidation pressure P were obtained. These values were used to
calculate the settlement.

¢ Insome locations in Basrah, SPT test was used to obtain the qu value.

e Bearing capacity values were obtained using the general bearing capacity equation.
The results are shown in figures 6, 7 and 8 for Mosul, Baghdad, and Basrah
respectively.
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Figure 6: Results of Bearing Capacity for Mosul.
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Figure 7: Results of Bearing Capacity for Baghdad
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Figure 8: Results of Bearing Capacity for Basrah.

2.5 Computer modeling

The model of study was designed and analyzed using two computer programs. These
programs were SAP2000 (Structural Analysis Program, version 16) and SAFE (Slab
Analysis Finite Element) software for structural and foundation design and analysis.
SAP2000 is a program used to design general structures such as buildings, dams, towers,
stadium; etc. It has advantages such as powerful and completely integrated design
program for concrete, steel, cold formed steel, and aluminum. The concrete design for
frame members includes the calculation of the amount of reinforcing steel required. The
program includes a wide variety of national and international design codes. Moreover, It
has unlimited analysis capabilities, time-history, a complete range of finite elements
analysis options and static nonlinear analysis. The program has a capability of export and
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import for other popular drafting and design programs as well [19 and 20]. SAFE is finite
element software. It has many capabilities such as strong graphic tools for drawing
various shapes and patterns, system of mesh generator, different load combinations are
created, and the capability of presenting the loading states by 3D animation. The variety
of outputs given by the software can be used to study the behavior of loads and
deformations. SAFE is a sophisticated program for concrete slab\ beam and basement\
foundation systems. Moreover, the program has the capability to import and export
models and design from other programs [21 and 22]. General steps were used in the
design and analysis of any structure and foundation using SAP2000 and SAFE, are as
follow [23]:

e Creating a model or modifying it, which numerically defines the geometry, loading,
properties, and analysis parameters for the structure.

Executing an analysis of the model.

Reviewing the results of the analysis.

Checking and optimizing the design of the model.

Mouse over diagram shown instantaneous values.

The results to be obtained from both programs are of different types depending on the
case studied or the problem to be solved.

In this study a building model was designed and the structure of the building was
analyzed using SAP2000 software. The structure was of two floors of 25*60m
dimensions with 3m as the height for each floor.

| 2 Area Uniform (Finish) (GLOBAL - Gravity) |

Figure 9: The structure of the building in SAP2000 program.

The model was loaded with dead and live loads of 29.5 KN/m? and 8 KN/m? respectively.
ACI code was used in the design [24]. The model was analyzed to check the deformations
for the columns and slabs (figure 9).

The structure model was exported to SAFE software with all loads on each column. In
SAFE program, the raft foundation for the building was designed. The design parameters
used were the dead load 25 KN/m?, as well as the live load. The load combination was
used according to ACI code [24] as follows:
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1.2DL + 1.6LL ©)

Where: DL is the dead load.
LL is the live load.

The building model was applied in the three regions (Mosul, Baghdad, and Basrah). The
calculated bearing capacity (in section 2.3) for each location was used twice. The first
using the average value and then the worst values. The results obtained from the program
were illustrated in figures 10 to 15.

The results of the average bearing capacity values for Mosul are shown in figure 10. It
indicates that the base pressure under the foundation ranges from 70 t0110 KN/m?. These
values were less than the calculated value (177KN/m?).
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Figure 11: Worst bearing capacity obtained distribution of base pressure for Mosul.
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The worst value of bearing capacity used for Mosul region is shown in figure 11. The
range of base pressure under the foundation was from 70 to 95KN/m?. These values were

close to the calculated value.

Figure 12: Average bearing capacity obtained distribution of base pressure for
Baghdad.

Figures 12 and 13 show the distribution of base pressure under the foundation using the
average (125KN/m?) and worst (68 KN/m?) values of calculated bearing capacity for
Baghdad region. The range of base pressure under foundation was 70-100 KN/m? for
average value, and between 65-96 KN/m?for worst value. In both cases, the base pressure
was less than or within the calculated value of bearing capacity.
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Figure 13: Worst bearing capacity obtained distribution of base pressure for Baghdad.

For Basrah region, figure 14 shows that the base pressure distribution for average value of
calculated bearing capacity was 84 KN/m?. The range for the base pressure under
foundation was 70-95 KN/m?, which is close to the calculated value of bearing capacity.
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Furthermore, figure 15 shows the distribution of base pressure for the worst calculated
bearing capacity (24 KN/m?). The value of the base pressure under the foundation was
between 72 -100KN/m?,

Figure 15: Worst bearing capacity obtained distribution of base pressure for Basrah.

3 Discussion

In this research, the purpose of the case study was to define the soil pressure under
foundation for different locations (Mosul, Baghdad, and Basrah in Irag). Usually, SAFE
program gives the results of soil pressure in two directions: tension (positive) and
compression (negative). The results were only negative, which means that the effect of
tension was zero (legend of the values of base pressure tabulated in the right side of
figures 10-15).
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The results obtained for Mosul region (figure 10), were values of the base pressure
distributed under the foundation for the average value of calculated bearing capacity. The
maximum value of the base pressure was 100 KN/m?, which was less than the calculated
bearing capacity value (177 KN/m?). It is significant that the best type of foundation
should be chosen. While, the maximum value of base pressure shown in figure 11, for the
worst value of calculated bearing capacity was 92 KN/m? for some areas under the
foundation. These values will not affect the foundation, although it is beyond the
calculated value of bearing capacity (77KN/m?). In the previous work done by Al-Taie, et
al. (2014)[25] for the same building model using the same data, but the design and
analysis was done using STADD Pro vi8 program for Mosul region, the results showed
the maximum value of the base pressure under the foundation was 99 KN/m? for the
average calculated value of the bearing capacity (177KN/m?). The result was less than the
calculated value as shown in figures 16 and 17. While, the maximum value of the base
pressure under the foundation was 75 KN/m? for the worst value of the calculated bearing
capacity. The result value was less than the calculated (table 3). The recommendation (in
the previous work) for Mosul region was to use continuous or spread type of foundation
and raft type if a basement is required for buildings with many floors. While, the
suggestion depended on the results obtained from SAFE program, the best type of
foundation is spread or continuous for buildings with many floors, and raft type
foundation if basement is to be used. Earlier work [26] for Mosul location indicated that
continuous type of foundation is recommended.

The base pressure under foundation (figure 12), for Baghdad region was for the average
value of calculated bearing capacity (125KN/m?). The maximum value of base pressure
shown under the foundation was 95 KN/m?. This value was less than the calculated value.
Figure 13, shows that the base pressure under foundation for worst value of calculated
bearing capacity was 68 KN/m?. The result for the value of the maximum base pressure
was 90KN/m?. It was higher than the calculated value. While, in the previous work [25]
for the same building model showed that the maximum value of base pressure under
foundation was 87 KN/m?, for the average of calculated bearing capacity 125 KN/m?
value. The maximum value of the base pressure was 79 KN/m? for the worst value of the
calculated bearing capacity. This value was higher than the calculated value (68 KN/m?),
as shown in figures 16 and 17. Spread or raft foundation type for such areas are
recommended using the average value of bearing capacity, and only raft foundation type
is the suitable for the area with worst value of bearing capacity [25]. According to SAFE
program, continuous or raft foundation type are recommended for buildings not higher
than five floors. For areas with worst bearing capacity value raft or mat foundation is
recommended (table 3). Previous work [26] suggested raft type of foundation for
Baghdad.
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Table 3: comparison of the results obtained of current and previous works.

Location Method used Average Worst Foundation to be used
bearing bearing
capacity  capacity
(KN/m?)  (KN/m?

Mosul Calculated 177 77 Shallow type
STAAD Pro. 99 75 Continuous or spread type,
& raft type for basement.
SAFE 100 92 Continuous or spread type,
& raft type for basement.
Baghdad  Calculated 125 68 Shallow type
STAAD Pro 87 90 Spread or raft type.
SAFE 95 79 Spread or raft type.
Basrah Calculated 84 24 Shallow and deep type
STAAD Pro 81 77 Raft and pile types.
SAFE 81 96 Raft and pile types.

Figure 14, for Basrah region shows that the maximum value of base pressure (81 KN/m?)
for the average calculated bearing capacity (84 KN/m?). Figure 15 show that the value of
the maximum base pressure (96 KN/m?) for the worst value of calculated bearing capacity
(68 KN/m?). Previous work [25] showed that the maximum value of base pressure under
foundation was 81 KN/m?, for the average calculated value of bearing capacity 84 KN/
m?2, While, the maximum value of the base pressure obtained from STAAD Pro program
was 77 KN/ m2, for the worst value of the calculated bearing capacity 24 KN/m? (figures
16 and 17). The raft foundation was the type of foundation recommended for the average
value of bearing capacity [25]. The piles were the best type of foundation recommended
for the worst value of the bearing capacity. The suggestions according to the results
obtained from the current work, is that areas with a high value of bearing capacity, raft
type is recommended for building not high than three floors. The areas with low values of
bearing capacity the deep foundation type is the suitable one. Al-Taie et al. [26],
suggested raft foundation for Basrah.
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Figure 16: The results of q average values from STAAD Pro., SAFE programs and
calculations.
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Figure 17: The results of g worst values from STAAD Pro., SAFE programs and
calculations.
Conclusions

Exploration for soil in northern (Mosul), middle (Baghdad) and southern (Basrah)
parts of Iraq. Was carried out to find the best suitable foundation to be used in these
areas. Field and laboratory tests were performed on seventy nine samples collected
from these areas. The results indicated that the soil in Mosul had high to very high
plasticity and its type was silty clay and clay, while, in some areas it was sand or silt.
In Baghdad, the results showed that the soil had medium to high plasticity and
non-plastic in few sites. Soil type was loam clay, silty clay and in some area silt.
Plasticity of soil in Basrah region was medium and the soil type was clay loam and in
many places it was silt or sand.

Model of building was designed and analyzed using SAP2000 program specialist for
structure and SAFE program specialist for foundation, depending on the calculated
bearing capacities for different locations in the three regions of Iraq. The effect of
loads (dead and live) on each column in the structure was transported to SAFE
program. The results showed that the contours for the base pressure distribution under
the foundation is more accurate and more realistic compared to results from STAAD
Pro program.

The results obtained from the programs, for Mosul region showed that the value for
base pressure under foundation was lower than the average calculated bearing
capacity in the whole area. The same results were obtained when using the worst
value for bearing capacity as well. For that, the best type of foundation recommended
for Mosul region is spread or continuous type for buildings with many floors and raft
type foundation if basement is to be used.

In Baghdad region the value obtained for the base pressure under foundation did not
exceed the average value of calculated bearing capacity. This makes the choice of
continuous or raft foundation type is more suitable for buildings with not more than four
to five floors in some locations of Baghdad. While, the results of the base pressure value
were close to the worst calculated value of bearing capacity. The suitable choice for such
areas is the raft or mat foundation.

Results for Basrah region showed that the suitable type of foundation for the average
value of bearing capacity is the raft type for the normal building with not more than three
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floors. This type was chosen because the value of the base pressure was less than the
calculated value. The value of the base pressure obtained using worst calculated value for
bearing capacity was higher. In such a case, deep foundation (piles or drilled shafts) type
is recommended.

The comparison of the results obtained from this research and the previous one (using
STAAD Pro program) for the same building and areas, gave the same suggestions for the
type of foundation to be used in the three regions (Mosul, Baghdad, and Basrah) due to
the fact that, the values of base pressure obtained from STAAD Pro and SAP2000, SAFE
programs were convergent with each other. These differences were related to the finite
element technique used in each program. Moreover, the value of base pressure in any area
under the foundation in SAFE program can be obtained directly from the contour.
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