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ABSTRACT

Cost, time and quality are the main targets in the design and implementation of any
foundation. It represents an important part of any building, dam, bridge, tower, etc. The
design of foundations requires: the load that will be transmitted by the structure to the
foundation, knowledge of the geological conditions in order to understand the type of soil that
is presented under the foundation e.g. soil nature, soil layers and groundwater depth, the
behavior and stress of soil. In addition the standards of the building codes are of importance.
Most problems that appear in Iraq during implementation and after finishing are related to soil
and concrete problems. Especially, problems due to water or aggregate (stone and sand) or in
cement manufacturing. This thesis aims to analyze soil and shallow foundations of buildings
to reach the optimal type should be used to minimize cost with control over quality. Also,
suggested a new sustainable material mixture for the three regions of Iraq. Mosul, Baghdad
and Basrah are the regions chosen for study due to the great variation in the geology and the
soil conditions. Soil investigations were done for twenty three sites in different locations of
the three regions in Iraq. The geotechnical assessment included field investigations and
laboratory tests. Laboratory testing was carried out to aid soil classification and to evaluate
the engineering properties for the subsurface soil. The results obtained from soil exploration
were adopted in the calculations of settlements and bearing capacities for foundation design.
The results indicated that the soil in Mosul had high to very high plasticity. In Baghdad, the
results showed that the soil had medium plasticity. Plasticity of soil in Basrah region was
medium to low. The outcomes from the calculations which were based on field and laboratory
tests were used to obtain the average and minimum values of the bearing capacity to be used
in the proposed model. Computer models were conducted using STAAD Pro.v8i, SAP2000 &
SAFE and PLAXIS softwares for design and analysis. All the models were applied for the
three regions (Mosul, Baghdad and Basra) in Iraq. The building used in all softwares was (an
existed building from Mosul university) of two stories (ground & 1st flower). Mat foundation
was suggested for the building. A new concrete mixture using crushed bricks as a coarse
aggregate was used to study the effect of foundation stresses on the soil. Results obtained
from the softwares indicated that: the soil in some sites requires improvement before
implementation of any building. The suitable type of foundation that should be used in the
three regions of Iraq is shallow foundation type (continuous or strip and raft). Deep type
foundation is suitable to be used for some parts of Basrah region. Finally, the results’ showed
that using a crushed bricks as an aggregate in the concrete mixture will reduce the base
pressure under the foundation as well as it is a durable material with low weight.
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CHAPTER ONE
INTRODUCTION

1. General Background

Cost, time and quality are the main targets for the design and implementation of any
foundation. It represents an important part of any building, dam, bridge, tower, etc. The
design of foundations of structures requires: the loads that is transmitted by the structure to
the foundation, knowledge of the geological conditions in order to understand the type of soil
that is present under the foundation e.g. soil nature, soil layers and groundwater depth, the
behavior and stress condition of the soil. In addition the standards of the building codes are of
importance. It is important to have a good feedback about the project site, because soil nature
is heterogeneous. For soil, field investigations and laboratory tests are often required. In
addition, information about the geology of the site will be helpful for the designer. Therefore,
tests and identifications for soil and rocks must be ©  achieved at each new site before
conducting any analysis. Soil is also a foundation for the structure and carries the entire load
coming from above. The parameters of soil that must be defined for design purposes are: the
grain size distributions, shear strength, plasticity, and compressibility (Bowles, 1996, Das,
2011). For that, design process must start with site investigations to define the types and the
mechanical and the chemical properties of the soil. This should be done as all types of soil do
not have the same and unique stress-strain relationship. Its behavior is affected by the
pressure, time, environment, and many other parameters. The properties found in the soil
samples from any location are affected by various factors such as geology of the area,
topography, and the methods of soil sampling (disturbed and undisturbed) (Kameswara Rao,
2011; Das, 2011).

Designing and modeling of foundations and structures need two engineering disciplines: the
structural engineer to design the structure and the geotechnical engineer to obtain the
settlement and bearing capacity of the soil. An overview of the actors and factors must be
considered when realizing the structure and foundation. Figure 1.1 illustrates the factors and
actors which are involved in modeling foundation structures (Breeveld, 2013).

The oldest civilizations in the world started in Iraq and many of the remnants ancient
buildings still exist till now. Now a day, the Iraqi designers are adopting new style in their
designs which is unsuitable for the environment of Iraq e.g. the interfaces of buildings
designed from many concrete decorations works, the insulations in the buildings not
considered. This has been reflected on the quantities of materials used and the time of
implementation of construction projects. Although, climatic conditions, soil and geology of
Iraq is not the same all over Iraq, however, the design and materials used in the constructions
are the same. Designers were paying attention to the outside building’s aesthetic without
attention to the internal constructions and building services. Moreover, these constructions
takes long time to implement, costly, and the thermal insulations are not considered for the
buildings by designers.

Normally, in Iraq foundations are constructed by use of reinforce concrete. Concrete is a
building material that maintains its properties in a good condition during the life of the
building (Babor, et al, 2007). Concrete is a mixture of cement, aggregate (sand and gravel)
and water, mixed by certain percentages in order to achieve certain properties when hardened.
Concrete problems in Iraq mostly related to the water salinity and aggregates (stone and sand)
(Al-Haiti, et, al, 2007; Abboud, 2013). These problems appear in the building’s columns or
roof or some times in the floors. For that, a necessary experiments should be conducted to
prevent any damages occurs during or after constructions due to concrete use in the buildings.
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Figurel. 1: Actors and factors involved in modeling foundations (Breeveld, 2013).

1.1.The novelties of the work

The novelties and the contribution of the thesis work are as follows:
e Reviewing the historical types of foundations and materials that were used in Iraq
for buildings since the dawn of civilization until now.

e Geotechnical assessment for three regions of Iraq of different geology and soil

properties (north, middle, and south).

e Coupling between SAP2000 and SAFE for foundation design.
e Comparison of the stresses of constructed building using sustainable materials
(crushed bricks in concrete mixture) to the stresses of the same building used of the
previous standard concrete on the soil for the three locations.

1.2.0bjectives

— o o o e e e e

It is obvious that the geology and the soil properties in Iraq vary greatly in the northern,
middle and southern parts of the country. The aim of the analysis of the shallow foundation is
to reach the optimal foundation type that should be used to minimize cost with better control

over quality.

The main objectives of the thesis are:

1. Geotechnical assessments to define the physical and mechanical properties of the soil in

the study areas.



2. Verify the base pressure and settlements under shallow building foundation in the study
areas using the suitable softwares.

3. Evaluating soil stresses from building constructed by the suggested new sustainable
material (crushed bricks in concrete mixture) to be used for the study areas.

1.3.Methodology
To achieve the aims of this study, the research work was carried out in three different regions

(Mosul in the north, Baghdad in the middle, and Basra in the south of Iraq) according to the

following:

e Geotechnical assessments: Samples were collected from different locations in the three
regions. Standard penetration tests (SPT) have been done in some sites. Laboratory tests:
Atterberg limits test, sieve and hydrometers test, oedometer, direct shear, unconfined
compression tests were conducted.

e Computer Modelling: Using STAAD Prov§i and SAP200&SAFE softwares for
foundation design and analysis of a building in the three regions to choose the optimal
type of foundation for the three regions. PLAXIS software and numerical calculations
were used to evaluate the settlement under different added loads in the three regions.

e Using STAAD Prové8i software to evaluate the base pressure under foundation using new
concrete mixture with sustainable material (crushed bricks).

1.4.Thesis outline

The thesis comprises two parts. The first one includes the chapters that describe the
methodology of work (geotechnical assessments), computer models and the performance
analysis. It ends with a discussion of the modeling outputs. The second part contains ten
scientific articles that are related to the objectives of the thesis.

Part I: Consists of 7 chapters. A brief summary for each chapter is given below:

Chapter 1
General introduction to the thesis.

Chapter 2
Historical review of the types of foundations and materials used in Iraq since the dawn of
civilization, up until now.

Chapter 3

Clarifying the criteria for foundation design and their importance for safe and stable
foundation. The importance of building codes is briefly described and a simple comparison
between European and American codes is performed. The requirements for materials used in
foundations and their problems in Iraq are presented. Study the possibility of use of
sustainable material (new concrete mixture).

Chapter 4

Describe the geology and the soil conditions in the three regions (Mosul, Baghdad, and Basra)
of Iraq. Explain the soil investigations and laboratory tests that had been conducted in the
study areas. The parameters established from these investigations, I used for the analysis and
design of foundations.



Chapter 5

Finding the suitable foundation for each region using STAAD Pro and SAFE softwares for
the design and analysis. Settlements were estimated in the three regions using SAFE software.
PLAIXS software was used to estimate settlements under different added loads. New
parameters (density and modulus of elasticity) of new concrete mixture (use crushed bricks)
used in STAAD Pro software to check the effect of foundation stresses on the soil beneath it.

Chapter 6
Discussion and assessment of the results.

Chapter 7
Conclusions, recommendations and future work.

Part I1: Appended papers
The following papers are appended in the second part of the thesis.

Paper one
Entidhar Al-Taie, Nadhir Al- Ansari, Sven Knutsson, 2012, Progress of Building
Materials and Foundation Engineering in Ancient Iraq, Advanced Materials Research
Vols. 446-449 (2012) pp 220-241, Online available since 2012/Jan/24 at

www.scientific.net.

Paper two
Entidhar Al-Taie, Nadhir Al-Ansari and Sven Knutsson, 2012, Materials and the Style of
Buildings used in Iraq during the Islamic period, Journal of Earth Sciences and
Geotechnical Engineering, vol. 2, no. 2, 2012, 69-97.
http://www.scienpress.com/Upload/GEO/Vol%202 2 6.pdf

Paper three
Entidhar Al-Taie, Nadhir Al-Ansari and Sven Knutsson, 2012, The Progress of Buildings
Style and Materials from the Ottoman and British Occupations of Iraq, Journal of Earth
Sciences and Geotechnical Engineering, vol. 2, no.2, 2012, 39-49.
http://www.scienpress.com/Upload/GEO/V01%202_2_4.pdf

e Paper four
Entidhar Al-Taie, Nadhir Al-Ansari, Sven Knutsson and Tarek Edrees Saaed, 2013,
Foundation Assessment in Different Parts of Iraq Using STAAD Pro V8i, Journal of
Civil Engineering and Architecture, Mar., Volume 7, No. 3 (Serial No. 64), pp. 273-281,
USA.
http://www.scienpress.com/Upload/GEO/V01%204_4_3.pdf




Paper five
Entidhar Al-Taie, Nadhir Al-Ansari, Sven Knutsson, 2014, Effect of Bearing Capacity
on Designing Foundations in Iraq Using STAAD Pro-v8i, Engineering, 6, 292-303,
Published Online May 2014 in SciRes.
http://www.scirp.org/journal/eng, http://dx.doi.org/10.4236/eng.2014.66033.

Paper six
Entidhar Al-Taie, Nadhir Al-Ansari, Sven Knutsson, 2014, The Need to Develop a
Building Code for Iraq, Engineering, 6, 610-632, Published Online September 2014 in
SciRes.
http://www.scirp.org/journal/eng , http://dx.doi.org/10.4236/eng.2014.610062.

Paper seven
Entidhar Al-Taie, Nadhir Al-Ansari, Tarek Edrees Saaed and Sven Knutsson, 2014,
Bearing Capacity Affecting the Design of Shallow Foundation in Various Regions of
Iraq Using SAP200 & SAFE softwares, Journal of Earth Sciences and Geotechnical
Engineering, vol. 4, no. 4, 35-52.
http://www.scienpress.com/Upload/GEO/V01%204 4 3.pdf

Paper eight
Entidhar Al-Taie, Nadhir Al-Ansari, Sven Knutsson, 2015, Estimation of settlement
under shallow foundation for different regions in Iraq using SAFE software,
Engineering, 7, 379-386. Published Online July 2015 in SciRes,
http://www.scirp.org/journal/eng , http://dx.doi.org/10.4236/eng.2015.77034

Paper nine
Entidhar Al-Taie, Nadhir Al-Ansari, Sven Knutsson, 2015, Evaluation of Foundation
Settlement under Various Added Loads in Different locations of Iraq Using Finite
Element, to be submitted to an international journal.

Paper ten
Entidhar Al-Taiel, Nadhir Al-Ansari, Sven Knutsson, 2015, Effect of Material Using in
Concrete Mixing in the Foundation Stress on Soil, Engineering, 2015, 7, 668-675,
Published Online October 2015 in SciRes.
http://www.scirp.org/journal/eng, http://dx.doi.org/10.4236/eng.2015.710058




CHAPTER TWO
Historical Review

2. Introduction

The history of foundation types and materials which are used in Iraq will be reviewed for the
period between 150,000 BC- 1958 AD in this chapter. The aim of this review was to highlight
the types of foundations and materials which were used and enabled these buildings to remain
for a long period of time (for more details see papers No. 1; 2 and 3) (Al-Taie, et, al, 2012).
Buildings reflect the culture, environment and economy of the society. Humans have
recognized the importance of constructions since the beginning of civilization. The prevailing
methodology was that the weight is moved starting from the roof to the columns then to the
foundations and then to the soil. Humans recognized the importance of foundations to hold
the structures (Kamona, 2010). Iraqi history can be divided into three periods: Ancient Iraq,
Islamic period, and the Ottoman and British occupations and the present situation.

2.1. Ancient Iraq (150,000 BC- 226 AD)

Humans started to build circular habitations with the foundations over the ground using
natural large stones for construction (Figure 2.1). Later, they began to build rectangular
constructions with foundations under the ground surface. Materials used for foundations were
stones in the northern part of Iraq. Palaces were built in square shapes with foundations that
had thicknesses ranging from 2.80 to 3.20m for the outside walls (Figure 2.2). The foundation
of the internal walls had a thickness ranging from 1.60 to 2 m. Liben (mixture of clay and the
remains of barley) was used in construction of the foundations of convex-straight type, which
was put in zigzag rows (Seton, 1993; Yuosaf, 1982 ) (for more details see paper No.1I).

Figure 2.1: The Round House (Yuosaf, 1982). Figure 2.2: Foundation palace plan

(Sileman, 1985).
The foundation type used was terraces for palaces, Ziggurats (they are solid high building
consisted of several layers topped with small temple) and temples were built in north, center
and south parts of Iraq. In the northern part of Iraq, the Assyrian built their town Dor-Churkin
or Khorspad on 12m high terraces as a foundation (Figure 2.3). Helan (local limestone) and
trimmed stone material was used for the buildings (George Rawlinson, 2012). In central part
of Iraq, Ziggurats were composed of five to seven layers, such as Ziggurat of Dor- Kurigalzu
and the Babylon tower. The construction material was made of square liben (45*45%*10cm)
which was made of silty clay soil or sandy clay soil. Tar and lime were used as plaster in the
foundations of the buildings. They are moisture proof and have good cohesion (Mohammad,
1977). In the southern part they used liben material in the terraces’ constructed as
foundations.
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Figure 2.3: Details of Khorsabad’s Terrace and palace (George Rawlinson, 2012)
2.2. Islamic period (637- 1639) AD

The Islamic engineers used to prepare the plan drawing and calculated the cost and quantities
of materials required in the constructions (4/-Mosawi, 1982). The weather conditions,
availability of construction materials, appropriate construction and harmony with the
surrounding environment, the topography and the soil type were all factors taken into
consideration. At the beginning of this period, the first foundation type used was mud mixed
using a special technique referred to as “Bakla”. Later stones were used for the construction
of the foundations of the palaces and mosques. Houses had basements under the ground to be
used during summer. The roofs of the basements had shapes like arches to provide strength,
durability to bear the loads over them. The construction materials used in the buildings in
Mosul city were natural stones, geometric stones (stone is cutting in forms of square or
rectangular cubes), gravel and wage (burnt mud on temperature between 950° to 1200°). The
type of foundations was continuous or stripe and most of the buildings had basements (A4!/-
Mosawi, 1982). The second types of foundation used for the buildings and fence (around
Baghdad city) were spread. The material used in construction was liben of two sizes; the first
was of size (0.915%0.915) m and weighing 200Kg and used for foundation. The second size
was (0.915%0.458) m and weighing 100 kg. A terrace was the third type of foundation used
for the minarets of the mosques such as Caliphs mosque, and the famous Samara mosque
(Malwya), etc. (4/-Alaaf, 1999) (for more details see paper No.2).

2.3. Ottoman and British occupation period (1639-1958) AD

During the Ottoman period no real development in buildings took place. Despite the changes
in the ways of buildings construction all the methods used local natural materials for
constructions. This gave a special identity to the buildings. The constructions focused on the
building of mosques like Alkhaski mosque, Ahmadiyya mosque, and Hayderkhanah mosque.
Locally available raw materials were mixed in different ways to get it stronger and stiffer to
suit the Iraqi climate. The foundations were (1.5-1.0) m in depth below ground surface for
good ground, but in bad ground their depth reached 3m below ground surface. Foundation
material used was broken wage and lime with ash as mortar. This type of mortar was used up
to Im over the ground (Reuther, 2005-2006). Al-Qishla famous building located on the bank
of Tigris River in Baghdad. It is considered as a turning point in the history of Iraqi
construction. It was built in a new style influenced by the Italian style and was built to be
military barracks. Local materials like wage and gypsum were used during its construction.
The type of foundation used was strip (Figure 2.4) with dimensions of 2m width in the top

11



(same as the walls of the building) ended inside the ground with 6.5m width. A layer of stone
was put under bricks foundation (4/-Silq, 2011, Ministry of Culture and Information, 1987).
The British occupation period marked the start of new ways and styles of design, building,
and materials used. The new materials such as cement and iron (Schliemann is H shape of
iron used in the roofs of the building) were used for the first time in Iraq during this period
(Al-Sultani, 2009) (for more details see paper No.3).

R &

RECTER TR

S

Tigri tiver

Figure 2.4: Plan and Foundation of Qishla building (Ministry of Culture and
Information, 1987).

Present situation

From 1958 to the present, the style of building changed in Iraq. New and modern
construction materials, equipments and technologies started to be used. The Iraqis sought to
take advantage of modern technology and materials for their work (4bdul Rasul, 1987).
Construction with new style is not suitable to the environment of Iraq. The modern buildings
developed and grew among urban pattern. The new pattern of the city was different from of
traditional city planning which developed randomly according to the expansion circumstances
(Nasir, 2009). The types of foundations used are of two types: shallow and deep (Figure 2.5).
Most of middle and some of the south areas of Iraq use the raft foundation type. Whilst, in
other parts of the southern of Iraq is more likely type to be used piles, because the soil
properties are not very good.

Figure 2.5: Raft foundation type for new educational buildings (Ministry of Higher
Education projects, 2014).
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CHAPTER THREE
FOUNDATION DESIGN

3. Introduction

Foundation is the most important part which connects the superstructure with ground. They
are often divided into two categories: shallow which include two types and deep foundations
include different types as shown in figure3.1. All materials used in buildings are artificial
materials. They are produced according to the international standards or codes, such as steel,
concrete, etc. and the properties are well known for the structural engineers. Soil is natural
materials need site investigations and laboratory tests to defined its properties. In addition,
information regarding the geology at the site will help the designer. Therefore, tests and
identifications of the soil and rock have to be done at each site before conducting any analysis
and design (Bowles, 1996, Coduto, 2001).

Foundations
Deep
Shallow
/ \ Piles 7 / \ i‘:usions
Spread Mats Anch Drilled P
. M d 1_ nchors ressure-
Footings S:.Vil: Shafts ~ Other  Injected
Thin Shells Types  Footings
Filled with Auger-Cast
Concrete Piles

Figure 3.1: Foundations types (Coduto, 2001).

3.1. Parameters affecting design of foundation

Soil parameters that must be defined for design purposes are: the grain size distributions,
shear strength, plasticity, and compressibility. These parameters can be determined both by
field and laboratory tests (Lui, et al, 2008, Das, 1999). The important requirements for the
design of safe and stable foundations are: stability i.e. bearing capacity and settlement.

3.1.1. Bearing capacity

Bearing capacity is defined as the capacity of the soil to carry the load applied from
superstructure and foundation. This has to be done without shear failure or excessive
settlement. The maximum stress that can be applied to a given soil without getting shear
failure is called the ultimate bearing capacity (qui). While, the allowable bearing capacity is
the maximum soil pressure that can be applied taking a factor of safety into consideration as
well as other factors like settlement (Das, 2011).

The stress from the foundation is transmitted into the under laying soil layers and this
influences the stresses. The stress increase has to be considered for both shallow and deep
foundations. Figure (3.2) shows the theoretical vertical stress distribution under a square
footing and pile foundation from the ground surface. The vertical stress is decrease with
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depth. The stress under the square foundation decrease until the depth under the foundation
became 5B (width of the foundation) the stress value will be zero (Bowles, 1996).

P
P
-
Soil: p, ¢ .
Base: B x L Cohesion 77 1 Soil: | 7, b
w/B < L A\ b 1 on
Frrrr iR 5
Sy b b iy p bbb LI o 1p.
o) 2 Z
Groundwater table B | 093g, g % [ N
GWT by pe— % A
B | 0.70q, I g L,
; R
3B |o48q/ =z §1 H
) 7 gl 2
l0.345, Vertical stress = *1 &~ o
B profile for B = L B Qualitative
at center & or_| — shaft load
'*"'1 profile
—0.184, —
1581 i Pr
= (b) Pile foundation. P = tip, point,
]L—um.,: or pile base load (units of kN)
5B
(@) Spread foundation. Base contact pressure
P
4. = 5 (units of kPa, usually)

Figure 3.2: The theoretical vertical stress distribution under a square
footing and pile (Bowles, 1996).

Bearing capacity of a soil depends upon different factors such as the original stresses in the
soil strata, groundwater level, mechanical properties i.e. density, shear strength. In addition
the type, geometry and foundation level of the footing also have impact on the bearing
capacity (Das, 2011).

3.1.1.1. Calculations of bearing capacity

The bearing capacity of a soil is obtained by using the general bearing capacity equation.
Parameters used in this can be obtained by using field test methods such as standard
penetration test (SPT), cone penetration test (CPT) and plate loading test. Parameters can also
be obtained from laboratory tests performed on samples taken. These are preferably to be
undisturbed if clays are involved. Laboratory test are frequently direct shear, unconfined
compression and/or triaxial tests. From these the angle of friction (@) and cohesion (c) is
evaluated. The ultimate bearing capacity (qui) can be obtained by using the general bearing
capacity equation (Das, 2011):

Quit = N scdiicgcbe + qNgsadgiqggqabg + 0.5yBN, s, d, i, g, by ... o1

Where: c: cohesion of soil (kPa).
q: effective stress at the level of the foundation (kPa); due to overburden.
B: width of foundation (m).
y: unit weight of soil (KN/m®).
N, Ny, Ny: bearing capacity factors, (obtained from tables and being based upon analysis of
failure modes).
Se, Sq, Sy: shape factors.
dc, dg, d: depth factors.
ig, 1g, 1yt load inclination factors.
¢, gq> - ground inclination factors.
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be, bg, by: base inclination factors.
The depth, shape, and load inclinations are empirical factors depend on experimental data.
Moreover, unconfined compression test can be used to obtain undrained shear strength (C,)

value, depending upon the measurement of unconfined compression strength (q,) (Gunaratne,
2012):

ot = Ly Qa0 2

Where: C, = undrained shear strength (kPa).

qu = ultimate unconfined compression strength (kPa).
Then use the (C,) value in equation (No. 1) to calculate the bearing capacity of the soil.
Another method for determine the bearing capacity of soil use of the standard penetration test
(SPT). The measured of N values from SPT field test should be corrected using a formula
recommended by Terzaghi and Peck, 1967. The N correction value use to define the
empirical values for relative density (D;), unit weight (ywet), angle of internal friction (¢) and
unconfined compression strength (g,) from specified tables (Bowles, 1996).

3.1.2. Settlement

Foundation settlement must be estimated carefully to ensure stability of buildings, towers,
bridges, etc. Settlement is divided into immediate (or elastic) and consolidation settlement
(primary and secondary phases) as shown in figure 3.3 (Liu, et al, 2008).

Foundation settlements (immediate, consolidation) are estimated depending on the calculated

stresses in the soil mass related to foundation pressure (Shahriar, et al. 2013). Immediate
settlement is usually estimated according to the elastic theory, which assumes that the soil
may behave elastically (Murthy, 2002). While, the consolidation settlement is strain analysis
of saturated clay subjected to the increase of stress (Das, 1999).

Immediste
} Selmcnt

T~ Time of Immediate Settiement

e Tine of Primaey © Satiemen:

le—

<— Salkmenl
Total Settement
’-—m'm Consolidation Setdement —-‘

L T I

Figure 3.3: Time-settlement relation (immediate settlement,
consolidation. and secondarv compression settlement). (Liu. et al.

3.1.2.1. Settlement calculations

Immediate or elastic settlement depends upon the type of foundation and the soil on which it
is resting. The Poisson’s ratio (1) and the modules of elasticity (E;) are the parameters used
to calculate immediate settlement under shallow foundation as (Bowles, 1996):
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Se = qOBE—sIs P

Where: S, = immediate settlement for flexible foundation (m).
I; = influence factor (depend on L/B and depth of foundation and Poisson’s ratio).
B = width of foundation (m).
qo = applied pressure (kPa).

The immediate settlement under rigid foundation is estimated according to the following
formula (Das, 1999):

Se(rigid) = 0 935e(flexible) 4

The consolidation settlement is the process of soil volume decrease under vertical strain. It
calculated for normal and overconsolidated soils depending on the parameters (compression
index C,, swelling index Cs, and void ratio e) obtained from the oedometer test. The
following equation is used to calculate settlement in the normal consolidation soil (soil has the
initial vertical stress equal to the final vertical stress) (Murthy, 2002):

Se = og; Hlog (%77)

o

.5

Where: S; = consolidation settlement (m).
H = thickness of soil layer (m).
o,= effective overburden pressure (kPa).
Ao’ = change in the effective stress (kPa) due to loading.

While, for overconsolidated soil (soil has final effective stress is less than the initial vertical
stress) the following equations are using:

CsH o, + Ad’ , , ,
S, = T+e, lo o v e JOT O FAC' < O e s 6
s C.H a’c_l_ C.H ] o, + Ao’ A S o ”
‘= 1te, og o T 1+e, o o, v v e fOT O [ [/ /S
3.2. Building codes

Building codes are documents containing standardized requirements which specify the
minimum acceptable limit of safety for buildings. These codes are based upon the experience
of engineers, experimental work and specific conditions. They determine the limitations for
buildings against various risks like fire, structural collapse and amenity issues like ventilation,
lighting, dampness, sound insulation and sanitation (Building code, 2013, Cote, et al, 2008).
First code was written by King Hammurabi (3000 BC) during early civilization in Babylon
(Yeager, 2013). The code specified the rules of payment and the punishments to the builders
caused harmful for people or buildings. Rules and regulations were introduced due to the
disasters that were experienced in different parts of the world such as burning of Rome in 64
ADs, fires of London’s in 1666 ADs, and the earthquake that hit San Francisco in 1906
(Yeager, 2013).
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Most of the countries have their own national building codes. They are usually adopted and
developed by governmental building institutes. Such codes are mainly based on one of the
International codes (American codes or European codes).

3.2.1. American codes
United States of America issued two international codes: International Building Code (IBC)
since 1997 and Building code requirements for structural concrete and commentary (ACI-
318) since 1989 (Ghosh, 2013). In this thesis work was focused on the ACI-318.
e ACI-318 (Building code requirements for structural concrete and commentary)
Code is a document collecting many practice standards provided to the architects and civil,
electrical and mechanical engineers (ACI committee 38-08, 2008). ACI-318 is the basic
document for concrete building’s design in USA, and it covers design materials and structural
construction concrete for both reinforcing and precast and prestressed concrete. Additionally,
the resistance factors (they are concrete strengths factored used in checking ultimate limit
states) are increased by 10 tol5 % during the last thirty years. Furthermore, it specifies the
resistance factors, the design resistance and the load factors. The code was adopted by the
IBC and become legal (Nowak, et al, 2007). ACI code covers 23 topics that deal with design
and implementation of concrete, with six appendixes presenting all the requirements needed.
For design of foundations the important codes to deal with are those dealing with geotechnical
designs. They include geotechnical requirements. Concrete structure design code includes
strength and serviceability requirements. Materials code includes all the materials used in
concrete, as follows:
= Geotechnical requirements: This part is identifying the soils and the types of foundations
that should be chosen in different situations are: Foundation walls, Retaining walls and
Embedded posts and Poles, and Shallow and Deep foundations, etc. All the requirements for
the types of tests and the equipment and its calibrations follow the American Society for
Testing and Materials (ASTM) (International code council, 2012).
=> Strength and serviceability requirements: The demand is considered as the strength required,
while the supply as the actual strength. The required strength (U) kPa expressed as the design
of the loads such as dead, live, wind and other loads. ACI code specifies the design
requirements, shears and moments to be obtained from service loads by using the following
relations (ACI committee, 2011; Assakkaf, 2002)

For res1st1ng wind 10ad or earthquake 1oad

U=0.75(1.2D + 1.6L) + (1.OWOr 1.0E) ... . cev ct et s et et e et e et e et e e e 9
For lateral loads

U=1.4D + 1. 7L + 1.7H ... . cc st et et s e e et e e et e e ene e een ene e een ene e een ene 10
For temperature change:

U=0.75(1.4W + 1.7L 4 1.7T) . ccv cee et e et et et e ee e ee et eeeven eve ve eve ven wvenen wne eee 11

Where: D = Dead load (kN/m?).

L = Live load (kN/m?).

W = Wind load (kN/m?).

H = Loads due to weight and pressure of soil, water in soil or other materials (kN/m?).

E = Load effects due to earthquake.

T = Cumulative effect of temperature, creep, shrinkage, differential settlement and

Shrinkage-compensating concrete.
=> Materials: The materials used in the foundations are reinforced concrete. Testing must be
done for any materials used in concrete constructions to define if the materials are of the
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specified quality. Materials are cement, aggregates, water, admixtures and steel
reinforcement. All the materials are conforming to the relevant specifications of ASTM.

3.2.2. European code [Eurocode]

Eurocodes are tools for safety of buildings and reliability enhancement. The objectives of
Eurocodes are to improve civil engineering works and compliance of building. And putting a
framework to harmonize the technical specifications for construction products and being the
basis for specifying contracts. From 2007, until now, the Eurocodes are in a continuous
evaluation process. Eurocode structure includes 58 documents of standards (Figure 3.4)
(Calgaro, 2006, Bond, et al, 2008). Each part of the Eurocodes has a symbol and number to
explain the purpose of the standard.

BS EM 1990, Eurocode: Structural safety,
Basls of structural design serviceability and durability

BS EMN 1991, Eurocode 1:
Actlons on structures

v

BS EN 1992, Eurocode 2: Concrete

BS EM 1993, Eurocode 3: Steel

BS EN 1994, Eurocode 4: Composite Deslgn and detailing
BS EN 1995, Eurocode 5: Timber

BS EN 1996, Eurocode 6: Masonry

BS EN 1999, Eurocode 9: Aluminium

} Actions on structures

[BS EN 1997, Eurocode 7: BS EN 1998, Eurocode 8: ] Geotechnical

Geotechnical design Selsmic design and seismic
design

[ |
<

Figure 3.4: The Eurocodes structural (Bound, et al, 2006).

For design of foundations the important codes to deal with are the geotechnical design which
includes geotechnical requirements and Basic of structural design, as follows:
= Geotechnical design (EC7): geotechnical design code is divided into three parts:

s ENV 1997-1 includes basic geotechnical design (European Committee for
Standardization, NVE 1997-1, 1999). Three categories are important, for geotechnical
design requirements:

= Category I: Adequate only if there is no excavation under the water table.
Structures are simple and based on experience and qualitative geotechnical
investigations.

= Category 2: Conventional types of structures and foundations are covered. Routine
procedures for field and laboratory testing. Types of structures complying with
geotechnical category are spread and raft foundations; piled foundations; walls and
other structures retaining or supporting soil or water; etc.

= Category 3: Structures that involve abnormal risks, unusual or exceptionally
difficult ground or loading conditions and those in highly seismic areas that does
not follow the limits of geotechnical categories mentioned in 1 and 2.

s ENV 1997-2 includes all requirements needed for the design assisted by laboratory
testing.

s ENV 1997-3 includes all requirements needed for the design assisted by field testing
(European Committee for Standardization, NVE 1997-2 & 3, 1999).

= Materials: Materials used in concrete must be suitable and do not contain harmful ingredients.
These materials are cement, aggregates, water, admixtures and reinforcing steel. All the
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materials should be conforming specifications of EN (European Committee for
Standardization ENV 1992-1-1, 2004).

Basic of structural design: Eurocode EN1990 explains the requirements and principles for
safety, durability and serviceability for structures. The basic requirements of a structure are
influenced by serviceability and actions (resistance, durability), which are suitable for the
design purpose. The structural Eurocodes are based on two limit states: the ultimate limit
(ULS), and the serviceability limit states (SLS). The ultimate limit state requirements are
subdivided into five broad categories as shown in figure 3.5. Each category has set of partial
factors values (they are adjusting parameters to derived appropriate values for design
calculations). They are connected to each other’s and must be added in corresponding design
calculations (Orr, 2010, Smith, 2013).

The calculation steps in foundation design are carried out according to STR (Strength) and
GEO (Geotechnical). They are actions, materials and resistance. EN 1991 is a part that
explains the actions (permanent and imposed) on structures (Formichi, 2008). The safety
matters in the Eurocode should be decided by the National Annex, which includes
information about the parameters for national choice and is known as Nationally Determined
Parameters (NDPs). These parameters are related to geographical or climatic conditions such
as snow map or wind map or way of life. Therefore, different levels of protection may prevail
at a local regional or national level (Calgaro, 2008):

Ultimate limit states

ULS for Stability

EQU UPL HYD

Loss of static equilibrium  Uplift by water pressure  Hydraulic heave/ erosion

ULS for Strength
GEO STR

Failure of the ground d Internal failure of structure

Figure 3.5: The categories of Ultimate limit state.

EN 1997 covers two approaches for determining the combination of actions for STR ultimate
limit state. The first approach is applying in to the geotechnical actions as well as the actions
on/from the structure. The second approach is applying in to the geotechnical actions and,
simultaneously, applying partial factors to the other actions on/from the structure. G is
permanent actions, Q is variable actions and A is accidental actions and can be found using
the following equations:

First approach:

zyG’j GK,j +yPP+yQ'IQK11 +Zy0‘i Ipo'iQK'I WEE NS EEE EEE EEE RN EEE EEE EES EEE B EEE EEE EEE .-....---12
j=1 j=1

Second approaches:

ZYGJ' GK,j +yPP +‘yQ'1¢0'1QK’1 +Z‘yQ'i¢0iQK'I MEE EEE SRR EEE EEE AR EEE EEE EEE ARG EEE R oE o EEE .----13
j=1 j=1
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Where: ), = Implied ‘the combined effect of”.

Y, = A combination factor.

& = A reduction factor for unfavorable permanent actions G.

Yg = A partial factor for permanent actions.

Yp = A partial factor for prestressing actions.

Yq = A partial factor for variable actions.

P = Represents actions due to prestressing.
All the partial and combination factors values can be found in Annexes of EN1990.
Euro code gives three approaches (DA1, DA2, and DA3) for determining the loads. Using of
these approaches depends upon many factors related to loads or actions A, material’s
properties M, and resistance of soils R (for more details see paper No. 6).

3.3. Requirements of the materials used in foundation constructions

Foundations are extremely important and would normally be constructed by using reinforce
concrete. Concrete is a building material that maintains its properties in a good condition
during the life of the building. Materials used in foundation construction and their problems
in Iraq will be explained in the following sections.

3.3.1. Cement

It is construction material, made by mixed of calcareous and limestone or marl or chalk at
high temperatures. Cement is fine powder when mixed with water become a binding material
has cohesive and adhesive properties to bind the aggregates to gather to produce a complete
solid unit (Oss, 2005). Cement is produced by using high temperature to burn a mixture of
calcareous and argillaceous substances, the mixture is known as clinker (Oss, 2005).

Cement industry is one of the important strategic industries in Iraq. It depends on the raw
materials, such as limestone, clay, gypsum, iron dust, Flint and sand, which are available in
Iraq in different places (Figure 3.6). Limestone is the main raw material that represents about
70% of the total raw materials used throughout the cement industry. According to the
percentage of dolomite (MgCOs3) in limestone (CaCQOj3), it can be divided into three types:
pure limestone (100% CaCOs3); dolomitic limestone (CaCO; + 7% MgCO;) and dolomite
(CaCOs3 £ 20% MgCOs3). There is a major problem in some of the limestone quarries sites due
to the presence of dolomite lime stone layers. These layers are not suitable for cement
industry because they contain a high percentage of magnesium oxide with overlapping of
limestone layers. It will affect cement volume (Figure 3.7) (4/-jaff, et al, 2014). The important
materials for the cement industry are limestone and clay; their components must be
conforming to the Iraqi specification limits (which is depending on ASTM and BS standards)
shown in table (3.1).

Table 3.2 shows the components of limestone and clay for different quarries in Iraq
(GEOSURV-IRAQ, 2012). The shaded cells within the table mean that the values are not
within the limits of the Iraqi specifications. If the value of (MgO) is not within the
specification limit, it will affect the volume of cement during its hydration process i.e. the
chemical reaction of cement and water, making the cement to become a binder material. The
lime saturation factor (LSF) represents the value of the free active lime in cement and will
affect the reaction and union between silica and aluminium. While, the values of Alumina
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factor (AM) and Silica factor (SM) of the clay used in the cement production affect the

production of clinker (GEOSURV-IRAQ, 2012).

Table 3.1: Iraqi Specifications for limestone and clay (Al-jaff, et al, 2014).

Limestone Iraqi Clay components | Iraqi
components Specifications % Specifications %
MgO <2 SO3 <3
SO3 <0.6 MgO <7
CaO >50 CaO <20
Fe,03 ~0.1-0.4 Silica factor (SM) 1.5-4.0
Lime saturation | 0.66 <LSF<1.02 Alumina factor 1.4-3.5
factor (LSF) (AM)
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Figure 3.6: Stone quarries in western of
Iraq (Aljaff, et al, 2014).

Figure 3.7: Section of limestone layers for
Kubaisa site (Al-jaff, et al, 2014).

Table 3.2: Results for analysis of cement raw materials (GEOSURV-IRAQ, 2012).

Cement Analysis results for limestone % Analysis results for clay %
quarries SO; | MgO | CaO | ALO; | Fe,O5 | LSF | SO3 | MgO | ALO; | CaO | Fe,O; | SM | AM
Hamam 0.5 | 0.67 | 48.12 | 2.13 1.83 [0.16 | 0.2 | 443 | 9.77 | 1829 | 5.17 | 2.7 | 1.89
alil
Badush 0.3 1.3 50.4 1.9 1.14 | 0.22 - - - - - - -
Sinjar 0.09 | 0.7 47.7 2.3 1.1 02 | 02 | 4.0 9.0 16.3 4.6 2.7 | 1.96
Al-Tamim | 0.4 1.2 51.3 0.9 0.7 04 | 0.07 | 4.6 8.9 21.0 2.6 34 | 342
Al-Kaem | 04 | 0.5 52.0 0.5 0.5 [091]035| 3.6 8.5 243 3.8 29 | 224
Kubasa 0.5 1.4 54.2 0.5 04 |0.79| 04 3.2 3.5 325 26 |374| 14
Fallujah 0.5 1.7 52.8 0.3 04 |0.88 - - - - - - -
Karbala 0.3 0.6 | 51.09| 1.16 1.03 | 0.31 - 2.3 2.8 30.9 1.7 | 7.51 | 1.65
Kufa 1.07 | 2.10 | 50.92 | 0.69 | 0.45 | 0.35| 2.03 | 6.26 | 12.26 | 1522 | 6.3 - 1.95
Muthanna | 1.5 1.0 51.6 0.7 0.6 [038]| 0.5 5.4 9.3 17.4 5.1 29 | 1.82
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3.3.2. Aggregate

The allowable value of sulphate salts and chlorides in sand and gravel (aggregate) must
conform to the Iraqi specifications (Table 3.3). Test results for sulphate and chlorides in sand
and gravel for Baghdad and Basrah exceeded the limit values (Table 3.3). Mosul aggregates
are within the Iraqi specifications. Sulphate salts are considered as a major problem affecting
concrete durability. Because sulphate is a highly soluble salt, it always can be found in the
forms of potassium sulphate (K,SO4), calcium sulphate (CaSO,) and magnesium sulphate
(MgSOy). Sulphate reacts with cement leading to concrete deterioration. The reaction will
softening the concrete, mass losing and in some cases it leads to expansion and loss of its
elasticity and strength (Habeeb, et al., 2010; Guangehng, et al., 2007). The process is called
sulphate attack. White finely crystalline salts appear at the surface of mature and hardened
concrete which is referred to “efflorescence”. This process is one of the main contributing
factors to the deterioration of concrete. These salts appear near or in cracks and cause
different damages in buildings such as degradation of a dry wall, bulging and dislodging of
floor, and corrosion of metals (Novak, et al., 1989).

Table 3.3: Sulphate salts and chlorides specifications for sand and gravel.

Maximum limits Test results for
Material according to the Baghdad and
Iraqi Specifications Basrah (%)
(%)

SO3 for sand 0.5 0.78-0.83
Cl for sand 0.10 0.05-0.09
SO3 for gravel 0.10 0.14-0.16
Cl for gravel 0.10 0.05-0.09

3.3.3. Water

In general, water suitable for drinking and with no perceptible taste or odour is able to be
suitable to produce concrete (Olugbenga, 2014). Also, some non-potable water including
recycled wash water is acceptable for use in concrete but must be tested to make sure that no
harmful effects will result such as segregation, cracks, etc. Water should be clear or include
limited percentage of sulphate salts and chlorides that will not cause harmful effect in
concrete. These limits are documented in the Iraqi specifications for water which is not used
for drinking (Table 3.4). The percentage of sulphate salts and chlorides for the water of Tigris
River in Mosul, Baghdad and Basrah and of Euphrates River at Basra are shown in table 3.4
(Iraqgi Ministry of the Environment, 2012). The effect of sulphate salts and chlorides causes
segregation in concrete (it is a separation of some size groups of aggregates from cement
mortar) (Figure 3.8). The results in table 3.4 show that total dissolved salts are increasing
downstream toward Basrah. This is due to the fact that water from all irrigated areas is
drained in the Tigris River. The effect of water that contains a high percentage of different
type of salts appears mostly in the buildings constructed in Baghdad and Basrah due to the
salt percentage increase in the two rivers water.

3.4. New concrete mixture

Iraqis from ancient eras used mud in their building and architecture because Mesopotamian
soil is muddy and fertile. They used it in different methodologies according to the nature and
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Table 3.4: Iraqi specifications for water of Tigris and Euphrates Rivers test (Iraqi
Ministry of the Environment, 2012).

Chemical | The limits of | Water of Water of Water of Water of
tests specification | Tigris River | Tigris River | Tigris River Euphrates
(g/) in Mosul in Baghdad |in Basrah River in Basrah
(gn (gn (g (g
Mg 0.15 0.03 0.03-0.07 0.2-0.4 0.6-0.7
SOy 1 0.08 - 0.1 0.15-0.3 0.3 0.52
Cl 0.5 0.026 - 0.03 0.05-0.1 0.3-0.43 1.0
TDS 1.5 0.19-0.25 0.5-0.78 1.0 2.5-3.0

Figure 3.8: Slab segregation in educational building in Baghdad (Baghdad University,
2015).

the function of the building. It was used either in its pure form or by mixing it with other
materials such as straw (4bdul Razzaq, 2012). Nowadays, concrete becomes the most widely
used construction material. Many researchers studied the effect of replacing a natural coarse
aggregate by crushed clay bricks on the properties of the concrete. The most successful tests
conducted for concrete mixture using crushed new clay brick as a coarse aggregate was
carried out by Khalaf (2006). The materials used by Khalaf were: ordinary Portland cement
(BS12000a, b; ASTM 1994), fine aggregate, four types of clay bricks and granite. The
experimental procedure was designing a concrete mixture for each of the four new bricks and
granite as a coarse aggregate (Khalaf, 2006). The crushed new brick absorption of water was
ranging between 6.2 to 12.4% by weight in relation to the material in its dry state. The results
of the concrete density obtained from all the mixtures phases were for 28 days of pouring
concrete. Also, concrete compressive strength was obtained for 7, 14, 28 days for all phases
(Khalaf, 2006). The results of compressive strength (f;) of normal concrete and air-entrained
concrete were 37.6 and 52.5 N/mm” respectively. While, the density of the normal concrete
and air-entrained concrete was 2,158 and 2,125 kg/m’ respectively using crushed bricks as
aggregates in the mixture (Khalaf, 2006). The relationship between modulus of elasticity of
concrete and compressive strength as defined in the ACI code (ACI-318) is as follows
(Anbuvelan, et al., 2014):

Ep = A734 foeeeeeeeeeeeeeeeeeeeeeeeereeerteeeveseatessessseseatessressasesne s 15

Where: f, = compressive strength of concrete (N/mm?).
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CHAPTER FOUR
GEOTECHNICAL ASSESSMENTS

4. Introduction

Geologically Iraq can be divided into three major regions (Figure 4.1). These are the
mountains and foothills, Mesopotamian plain, and deserts (Jazira, Northern desert and
Southern desert). Generally, sedimentary rocks and Quaternary sediments are the main
surface exposed rocks in Iraq. Carbonates and fine clastics, gypsum, marl, shale and
phosphorites are the main types of exposed sedimentary rocks. Central and southern parts of
Iraq are covered by Quaternary sediments especially the flood plain of the Tigris and
Euphrates Rivers and their tributaries. Quaternary sediments are of different types of alluvial
sediments brought by the two rivers. The surface geology of Iraq generally represents the
youngest sediments (Quaternary and Neogene) that lie within the central depression
(Sissakian, et al, 2012; Jassim and Goff, 2000).

Figure 4.1: Physiographic map and location of the study areas (Mosul, Baghdad
and Basrah) (Buringh, 1960).

The soil conditions of the three study areas are explained as follows:

Mosul region is located in the foothill and Al-Jezira zones (Figure 4.1) which are covered by
different soils types such as expansive clay, gypsum, etc. Some of these types can cause
engineering problems (collapse, swelling, soluble in gypsum, volumetric change; etc.). Clay
soil covers most of Mosul area and it is moderately to highly expansive type in most of the
locations. Alluvium sediments are usually located near the banks of the Tigris River, and
primary gypsum is located in the western part of Mosul. The main soil problems in Mosul
area are the gypsum and expansive clay soil (4/-Imam, 2013, Al-Ashou, 1977, Al-Zubaydi,
2011; Khattab, et al, 2009).
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Baghdad region is located in the central part of Iraq, in the upper part of Mesopotamian plain
(Figure 4.1). Early human activities affected the soil formations because they were depending
mainly on irrigation and farming practices. Over the years, soil became a sequential stratum
from alluvial and sand sediment. The changing course of the river caused changes in its flood
plain and thus changed the sequences of the deposited layers. These changes gave the soil at
Baghdad unexpected characteristics. Quaternary sediments covering the Mesopotamia plain
vary in thicknesses from few meters up to 180m. Soil is mostly of fluvial origin (clayey and
silty) with some gypsiferous soil, and sand. Moreover, the soil is saline because of the arid
climate (Buringh, 1960; Ali, 2012; Fouad, et al, 2011).

Basrah region is located in the lower part of the Mesopotamian plain and the southern desert,
south of Iraq (Figure 4.1). The stratification of Basra’s soil is of an irregular nature and
consists of different strata and lenses as a result of the depositions of the Tigris and Euphrates
Rivers through the geological history. Quaternary sediment consisting of lacustrine, deltaic,
fluviatile and Aeolian sediment replaced each other both vertically and horizontally. In the
upper part of this region, the soil consists of layers where their surfaces are naturally
consolidated. In general, the ground surface of Basrah city is flat and its soil consists of silt
and clay with little amount of sand. The main problems with the soil in this area is the salinity
(sabkha) and gypsum (Muttashar, et al, 2012; Al-Jabberi, 2010; Karim,et al,2010; Daham,
2010).

Soil investigation (field and laboratories) was carried out for 23 sites in Mosul, Baghdad and
Basrah regions respectively (Figure 4.1). The results obtained were used to calculate
settlements and bearing capacities to be used in the analysis of foundation design.

4.1. Geotechnical Assessments

The geotechnical assessments included field investigations and laboratory tests. Undisturbed
and disturbed samples were taken from all sites and standard penetration test (SPT) was
performed. Moreover, groundwater table level was recorded for each site. Laboratory tests
carried out to classify and to evaluate the engineering properties of subsoil (Lamb, 1951)
(Figure 4.2).

Figure 4.2: Field work, collected samples and spilt spoon (upper pictures) and
Laboratory tests for the samples (lower pictures).
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4.1.1. Field investigations

23 exploratory boreholes were drilled to a depth between 4 to 24m from ground surface at
different locations in three regions (Table 4.1). Boreholes were drilled using continuous flight
auger and rotary drilling rig using wash boring method according to ASTM standards.
Undisturbed samples were extracted using thin walled Shelby tube. These samples are
regarded to represent the true in-situ structure and water contents of the soil. The sample tube
being 75mm in diameter and 200mm long were filled completely and trimmed off. After this
tubes were capped with paraffin wax and properly sealed at both ends. The disturbed samples
were collected by driving a 40mm outer diameter of the standard split spoon to different
depths of the boreholes. The procedure used was according to the standards of American
Society for testing and materials (ASTM).

Table 4.1: Location, depth and number of samples tested for the three regions.

Regions Locations No. of samples Depth, m
Al- Hamedat 3 1,2,3
Al-Qush 3 2,3,4
Sinjar 3 2,3,5
Hai Al-Thagqafi 3 2,3.4
MOSUL Hai Al-Arabi 4 2,4,6,10
Hai Al-Hindia 3 1,2,3
Hai Al-Shaimaa 3 2,3,5
Ba’shiqah 3 1,2,3
Al-Rashidia 3 1,2, 4,
Al-Karada 4 2,4,8,1
Abu Nawas 4 2,6,10,13
Airport street 4 2,4,8, 13
BAGHDAD Al-Mustansiriya 4 2,4,8,10
intersection
Al-Jadrea 4 2,4,8, 13
Al- Rumaila 3 1,5,10
Garmat Ali 3 3,15 21
Bab Al-Zubair 4 2,9,15,23
Al-Bradheya quarter 4 3,8,16,24
BASRAH Al-Fao coast 4 3, 10, 15,23
Al-Hussain quarter 3 2,9,15
Al-Qurna 3 2,6, 10
Al-Hartha 4 2,6,13,24
Safwan district 3 2,6,10

The soil profiles for the nine sites in Mosul region are illustrated in figures (4.3- 4.5). The
profiles show that in most sites soil layers are of brown or red or green clay the depth of these
layers are between 1 to 4m. Two sites have clay with silt layers.
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Figure 4.3: Soil profiles for: a.) Al- Hamedat site, b.) AI-Qush site and c.) Sinjar site.
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Figure 4.4: Soil profiles for: a.) Hai Al-Thaqafi site, b.)Hai Al-Arabi site and c.) Hai Al-Hindia site.
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Figure 4.5: Soil profiles for: a.) Hai Al-Shaimaa site, b.)Ba’shiqah site and c.) Al-Rashidia site.



The soil profiles for the five sites in Baghdad region are illustrated in figures (4.6 and 4.7).
The profiles showed that all sites have brown clayey silt from 2 to 8m, or (silty clay from 4 to
6m), silty sand and sand with some organic or salt or both from 9 to 13m. The SPT test in
most sites ended with N > 50 which indicate dense layers.
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Figure 4.6: Soil profiles for: a.)Al-Karada site, b.) Abu Nawas site and c.) Airport Street site.
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Figure 4.7: Soil profiles for: a.) Al-Mustansiriya intersection and b.)Al-Jadrea site.
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The soil profiles for the nine sites in Basra region are illustrated in the figures (4.8 - 4.10).
Three types of layers can be recognized in the soil profiles. First is brown silty clay or soft to
medium silty sand from 1 to 3m. Second layer is silt or soft silt from 4 to 18m depth. Third
layer is dense silty sand from 19 to 24m. Two sites had different soil types (one is had sand

and the other had silt).
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—— gravel with % 31 | Dense grey silty
— sand sand 21 46 Gree!l dense
== silty fine sand
Water Table =10m ter Table =0.85m Water Table = 1.5m
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Figure 4.8: Soil profiles for: a.) Al- Rumaila site, b.) Garmat Ali site and c.) Bab Al-Zubair site.
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Figure 4.9: Soil profiles for: a.) Al-Bradheya quarter, b.) Al-Fao coast and c.) Al-Hartha site.
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Figure 4.10: Soil profiles for: a.) Al-Qurna site, b.) Al-Hussain quarter and c.) Safwan
district site.

4.1. 2. Laboratory testing

The tests included the determination of natural water content (w/c), unit mass (y), Atterberg
limits (LL, PL), particle size analysis (sieve and hydrometer); shear strength (direct shear and
unconfined compression tests) and consolidation tests for soil. All the tests were performed
according to ASTM, AASHTO (The American Association of State Highway and
Transportation Officials standard) and BS (British Standard).

The results obtained from physical and Atterberg limits tests for all samples from all sites for
Mosul, Baghdad and Basrah regions are shown in tables 4.2, 4.3 and 4.4 respectively.

Table 4.2 (Mosul region) shows the relations between water content (w/c), unit weight (y) and
plastic index (PI) with the depth. W/c values for almost all sites increases with depth. In the
exceptional sites the values changed due to the weather effect the active zone. y was
increasing with depth due to the soil pressure on the lower layers and in some other site it was
not changing with depth. PI values of the soil shows the value of the soil density which was
increasing with depth in most sites and it was not increasing in the exceptional sites because
the soil was sand and gravel.

Table 4.3 (Baghdad region) shows the relations between water content (w/c), unit weight (y)
and plastic index (PI) with the depth. The value of w/c was changing with depth in all sites.
The value of y was almost constant with depth. PI was increasing with depth and the last
layers of the soil were non-plastic in all the sites due to the type of the soil which was sand.
The relations between water content (w/c), unit weight (y) and plastic index (PI) with the
depth are show in table 4.4 for Basrah region. W/c value was increasing with depth in all
sites. And y values were not changing with depth in some sites and in the others it was
increasing with depth. While, PI values were increasing with depth except in two sites they
were non-plastic due to the soil types (silty sand and sand).
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Table 4.2: Physical, Atterberg limits and grain size analysis results for Mosul area.

Location W/C % Ya KkN/m° PI % Grain size
analysis
15 20 10 20 47% clay
0. S 2002 30 ysegsiltat 1m depth,
1 e 47% clay
E 45% silt at 2m depth.
- g 24 S
Al -
Hamedat | & -3 - S S
a
_4 A
0 10 20 0 20 0 20 40 | 40% clay,53% silt
0 . . . . —_— 7% sand at 2m depth.
1 B
—_ -2 e 40% clay,51% silt
Al-Qush é 9% sand at 4m depth.
= -3 - I O
B
a2 —
5
0 20 40| O 20 0 1 2
0 ; , , , , ; ,
-2 *o— Non-
.. £ “Plastic | -
Sinjar z . I 1
- RN —
[=9
D
a ——
_6 4
0 50 15 20 0 50 || 20% clay,43% silt,18%
0 +— — — gravel 19% sand at 2m
1 depth.
. _~ -2 ¢ 3% clay,4% silt
Hai g j 48% grovel, 45%gand
£ 3 _ Non- gravel, 457
Al- ‘é Plastic at3m depth.
a 4
Thaqafi s | 6% clay, 16% silt, 78%

depth.
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Hai

Al-Arabi

'
wu
!

Depth (m)

'

[y

w
I

40

25 30 35

26% clay, 53% silt,
21% sand at 2 to 4m
depth.

26% clay, 52% silt,
22% sand at 6 to 10m
depth.

Hai Al-
Hindia

20

15,615,8 16 16,2

Depth (m)

35% clay, 56% silt,
9% sand at 1m depth.

38% clay, 56% silt, 6%
sand at 2m depth.

40% clay, 55% silt, 5%
sand at 3m depth.

Hai Al-
Shaimaa

0 20 4

0

Depth (m)
IS

Non-plastic

45% clay, 51% silt, 4%
sand at 2m depth.

47% clay, 47% silt, 6%
sand at 3m depth.

2% clay,2% silt
80% gravel, 16% sand
at 5m depth.

Ba’shiqah

15

16

17

20 25

Depth (m)

46% clay, 54% silt at
1m depth.

33% clay, 58% silt, 9%
sand at 2m depth.

36% clay, 57% silt, 7%
sand at 3m depth.

Al-
Rashidia

0 20

40

15,5 16 16,5

'
[y

N

Depth (m)

'
(%)

N

plastic

19% clay, 46% silt,
35% sand at 1m depth.

12% clay, 40% silt,
48% sand at 2m depth.

0.5% clay, 7.5% silt,
92% sand at 4m depth.
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Table 4.3: Physical, Atterberg limits and grain size analysis results for Baghdad area.

Location W/C % ve kKN/m’ PI % Grain size
analysis
0 20 40 | 0 20 40| 0 20 40 || 48% clay, 50% silt,
0 T , " T — 2% sand at 2m
Al- P depth.
<
Karada = 41% clay, 54% silt,
; | 5% sand at 4m depth.
=
go -
a Non-plastic 46% clay, 53% silt,
3 1%sand at 8m.
-15 -
11% clay, 12% silt,
77% sand at 13m.
0 20 40 | 195 20 20,5 | 10 15 20 37% clay, 60% sil,
o J 3% sand at 2m depth.
I B |
_2 .
‘ 34% clay, 46% silt,
Abu =4 — 20% sand at 6m
Es depth
Nawas = SR P
58
n—lO 14% clay + silt, 86%
sand at 10m depth.
-12 T
Non-plastic
-14 -
51% clay, 38% silt,
0 20 40 | 19,8 20 20,2204 | 20 25 30 || 11% sand at 2m
0 T , —— — depth.
- 27 40% clay, 49% silt,
Al - E 4 11% sand at 4m
. = depth.
Mustansir 6
iya a / ‘ 26% clay, 71%
-8 1 41 silt,2% sand at 8m
-10 - ;P depth.
-12

12%cly,17%silt,
71%sand at 10m
depth.
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33% clay, 62% silt,
14 16 18 | 20 30 40
0 20 = 30 5% sand at 2m depth.
—T r T 1 r T 1
2 1 36%, 50% silt, 14%

Airport -4 sand at 4m depth.

= -6
treet E
Stree : -8 — 6% clay + silt,
‘S.l 94% sand at 13m
<10 -
a depth.
-12 + I | —Non-plastic"
14 - -
0 20 40 | 0 10 20 38% clay, 40% silt,
0r—-v— | —— 14 16 18 || 22% sand at 2m
|| depth.
-2 Eamm——

Al-Jadrea | _ -4 +—— —1 S 12% clay, 29% silt,
é 6 - 59% sand at 4m
= depth.

8‘ -8 —_—
Non-
Q—10 plastic 9% clay, 16% silt,
12 75% sand at 8m
l ¢ depth.
-14
13.5% clay + silt,
86.5% sand at 13m
depth.
Table 4.4: Physical, Atterberg limits and grain size analysis results for Basrah area.
Location W /C % Yt KN/m® PI Grain size analysis
0 10 20| 0 20 40 | 0 2 4% clay + silt, 9%
0 T , ; . . . gravel, 87% sand at Im
depth.
Al- . N
Rumaila | § . 2% clay+ silt, 14%
E Plastic gravel, 84% sand at Sm
210 1 depth.
(=)
45 12% clay,17%

Silt,49%gravel, 22%
sand at 10m depth.
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20% clay, 80% silt at 3m

0 50|17 18 19 20| O 2 4
0 1 r T T 1 r T 1 depth
S ‘\ /, \\ 15% clay, 81% silt, 4%
Garmat ,E_lo sand at 15m depth.
A R W \
£15 / \ \ 19% clay, 44% silt, 37%
E -20 & N = sand at 21m depth.
-25
0 50 | 16 18 20 22 0 5 23% clay, 73% silt, 4%
0 : } i i . . .|| sand at 2m depth.
-5 \ } \ 64% clay, 35% silt, 1%
Bab Al- glO \ sand at 9m depth.
Zubair | 1 / \ \ 16% clay, 80% silt, 4%
Q_zo / \ \ sand at 15m depth.
-25 19% clay, 15% silt, 66%
sand at 23m depth.
30 35 40|18 19 20 2110 10 20 || 28% clay, 72% silt at 3m
0 T | T T T | T depth.
p
Al- _ 1 40% clay, 56% silt, 4%
Bradheya E10 - sand at 8m depth.
= a— E—
15
quarter | & . .
&20 22% clay, 77% silt, 1%
5 4 sand at 16m depth.
30 - .
6% clay, 27% silt, 67%
sand at 24m depth.
30 35 40 | 18 18,5 19 19,5 0 10 20 || 16% cay, 82% silt, 2%
0 T ) r T T , r : ) sand at 3m depth.
5 - AN 1
Al-Fao | 13% clay, 79% silt, 8%
coast 8o - S— sand at 10m depth.
=
N
E‘ > — | 19% clay, 77% silt, 4%
-20 - k sand at 15m depth.
-25

19% clay, 81% silt at
23m depth.




0 20 401|185 19 19,5 10 12 14 16 || 13% clay, 77% silt, 10%
Al 0 T 1 r T 1 r T T 1 sand at 2m depth
Hussain E-S \ / / 8%clay, 91% silt, 1%
i=3 sand at 9m depth.
quarter ’§_10 1 /
&5 | ‘ 13% clay, 85% silt, 2%
sand at 15m depth
-20 -
0 200 40|18 19 20 21|10 11 12 13 || 14%clay, 86% silt at 2m
Al 0 T 1 r T T 1 r T T 1 depth'
Qurna g5 \ / / 15% clay, 83% silt, 2%
= sand at 6m depth.
510 J A
a 13% clay, 87% silt at
15 | 10m depth.
0 20 4018 19 20| 0 5 || 10% clay, 64% silt, 26%
0 T 1 r T 1 r 1 sand at 2m depth,
Al- 210 X \ (112%hclay, 88% silt at 6m
Hartha = epth.
:E_ 13% clay, 87% silt at
E—ZO 1 13m depth.
\ \ 10% clay, 14% silt, 76%
-30 - sand at 24m depth.
0 50 | 0 20 40 0 1 2 | 4% clay +silt, 7%
0 1 r T 1 r T 1 gravel,89% sand at 2m
I I depth.
Safwan |g§ Non - 9% clay + silt, 16%
district = Plastic gravel, 75% sand at 6m
< N\ S
2 -10 - o depth.
_ 9% clay + silt,
-15 - 8% gravel, 83% sand at

10m depth.

As far as the results obtained from the direct shear test (drained) and unconfined compression
test. The odometer tests were done for drained of one-dimensional consolidation test. The
parameters values of the three tests presented in table 4.5 for the three locations. The reading
from the odometer test between load added and the change in the specimen height used to
draw e-log o curve. From this curve the following parameters were obtained: preconsolidation
pressure (Pc), compression index (Cc), swelling index (Cs) and initial void ratio (e). The
results of Mosul for the explored sites showed that most soil was overconsolidated. For
Baghdad the upper layers of soil mostly overconsolidated and lower layers almost normal
soil. While, for Basrah soil layers almost were overconsolidated.

36




Table 4.5: Results from direct shear, unconfined compression and odometer tests.

Shear
Region Location strength unconfined Consolidation results
parameter | o,m5ression
qQu
¢0 C (kPa) €o Cc Cs Pc
kPa kPa
Al- Hamedat 20 40 - 0.650 | 0.126 | 0.019 | 120
Al-Qush 15 25 - 0.558 | 0.197 | 0.033 | 70
Sinjar 28 15 - 0.645 | 0.065 | 0.011 | 120
Hai Al- 28 2 - 0.688 | 0.156 | 0.014 | 90
Thaqgafi
MOSUL Hai Al-Arabi 20 25 - 0.682 | 0.123 | 0.081 | 150
Hai Al- 24 16 - 0.734 | 0.23 | 0.021 | 100
Hindia
Hai Al- 21 17 - 0.668 | 0.184 | 0.035 | 105
Shaimaa
Ba’shigah 25 15 - 0.767 | 0.28 | 0.028 | 100
Al-Rashidia 28 0 - 0.677 | 021 | 0.022 | 90
Al-Karada - - 370.6 0.647 | 0.156 | 0.054 | 120
Abu Nawas - - 80 0.670 | 0.174 | 0.010 | 165
Airport street - - 87 0.671 0.22 | 0.029 95
BAGHDAD Al- - - 0.748 | 0.162 | 0.03 | 130
Mustansiriya 120
intersection
Al-Jadrea - - 76 0.741 | 0.108 | 0.006 | 105
7
Al- Rumaila | 33,38, | 4,2, - Depended on SPT test
41 0
Garmat Ali - - 94.5 0.89 | 0.267 | 0.024 | 135
2
Bab Al- - - 78.5 0.74 | 0.186 | 0.028 85
Zubair 5
BASRAH | Al-Bradheya - - 52 0.85 | 0.363 | 0.090 94
quarter 0
Al-Fao coast Depended on SPT test
Al-Hussain - - 125 0.72 | 0.208 | 0.042 110
quarter
Al-Qurna - - 32 0.90 0.21 0.038 114
Al-Hartha - - 24 0.8 0.191 0.029 90
093 | 0.224 | 0.027 | 171
Safwan 31 0 - Depended on SPT test
district
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CHAPTER FIVE
COMPUTER MODELING

5. Introduction
Computer modelling is a method that was used during the last 40 years by designers,

architects and geotechnical engineers. They cover all expected problems that might arise
during or after construction. In this research the design and analysis of structure and
foundation was carried out using STAAD Pro.v8i, SAP2000 &SAFE softwares. Choose of
these two software to evaluate and compression of the base pressure. Evaluation of soil
settlement under foundation was conducted using SAFE and PLAXIS softwares. All the
models were applied for the three locations used in the work (Mosul, Baghdad and Basra) in
Iraq. The same building was used in all locations for comparison needs. The analysis carried
out by the softwares was for an existing building of two stories (ground & 1st flower) in the
University of Mosul. Mat foundation used for the building (Figure 5.1).

-

&

-
-

Figure 5.1: The building used in the work (Mosul university project).

5.1. STAAD Pro v8i model

STAAD Pro.v8i program is software for analysis and design of structures and foundations.
The software was originally developed to be used in the analysis and design for different
constructions work such as structural and foundations, bridges, dams, etc. (Subramani, et al,
2012). STAAD Provéi program is chosen to be used because of its easy interface use, offering
finite element, supports several steel, concrete and timber design codes. It can make use of
various forms of analysis. Also contains codes of several countries such as USA, BS, Canada,
Russia, France, India, China, Euro, Japan, etc. (Bhattacharjee, et al, 2007). The procedure of
using the software includes modeling the structure and foundation, applying properties,
specifications, loads and load combinations. Also, it is an effective tool for the three
dimensional model analysis and multi-material designs because this analysis show the
moment loads in there directions (Meer, 2013).

In this research, the analysis required was the base pressure of the building on the under
laying soil. Started with create the building model used graphical environment, and then
added material properties. The bearing capacity used to define the load combinations was
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depended on test and calculated done by the three universities (Mosul, Baghdad and Basrah)
according to ACI code. The analysis had been conducted for comparison purposes. Analysis
was conducted to the model and the results were presented in a form of contour. The results of
the design of a building model in STAAD Pro software and analysis are shown in table 5.1.
The results showed that in Mosul both types of foundation had base pressure values less than
the soil bearing capacity. For Baghdad results showed base presser value under raft
foundation almost near to the calculated value. The base pressure under continuous type was
exceeded the calculated value. While, Basrah results showed that base pressure values under
both foundation types exceeded the calculated value (for more details see paper No. 4).

Table 5.1: Results obtained from STAAD Pro and bearing capacity values used.

Location Base pressure value under Base pressure value under Bearing
raft foundation Continuous foundation capacity
value
I™ bDLFLLL
Mosul
300 kPa
Base pressure = 44-89 kPa
! 5 DLFL,LL
Baghdad
70 kPa
Base pressure = 50-79 kPa Base pressure = 62-125 kPa
I DLFLLL T B
Basrah 50 kPa
Base pressure =53- 83 kPa Base pressure = 61-125 kPa

The thesis work was done for design and analyses of a building model mentioned above using
STAAD Pro software depended on the shear strength parameters obtained in (table 4.5). They
were used to calculate the bearing capacity to be used in the software. The load combinations
defined according to ACI code. Bearing capacity values used for thesis work were the average
and minimum values (Table 5.2). The loads were not distributed evenly and were subjected to
concentric vertical loads. Table 5.3 shows only the results of base pressure under continuous
foundation (for raft foundation sees paper No. 5)
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Table 5.2: Results of calculated bearing capacity values for all locations.

Locations Bearing capacity values (KPa)
Average minimum
Mosul 177 77
Baghdad 125 68
Basrah 84 24

Table 5.3: Base pressure distribution under continuous foundation for the three

locations.
Location Base pressure using average Base pressure using minimum
bearing capacity value bearing capacity value
3
Mosul %E
E
Baghdad %:
Basrah
Base pressure = 53-115 kPa Base pressure = 62- 106 kPa

The colors of the contours reflect the values of the base pressure distribution under the
foundation. The violet, pink, blue and green colors indicating that the base pressure is low to
medium. Yellow and red colors indicating that the base pressure is high or exceeds the limit
value. The results for Mosul (for both bearing capacity values) showed that the red zones
were not that much to affect the building. Baghdad results for average bearing capacity
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showed that the red zones do not affect the foundation. For minimum bearing capacity, the red
zones were more effective on the foundation. For Basrah, the red zones for both bearing
capacity values occupied large zones which can affect the foundation.

5.2. SAP2000 & SAFE softwares

SAP2000 and SAFE are softwares for structural and foundation design and analysis.
SAP2000 program is structural analysis program, specialist for general structures design such
as buildings, dams, towers, etc. It has advantages such as powerful and completely integrated
design program for concrete, steel, cold formed steel, and aluminium. The program includes a
wide variety of national and international design codes. Moreover, the program has a
capability of export and import for/from other popular drafting and design programs (Soni
Priya, et al, 2012; Abdulwahid, et al, 2013). SAFE is a finite element software specialist for
concrete slab\ beam and basement\ foundation systems for analysis and design. It has many
capabilities such as strong graphic tools for drawing various shapes and patterns, system of
the mesh generator. In addition, different load combinations can be 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 behaviour of loads and deformations. Moreover, the program has the
capability to import and export models and design from other programs (Hassani, et al, 2006;
Alashorafa, 2008). The model structure of the building used in this research was designed and
analyzed using SAP2000 software. The analysis which was performed aimed to check the
deformations for the columns, beams and slabs of the structure.

The structure model (beams, columns and slabs) of the building was designed and analyzed
then exported to SAFE software with all loads on each column. In SAFE program, the raft
and continuous foundation types for the building were designed and analysed. The calculated
bearing capacity (average and minimum) from table 5.2 were used for each location. The
results obtained from the program for continuous foundation were illustrated in table 5.4(for

raft type see paper No.7).
Table 5.4: Base pressure distribution under continuous type of foundation for the three

locations.
Location | Base pressure using average bearing Base pressure using minimum
capacity value bearing capacity value

- 1 e 1
Mosul v : . W .
& S A B Emi - ] = TATA i
’vt' S = 2 = . — S g =

Base pressure = 50-130 kPa Base pressure = 70-95 kPa
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Baghdad i
|

Basrah H = = I
fil E”iij i I

Base pressure = 70-120 kPa Base pressure = 80-125 kPa

The contour colors reflect the value of the distribution of the base pressure under the
foundation. The blue, green, yellow colors indicated low to medium values of the base
pressure. While, orange and red colors indicated high limit. Dark red and violet exceeds the
limit value.

Also, SAFE software was used to estimate the settlement in soil beneath the foundation. The
principle of the software is the ability to compute displacements as resultant of stresses in
order to ensure a safe and economical design. Modeling the soil is difficult because soil has
very complex nature. To obtain the results of displacement under foundation Winkler
foundation model used in the software. It was assumed that the displacement at any point on
the foundation is proportional directly to the foundation surface pressure. The software deal
with soil as spring and depend on subgrade reaction value. The software is depending on the
Winkler model to calculate the displacement (Rajpurohit, et al, 2014) (for more details see
paper No. §8).

5.3. PLAXIS modelling

PLAXIS 2D software is usually used for geotechnical work and problems based on finite
element method. It deals with materials that behave differently under loading, unloading and
reloading (Bajad, et al, 2012). PLAXIS 2D software used to simulate the soil behaviour
under raft foundation for different sites. The modeling resulted in values of settlement under
different added loads (56, 63.5, 68, 75 and 93) kPa. Theses loads present the dead and live
load for buildings with two, three and four stories, respectively. The same building was used
in different sites with different soil conditions. The models of soil used in the software were
Harding soil (HS is an elastoplastic type for simulation of soil behaviour) for the cohesion
soil. It was used because it represents a form of soil accurately. Mohr-Coulomb (MC is a
linear perfectly-plastic model used for general soil behaviour) model for cohesionless soil.
The results focused on the behaviour of the soil under different loads. The parameters that

42




was used in the modeling was obtained from the field and laboratory tests such as y, e, Cc, Cs
etc. (for more details see paper No. 9).

5.4. STADD Prov8i modelling with new concrete properties
The concrete properties used in software were based on the results mentioned in chapter 3.The
values of the density and the Modulus of elasticity of concrete for both normal strength and
air-entrained concrete were 2,158 and 2,125kg/m3and 2,902 and 2,9179 N/mm? respectively,
used for the concrete properties in STAAD Pro software. The analysis was done for the three
regions (Mosul, Baghdad and Basrah). The results obtained from analysis are shown in table
5.5 for Baghdad region only as example (for more details see paper No. 10).
The colors of the contours reflect the values of the base pressure distribution under the
foundation. The violet, pink, blue and green colors indicating that the base pressure is low to
medium. Yellow and red colors indicating that the base pressure is high or exceeds the limit
value. The contours show that the most dominating colors were the blue and green. This
means that the base pressure in all the results were less than the calculated values of bearing
capacity.

Table 5.5: Base pressure distribution using new concrete mixture for Baghdad.

Type of Base pressure using average Base pressure using minimum
concrete bearing capacity value (kPa) bearing capacity value (kPa)
mixture

Air-Entrained

éiiiiisinri;ii!%’?

H
iiiﬁaﬁﬁiii!!iﬁii;i-?‘

H

Normal
Strength

veesevrerrnn

Base pressure = 82 Base pressure = 79
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CHAPTER SIX
RESULTS AND DISCUSSION

6. Introduction

The results from field and laboratory tests and modelling presented in chapters four and five.
These results were to obtain the base pressure and the settlement values for each region. The
work was done for both raft and continuous types of foundation. These results will be
discussed and summarized in this chapter.

6.1. Geotechnical assessments

The results obtained from field and laboratory tests for the three different regions in Iraq were
used in the geotechnical assessments of the studied areas. The tests conducted to define the
values of w/c, v, LL, PL, PI, ¢, ¢, e, Cc, Cs parameters and SPT test are shown in tables 4.2,
4.3, 4.4 and 4.5. Mosul region results (table 4.2) indicate that most of the soil is clay (CH-CL)
of medium to high plasticity. Except the soil of one site which was silty sand (SM-ML) of
medium plasticity. The deep layers of the soil in some sites were non-plastic. The strength
parameters of soil shown in table (4.5) were C (0- 40) kN/m* and ¢ (15-28)° were drained.
From the odometer test almost halve the sites have overconsolidated soil. The ground water in
the studied sites is lower than the maximum drilling depth. For Baghdad and Basrah regions
the results of the unconfined compression strength values of soil q, were between (76-370.6)
kPa and (24-94.5) kPa respectively. These values of shear strength parameters for two sites at
Basrah were higher than the other sites. The unconfined compression strength values for 3
sites in Baghdad were higher and the other 2 were same values of Mosul. The soil types of the
two regions were silty clay (CL-CH), silty sand (SM-ML) and sandy (SP or SW). Baghdad
soil (for the studied sites) has medium plasticity and the ground water level was between 1.20
to 8 m. While, for Basrah soil plasticity was medium to low and the ground water level was
between 0.8 to 10 m in the studied sites.

6.2. Bearing capacity

The results obtained from STAAD Prov8i, and SAFE softwares were used to evaluate the
base pressure under two types of foundations (raft and continuous). The bars in figures (6.1,
6.2 and 6.3) reflect the contours results and presented the comparisons of the values of base
pressure. The blue and red present the raft and continuous types with ACI code, respectively.
While, the green and violet bars are represent the raft and continuous types with EC code. For
Mosul region figure 6.1 show the values of base pressure obtained from the analysis
conducted in the two softwares according to ACI code, for raft and continuous foundation
types (99, 100,75,92,126,130,92 and 90) kPa, respectively. They were either equal or did not
exceed the calculated values of the average and the minimum bearing capacity (Table 5.2).
That means the building is not in failure condition. Continuous type of foundation is believed
to be the right choice for this area that is due to low values of base pressure under continuous
type. Comparing the results obtained from both softwares for raft foundation according to
Eurocode (EC) with the values obtained using ACI code (Figure 6.1) indicates that the
compression show that the values from EC were higher than values from ACI for the
minimum bearing capacity. For that both codes can be used for the areas of Mosul with
average bearing capacity. For Baghdad region (Figure 6.2) the results obtained for the average
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values of the bearing capacity and for both types of foundation were (87, 95,121, and 120)
kPa. They were less than the calculated values of the bearing capacity (125) kPa, that mean
the building is not in failure condition. While, results obtained from the two softwares for the
minimum value of the bearing capacity for both types of foundation were (90, 79,113 and
125) kPa. They were higher than the calculated value of bearing capacity (68) kPa, that mean
the building is in failure condition. Whilst, the results obtained using EC and ACI codes in
SAFE software were almost the same, although it was slightly higher for the former. Both raft
and continuous types of foundation can be used for this region where the values of base
pressure were less and equal to the calculated bearing capacity (Figure 6.2). Results from
Basrah region (Figure 6.3) indicated that the base pressure for raft foundation (81, 81) kPa
was lower than the calculated value of bearing capacity (84) kPa i.e. the building not in failure
condition. The result for the minimum bearing capacity value for raft foundation (77, 96) kPa
showed that it exceeded the calculated value for the whole area under foundation (24 kPa) i.e.
the building is in failure condition. While, the base pressure under continuous foundation for
the average and minimum values sites (115, 120, 106 and125 kPa) exceeded the calculated
values (Table 5.2). Therefore, raft Foundation is recommended for sites of average bearing
capacity values and deep for the sites with minimum bearing capacity. The same is true when
EC code is used in both softwares (Figure 6.3).
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Figure 6.1: Base pressure values for two types of foundation, for ACI &EC codes for
Mosul regions.
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6.3. Settlement
6.3.1. SAFE software
The results obtained from SAFE software for the raft and the continuous types of foundations
are shown in table 6.1. The values are close to each other for both types of foundations and
for the two sites with average and minimum bearing capacity values.

Basrah regions.

Table 6.1: Settlement results values from SAFE software.

Settlement value using | Settlement value using
average bearing minimum bearing
e L e o s capacity value (mm) capacity value(mm)
(No.1) (No.2)

Raft type 5 11
MOSUL Continuous type 6 15
Raft type 8 14
BAGHDAD Continuous type 9 16
Raft type 11 36
BASRAH Continuous type 13 42

The results for Mosul show that the values of settlement in column (No. 1 in Table 6.1) for
both types of foundation were relatively very low. While, settlement values in column (No. 2
in Table 6.1) for both types were higher than the values in column (No. 1) but less than the
EC standard limits. Forthat the best type of foundation to be recommended in Mosul region is
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the continuous type because of the low values of settlement and it is more economical.
According to the cost of implementation the total volume of raft foundation is 955m°, while it
is 248m’ for continuous foundation. Settlement values for Baghdad region showed in column
(No.1) for the two types of foundation were close to each other. The values of settlement
showed in column (No.2) for the two types of foundation were higher than those showed in
column (No.1). The suitable types of foundations to be recommended are raft and continuous
due to low settlement which is less than the limit of EC standards (25mm for isolated shallow
foundation and 50mm for raft foundation (Das, 1999)). Settlement values obtained for Basrah
region under raft foundation was 11mm and for most areas under continuous foundation was
13mm. Both types of foundation are suitable to be used but this is not the right chose due to
the bearing capacity value. While the results of settlement under both types of foundations
(raft and continuous) for the whole area were 36 and 42mm respectively. The suitable type of
foundation to be recommended is deep type.

6.3.2. Numerical calculations
The results obtained from numerical calculations for settlement versus load with maximum
and minimum bearing capacity values are shown in figures 6.4 and 6.5.
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Figure 6.4: Settlement versus load for 3 sites in the three regions.

The settlement values obtained from the calculations indicates (Figure 6.4) that all the values
of the settlements were increasing linearly. This relation is logical because the domain of
loads used was not wide so it shows linear relations. For Mosul region (Al-Hamedat site) had
the maximum value of bearing capacity but the settlement value obtained was higher
(settlement value under max. load was 58mm) than that in the other sites. That means the soil
for this site (clay) has high compressibility. While for Basrah region (Al-Rumaila) had
minimum settlement value (settlement value under max. load was 15 mm) compared to the
other two sites due to the presence of sand soil layers of immediate settlement. Figure 6.5
shows that the settlement values for the three sites in the three regions were increasing
linearly also. The settlement values for Mosul and Baghdad regions (Al-Rashidia and Al-
Jadrea, respectively) were nearly close to each other (settlement values under max. load were
25mm and 23mm respectively). This is due to the fact that soil layers for both sites have
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almost are similar to each other (silty clay, silty sand, sand) and were located near the bank of
Tigris River. Basrah region, (Al-Hartha site) showed higher settlement values (settlement
value under max. load was 65mm) relative to the other two sites due to the presence of loose
soil layers at depth ranging from 3 to 19 m.
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Figure 6.5: Settlement versus load for 3 sites in the three regions.

6.3.3. PLAXIS software

The results obtained from PLAXIS software are shown in figures 6.6 and 6.7 for the same
loads and sites that were used in the numerical calculations. The soil models used were
elastoplastic (HS) and linear perfectly-plastic (MC) behaviour of soil model. The level of
groundwater was stated in the model for each site. A comparison between the settlements
values for the different sites in the three regions are shown in the following figures.
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Figure 6.6: Settlement versus load for 3 sites in the three regions.
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Figure 6.7: Settlement versus load for 3 sites in the three regions.

Figure 6.6 show the comparison of the results of settlements values between Mosul, Baghdad
and Basrah. Mosul site show the highest value (settlement value under max. load was
149mm) due to the fact that the soil layers (clay) of high compressibility. Also, the soil model
used in the software was HS, which is modelling the soil more accurately. Whilst, Basrah site
has a settlement value higher (settlement value under max. load was 99mm) than Baghdad site
(settlement value under max. load was 65mm) due to the soil model used in the software MC,
which is an elastic perfectly-plastic model. Also, these differences are due to the parameters
of soil used in the PLAXIS. Hardening soil (HS) model which used for Mosul site was based
on the stiffness parameter of the soil obtained from the oedometer tests. And the elastoplastic
behaviour of the model is more accurate because it requires three different stiffness
parameters approximation to real soil behaviour. While, Mohr-Coulomb (MC) model which
was used for Basrah site is based mainly on the elastic parameters of the soil, which are the
Modulus of elasticity and the Poison’s ratio. For Baghdad site the two models were used (HS
and MC) based on the soil parameters obtained from the tests mentioned above and the
elastoplastic and perfectly plastic behaviour of models. Figure 6.7 show that the settlement of
soil for Mosul and Baghdad sites are nearly close to each other (settlement values under max.
load were 116mm and 81mm) due to the similarity of soil layers where they were both near
the bank of Tigris River. Moreover, two models were used (HS and MC) for both sites and the
results were logical linear increase due to the range of load change which was between 56 to
93 kPa. For Basrah site the settlement of soil was very high (settlement value under max. load
was 643mm) due to the looseness of soil layers and low bearing capacity value (24 kPa). High
value of settlement in the soil was not clear when numerical calculations were conducted.

6.4. New concrete mixture use in STAAD Prov8i software

The results obtained from the use of new concrete mixture (normal strength and air-entrained)
in STAAD Pro software are shown in table 6.2. The work conducted was to evaluate the
values of the base pressure under foundation in the three regions. The values of the base
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pressure were lower compared to the results obtained when using standard concrete. This was
due to the low density values of the new concrete mixture with the crushed bricks for the two
types. The density of the normal concrete and air-entrained concrete were 2,158 kg/m’and
2,125 kg/m’ respectively. The modulus of elasticity values used in the software for the normal
and air-entrained concrete were 2,902 N/mm? and 2,9179 N/mm” respectively. Whilst, the
density value of the standard concrete values in the software according to ACI code was
2,3562 kg/m®. Table 6.2 illustrates the comparison of the base pressure values for the new
concrete (normal strength and air-entrained) and the standard concrete which conducted
previously for the three different locations in Iraq. Table 6.2 show the values which based on
the contours of the base pressure obtained from STAAD Pro software (shown in table 5.5).
The values of the base pressure shown in table 6.2 clarify that all values of base pressure for
the two new concrete were lower than that obtained from standard concrete used in previous
work (paper No. 5) for the three regions (for more details see papers No. 5 and 10).

Table 6.2: Comparison between effect of using standard concrete and new concrete.

Maximum base Maximum base Maximum base
Region Bearing pressure value pressure value | pressure value for
capacity for standard for Normal Air-Entrained
value concrete (kPa) Strength (kPa) (kPa)
Average 102 94 91
MOSUL Minimum 89 84 82
Average 96 89 86
BAGHDAD [y finimum 88 82 81
Average 90 84 82
BASRAH Minimum 80 77 76
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CHAPTER SEVEN
CONCLUSIONS AND FUTURE WORK

7.1. CONCLUSIONS

To fulfill the objectives of the thesis work, geotechnical assessment (field and laboratory test)
was conducted to define the bearing capacity and settlement in three different regions in Iraq.
Design and analysis of building model was conducted using softwares (STAAD Provéi,
SAP2000 & SAFE and PLAXIS). Moreover, construction materials were studied and new
sustainable material mixture was used in the design and analysis of a building to evaluate the
effect of building stresses on soil for the study areas. The purposes of the thesis work were
fulfilled with following conclusion remarks:

The results of the geotechnical assessments for the soil of most areas explored in Mosul
region (north of Iraq) was clayey except in one site where it was silty sand. Soils of the
explored sites are classified as clay with low plasticity (CL) for the upper layers and clay
with high plasticity (CH) for lower layers. The soil is characterises by its high to medium
plasticity. For most investigated sites, the ground water level was deep.

In Baghdad region(middle of Iraq), the soil of the explored sites is composed of layers of
silty clay (medium to stiff (CL)), followed by silty sand, sandy silt with medium to hard
(CH) and the lower layers are sand with very dense (ML,SM). The plasticity of the soil in
Baghdad is medium. The ground water depth was between 1.20 to 8 m below ground
surface.

In Basrah region (south of Iraq), the soil in the studied sites can be divided into two
groups. First group consist of upper soil layer of medium to stiff clayey silt (CL-CH),
followed by layer of medium stiff silty sand (SM) and finally layer of dense to very dense
silty sand (SM). The second group the upper soil layers are of medium stiff to soft silt
(ML) and the lower layers stiff to very stiff silt (ML). The plasticity of Basrah soil was
medium to low and the ground water depth was 0.8 to 10 m below ground level.

The results obtained for the building model used in STAAD Prov8i Software to evaluate
the base pressure values based on the calculated values of bearing capacity for the three
regions. Also, the results of base pressure obtained when used SAP2000 software to model
the structure of the building then exported to SAFE software with all loads. Moreover, the
settlement values obtained to check the stability of the building on the soil. According to
these results obtained from all softwares, the suitable foundation to be used in each region
are:

» According soil physical and mechanical properties of Mosul and northern area of Iraq
in foothill zone, the suitable and economic type of foundation to be used is shallow
foundation (continues) and for building with basement raft foundation is
recommended.
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The suitable recommended type of foundation to be used is in some parts of Baghdad
and middle region of Iraq is shallow type (continues and raft). It should be mentioned
that for high rise buildings constructed in the parts of low bearing capacity the use of
deep foundation is recommended.

Mat foundation is recommended to be used in the parts of Basrah and southern regions
that has soil layers of first group. While, Deep foundation is recommended for parts
having low bearing capacity in the south.

The results obtained from STAAD Prov8i model using new sustainable material (crushed
bricks as aggregate in concrete mixture) indicated the stresses (dead loads) of the building

were

lower on the soil beneath the foundation in the three study regions. The low base

pressure will change the size and type of foundation to be used and this will reduced the
costs of buildings due to the availability of the materials suggested as local and durable.

7.2. FUTURE WORK

The future research works can be focused on the following

Soil problems in Iraq where it is expansive, salinity and gypsiferous. More research
should be conducted to improve understanding of soil mechanical properties.

Conducting ground investigations for more sites and regions. Using other techniques
such as cone penetration test (CPT) in field exploration and compare its results with
results obtained from standard penetration test (SPT). Using modern tools
(geotechnical softwares) to evaluate the behaviour of the soil layers under added
loads.

Design and analysis for more and different types of buildings to evaluate the base
pressure and settlement of soil for different sites in different regions in order to
suggest a code to be used suitable for Iraqi conditions.

Experimental works should be conducted for the mixed materials used in the heritage
buildings such as “Al Sarowge” which is durable and look like concrete. Tests
should focus on the compressive strength of these materials which must be equal or
nearly to the compressive strength of the concrete. It is important to improve
building materials.

More experimental work should be done to use the local and sustainable materials in
concrete mixtures to minimize the stresses of building on soil. This can improve the
structures and foundations of the buildings and minimize the costs of constructions.
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Abstract

Humans realised the importance of housing since the dawn of history. The first man used the caves
as shelter. When agricultural activities dominated the life style of humans, villages started to be
constructed. Later these were developed into cities.

The dawn of civilization started in Iraq. The inhabitants in that time used the available natural
materials in their construction. Reviewing the progress of engineering practices of ancient Iraq,
reveals the facts that the inhabitants were aware of the principles of construction and engineering.
The materials used and the design of the buildings were very suitable from both environmental and
engineering perspectives.

This work is a critical review of the progress and development of engineering practices and
construction materials used in ancient Mesopotamia

1. Introduction:

Buildings reflect the culture, environment and economy of the society. Humans recognized the
importance of buildings before the dawn of civilization. In the beginning of human life, people were
using caves and stones to build their homes in mountainous areas; in plan areas they used clay while
in the marshes they used reeds and papyrus. All these were isolated housing units. The situation
changed when humans used agricultural activities to survive. At this stage of agriculture and
domestication of animals they were in need for larger houses to accommodate the expansion needs
of animals and storage of surplus from agriculture. Then they required temples so that the “gods”
guard them and their property. Agricultural activities require community work and that developed
the signs of small villages which were later developed to cities. At this stage the buildings took new
forms as well as the construction materials. The cities increased its development and diversified
construction materials and components introduced in new form, such as marble stone and brick
glazed with prominent images or sculptures [2].

Building systems depend on the unit construction, which consists of natural or artificial materials or
their mixtures. Construction work means the use of units bounded by the material used and the
distribution of weights should be homogenous. The prevailing methodology was that the weight are
moved starting from the ceiling to the columns and foundations and then to the soil. [3].

The unique specification of Iraq (presence of plan areas and Tigris and Euphrates Rivers)
encouraged the humans to use this land. The civilization started in Iraq 7000 years ago. At that time
human history marked the rise the art of architecture and construction in Mesopotamia, and the
world was witness to the construction activities in Iraqi for hundreds of years ago The most
important factors that helped the creativity and activity was the beliefs religious peoples that
inhabited in Mesopotamia, have to serve their Gods by building temples of luxury and decent. From
here it is clear that the prosperity of architecture and growth began in the temples and the back of
excellence in it. The most important building found in cities buried is the temples, which contained
either the tower or ziggurat topped with a house of the greatest God of the city.

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
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The Semites and the Sumerians developed the cornerstone of human civilization, the first (dating
back to 3500BC) through the revival of land for agriculture and housing. Settlement began in the
southern part of Mesopotamia through the construction of huts in small villages in the high places
and far from the river to avoid flooding. These later developed to cities. People in these cities were
interested in the construction of dams to be protected them from external aggression and also from
the flood. From this perspective, walled cities like the city of Kish, Uruk (Warka) were built.
Temples of mud brick decorated with metal and stone works, and invented the cuneiform writing,
as well as maps and measuring instruments shown by the statue of king Codaa ruler of Kish.

After this successive civilizations dominated Iraq. The remains of the buildings are distributed all
over Iraq (Figurel.1). The buildings and construction materials used during that period of time will
be reviewed and discussed.

Loy
JORDAN

Fig. 1.1: Archaeological Map of Iraq [5]

2. The Old Population of Iraq (Stone ages, 150,000BC to 8000BC)

In Mesopotamia the oldest civilizations were discovered. They were:

2.1 Old Stone Age (Palaeolithic) (150,000 BC to 12000 BC): About 100,000 year ago, people
lived in caves in northern Iraq and used its stones for the manufacture of their instruments. The
oldest caves are Zouza cave, Hazairmrd cave in Sulymaniyah city. The dimensions of one of the
well known caves “Shanider” in Rawanduz Mountains, 25 m for the width, 8m for high of the
entrance to the cave, 40m long and 53m wide from inside[6] (Figure 2-1).

A. Outside view of Shanider Cave B.Cave plan
Fig. 2-1: Shanider Cave [7]
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2.2 Median Stone Age (Mesolata) (12000 BC to 8000 BC): About 10000 years BC: The
inhabitants move to plains near the caves and began to settle and cultivate the land. Zawe Jamie
settlement was one of the oldest discovered and located on the banks of the Zab River to the west of
the Shanider cave (Figure 2.2). The foundations of the houses built by the people of the settlement
were of mud. The houses were circular in shape having a diameter of about 4m. The thickness of
the walls was 1.65m, and the foundation was made of natural large stone [8].

Fig. 2.2: The Round House and its Plan [1, 8]

2.3 The Neolithic Age (8000 BC to 5000 BC) :The relics and remains of villages discovered in
Iraq belonging to this age reflected the development that took place in people’s life. At this stage
the people left the caves and started to live in villages. Garmo village that dates back to 6700 BC is
an example in the northern part of Iraq. In this village a new style of buildings appeared. The houses
were rectangular in shape and contain more than one room. The materials used for building were
mainly mud. They also used stones in the foundation. Columns were used and the walls they were
stuffed with strand of willow twigs. The floor was covered with mud and wood and reed were used
in the ceiling.

In Joukh Mary village, which is located in north-western of Iraq, the basis of the tower was found
at the entrance of the village which is built of material liben (mixture of clay and at the remains of
barley). The foundations of the house in the village were rectangular in shape. The houses contains
number of rooms, the walls were build with liben long-like Clgar of lon‘g size. These were arranged

as bands of three vertical columns and three horizontal columns (= SIET I“) [1][4].

2.4- Pre- Strains Age (6000 BC to 3000 BC): This period extends from 6000 to 3000 BC, it
include Stone Age Metal and characterized by unique type of buildings. Some of the buildings were
circular in shape with diameter ranging between 5 to 7.5 m in the form of bees cells (Figure 2.3).
The foundation material were stones while the walls were built by mud, the roofs were pinned in the
domes. Other types of houses were also found. Their diameter was about 18 m and the thickness of
the walls was 1 m.
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Fig. 2.3: Around house in Taba Gawr [8].

Another site is the Tel Halif located on the river Alkabour. This site represents the development of
farming villages in the methods of organization and construction of buildings. Streets paved with
natural stones were noticed and clay was the basic materials for construction.

The early inhabitant in the south of Iraq lived in huts of reeds and then they developed their
building and used bricks made of mixture of mud and barely (liben) which is not grilled and it was
used for building houses and temples.

At Jamdat Naser site, the foundations of large building, believed to be a palace, was found. Houses
were constructed from raft (clay mixed with straw). Villages became cities. They used liben having
convex- straight shape. The buildings were built with foundation under the ground surface, where
carlier, buildings where built on the surface of the ground directly. Temples were separated from
other buildings [4][8].

At Warka age (following Al Obedian Age ) buildings (houses, some built with canes and papyrus ,
clay, and some are built from bricks) were found in Eridu. High temples were also found. They
were constructed of stucco and stones. They had massive walls supported by substrates from inside
and sometimes from outside. They were decorated with cones of grilled mud and some of the
collared stones (black, white and green). In Eridu, multiple layers of temples were discovered,
which ended with ziggurat's temple (III). This was built with small size bricks (21*12*7cm) of
reddish clay, while temple(IV) was built with medium size bricks (29*12*8,26*13*7cm)of greenish
clay, and temple(V) was built with large bricks (42*20%8,41*22* 8cm) of light- coloured clay with
dark joints( Figure 2.4).
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“ 92 “06
“ 3985

Fig. 2.4: Multiple layers of Fig. 2.5: Plan of north [1]
Eridu temple [9].

Two similar palaces were also built in Eridu. One of them is the north palace( Figure 2.5), which
was built in rectangular shape. Its width is 45m and the length is 68m. The walls were 2.60m thick.
They were built with bricks (convex- straight type). The outer walls, which represent the wall that
protects the building, had thicknesses range of 2.80 to 3.20m. This also represents the thickness of
the foundations of the building. The internal walls had thickness range of 1.60 to2 m. The palace
has two thick walls outside, with narrow corridor to protect the palace from moving.

New style of building was also noticed in Eridu. These are temples built on artificial hill, which can
be climbed by side slopes upward. The people learned to use adobe industry. They used bricks
made of liben of mud (scale49*26*8cm), which were used to built houses and cover them with mud
[1].

In Tel Al Aquer, located 50 miles south of Baghdad, walls about 2m thick coated with layer of mud
3 to Scm thick were found as parts of what is known as colored temple. These walls were decorated
from the outside with wavy interventions made of white plaster; with one block of solid cemented
liben as the terrace built up to height of Sm.It was built in two stages set up on land which is
furnished with mud. The shape of the terrace looks like the letter D (Figure 2.6). Adorn the walls of
the terrace, successive interventions representing the pillars of consolidation, up 4,60m height. go
They end in to a cornice with five lines of mosaic cones made of grill clay(flat from one side and
painted from the other side) with diameter of 8cm, and 20cm long(Figure 2.7).

Fig.2.7: The Colored Mosaic
of cones Temple [34]

Fig.2.6: in Tel AL Aqure [1]
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There is also a stairway up to the bench in the lower ends of the north-eastern side which is
bordered by a third-party socket and the inside a small channel to drain rain water. The highest
terrace is coated with a layer of asphalt on which they built the walls of the temple.[1][6][9]

The pattern of construction was more developed where they started to use pottery and twisted nails
to decorate the buildings. High temples (ziggurats) were also built. These building are important
characteristics of Mesopotamia civilization.

In Warka a groups of arched complex buildings were built representing the largest urban Sumerian
engineering work. They built a temple based on foundation (terrace) of the limestone, dimensions
75*29 m, and it was decorated with cones mosaic made of red, black and white pottery (length10-
15 cm), mounted on the wall covered by a layer of clay. The temple was referred to as the limestone
temple (Figure2.8).

In this period the buildings were characterized by use of a rectangular box of liben with square
sections. Square plates of limestone were found for the first time in these building. These plates had
a hole carved in the centre. No body knows the exact use of these plates and it was suggested that
they might be bases for flags or foundation stones or paintings (Figure 2.9).They also used liben
(convex-straight type), which was put in zigzag rows (Figure2.10. Most of the buildings had
underground foundations. This stage represents the end of the pre-historical period and the bases of
Iraq’s civilization [4].

Fig. 2.9: Limestone [1] plates.

Fig. 2.10: Liben (convex-straight type)/8 used//8 in [8]
rows.
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2.5 Beginning of the Era of Dynasty (3000 BC to 2370 BC) :

The construction of buildings and temples in this era continued to be maintaining the same structure
and materials used before. It should be mentioned however that the size and heights of the buildings
were much larger. The dominant building material was liben (convex-straight type).

3. Historical Time in Mesopotamia (2370 BC to 539 BC):

3.1- Akkadian Empire (2370 BC to 2159 BC): Engineering work in this era was characterized by
the use of liben (size52*52cm) having square cross section. Palaces were more important than
temples in this stage.

King Naram Sin built two palaces at Tel Bark; one of them is a fort and hostel for travellers. It
consist of 4 courts (one large and three smaller), number of rooms and halls. Square wall (thickness
10m) was surrounding the palace. The second palace was built in square shape (100¥100m). The
walls were thick and it contains many cellars (Figure 3.1).

Fig. 3.1: The foundations plan of palace and fort Akkadian king
Naram Sin in Tell Brak. [8,11]

3.2 The Third Dynasty of Ur (2111 BC to 2003 BC):

Temples built by king Ur-Nammu (2111-2094BC) are the main features of engineering work in this
era. He invented the idea of building high ziggurat. The building was located in such away that they
were parallel to the geographic directions. The builders were aware of the importance of wind and
sun rise and sun set directions. The king made huge projects, among which is surrounding the city
Ur with great wall (27m thick) made of mud. The aerial view of the city looks oval in shape. Prallal
to the city wall a barricade of brick clay was constructed. The upper part of the barricade had slope.
One of the king’s achievements was the high and big ziggurats, which were solid building by liben
coated with bricks from the out side, consisted of several layers topped with small temple called the
top temple with another temple at the bottom. All the building was surrounded by a big wall
containing many rooms [14].

The famous ziggurat of Ur-is red in colour due to the use of grill wage. It was constructed in three
layers and on the top layer the temple was built. The structure was built from thee outside with
either grilled wrapped bricks (brick red) with thickness of 2.4m between the mortar tars compatible
with canes woven in thick layers, the inside part was built with grill wage. Lower layer of ziggurat
(61*45.7m) was built in with high of about 15m above the terrace of liben. The dimensions of
second layer is36*26 m with high of 5.70 m, the third layer is 20*11m with high of 3m, and the
amount of slope to the interior ribs are about 11.70cm per meter[10].

It has three stairs, one in the middle, 28m long with 93 steps and its width about 2.70 to 3m, with
high of 12m. The other two are on the sides of the building with high of 12m, length of 29.50m,
with 100 stairs each. Each ladder rack with 82 steps, depth and the high per step is the same as of
the stairs, and the two stairs join to the central and continues to climb to the second layer [1]. One of
the unique characteristics of the structure is that the walls look concave although they are vertical
(Figure 3.2). Fire was used to dry the bricks used inside. Holes penetrating the outer casing were
made possibly to grow trees [12].
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Another peculiar structure which was built by King Ur- Nammu is the royal cemetery. It was built
under the ground with burial chambers and corridors. All these were covered by arches made of
mud brick, and can be accessed through the ladder and its entrance triangle shape (Figure 3.3).

www.iraker. dlk
www . m3Imare . com

Fig. 3.3: The entrance to the royal cemetery of king Ur Nammu [13]

People's homes were built in the style apart from one house belonging to Prophet Abraham. This
house had an internal library and some overlapping and adjacent rooms. They were separated by
corridors of semi-circular arches and there are stairs between the rooms which indicate that the
house was on different levels. Houses in the city of Ur were containing heavy water drainage
systems, which is the first of its kind at the time. The technique used in the building the houses
reflects the skill of creative engineers and architects. The building materials used were grill liben
and the ground was covered with alvrchi (pieces of slabs of grilled clay with different
measurements) (Figure3.4).

www , m3mare , com

wWww . m3mare . com

Fig. 3.4: House of the Prophet Ibrahim at Ur city [13].
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Warka ziggurat was built in a different way, as encapsulated from the outside with a layer of
compressed liben. Layers of mats made of reeds were put between the layers of mud at equal
distances to increase the connectivity between the layers of liben. Belt of reed was used in the upper
layers and ropes (about 70cm thick) were laid in holes penetrating the heart of the building in
horizontal channels assist the outer walls (Figure 3.5).

Fig. 3.5: Warka ziggurat and the temple beside it [15].

Temples have been built in all the eras with liben and it was noted that asphalt material was
installed in the lower part some of the outer walls of the temples for supporting them. Statues (made
of bronze or wood or stone) in the form of a nail were placed in the foundations in the four corners
of the palaces and temples called the foundation statues. They are usually representing the king
holding a bowl of construction (Figure 3.6). Some times these statues represent animals or humans
and are called human or animal nails. Pillars and columns of sandstone were also found. They were
of square shape (50%¥50 cm) and about 10 cm thick. These were laid in circular shape and coated by
a layer of layer of lime mixed with fine gravel [17].

Fig. 3.6: The statue of Ur-Nammu used as nails in the foundation [16].

3.3 The Old Babylonian Era: (From 1894BC years to 1595BC years) This era is characterized
by the building of huge splendour palaces in spite the fact that building temples also continued. The
area of the palace was usually 200*140m. In the middle of the area there is a court and rooms are
built around it. One of these rooms is the meeting room which is big and semi rounded with stairs.
Beside this room is the king's throne room which is the biggest room in the palace. The construction
material is limestone while for temples it was liben[1].
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In the kingdom of Ashnona (same period but on Diyala River), temple of Abu was found on old
based on several layers of the same structural temple, built with liben (level-straight type) and was
square in shape with protector wall for the exterior walls(Figure 3.7). Another temple was built in
Tel-Khafaji, oval in shape, was also built with liben (level-straight type)(Figure 3.8).Wage was use
as a base for the walls and some times it consists of small bricks arranged in such away to form
panel that might be 2 to 3m high. These were used to decorate the walls (e.g. Ishtar Gate).

In this era they continued building ziggurats, which where either of the type containing stairs or the
kind of slopes. They had a height of two layers to seven layers. The ziggurats built in this period
characterized by their altitude and the method of construction which is distinctive (e.g. Dor-
Kurigalzu presently known as Aqarqouf). It reached a total height of 78m with a area of its base
reaching 78*78m. The hight of its first layer is 33m. The technique that they used was to build the
tower with a square base and the height of the tower equals the side length of the base side length
(Figure 3.9). Using the length of the lateral stairs (50 m) the height of the first layer was calculated
and the dimensions of the other layers was also calculated using the height and width of the stairs as
in table 1 [1]. The method of construction was strange. It consisted of layers of liben, in each layer
8-9 rows of liben. These layers were separated by layers of mats made of reeds furnished by a layer
of gravel and sand (8cm thick). Rolls of rope (diameter 10cm) penetrates the building were also
used to strengthen the construction [19] [1]. One of the main features of construction for this period
is the magnitude of the walls (average thickness 3m). Temples were built in a different way from
previous eras, where they are rectangular in shape and the entrance to one side, which represents the
interface. The heart of the building can not be accessed directly from the entrance. There are
vestibule sides at the entrance point.

Fig. 3.7: Ashnona temple. [8] Fig. 3.8: Tel-Khafaji temple [8].
Table 1: Dimension of
layers.
layer | Height(m) | Area(m)
1 33 78*78
2 18 62*%62
3 6 50*50
4 6 40%40
5 6 30*30
6 9 15*15

Fig. 3.9: Ziggurat of Dor- Kurigalzu (Aqarqouf)/18
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The four corners of the building had fortified wall and on the north-west in the inner part of the
bench put a statue of worship. This scheme differs from previous one of moderation and internal
court surrounded by rooms. The construction material was made of square liben (45*45*10cm), this
liben was made of silt clay soil or sandy clay soil. The mortar material was used as an adhesive for
liben or brick was made of mixed mud with water and some times straw is add in order to preserve
the construction from natural symptoms for a longer period. Tar and asphalt were also used as
plaster in foundations of the buildings and walls because they are available since ancient times in
Hit. In addition, lime was used as plaster to build the foundations and walls because it is moisture
proof and good cohesion [12].

4- Historical Times: The Assyrians (4000 BC to 612 BC):

The most important cities of Assyrian kingdom were Assyria (built on the projection of rock
limestone), Kaleh and Nimrod. The kings of this kingdom were interested to build those cities and
fortified them by walls and high defence towers as well as the construction of palaces, temples and
ziggurats from stone material. The buildings were characterized by the carved the winged bulls and
winged lions from stone, inscriptions and writings.

In the city of Kaleh, several palaces were built and entrances were decorated by huge statues. In the
south western corner of the city, they built a palace called (Governor's Palace). It has a large
courtyard located in the north, a large and long hall, offset-like hall in the south and ensures many
rooms on the east and west sides.

The building material for foundations was liben except some foundations, based in the southern
part, wage was used. The walls of southern halls were covered with a layer of asphalt from the base
to a height of 65¢cm.The ground floors were coated with bricks.

The city of Dor-Churkin (Khorspad) is almost square in shape (1760*1675m), having thick walls
(66.7m) which made it like a fort. The walls had 7 doors [8]. On both side of each door, there were
eruptions winged. This is evidence on the evolution of greatness of architecture and construction at
the time (Figures 4.1and 4.2).

Fig. 4.1: The palace entrance Fig. 4.2: Khorsabads palace, temple, and
[7]. ziggurat [21].

Avery large palace inside the fence was also built on a terrace 12m height from the ground level.
They used stones (cubic in shape) as building material. The palace complex contains 200 rooms and
30 courts as well as a temple and ziggurat. The ziggurat base was square in shape (42*42 m). It
consists of 7 terraces (layers) having individual height of 6.1m which makes the total height 42.7m.
Each terrace had a different colour. The areas of the terraces were decreasing from the ground to the
top. Individual terrace might accommodate one building or more (Figure 4.2)[21]. In certain
occasions, the terrace is composed of two rectangles with different dimensions one above the other
(Figures 4.3 and 4.4). The terraces were painted by coloured chalk. The colours of the first 4
terraces were white, black, rose and blue respectively. The colour of the remainder terraces is not
known because they perished. Spiral stairs were built to climb the ziggurat (Figure 4.4).



Advanced Materials Research Vols. 446-449 231

Ninevah city was the capital for a long period of time for the Assyrian empire. Palaces, temples,
barracks were built. The city was surrounded by a large fence. It was fortified by castles. The length
of its outer wall is about Skm and it has 15 gates. Nrkal gate was the biggest. Its height was 16.5 m
and it was built on a terrace of liben (5 m above the surrounding plain) which makes the overall
height 21.5m.Its entrance is 20.70m long and 7.80m wide, containing two towers on each side of
the entrance. Stones were used to build the gate (Figures 4.5 and 4.6).

Plate. XL!
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Terrace Wall a Khorsabad,

Fig. 4.3: Terrace of Khorsabad Fig. 4.4: Details of Khorsabad’s Terrace
[20]. and palace [20].

The second big gate in the wall is called” Shamash”. It rises about 10m from tiling and the length of
her forehead from the east entrance is 66m, and its entrance is 4.55m 1 width. The outer gate
interface was built from helan (local limestone) trimmed stone. In the interface 6 towers were built.
The dimensions of these towers are 3.5m in width about 22.50m high. These towers are connected
with the wall which is built with stones also. The walls are 10m above the ground level. Other
towers on the wall have the same dimensions apart from the two on the west side. They are 9.5m
wide with a portlet 6.75 m wide and the opening decreases in width till it reaches 4m.

Between western and eastern entrances a long the corridor (61m) exists, paved by stones, some of
the stones were engraved with the name of King Sennacherib [1].
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Fig. 4.5: Nrkal Gate and city Fig. 4.6: Plan of Nrkal Gate [1].
Wall [22,23].
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The use the stone in the foundations and construction of the Assyrian building was very common
because it was provided in the northern area from the mountains. They also used limestone and
alabaster to coat huge walls. They used it for columns bases and thresholds for doors, as well as in
paving the halls of the important buildings. They used solid rocks such as diorite, basalt and other to
carve statues and panels and prominent images. Lime was used to join the small stones and was not
used for big stones. Limestone was used to build columns that are 4 m high and at its top end spiral
crown was put. The section of the columns was either square or circular and at the base there are
animal statues. Some of the columns were polygonal with either 8 or 16 ribs.

Marvellous tunnel (Khariz) was dug 25m under the ground for collecting ground water in Arabella
(Arbil). Ventilation opening were built at 42m intervals. These ventilations were used for
maintenance and cleaning of the channel [4].

5. Last Babylonian Times (646 BC to 539 BC):

Babylon was the capital of the Babylonian kingdom. The city was surrounded by two walls, the
outer one has a perimeter of 18-20km and it consists of three parts. were built with liben and bricks.
The internal wall consists of two walls: the first within the city having thickness of 6.52m was built
with liben and bricks, the second were smaller with thickness of 3.72m built with liben. The internal
wall contains 8 gates leading to the city, behind these two walls a moat of water exists (Figure 5.1).
The distance between the two walls were 2 km. Within this area the houses of ordinary people are
built. Usually the houses were above the level of the street by building bench of liben. Wage and
mortar tar were used for the walls. Crusader shape was the prevailing design for the houses. Above
the foundation, liben was used. All the walls were plastered and painted bright white.

The city of Babylon characterized by its perpendicular streets ending at the gates of the city. Ishtar
was the most famous gate. Its height is 14 m and it leads to Processions Street which was devoted to
the celebration. The width of the street is 63 m and paved with sheets of stones, some of them are
red stone and others are of limestone.

Number of big houses was built in Babylon. The most interesting one is that located south of the
city on the procession street. It covers an area of 310*200 m, with a grand entrance and consists of
hundreds of rooms and other accessories such as yards. Five yards were built in that house, the
largest one of is 60*50 m representing the Throne room (Figure 5.2). The summer palace which was
referred to as “Babylon Mountain” due to its height was built in a square shaped having an area
250*250m. It was 18 m above the level of the street. It contains two main halls, the eastern and
western, rooms and other accessories. All the walls of the palace built with bricks, plaster. Flooring
consists of pouring by mixture of lime, sand and plaster with colour additives that gave a unique
technology. Construction techniques and decorations reached its climax in the Babylonian era using
glazed bricks to decorate the walls and floors and bench throne. Columns having crowns helical
were also built (Figure 5.3).

The most important materials used in building palaces, temples and other buildings were large stone
of basalt and diorite and other hard rocks. They were used in the foundations and in the work of
hook and spin, which is based upon the big doors.
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Fig. 5.3: Summer palace
Plan [1].

Fig. 5.2: South palace
Plan [8].

Marble was used to cover the stairs. Hard stones were used in the construction of the pillars of the
bridges on the Euphrates River. Liben 30*30cm in size and wage made of grilled liben were used in
the constructions. They grilled liben in special furnaces.
Glazing wage for inscription on the walls and doors were used having different colours. For the
white colour they used tin oxide and for red, blue and yellow they used copper oxide, copper with a
little lead, antimonies lead respectively. Mortar was used as an adhesive for bricklaying or liben
which is mixture of soil with water to make mud. The asphalt and tar have been used to prevent the
commune of moisture in building foundation and walls, also they used lime commune as a good
cohesion to prevent moisture in the building, foundations and walls. Timber was used in the roofing
of palaces and temples and also in making the doors [12].
The Babylonians used pillars instead of piers. Pillars built with bricks in semi-circular or triangle
shape. Each pillar is composed of four interrelated pillars and some of them were rectangular, oval
and both are built of bricks. They have the same diameter at the top and bottom, the diameter at the
bottom was gradually descending to the top.
The Babylonians used bricks to built domes. In Sharubak a room was found having a round-roofed
bricks. The bricks were laid horizontaly one on top of the other. The number of bricks was
decreasing in a descending order to the top. This technique is still in use now and is called the
capollay [10].
The most important monument in the city is the Hanging Gardens of Babylon, which was built in
the northeast corner of the southern palace (Figurd4.4)[24]. The building is almost rectangular (size
42*30m). Its floor is lower than that of the palace and it contains14 similar rooms (2.20*3m). These
rooms were distributed on both sides of narrow corridor.A well with three openings beside each
other was found in one of middle rooms. Roofs of these rooms were arched and a thick layer of soil

was laid on the roofs for agricultural purposes (Figure 5.4).
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Fig. 5.4: Imaginary site for Hanging Garden [10].

Five large temples were found in Babylon, the largest is the temple of god Murdoch (Temple
Aasangkela). It contains the famous Tower of Babel, which has a square base (91.55%91.55m). The
sides of the tower are parallel to the geographic directions. The inner portion was built using liben
while the outer part was built with bricks (15m thick). The foundation is built on a layer of pure
mud, which is with impermeable.

Hooks of wood were found linked to the base from the inside through the cavities and the other end
tied to the mud layer. They intended to tighten the base strongly to the foundations.

The tower consists of seven layers getting smaller in size in the upward direction. Climbing the
tower can by achieved through three staircases. The middle stair case is 62m long and 9m wide. The
lateral staircases are connected to the middle at the second and third layers respectively. The temple
is composed of a group of buildings and rooms surrounding the courtyard (Figure 5.5). The
dimensions of the seven layers of the tower are tabulated in table 2 [1].

Table 2: Dimensions of the seven layers of Babel tower [1].

layer | Longed(m) | Width(m) | Height(m)
1 91.55 91.55 33.52
2 79.45 79.45 18.31
3 61.14 61.14 6.13
4 51.99 51.99 6.13
5 42.38 42.38 6.13
6 33.67 33.67 6.13
7 24.52 24.52 15.21

Fig. 5..5: Plan view of Ziggurat and Temple Aasangkela
and imaginary photo of Babel Tower[1].
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The Ishtar temple went into three periods of construction. It is rectangular in shape (37.12*%31.05m)
having 20 facilities and the courtyard. Its plan is identical to other temple plan prevailing in old
Iraq. A huge wall built with mud and sanctified clay surrounds the temple. There is a square
courtyard in the middle. On the west side of the silo there are three entrances. The middle entrance
is important because it is similar to the main entrance of the temple. Surrounding the temple is a
pavement build with bricks and tar to protect the external walls. At both sides of the wall a set of
sorties were built to support the wall (Figure 5.6).

Fig. 5.6: Plan of Ishtar Temple and photo of inside
temple [1,25]

In summary, there are three patterns of building construction for ziggurat or towers. They are:
Rectangular tower or ziggurat which can be climbed through ladders by three stairs, one in the
middle and the others two from sides. This type had spread in the southern part of Mesopotamia
(e.g. Tower of Ur, and Uruk Tower). The second type which has been spread in the northern part of
Iraq, is the square ziggurat or tower. This type can be climbed through gentle ramps built on its
front (e.g. towers of Assyria, Kaleh, and Dor-Sharukeen) (Figure 5.7). The third type is that having
square base and climbing is done to the lower floors by stairs and to other floors by ramps as in the
tower of Babel.

Fig. 5.7: Second model of ziggurat [26].
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6. Foreign Rule of Mesopotamia (539 BC to 637 AD):

6.1- The Persians (Alakmignon) (539 BC to 331 BC): After the fall of the Kingdom of Babylon
by the Persians, they re-reconstructed the Babylonian cities and palaces were built. The remains of
their buildings are so little.

5.2- Romans (331 BC to 323 BC): Alexander the great defeated the Persian state and made
Babylon his capital. The most important construction was building the Romanian playground,
which consists of bleacher playground semicircular and in front of it courtyard divided into two
parts by semicircular columns jointed by polygonal pillar (Figure 6.1).
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Fig. 6.1: The Romanian Playground [1].

6.3- The Persians (Alfrthein) (126 BC to 227 AD): Alfrtheon had built their capital in Tifuson
(Al-Madaien), also they reconstructed the Iraqi cities (Babylon, Kish, Navarre, Warka and Assyria),
and built temples on the Romanian style. Their buildings were characterized by huge walls built
with liben in large sizes.

In Ashur city, the buildings were unique by its columns. Geometric shaped stones were used instead
of liben. They started to build open Iwan with squares courtyard surrounded by colonnaded
(peristyle) (Figure 6.2).

Fig. 6.2: Plan of Persian open Iwan [1].

Many cities were built between Iraq and Levant as trading caravan’s centres. The inhabitants of the
Assyria city reconstructed their city, and built houses and two types for rich and ordinary people.
They used bricks and plaster and the high level class houses were characterized by its precision and
accuracy of the horizontal distances. The Iwan became the most important place in the house or
palace. The floor was tilled with pieces of geometric tile. The building adopted provided suitable



Advanced Materials Research Vols. 446-449 237

places to live according to the seasons, sun falls, and the air and termination times of the day. In
addition to use the geometric stones in foundations, the development of vertical walls that are
covered at the top by a layer of mortar and plaster, the crakes were filled with same mortar. The
second type of houses for the ordinary people, stones of irregular shapes were used (yellow brittle
limestone - hallan). The stones were fixed with liben, in the same way the Assyrians used to build
the deep foundations over liben. The liben was pure, yellow coloured and contains small size of
unknown source material. Most of these houses have Iwan which is opened from north. Mortar

plaster was used for constructing the sanitary system. There were foundations for the walls (Figure
6.3).
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Fig. 6.3: Cross section showing the foundation (scale 1:40) [27].

6.4- The Sasanian (224 AD to 637 AD): Tesfon was the capital of Mesopotamia in this era. A
famous palace known as Ewan Chosroes (tesfon arch) (Figures 5.4)[29], was constructed with
plaster and bricks. The area of the palace is 300m®. The width of the entrance of the ewan was
25.63m and it was 43.72 m long and the thickness of the bottom walls about 3m.[1]

. The walls from the interior side were covered with layer of plaster containing decorations and
many pictures (Figures 6.4 and 6.5).
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Fig. 6.4: The Photo of Ewan Fig. 6.5: Plan of Ewan Chosroes
Chosroes [29]. [1].

6.5- The Hatra City (250 BC to 226 AD): This city grew up in the desert between the Romans and
Persians empires. It is located southwest of Mosul city, because it became a military center for
Frthein, many Arabs lived in the city seeking protection for their temples. For this reason the city
contains many temples in addition to the towers, walls and palaces.
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A wall 8km long built by mud surrounds the city from outside with and surrounded by a deep
trench outside. The internal wall is 6km long and composed of two walls with 12m distance
between them. The material used for building stones. The city has 163 towers, with 4 doors parallel
to the geographic directions. [28]

The Hatra temple is one of the important buildings in the city because of its characteristic
architectural art and construction technology used (Figure 6.6). It has a rectangular shape (length of
437.5m, width 322.5m). Another wall exists extending from the northern wall to the southern wall
to separate the court from the buildings. It contains several buildings, some of which were built
similar to the Greek style with geometric shaped stones [1].

Another famous temple is called Marm. It has a rectangular shape (22*17m). The rooms are also
rectangular (14*11m). They were built on a platform, surrounded by rows of columns in a circular
form, down of them exists a second row of columns. To approach the temple room, one must limb 7
stairs having a height of 1.6m. This type of construction is called Dipteral[28] (Figure 6.7).

Most prominent features of Hatra buildings is the use of geometric stones with plaster as mortar
material, also they used hooks to connect the stones. The gaps between stones were filled with a
mixture of cement plaster and small stone.

New method was used in roofing, where stones used in the geometrically trimmed in roofs shaped
as semi-cylindrical. Some of the arches and vaults extend for more than a half circle. They were
built in radiation style (Figure 6.8).

The construction in Hatra area is characterized by strong, beauty and art, and show advanced
civilian emulate the great civilizations.

In ancient Mesopotamia, the use of stone was very common in northern Iraq because of it is
availability. In addition, liben as a sacred substance was also used in the construction of temples.
The central and southern regions, which are characterized by silty soil, the use of liben, bricks and
grilled liben was the prevailing materials in construction because of the lack of stone. Bricks and
clay used in advanced techniques reflecting sophisticated engineering. At certain occasions, stones
were used in the construction in southern Iraq when it is available (e.g. Uruk). In the marshes, the
reed and papyrus are used for building houses (Figure 6.9). Cane was used some times in some
buildings as pillar in the ziggurats.
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Fig. 6.6: Plan of Hatra Temple Fig. 6.7: Marm temple [30].
1
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Fig. 6.9: The marshes house built from reed and papyrus [33].

7. Summary:

During the Old Stone Age (150 000 to 12 000 BC) people in the old Mesopotamia lived in caves.
They were hunters. Later in (12000- 8000BC) people started to cultivate the land and gradually
transformed to farmers. The advances in the life style forced them to leave their caves and live near
their land in simple designed houses. Gradually with time progress these isolated houses became
villages and later cities. They used the available material in their buildings. All the buildings were
made of mud and or limestone, which are the most abundant material in Mesopotamia.

Religious believes had its influence on the construction of buildings. In the late stages of the Stone
Age, the inhabitants of Mesopotamia started to build temples. These temples started as simple
buildings and then it was growing in size and height with time. This is due to the fact that the higher
the temple is the closer the person will be to his God.

Foundations for buildings did not exist till late Stone Age. The foundations started as simple stones
put in a row and then they used rafts for their temples as it was growing in size.

The materials used were simple and the stones were irregular in shape at the start. Then it is well
recognized that with time, the stones used were of regular geometric shape. The dimensions of the
stones were relatively small at 8000 BC and they started to use bigger stones with time progress.

No decorations were noticed in earlier buildings and later colored and sculptures were used as well.
The strength of the buildings and distribution of the forces were not that sophisticates as a start.
With time progress, the ancient engineers used various methods to strengthen the foundations as
well as the walls.

It is noteworthy to note that the geology of the area played an important role in the selection of
building materials. In the north of Mesopotamia, the available material is limestone while is the
central and southern parts it was mud. In view of this fact, limestone was the most abundant
material used in constructions in the north while mud was the predominating material in central and
southern parts of Iraq.

When we look at the materials they used and the thicknesses of walls, it is evident that they were
perfect for the weather conditions in Mesopotamia where they were conserving the heat in winter
and keeping the buildings cold in summer.
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8. Conclusions:

The birth of the idea to establish the first permanent home dated back to more than 6000 BC.
Humans used engineering innovative that led him to use the advanced construction material
available in the environment and make it suitable for construction. Solutions were found and
technical obstacles were solved, and the result was building the most beautiful and most luxurious
palaces and temple and ziggurats. It is astonishing to see these achievements were done using
natural materials and very simple tools.

Ancient people in Iraq were looking forward to get closer to the source of the sky God and to
achieve this goal, they built towers and ziggurats. These carried the art of construction projects for
the ultimate graphics and this is indicates that the construction in Iraq had relied on maps and
engineering calculations on the distribution of loads and taking into consideration the direction of
wind and weather effects. All these achievements also imply that they had good knowledge about
the principles of geology, chemistry and other sciences which allowed them to execute these huge
projects.

Terraces were used as the base ground for constructing the big temples and ziggurats. It was
designed to take the heavy load of the building.

The materials they used like brick for being a good insulating material, keeping the heat in winter
and summer, retains moisture and is used as engineering material(mortar) also has a long life in
construction.

Now a day in Iraq, the prevailing building materials are cement and iron. These materials raise the
heat of the building during summer and cool them during winter. On the contrary to these materials,
the materials used by ancient inhabitants of Iraq were good thermal isolators.

Engineers and contractors in Iraq should learn from the ancient engineering practices in Iraq.
Adopting some of these techniques and the construction materials which were used will definitely
improve the quality of buildings.
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Materials and the Style of Buildings used in Iraq during the Islamic period
Entidhar Al-Taie 1, Nadhir Al-Ansari *and Sven Knutsson *
Abstract

The Islamic period in Iraq lasted 1002 years (637-1639 AD). During this period big cities
were constructed and old cities were reconstructed. There was development of the materials
used and the design. Bricks, grill wage, plaster, gypsum and marble and stones were used.
The environmental conditions were taken in the design of the buildings. The walls were thick
and basements and badgur were established. This makes it easier to cool or heat the house.
Tar was used to protect the buildings from moisture. New style of buildings was established
using new engineering innovations. Well-designed arches and domes were noticed during this
period. Islamic buildings had special features such as minarets, arches, domes, vaults, gilding,

patterns and decorations.

Keywords: mosque minaret, liben wage, tower fence, Umayyad era, Abbasid era, emirate

house, dome decorate, mud brick.

1 Introduction

The style of construction and the materials that were used in Iraq passed through different

stages during Iraqi history. The history of Iraq can be divides into several stages: The oldest
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is what known as the ancient stage (150000 BC- 226 AD).This stage ended at the Islamic age
[1]. The Islamic period includes the Rasheden Caliphs Era (637- 661) AD, The Umayyad Era
(661- 750) AD, The Abbasid Era (750- 1258) AD, and The Mughal Era (1258- 1639) AD.
The third stage extends from (1639 AD onward). This includes the Ottoman Empire, British
occupation and finally the Iraq independence.

The Islamic period is characterized by the establishment of big new cities such as Basra,
Kufa, and Wasit (Figure 1). In addition, existing cities like Mosul and Anbar were
reconstructed. The political, military, and administrative environment helped to achieve these
establishments. The cities were characterized by its collector Mosque, emirate house, the
places, and the schools, [2].

All the buildings were characterized by an internal courtyard or garden. The courtyard might
have ceiling some times. Another feature was the presence of more than one courtyard, and
they act as a filter for dust and acts to moderate the air temperature inside the house.
Generally, the buildings can be classified into three categories as: buildings surrounded by
fence such as palaces and khans, and buildings of a religious nature such as mosques and the
shrines, and public houses, [3]. The Islamic buildings are characterized by two main features.
They describe the function for which the building was constructed for, and they did not pay
that much attention to the external appearance of the building. The Islamic engineer followed
firm steps in their work. They used to prepare the plan drawing and calculated the cost and
quantities of material required for the construction [4]. The most important features
characterizing the Islamic building were the minarets, the domes, the columns, the
decorations, inscriptions and the calligraphy which was use in the inscriptions [5].

Style of buildings, material used for construction and the development through the beginning

of the Islamic period to the Ottoman Era will be discussed in this paper.
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Figure 1: Map of Iraq [46]

2 Rasheden Caliphs Era (632-661) AD
Islamic conquest of Iraq started 637 AD. At the beginning of the conquest, Basra city was

established. The city was actually an army camp to accommodate the soldiers and their
families. It was built using canes. Later the camp was developed and re styled. A
mosque, emirate house and finance house were built. These buildings were within the center
of the city. Surrounding these buildings were the markets, public bathes and residential
houses [4]. Streets were also established and all of them led to the mosque. The mosque was
open courtyard surrounded by wall. Later part of the courtyard was covered by ceiling to
protect worshipers from hot sun. The material used was mud and liben (This is a mixture of
clay, water and barley). It was mixed in a special technique referred as “Bakla”: in this
technique they dig a trench and they mix the clay with water and barley inside the trench. The
mixture is very well compacted and later they build the walls on top of it [6].

Kufa was the second city to be built at 638 AD. It was built in a similar way to Basra city.
The materials used for building were mud and liben. The emirate house was built on the

southern side of the mosque over foundations having depth of 90cm. The materials were also
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similar to those used for building Basra city [6]. Figure 2 shows the plane of mosque and
emirate house. Later bricks were used in building but to a limited extent. Wage was used for

building houses but limited [7].

A — . o
Figure 2: The Planned of the Mosque and the Emirate's House and Photo of

Emirate's House Foundations [8]

3 Umayyad Ears (661- 750) AD:

This period marks major development of construction and architectural work. The engineers
modified the style of buildings that they saw in conquest countries and mix it with the Islamic
style. The weather conditions, availability of construction of building for the environment
were taken into firm and the topography and the soil type were taken into consideration.
Straight roads were straight about 50 m wide. The centre of the city usually has the mosque,
emirate house and house of finance. These are surrounded by markets and residential areas
[10]. Mosques at that period were considered as governmental house besides its religious
purpose. All financial, political and educational transaction was executed at the mosque. In
view of this, every city must have a mosque at that period. Engineers were very keen to build

the mosques in such a way to reflect the spirit of religion and it also reflects the engineering
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development [5].

Basra city was headquarters of Umayyad Government in Iraq and was on the way connecting
Sham (Syria, Jordan, Palestine, and Lebanon) and the Persian Empire. In addition it was an
important port. For these reasons it developed quickly and covered an area of (15%15) km.

A number of merchants lived in Basra and built luxury palaces on the banks of the rivers. The
main mosque in the city was reconstructed. They used wage and plaster in its reconstruction,
the foundations were used stones and they furnished the ground with read stones [11, 12].

Figure (3) shows the mosque. The house of government was reconstructed in a similar way

(Figure 4).

Figure 4 : Plan of Umayyad Palace in

Figure 3: Basra Mosque with its Minaret [13]
Basra [51

The style of construction used to depend on the structural system and the bearing walls.
During these period columns, reinforced pillars, and arches of different types (semi-circular,
horseshoe, and spire) were used [14]. The external walls of palaces were 1.20 m thick using
liben which is the prevailing material south of Iraq. This mixture is durable and does not
shrink like mud. The mortar used was from the same mixture. To protect these walls from

rain and moisture, they started to build 18 cm thick outer cover from wage cooked. The lime
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used for this part was the extinguisher lime (al Nora). This material is resistant to weathering
and erosion. In certain occasions they used to mix the extinguisher lime with ash which
makes the mixture more resistant. The internal walls were coated with thin layer of 30mm
thickness of the extinguisher lime. Sometimes these walls were decorated with inscriptions.
All the houses had more or less the same design. They had central court which is about 1m
lower than the other parts of the house. In the middle of the court, they usually build a small
pool to store water for daily uses. The court is surrounded by wood columns with inscriptions
crowns to prevent rooms from heat of the sun [9]. Houses had basements under the ground to
be used during summer due to the hot temperatures. These basements had their roofs shaped
like arch to provide strength and durability to bear the loads over them and for thermal
insulation. Chimney like structure was built starting at the basement to the top roof and they
were called Al Malkuf. The upper outlet was opposite the direction of the wind so that it
allows air flow inside the structure. All the rooms were connected to this structure by special
openings to allow the ventilation. Teaching and prayer rooms were characterized by a hollow
structure referred to as “kowa” to allow light in and also for ventilation [4]. Basra city was
characterised by its gardens and public bathes. In one of its suburbs” Shaaba” the remains of
an Umayyad palace exist (Figure 4).

Kufa City was expanded and it covered an area of (15*9) km, the main mosque was
reconstructed and expanded as well (Figure 5). It had a quadrate shape of dimensions
(110*¥116*109*116) m. The height of wall was 20 m supported by semicircular towers in
same high .The depth of the foundations for the walls were 5.5m. The towers were distributed
on the four corners of the mosque. The materials used in the construction were wage and
plaster. Roof of prayer house was raised by columns with beautiful crowns with a diameter
(0.90-1.10) m. It consists of sandstone pieces sculptured and ranked over each other. They

were tied together by iron rods which penetrate a lead cylinder. The mosque can
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accommodated 60,000 persons [6, 14].
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Figure 5 : Planned for Kufa Mosque [15]

masjed-alkufa.net

Figure 6 : Photo for Mosque [16]

The emirate house was built in a square shape with dimension (176*176) m (Figure 7). The
house was surrounded by two walls. The external wall had ribs of 176 m long. The average
thickness of wall was 3.6 m. It was supported by semicircle towers from the external side,
their diameters about 3.6m. All the ribs had 6 towers apart from the northern rib which
contained two towers only. The ribs of the internal wall were 170 m long each .The thickness
of the wall was 1.8 m. The materials used in the construction were wage (36*36*9) cm and

plaster [13; 16]. The wall contains semicircle towers (3m in diameter) except the northeastern
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side. The palace was built in a square shape (61*61) m with thick walls (3m) (Figure 8) wage
and plaster were used as construction materials. The outer side is of wage painted blue. The
palace has a complex design with many interns leading one to other. The entrance width was

1.80 m [14; 6 and 45].

»
v

Figure 7: The Planned for Kufa Emirate
Figure 8 : The Planned for Umayyad

House [8]
Palace in Kufa [6]

Mosul city resembles other cities in its construction. The construction materials for the
buildings in Mosul were stones, geometric stones, gravel and wage. In addition it had a wall
surrounding it, which was built with wage. A wide trench was constructed surrounding the
wall from the outer side and they used to fill it with water from Tigris during any attack on
the city [4].

Wasit city was established at (701- 703) AD, on the western bank of Tigris, and became the
headquarters of Umayyad emirate in Iraq. It was located between Kufa, and Mosul, Ahwaz,
Egypt and Basrah. The main features of the city were very similar to other cities in Iraq. The
main mosque had the dimensions of (182.88%182.88) m, and its walls 2.5m thick. In the
middle it had a rectangular courtyard surrounded by five corridors (Figure 9). Remains of the

foundation showed that at the intersection of the tiles and corridors, columns were
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constructed from several parts of sandstones. They were connected together by a hole in the
middle; through this hole an iron cylinder filled with lead was placed to join the successive
sandstones blocks together. The construction materials were wage and plaster. The building
was characterized by simplicity and attractive view. The emirate house had the dimensions of
(365.76*%365.76) m. Square columns were constructed using square wage. Three blocks
(madamiq) were used in the foundations of the corridors linked together at the base. Each
part of the house contains 19 corridors. The most important feature in that house was its
green Dome. The dome was overlooking all palace facilities. It was built by stones. It was
seen from a distance of 25 km [15; 6]. The city was surrounded by huge wall from three sides
and river Tigris was on it’s the fourth side. The walls were 4.5m thick and 2m in height. The
walls were supported by towers and they had 6 big entrances (Figure 10). A trench was
surrounding the walls from outside. The city had 4 main roads. Each road was 7.32m wide
[4]. All Islamic cities have public bathes. They have the same design and are composed of
small entrance lead to a room for changing clothes followed by three parallel rooms (cool,
warm, and hot). All these rooms were provided with water basin. Water transport pipes were
made of clay. Inside the bath, all rooms have domes for lighting and they did not allow the
entry of air. The bath ground was furnished with marble, while its building materials were
wage, stone and marble to bear water [17]. The city was expanding rapidly because it was the
capital and numbers of hotels (khans) were built.

In Nahrown area (near Baghdad nowadays) Umayyad palace was established (Figure 11).

It had rectangular shape. In the middle there was a courtyard overlooking the Ewan’s. This

design was prevalent later. The palace had plaster decorations
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Figure 11: Planned for Umayyad Palace in Nahrawan [18]

4 Abbasid Eras (750 — 1639):

This period marks the transfer of power to Abbasid. They changed the capital city to
Baghdad later to Samara. Baghdad was chosen because of its strategic site in the middle part
of Iraq. The buildings were characterized by architectural decorations and large dome roofs,
arches, and unique shaped columns [19]. Baghdad was built in 762 AD. It had a circular
shape and surrounded by huge solid walls (Figure 12 and 13). The caliph palace was located
in the center and a mosque was attached to it. The size of the palace was double the size of
the mosque. Around the palace and the mosque were governmental offices. The city was

planned as rings and the further away from the center the wider the ring is. Three walls can
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be noticed. The first wall surrounds the central courtyard and followed by the middle wall.
Between these two walls are the residential sites. The area between the middle and external
wall was left empty. Big trench surrounded the external wall and it was filled with water from
Euphrates and Tigris Rivers by canals. Euphrates canal is referred to as Issa branch while the
Tigris canal was referred to as Aldajael branch. To inter the city, four bridges were
constructed on the trench leading to four gates. These gates were facing certain destinations
so they were referred to as: Basrah, Kufa, Sham and Khorasan. The streets were divided
Baghdad into four pivotal sections. The widths of the streets were 30.58 m (Figure 13) [18].

The palace had a square shape (365.76*%365.76)m (Figure 14). The material used for
construction was lebin of two sizes. The first was square in shape “Aljaafari or Aledam”
(0.915m*0.915m) weighing 200Kg. The other was rectangular shaped (0.915%0.458)
m"munasif' and weighing 100 kg. The first was used in the foundations and the second type
was cooked to form wage which was used with plaster to build the palace. The Palace was
consists of Ewan in the front having an area of (27.43*18.29) m. In the front of the Ewan was

a board place (18.29*%18.29) m, thickness 18.29 m.
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Figure 12: The Scheme Model of Figure 13: planned of City and Design

Rashdad I61 of One Gate [231
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Figure 14 : Plan of Mosque and Gold Figure 15:Section Door and Fence of City [24]

Daoor Palace 1241

Figure 16: Photo of One Door of Baghdad and Part of Fence 1261
Over the board at a height of 40 m, another board of the same dimensions exists and over it a

green dome was built. The palace was referred to as Bab Aldhab palace. This is so because it
was built with marble and stones that were coating with gold. Over the dome was putting
statue of a knight on his horse to determine the direction of the wind. Gold Coatings were
used to decorate the walls and columns crowns. Wage, plaster, and stones were used for
corridors, vents trimmings and columns build. The mosque was square shaped
(182.88*182.88) m. Jaafari liben was used for the foundations and liben and mud for building
(figure 14). The city was surrounded by external wall and another inner great wall. The walls
had 4 entrances which were (1972) m apart. A dome was built on each gate so that the caliph
can set there. The thickness each wall was (18.29) m [21; 22].

The space between the two walls is (170.70) m and it was referred to as “Al feasal” and

within that space there were no buildings because it was used for military maneuvering. The
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external wall was 17 m in height and it was (18.29) m wide at the bottom. The great inner
wall was (30) m height and its width at the bottom was (45) m and decreases toward the top
till it reach (12) m. both walls were built using jaafari liben in their foundations and liben and
mud for the main wall. Each raw within the wall (162000) jaafary liben pieces that weight
117 kg were used. This is so because liben can be easily penetrated by catapult. The fence
was supported from the exterior side by 113 rounded towers (28 between Khorasan and Sham
and 29 between Basra and Kufa). The height of each tower exceeding the wall by (4.575) m.
Behind each gate was built corridor dimension (76.75*%18.29) m. They had arches was built
from wage and plaster (Figures 15 and 16).the corridors and water canal surrounding the city
were lined with a cement like material called “Al Sarowge” made of extinguished lime and
other material such as ash. This material was durable [24; 25].

Baghdad was expanding on both sides of the River Tigris. The eastern side “Al Rusafa” was
allocated to the army commander’s residence and princes. The western side “AL Karkh” was
allocated for industrial and marketing activities. Later merchants built huge luxury houses
(Figure 17) on this side. The common building material was mud apart from the important
governmental buildings where they used wage and plaster and sometimes marble. Within the

palaces (e.g. Kwled, Rusafa and Fordwas palaces) silver, gold, wood and glass decorations

were used [17].

Figure 17: The Entrance of Kwled Palace, [26]
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Mosques were used for religious, social and educational purposes. They were characterized
by diversity in the plans and the height of their minarets (e.g. Alhadhir, and Kamria mosque)
Al kulapha mosque (Figure 18) which was built in rectangular shape (area of 31*17.50 m).

It consists of minaret build on square base (3.50%3.50) m, and height 3.50 m, the total height
of the minaret was 11.70 m. The materials used in building the mosque were wage and
plaster. They used wage glazed in building the minaret, [6].

Thirty five schools were built in Baghdad and some other cities during the period
(1227-1234). The most famous were Nedhamia and Sharabia School. The biggest school was
referred to “Mustansiriya” (figure 19 and 20). It was consider as the first Islamic university at

that time.

Figure 18: Photo of Caliphs Mosque and Minaret. [27]

Mustansiriya building was rectangular in shape covering an area of (4836) m’. The
construction area was (3121) n’. It consists of middle wide courtyard area of (1710) m’,
surrounded by corridors, in the middle of each side there was big Ewan its width about 6 m,
and height 10 m, on both side of Ewan there were two study halls. Mustansiriya was two
floor building containing lecture theaters, halls, Ewans, library, pharmacy, hospital, kitchens,

bath rooms, dar alhaddath and dar Al-Quran [28]. The building was very well ventilated
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Figure 19: Photos of Mustansiriya [29, 30]
Like all Abbasid buildings the materials used in school building were wage, plaster, and

liben. Most famous thing in Mustansiriya was its amazing water watch (Figure 21). It had
two Baz birds each one stand up over basin, falling down from their mouths two golden nuts
each hour then it opens one of twelve golden doors marking one hour [31].

Sharabia school is one of three schools were established with the same name in the middle of
Abbasid era, in Baghdad, Wasit, and Mecca (Figures 22 and 23). The school is one of the
luxuries and unique features that are still fixed on since Abbasid period till now a day.

It was consist of two flowers, overlook a rectangular courtyard of area 40 m’. All the schools

had the same design [15].
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Figure 20: Plan of Mustansiriya for the two Figure 21: Plan of the Water Clock [31]

floors [321
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Figure 23: Photos of Sharabai School in Baghdad [33]

The School in Wasit is slightly different (Figure 24 and 25) [6]. This school was

characterized by its decorations.

Figure 24: Planned for Sharabia of Wasit [6]

Figure 25: Photo for Sharabia

of Wasit [34]
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Samarra: This city was established in 836 AD after carful engineering planning and
design. It was surrounded by an octagonal fence; the length of each rib was 630 m. Towers
were built from the exterior side to protect the fence. Large blocks of liben were used in the
foundation of fence. Many palaces were built in Samarra; the most important was referred to
as Caliph Palace (Figure 26). The length of its frontal view is 700 m and the distance from
the main door to the end about 800 m. The palace had three Ewans. The middle was the
largest. It was rectangular in shape (17.5%8) m, and it was 12 m height. It had tapered roof
trimmings. It also includes a big door (width 3.8 m and height 7 m). The other two side
Ewans were smaller (4.5*%4) m. Behind these Ewans were back rooms followed by the Throne
hall. The palace has a second floor and basements. The height of the Walls reaches 6 m.

The wall foundations were strengthening by plaster decorations. Two basements or crypts
were built inside the palace in the northern and eastern sides. The small crypt was dug to 10
m depth in solid rocks. It had dimensions of (21¥21) m. It was connected to three caves. The
walls were decorated with carved plaster. The big cave was of square shape (dimensions

(180*180) m). Inside this cave was a large and extensive pool (diameter 80 m), connected to

Figure 26: Plane of Dar Alama (Caliph Palace) [6]
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Khariz (khariz is tunnel dug underground to collect ground water). The big crypt had many
divisions and its upper part contains number of rooms. It is believed that it was used as
treasury [35].

Water distribution network was established within the palace. The main pipes were made of
lead, while the secondary pipes were made of blue glass or pottery. Other palaces include
Jawasaq khaqani palace (Figure 27) which is located on the east bank of the Tigris southern
Dar Alama palace. This palace was very large and contains throne hall, many large T shape
halls, family rooms, internal gardens, soalagan (polo) courtyard, and field race. Wage was the
material used for the foundations and walls. Marbles were also used for the walls. The lower
portions of all the walls were decorated using plaster coating [32; 36].

The total area of the Gypsum palace is (130000) m’ (Figure 28) [6]. The palace inside is a
square building (140*140) m, surrounded by external wall, its length about 370 m, supported
with 100 towers. The towers at the corners had a diameter 3 m, while other towers were
smaller in size and prismatic in shape (2*1.40 m). They were located at a distance of 80 cm
from the wall. Inside the palace there is a big hall (15.40*15.40 m), the thickness of its walls

2.20 m, and its roof was a big dome.
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Figure 27: Planned of Jawasaq Figure 28: Planned of Gypsum Palace
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The big hall is connected to four rectangular halls (16.60%6.60) m. The entrances to these
halls were located in the middle of each rib of the square halls and they were 3.60 m wide.
These halls are leading to rectangular open Ewan (7.80%6.20) m. The rectangular halls are
connected to a rectangular open courtyard dimension (80.22*18.80) m, leading to rectangular
corridor connected with palace entrance with two identical doors. The most important feature
of this palace is the materials used. They were mixed plaster with stones (boulder) looking
like concrete [6]. They also used extinguished lime and ash in foundations and the main walls
of salons and halls. The offices were built with wage (25%25*7) cm, and plaster. The grounds
of halls, Ewans, and salons furnished with square wage (36*36) cm. Other palace facilities
furnished with sand mixed with plaster. Bath’s walls were coated with tar over plaster layer.
The walls were having gypsum decorations and inscriptions were also coated with tar to
prevent moisture effect in gypsum. The fence was built with liben [35].

Pre Islamic style of buildings (Hairi style) was used in building Blkuar palace (Figure 29).
This includes one big main hall for the caliph with a big door and two side wings halls for
caliph’s followers with smaller doors. This style became dominant in most materials used in
its building large wage (called qiz) and plaster, [7, 18].Asheq (Figure 30) was another palaces
located on Ashaq River. It has dimension (131*96) m, and it was built with wage and plaster
[7]. Al Mutawakkil caliph was order to build the main big mosque in Samarra in 825 AD and
it was referred to as “Al Mutawakkil mosque” (Figures 31 and 32). It was rectangular in
shape (444*376 m). They were supported by 40-44 towers built by wage and plaster. The
corner towers were bigger with a base dimension of (5.45%5.25) m, and the small towers with
base dimensions of (3.90*2.25) m. the foundation of the walls were from liben and wage and
plasters was used to build the walls. The mosque itself was constructed in rectangular shape

(240*185) m, composed of courtyard containing rounded large fountain built using single
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piece of granite stone. The courtyard is surrounded by prayer house, and two washing places

Figure 29 : Blkuar Palace planned Figure 30: Photo of Al Asheq palace [29]

on both sides and rear part. The walls were 2 m thick and 10 m height. There exist 25
galleries inside the mosque composed of 24 rows of columns. Each row 9 columns made of
pink marble and columns base is (2.70*2.70) m. the base of the columns are composed of
plaster and wage. They have octagonal shape at the base and then cylindrical shape with
marble and plaster crown at the top having decorations. The walls of the mosque were coated
by mirrors (glazed mosaics and gilding). The unique feature of this mosque is its minerate
which is referred to as “Malwya” (Figures 31 and 32) [39, 35]. It was built on two square
bases. The lower base dimension (31.80*31.80) m, which represent foundations. The upper
(30.50%30.50) m was rising from ground surface 4.20 m, decorated with pointed arches and
bends some of them covered the spiral stair go up to minaret. Minaret was rising 50 m from
the base and spins counter clockwise five times to reach the top by 399 steps of spiral stair of

width 2.5m. The area of minerate decreases upward starting from 2.5 m” until be 1.90 m*. At
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the top, the minerate is cylindrical shape with 6 m height. To reach top, a spiral stairs are

used built inside the cylinder.
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Figure 32: Photo Samara Mosaue and Menirate [38]

Abu Dalaf mosque is the second mosque in Samarra region having a spiral minerate. The
minerate of this mosque is 19 m in height (Figure 33) [15]. It’s rectangular in shape
(215.47*%138.24 m). Its stairs spin three times counter clockwise. Its base is square
(18.87*10.60) m and extends above the ground 2.70 m. It was built from wage and plaster.
The mosque was rectangular (215.47*%138.24) m. The mosque has internal courtyard
surrounded by galleries from all sides. Each gallery was 13500 m” constructed by wage and
plaster. The external wall was built by liben and coated from both sides with thick plaster

layer, its height is 7 m, and its thickness is 1.80m. Semicircular towers were built supporting
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the wall. The ones in the corner were relatively larger. They were built on square base (3.60
m the length of each side) and their lower part was 5.5 m height built using wage and the rest
with liben. The remainders were built on semicircular base having diameter of 3.1 m. they
used liben to build every pair of towers and the following tower was built using wage. Plaster

was used in all the towers.

AR

Figure 33: photos of Abu Dalaf mosque, [37].

The houses in Samarra were more or less similar in their design (Figure 34) [6]. They have
ground floor only with numbers of courtyards having F shape rooms. The houses also contain
one or two crypt dug in rock layer. Holess resembling wells were constructed at the top to
give light to the crypt. Stable military camp was also constructed in Samarra (Figure 35) [6].
It contains houses for the military leaders and barracks for soldiers surrounded by external

long fence, the camp covers an area of 420 acres, [6].
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Ukhaydir fort is located in western desert to the southern east on Karbala city (now a day)
about 50 km, was built 778 AD (Figure 36 and 37) [39; 40 and 3]. It was serving as rest and
defense place on the caravan route of trade from the Mediterranean and Damascus to Kufa,
Baghdad, and Basra. It is rectangular in shape (112*82 m). It consists of palace, mosque, and
independent houses surrounded by rectangular fence. The fort was protected by two walls.
The external one was built with liben supported from outside by semi-circle towers. The wall
dimensions were (635*%311*540*%610) m. The main gate was through the west rib. The
internal Fence is of irregular dimension (175*169) m, in each corner there is a tower of
diameter 5 m. In the middle of each rib a tower was built having an entrance. The overall
number of towers is 48 built with limestone to a height of 17 m. An arch at the top of each
tower was built which added another 2m to the height of the tower. The towers had defense
corridor punctuated by fighting openings. The main palace building inside the fort was
adjacent to its north side with three floors. It was supported by 26 round towers having a
diameter of 1.2 m. There exists a roofed lobby (15.50%9) m for entering the palace. The living
wing contains several parts, each part has small courtyard surrounded from both sides by
reception Ewans. The ceiling was built as arches and domes. The materials used were wage
and plaster, and its foundations were terrace high above the ground. The Palace was
surrounded by several houses resembling warfare castles. Several fountains were built inside
the palace. The engineers built an advanced water distribution system within the fort. The

baths were built using bricks and hydrated lime.

S Mughal Eras (1258 — 1639) AD:

In the beginning of this period there were no constructions. In 1259 AD, construction started.
There was focusing on shrines, schools, palaces and mosques. The most famous schools were

Khan Murjan, Ovauah, and Acoli mosque.
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Figure 37: Photo for Ukhaydir Fort [41]

Khan Murjan (figures 38 and 39) [43; 17 and 42] was built on strong and solid foundations. It
was of two floors building (33*31m) beautifully coordinated apart from the northern part
which was trimmed. There were three entrances to the school consisted of three hollows. The
small one 3m, the middle one 3.3m, and the large one 3.5m, and their height was the same as
that of two floor building. After the entrance, there is a small rectangular corridor connected
to wider one and then leading to a Ewan. The Ewan opens to a courtyard (17.90¥17.90) m. In
the middle of the southern rib exist a chapel (12.30%5.30) m. the ceiling of the chapel had

three domes. The middle is the largest. The school had two floors. The lecture rooms were
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located in the upper floors. There were four stairs located at each corner of the building.
They were built using wage. Beside the main entrance, a cylindrical minaret was constructed
for the nearby mosque. The building contains various motifs, inscriptions, embellishment,
and gilding.

The Khan was located on the opposite of the school. It was luxury building with two
entrances and number of windows. It was used as hotel and also for trade. It was a
rectangular lobby (30.25%11.40) m, and its maximum height 14 m. All the 22 Khan rooms
were surrounding the lobby. The first floor contains 23 rooms. Their openings is toward the

outdoor balcony (height 6m). The rooms surrounded the courtyard.

Figure 39: Photo for Khan Murjan [44]
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6 Conclusions

The duration of the Islamic period in Iraq lasted 1002 years (637-1639 AD). This area had its
unique features in building’s style and the materials used. The main engineering aspects in
this context are:

e Available materials were used in the buildings. In the southern parts of Iraq, clay and
plaster were the main building materials while limestones were used in the north.
During this period there was development of the building material where bricks, grill
wage, plaster, gypsum and marble and stones were used.

eThe cities were pre-planned. They had the same main features (Governmental palace,
mosques, gardens, schools, public baths and residential places). Ewan's, courtyards
and inside gardens were introduced.

eThe design of the buildings took the environmental conditions into consideration. The
walls were thick and basements and badgur were established. This makes it easier to
cool or heat the house. Tar was used to protect the buildings from moisture.

eNew style of buildings was established using new engineering innovations.
Well-designed arches and domes were noticed during this period.

elslamic buildings had special features such as minarets, arches, domes, vaults, gilding,
patterns and decorations.

Three types of foundations were noticed through this period. The first bakla (mud was used in
this type), stripe foundations (brick and plaster or the big, or the big weight liben- al jafarei

were used), and the terraces type foundation.
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Abstract

The period of ottoman occupation of Iraq was characterized by the same style of buildings
and they used local materials as did their predecessors. At the beginning of ottoman
occupation, governors were focusing on build mosques and religion schools (Tkaya). Houses
were built in random styles depending on the experiences of the builders. For this reason, the
houses became irregular and expanded randomly. This lead to the shrinkage of the areas of
the roads where they became very narrow and used to referred to as “Drbuna”. At the end of
the ottoman period the style of buildings changed and it was reflecting European renaissance
influences such as the government campus known as “Qishla”. In 1917 the British army
occupied Iraq. During this period the buildings were more inclined to the European style.
New materials were used for the first time like cement and iron (Schliemann). The new
materials and design destroyed the Iraqi heritage and cultural identity. It is believed that the

new housing style did not take into consideration the Iraqi environment.

Keywords: ottoman era, cement material, mosque buildings, religion schools, iron

(Schliemann).

1 Introduction
During the long history of Iraq, since prehistoric times the style of construction and
developed methods of build was changing with time. Despite the changes all the methods

used local natural materials for construction. This gave a special identity to the buildings.
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Locally available raw materials were mixed in different ways to get it stronger and stiffer
which suited the Iraqi weather.

The roots of the basic features of the Iraqi civilization focused on ancient Mesopotamia
civilization. Then during the Abbasid period it was clearly specified in its characteristic
features. The same style of construction was maintained up to (1639- 1917) AD.

Ottoman rulers were concentrating their efforts to defend the borders of their empire. For this
reason no real development in buildings took place during that period. Most of the efforts
were concentrated on only reconstruction of old buildings and building some new mosques
and religion schools. Some small towns were established on the trading roads. Near the end
of Ottoman occupation they began to construct new buildings. The design of the buildings
clearly reflects European renaissance influences. One of the main buildings of this style still
exists and known as “Qishla”.

The British occupation to Iraq started in 1917. This occupation brought a new style of
building and introduced the use of new building materials. These materials were not used
before such as cement, iron (Schliemann), and concrete. As a consequence the techniques of
building arches were completely changed [1]. These changes in style of building and
materials are still in use in the present time.

This paper will demonstrate the most important characteristics of construction during the
ottoman occupation period of Iraq and its developments. It will also describe the building
style and newly introduced materials by the British occupation of Iraq which deviated from

the traditional Iraqi architectural heritage.

2 Ottoman occupation periods (1639- 1917) A.D.

At the beginning of the Ottoman state, the style of building did not change. The houses
maintained its traditional design which consisted of interior courtyard surrounded by the
rooms and its services facilities. Ottomans governors were focusing on reconstructing
mosques, shrines and building new mosques in different parts of Iraqi. Also they established
many on the trade roads small towns around a central building known as “Khan” (Figure 1).
This Khan represents the central market place. These towns such as Mahmoudia and
Yousefayah were built randomly without pre engineering planning. The houses were not built
according to a specific style. The style used was based on the financial ability of the owner

and the experiences of the builders [2].
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Figure 1: Khans on trade roads Figure 2: Baghdad Map on Nineteen century [3]

Baghdad city had remained without major changes. They kept its walls which were built with
wage from the east side. The walls contained towers and surrounded by deep trench with four
gates in the walls (Figure 2) [3]. Many parts of the city were inundated by the Tigris River
floods and destroyed. Destroyed houses were reconstructed in accordance to the wishes of the
owners and their financial capability. As a consequence there was no uniform or special
design and symmetry. The walls look retorted and the roofs were irregular. Roads became
narrower because of the expansion of houses. Wide roads became narrow alleys (Drbuna)
(Figure 3).

The houses were either built as one or two floors. One floor built houses consists of middle
open rectangular or square courtyard surrounded by Ewan’s and rooms and all houses contain
basement to be used during the hot climate. In the two floors houses (Figure 4), the first floor
contains one or two corridors (Tarma), basement, food store, and the kitchen. The second
floor consisted of connected bed rooms with each other’s by tarma and have external
openings for ventilation and lightening. Some of them have prominent windows called
“shanashil” overlooking the road.

Materials used in buildings were wage, mud, gypsum and mud mixed with hay as binder.
These materials are easily cracked and for this reason they used stones without any
metrologic and mixing base considerations. These stones were called wastani, jabal, mhyar,

and babbly.
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Figure 3: old Baghdad alleys [4] Figure 4: plan of two floor house with basement [5]

The foundations were (1.5-1.0) m in depth for good ground, but in bad ground their depth
reached 3m. It was not required to build the width of foundation wider than walls in the
houses. Foundations material used was broken wage and lime with ash as mortar. This type
of mortar was used up to 1m over the ground [5; 6].The style of houses had different designs
and shapes all over Iraq. This was due to the fact that building was mainly dependent on the
availability of raw material and the expertise of the builders. In the west part of Iraq the
houses were very simple consisted of an entrance which were slightly above the ground
called (Ataba) to prevent water and insects going inside the houses. The design of the house
was composed of a central room surrounded by other rooms. The roof was dome shaped and
wall thickness was about 50cm. All walls have unopened arches used to put things in it.
House courtyard (Figure 5) was rectangular or square placed in one side of the house.
Materials used for building were plaster, stones (because it is available in the area) and
gypsum used in foundations because it resists moisture. Also they used wood for entrance

ceiling. Figure 6 shows the material used in building units.

Figure 5: house plan in west of Iraq [7] Figure 6: raw materials used in built units [7]
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Ottoman governors were more concerned to build mosques like Alkhaski mosque,
Ahmadiyya mosque (Medan), and Hayderkhanah mosque (Figure 7) as well as Quran
teaching schools (Tkaya) such as Albanndnaiji (Mandalawi) tkaya, Khalidiya tkaya, and
Sheikh Hassan Altayar etc. Hayderkhanah mosque was a distinctive building. It was built in
square shape symmetric angles. It had three very big entrance doors, wide courtyard and
winter chapel on its top large dome. On its side they built a very high minaret and summer
chapel on the right of the winter chapel (Figure 8). A school was built and connected with the
mosque. Materials used in its building were wage, gypsum, and marble. They also used

columns and cylinders brought from neighboring countries, [8; 9 and 16].

Figure 7: Hayderkanah Mosque [10]  Figure 8: plan for Hayderkanah Mosque [8]

The most famous Tkaya was Albanndnaiji Mandalawi. It consists of a house of prayer,
mosque, small school (Tkaya) for teaching science of mental and spirituality. Tkaya area was
1200 square meter, rectangular in shape (Figure 9). It had one main entrance in the middle of
the eastern side. There were no decorations and windows on its front view. The entrance was
connected to a narrow corridor ended with door of two parts (2*1.50) m. The building was
one floor containing all units of structural, religious, residential, and services. In front of
these units there were walkways and corridors. Open rectangular courtyard was in the middle
of the building with a dimension of (22*21) m. There was a square garden in the middle of

the courtyard (10*10) m and well for water tkaya need.
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Figure 9: a-plan of Tkaya Albanndnaiji (Mandalawi), b- front view [11]

The structural units were distributed around the courtyard. Walls were built with thickness of
Im to keep moderate temperature inside the building. Wood was used to make columns with
crowns holed roofs. Materials used in the building were wage and gypsum. Ground was
furnished by small square wage (20*20*4) cm. Another famous Tkaya called “Khalidiya”
(figure 10) was built and the building material was wage and gypsum. It was constructed on a
rectangular land dimension (30*21.3) m. The Tkaya had similar design of Mandalawi Tkaya.
It had one floor and one entrance and a middle courtyard (10*9.5) m which was the only
source for air and light. Building was designed in such a way that courtyard separated the
structural and religious units. Thickness of the walls was (2-3) m to bear the weight of the
domes built over them. The prayer house was coated from the outside by tiles and blue glazed

wage [11].

Figure 10: a- plan of Khalidiya Tkaya, b- front view [11]

At the end of the Ottoman period the style of buildings was changed. A new type started
which was influenced by the European renaissance, mainly Italian style. The new style was
shown in Qishla building which was built to be a military barracks. This building is

considered as turning point in the history of Iraqi construction [12]. Qishla was built in
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(1851- 1853) AD, on the west bank of the Tigers river. The building consisted of two floors
as L shaped (Figure 11). It had a square hollow tower in the middle of its courtyard, height
33m and its base dimension (9*9) m. The tower had four clocks in it upper part facing the
four geographic directions. On the top of the tower ribbed dome was built. On its top a sign
showing the geographic directions and winds was installed. Local materials like wage and

gypsum were used in its construction and wage technology was used for the roofing (Figure
12), [13; 14].
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Figure 12: plan of Qishla building, a- ground floor, b- first floor [13]

3 British occupation period (1917-1958) AD:

Construction stopped in the first 12 years of the British occupation of Iraq. The construction
first started with roads and bridges planning and building. Fixed bridges replaced the floating
bridges between the two sides of Baghdad [17]. Planning and building was made by British
engineers and architects. British engineers were implementing British designs. This period of
Iraqi buildings history marked the start of a new ways and styles of design, building, and

materials used (Figure 13). Materials such as cement and iron (Schliemann) were firstly used
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in Iraq at that period. In addition, local product like bricks used in a new technique referred to
as stone technology on outer side of the walls [18]. The British were striving to apply the
modern and organized urban planning. The towns were built similar to the British style. The
British experience dealing with bricks helped them to construct the building in such a way to

suit the hot weather.

Figure 13: Baghdad in the new planning [4; 19]

Residential areas had been developed and houses started to be built in straight lines, adjacent
to the new streets. Walls were still built using raw brick and shanashil (which was made of
several overlapping frames made from wrought wood with skylights and round windows)
changed to open balconies. The Iraqi house (Figure 14) in this period had an English-
Baghdadi style. Baghdad was divided into three parts. The first resembled the old center of
the city which included the old houses with shanashil and narrow roads. The second part was
the new neighborhood resembled the British houses style which was far away from each
other. They were usually built along the Tigris bank from north and south. The third part was
the rural clay houses or random homes proliferating in the suburbs of Baghdad. People from

villages used to live there [4].
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Figure 14: The Iraqi local Style Houses (English Baghdadi), [4]
4 Independent Iraq period (1958- present):

During this period the style of building had changed in Iraq for different reasons. Modern
building materials, equipment and technology were used. The Iraqis sought to take advantage
of modern technology and materials in their work. The style of buildings, its suitability to the
environment and culture were forgotten. The objective was to implement the modern western
life elements style irrespective of its suitability to Mesopotamian environment [20]. The
modern buildings were characterized by manifestations not related to the country's
civilization or climatic conditions. The buildings became concrete masses full with foreign

shapes without any character related to the authentic civilization heritage (Figure 15).

Figure 15: Modern Buildings in Baghdad [21; 22]

5 Conclusions

Ottoman period was characterized by its continuation of the old style of building. It was
characterized by the presence of a courtyard in the middle of the building surrounded by all

other facilities. The constructions were executed depending on the experiences of the builders
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not on the pre-engineering planning. Materials used in building were local such as wage,
gypsum, and mud. The country was neglected because of the invasions and floods which
destroyed most of the Iraqi towns. Some signs of development were noticed at the end of
Ottoman period where some buildings showed European renaissance. These buildings were
different in their design but it was built using the same local materials. During the British
occupation period, the style of buildings was completely changed in design, building, and
materials used. This was due to the fact that British engineers implemented the design style,
materials and technology that they used in their home country to Iraq. They imported
materials such as cement, iron (schlieman), and concrete. The buildings were note suitable for
the Iraqi environment. Iraqi engineers and architects also adopted the western ideas without
pay any attention to the harsh climatic conditions that does not suit this style. Towns became
full with concrete hybrid masses which make bad effects on the environment. Old engineers
used the local materials because they were more suitable to Iraqi climatic conditions and

friendly to the environment.
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Abstract: Foundation is considered as one of the main parts of any structure. The type of foundation used is highly dependent on the
type and properties of soil. The design of foundations requires many factors that should be defined. There are number of differences
in the geological and soil conditions in Iraq. As a consequence, these differences are reflected on the type of foundation to be used.
Despite these differences, same materials and style of buildings are used all over Iraq. The main problems of Iraqi soil are high
gypsum content, salinity and shallow water table depth. These factors that influence the foundations are the soil properties and the
amount of loads that transmitted by the superstructure. The situation has been analysed through a case study which illustrated the link
between soil and foundation types in three different parts of Iraq (Mosul, Baghdad and Basra). One building was analysed using
“STAAD (structural analysis and design). Pro” software in these regions. It is evident that Iraqi designers and engineers require local
code to define all the loads, materials and design of the foundation to be used. The use of local materials might be very effective from
both engineering and economic perspectives.
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1. Introduction of a building will be assessed. There are number of
. . . . differences in the geological and soil conditions in
Iraq can be divided topographically into three major . . .
. i . Iraq. Despite these differences, same materials and
regions. These are the mountains and foothills, . K
. . . style of buildings are used all over Iraq. The attention
Mesopotamian plain and deserts (Fig. 1). Due to the . X . o .
X X X is not paid for the climate conditions or the different
differences in the geology and physiography of the . . .
. T . nature of Iraqi geology. Three different locations
country, the soil characteristics and types are different. i K . . o
having different soil and geological characteristics

The most important properties of soil to be looked were chosen in Mosul (northern of Traq), Baghdad

at are density, allowable pressure, shear resistance, (centre of Iraq) and Basra (southern of Irag). STAAD

settlement and effect of ground water. The soil must
be able to hold loads of any engineering structure
without causing any shear failure or settlement effects
on the structure. The most important factor that affects
the foundations is the shear resistance or ultimate
bearing capacity (q.) of the soil. Buildings are
collapsed or destroyed mainly due to the effect of soil
shear failure [1, 2].

In this paper, soil condition in Iraq will be
presented and evaluated. Its effect on the foundation

Corresponding author: Nadhir Al-Ansari, professor,
research fields: water resources and environmental engineering.
E-mail: nadhir.alansari@]tu.se.

(structural analysis and design) Pro V8i software was
used in this research for design and analysis. The
program was used to clarify that different types of
foundation can be used for the different regions of Iraq.

2. Soil Conditions in Iraq

Soil conditions in Iraq according to the

physiographic provinces are as following.
2.1 The Mountains and Foothill Region

This region is confined to northern and
north-eastern part of Iraq. Parts of this area consist of

rocks with very thin layers of soil. The soils in the
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e |
Fig. 1 Physiographic map of Iraq [3].

valleys and plains were accumulated due to physical,
chemical and biological processes. Soil salinity is not
a major problem in this area.

Mountains are confined to a relatively narrow strip
to the north and east part of Iraq while the foothills are
located to the west and south-west of this region.
Foothill area is characterized by extensive plains and
large towns like Mosul, Kirkuk and Erbil which are
built within these plains [3]. Near the large river
(Tigris River and its tributaries), three levels of
accumulated terraces exist running parallel to the river
banks. They consist of gravels, boulders, sands and
clays that are poorly cemented. Flat areas between
anticlines are covered by sheet run-off sediments.
They comprise clay, sand and silt, and sometimes
coated by scattered gravels. Most of the rocks and soil
of this region are gypsum, sandstone and limestone.
Valleys are locally developed with fill deposits, flood
plain and sabkha sediments. Sand dunes are combined
within the synclinal areas within the foothill area. The
groundwater table in this area is about 20 m to 30 m
deep. Moreover, the groundwater is not saline [4].

2.2 The Mesopotamian Plain

It is an area that extends from north west of Baiji
city stretching to the Arabian Gulf. Fifty percent of the
southern part of this plain is covered with water
(marsh area). Soil of this area is covered by flat lying

alluvium sediments brought by the Tigris and
Euphrates Rivers. The soil contains (20%-30% lime)
calcareous, saline and alluvial soils. Mesopotamia
flood plain consists of quaternary fluvial origin
sediments about 280 m thick, alluvial fans 50 m thick
on the flanks and Aeolian sediments. The quaternary
deposits near Baghdad are 80 m thick, and it increases
to more than 250 m south east Basra. The plain
sediments include levee silts and clays, plain flood
clays and stacked river channel sand bodies with
accidental marsh deposits. Furthermore, the area has
complicated process of salinization. In some parts of
this region, gypsum exists from the surface to 1 m
depth. The ground water is shallow where the water
table depth ranges from 1 m to 5 m between Baghdad
and Kut City. South of Kut City to Basra City the
water table depth is less than 1 m deep. In general, the
ground water is extremely saline in the south eastern
parts of this region [3-6].

2.3 The Deserts

They are covering more than half the area of Iraq.
There are three main deserts, which are as following:

(1) Jezira desert: It is located northwest Iraq. The
upper part of Al-Jezira is partly steppe area and partly
desert. Large numbers of salt playas and thick
gypcrete soil exist. The thickness of the gypcrete soil
varies from 30 cm in the most elevated parts to more
than 8 m in low areas. The soil covering the
depressions usually contains a high percentage of
gypsum, averaging 30% and might reach 80% in some
local areas. Jezira area contains several major salt
playas. These are the largest Sunailsla, the Bowara
and the Twawila playas. The depth of ground water in
Jezira area is between 10 m and 20 m;

(2) Western or northern desert (Rutba zone): This
area is characterized by its quaternary sediment, which
is confined to wadis and depressions. Rock fragments
with thin veneer of loam covers large areas. Wadi fills
sediments reach several meters in thicknesses and

consist of boulders, cobbles and pebbles of limestone.
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Wadi beds are partly coated by aeolian sand. In the
western desert, the depth of ground water is 10 m in
the area near the river to more than 250 m near the
Irag-Jordan, Saudi border;

(3) The southern desert (Salman zone): Very wide
sand sheets coupled with active dunes are covering the
area. Soil in this area is limy and sandy in southerly
part and sandy dune in eastern part. The groundwater
in this area is between 50 m and 100 m deep [1, 4].

The main problems of Iraqi soil are the relatively
high gypsum content, salinity and shallow ground
water depth. Mesopotamia soil has characterized by its
high salt content. This is mainly due to the presence of
gypsum and shallow water table, which enhances the
evaporation of groundwater and as a result increases
the salinity in the soil. In view of these facts, the
ground water depth plays an important role in

affecting the type of foundation used.
3. Soil Properties Effecting Foundation

The type of foundation to be used should be stabiles,
safe, economical, capable to hold the loads to be
applied and environmentally suitable. According to
the source of loads, they are divided as dead, live and
environment loads. Direction and magnitude of these
loads may change during the life of the structure. The
design and construction must give stable results for
load bearing on the foundation. All loads to be applied
should be in accordance to local codes [7, 8].

Bearing capacity defines the strength of
geotechnical requirement. It is the most important load
that affects the foundation design. Allowable stress on
the foundation must not cause excessive and
differential settlements or soil shear failure. Bearing
capacity analysis should be based on assuming the
worst soil condition during the suggested life time of
There

established for the analysis of the unit ultimate

the structure. are number of methods
bearing capacity. Meyerhof (1963) suggested the most

comprehensive and general bearing capacity equation,

because it includes all the factors affecting the
foundations [9]. The equation is as following:

¢, =cN.F.F,F,+qNF F.,F +

ctest ed” e q” gs” qd” g

%yB N,F,F,F, 0
where,

¢ = cohesion (kN/mZ);

q = effective stress at the level of the bottom of the
foundation (kN/m?);

» = unit weight of soil (kN/m?);

B = width of foundation (= diameter for a circular
foundation) (m);

F_F = shape factors;

cs2 7 gs2 s

F, . F . F, =depthfactors;

cd>” gqd>

F.F. F

wrFgn By = load inclination factors;

F,,F,,F, =bearing capacity factors.

The factor of safety used in the design of
foundation takes into considering the dead and live
loads for the bearing capacity of soil. The relationship
between deflection of soil and pressure is referred to
as the modulus of sub grade reaction. This is used in
the analysis of foundation of the structure. Its value
depends on the soil type. To calculate the value of sub
grade reaction (k;) from the allowable bearing

capacity ¢,, the following equation is used [1, 10]:

SI: k, =40(SF)q,

4, =9/4p ®

kN/m’ )

where,

SF = safety factor;

q, = allowable bearing capacity;

qu:= the ultimate soil pressure at the smaller allowable
settlement AH = 0.0254 m and k; is q,,/AH. Therefore,

40 is smaller displacement that can always be used.
4. Finite Element Software

Finite element software is a tool used in the design,
analyses and solution of the problems of existing

structures. They include many standards and codes for
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design. These kinds of software have been used all
over the world by engineers working in industrial,
sport, transportation and other facilities [11]. Many
types of design and analyses software have been used
with the last 30 years by different companies and
STAAD Pro., SAP 2000,
ETABS, SAFE, and LUSAS, etc.. Generally, they use
finite element method in the analysis. But there are

universities such as:

some that use nonlinear analysis. These kinds of
software are used efficiently for the design of buildings
under the effect of seismic and earthquake [12-14].

As structural analysis and design software STAAD
Pro V8i, STAAD Pro is an inclusive and integrated
finite-element analysis and design software for civil
and structural engineers. It sustains several concrete,
timber, steel, and aluminium design codes. In addition,
it has ISO 9001 certification [15-17]. The steps of
using STAAD Pro for design and analysis are as
following:

(1) Drawing the geometry structure using various
methods;

(2) Specifying the profile of columns, beams and
plates;

(3) Specifying the foundations, constants and
supports;

(4) Specifying the loads added to the structure;

(5) Analysing the model using a suitable method of
analysis such as 1st order static analysis, geometric
non liner analysis, and 2nd order p-delta analysis (It is
the analysis depending on the value of the secondary
moment, which is equal to the axial force in the
member (P), and Delta is the distance of one end of
the member which is offset from the other end).

It has visualization tools, powerful design and
analysis engines with advanced static and dynamic
analysis capabilities. Loads can be added as member
loads, nodal loads, trapezoidal pressure loads and
uniform pressure over any area. The output of the
software (programme) results includes shears,
displacements and moments in the graphical and

tabular forms. In addition to shears and moments at

any point of the element and nodes can be obtained
easily from the software output [18, 19]. It is widely
used in Iraq for the design and analysis. It is also used

to train students in the various universities.
5. Case Studies

An educational building in Mosul University with
two floors (ground and first floors) having raft
foundation type has been selected. The same building
was used for the analysis at Baghdad and Basra
Universities due to the differences in their soil
conditions. The design loads (live and dead) which
were uploaded in the program for all the three areas
(Mosul, Baghdad and Basra) were the same. The code
used was ACI (American Concrete Institute) because
the majority of Iraqi designers are using this code.
Bearing capacities of the three regions are shown in
Table 1 (the magnitudes were taken out from ground
investigations of the three projects in each region).

The loads which were uploaded were as following:

(1) Dead load:

e 25 kN/m’* for foundation (normal dead load +
some heavy equipment);

o 21 kN/m” for first floor (18 kN/m® for partitions
+3 kN/m? for finish load);

* 7.5 kKN/m® for second floor 4.5 kN/m? for finish
load + 3 kN/m? for partitions);

(2) Live load:

o 5 kN/m? for first floor;

* 3 kN/m? for second floor.

In addition to the above loads, the self-weight of the
structure was calculated directly by the program.

Fig. 2 shows the model of the building that was
used in the program. Exactly the same loads were used
for the three regions (Mosul, Baghdad and Basra) as
they are tabulated in Tables 2 and 3.

Table 1 Value of bearing capacity.

No. Area Bearing capacity (kN/m?)
1 Mosul 300
2 Baghdad 70
3 Basra 50
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Fig.2 Building model draw in STAAD Pro V8i.

Table 2 Basic load cases.

No. Name

1 Load Case 1/Self weight

2 Load Case 2/Finish load-partitic

3 Load Case 3/Total live load

4 Load Case 4/Partial live load 1

5 Load Case 5/partial live load 2

Table 3 Combination load cases [20].

Comb. Combination L/C name Primary Primary L/C name Factor

L. 1 Load Case 1/Self weight 1.20

6 Combination load Case 6 2 Load Case 2/Finis load-partitic 1.20
1 Load Case 1/Self weight 1.20

7 Combination load Case 7 2 Load Case 2/Finis load-partitic 1.20
3 Load Case 3/Total live load 1.60
1 Load Case 1/Self weight 1.20

8 Combination load Case 8 2 Load Case 2/Finis load-partitic 1.20
4 Load Case 4/Partial live load 1 1.60
1 Load Case 1/Self weight 1.20

9 Combination load Case 9 2 Load Case 2/Finis load-partitic 1.20
5 Load Case 5/Partial live load 2 1.60

10 Combination load Case 10 1 Load Case l/Sf:hf weight - 1.00
2 Load Case 2/Finis load-partitic 1.00
1 Load Case 1/Self weight 1.00

11 Combination load Case 11 2 Load Case 2/Finis load-partitic 1.00
3 Load Case 3/Total live load 1.00
1 Load Case 1/Self weight 1.00

12 Combination load Case 12 2 Load Case 2/Finis load-partitic 1.00
4 Load Case 4/Partial live load 1 1.00
1 Load Case 1/Self weight 1.00

13 Combination load Case 13 2 Load Case 2/Finis load-partitic 1.00
5 Load Case 5/Partial live load 2 1.00
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Fig. 3 shows the analysis of the building design. In
Cases 1 and 2, the load is assumed to be distributed on
the whole building (full floor area). In Case 3,
however, the uploading was like a checker board pattern,
while Case 4 was opposite to Case 3. The base
beneath the
foundation is shown in Figs. 3-8. Fig. 3 shows the

pressure distribution on the soil

contour of the load Cases 1 and 2 for Mosul
University. It can be noticed that most of the area of
the raft has blue colour. This implies that the base
pressure in this area does not exceed the range from
70-75 kN/m® for the both cases. The maximum soil
pressures for the Cases 1 and 2 are 103 kN/m” and 115

I™ DLFL

Base Pressure N/mm’™

KN/m?, respectively. They are much lower compared
with the real soil pressure taken out from soil
investigations (Table 1). In such a case, it is better to
choose another type of foundation that will be more
suitable to save time and money. In Cases 3 and 4 in
Fig. 4, the maximum soil pressures for the both cases
were 111 kKN/m” and 110 kN/m?, respectively. Most of
the area beneath the raft has blue colour and its
pressure does not exceed 73 kN/m’. In such a case, it
is better to choose another type of foundation because
the base pressure is lower than what is it in the soil.
The analysis of the building in Baghdad soil is
shown in Figs. 5 and 6. The pressure of soil under the

™ DLFLLL

Fig.3 The base pressure contour for Mosul University (Case 1 and Case 2).

I'™ DLFLLLI

I ™ DLFLLL2

Fig. 4 The base pressure contour for Mosul University (Case 3 and Case 4).
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Fig. 5 Base pressure contour for Baghdad University (Case 1 and Case 2).
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Fig. 6 Base pressure contour for Baghdad University (Case 3 and Case 4).
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Fig. 7 Base pressure contour for Basra University (Case 1 and Case 2).
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Fig. 8 Base pressure contour for Basra University (Case 3 and Case 4).

raft was between 63 kN/m” and 69 kN/m? for Case 1
in Fig. 4, and the maximum was 80 kN/m? as shown
in the index bar. For Case 2, the base pressure was
68-77 kN/m® and the maximum was 88 kN/m? in few
places. The type of the raft foundation is suitable in
this case. Furthermore, two types (raft and continuous)
of foundations can be used in this case. Fig. 6
illustrated Cases 3 and 4, which show the soil pressure
64-75 KkN/m’. The
maximum was 86 kN/m” for Case 3. Where the base
pressure for Case 4 was 65-73 kN/m’and maximum

under the foundation was

was 83 kN/m®. In such a case, the raft type is a good

chooses, or it is possible to use two different types for
left and right parts.

Fig. 7 clarifies the analysis contour of Basra
University building for the load Cases 1 and 2. The
distribution of the soil pressure under the foundation
was 60-70 kN/m” in Case 1 and the maximum was 77
kN/m”. While in Case 2, the base pressure was 77
kN/m” over almost the whole foundation area and the
maximum was 85 kN/m” The soil pressure was 75
kN/m? in Case 3 and maximum was 82 kN/m? (Fig. 8).
Case 4 shows that the maximum pressure was 81

kN/m? and the pressure distributed to the foundation
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was about 71 kN/m®. The base pressure is higher than
what is it in the soil. The raft type is a suitable chose

for Basra soil conditions.
6. Conclusions

In view of the results obtained using STAAD Pro
V8i software on the same educational building in three
different sites in Iraq having different soil conditions,
it was concluded that:

(1) The base pressure on soil under the whole
foundation of the building in Mosul was low. For this
region, it is possible to use raft foundation or another
type, which will be suitable and more economical;

(2) Baghdad region soil is less in its hardness
compared with that in Mosul. The analysis of the
building shows that base pressure under the right part

of the building foundation was higher than the left part.

This leads to more than one choice. The first is using
two types of foundations, raft type for the left part and
continuous type for the right part. The second is to
build the complete foundation as raft type;

(3) The base pressure in Basra region is very high
for the whole area under the foundation. Raft type is
suitable to be used for Basra soil.

The results imply that Iraqi engineers should use
new design style for the buildings. Modern systems
should be adopted depending on using different
materials such as cold formed steel, pre cast, wood
bricks.

recommended to be used. This will decrease the loads

and  thermistor Local materials are

of the building transmitted to the soil. Special code is
to be used for construction and design in Iraq. Such
code should include all the modern requirements for

construction and design according to type of soil,

geological and environmental conditions of Iraq.
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Abstract

Most of Iraqi soil is classified as Quaternary deposits, especially in the Mesopotamian plain and
tributaries of the River Tigris. Soil varies from north to south of Iraq. These differences in soil af-
fected the process to select the suitable type of foundation. This research is to study the effect of
bearing capacity on shallow foundations in different regions of Iraq. Seventy nine samples were
collected from 23 boreholes at three different locations (Mosul at the North, Baghdad at the mid-
dle and Basrah at the south of Iraq). The samples were collected at varying depth between 1 to 24
m. They were subjected to the following testes: Atterberg limits, sieve and hydrometers, consoli-
dation, direct shear, unconfined compression and the filed (SPT test). The values of the bearing
capacity parameters (¢ and c) were obtained from the above tests. The results obtained were used
in the application of the general equation of the bearing capacity. Then, the model of a building
was designed (two floors, with mat foundation type) using STAAD Pro software. The average val-
ues of bearing capacity in each region were applied in the program (Mosul = 177 KPa, Baghdad =
125 KPa and Basrah = 84 KPa). In addition, the worst bearing capacity values were also used for
the three regions (Mosul = 77 KPa, Baghdad = 68 KPa and Basrah = 24 KPa). The results obtained
from the average and worst bearing capacity indicated that for Mosul, we could use shallow foun-
dation (spread and mat used if there was basement) for different areas and for buildings with
many stories. For Baghdad region, shallow foundation was more suitable for building not higher
than five stories. Finally, for Basrah region, shallow foundations were an appropriate selection,
but for most areas deep foundation was the right choice.

Keywords

Bearing Capacity, Soil, STAAD Pro., Laboratory Tests and Foundation

1. Introduction

It is important to have good feedback about the project site, because soil nature is heterogeneous [1]. All mate-
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rials used in building are artificial materials. They are produced according to the international standards or codes,
such as steel, concrete, etc. When structural engineers start to design a structure, the properties of these materials,
are well known for them from text books. For soil however, site investigations and laboratory tests are required.
In addition, information about the geology of the site will help the designer. Therefore, tests and identifications
for soil and rocks must be done at each new site before conducting any analysis [2]. Foundation is the most im-
portant part which connects the superstructure with ground. Foundations are divided into two categories: shal-
low foundations and deep foundation (Figure 1).

Spread foundations are mostly used in medium and small size structures, on moderate to good soil site condi-
tions. Raft foundations are often used for larger structures when the soil has differential settlement problems and
the foundations are to be under the ground water table. The contact pressure between the lower face of the shal-
low foundation and the implied soils is the bearing pressure [2]-[4]. The stress distribution that influences the
stress zone under the foundation is to be considered for both shallow foundations and deep foundations. Figure 2
shows the theoretical vertical stress distribution under a square footing and pile foundation on the ground sur-
face.

The influence depth of soil under foundation depends on its width [1]. The bearing capacity of soil for any
site can be determined from the soil tests (field and laboratory tests). The laboratory tests that define the shear
strength (bearing capacity parameters) are: direct shear, unconfined and Triaxial. Field tests are: Standard Pene-
tration Test (SPT), Cone Penetration Test (CPT) and van shear [3]. An educational building was previously de-
signed and analyzed using STAAD Pro.V8i software [5]. The building model was applied for three sites in dif-
ferent regions of Iraq (Mosul, Baghdad and Basrah). Due to the different geology and soil types in Iraq. The
bearing capacity used in that analysis was obtained from engineering departments at the universities in those
sites [5]. In this research soil samples were collected from different sites of the three regions of Iraq and analy-
zed. Thereafter, defining the best type of foundation for each region, the calculated bearing capacities from Mo-
sul, Baghdad and Basrah regions were supplied to the STAAD Pro software model to find out the best suitable
foundation for each site.

2. Methodology
2.1. Nature of Iraqi Soil

The Quaternary period (including Pleistocene and Holocene ages) affected the formation and nature of soil in
Iraq. During this period, many processes took place that caused some erosion in the mountains and hills. Ter-
races have been formed along the Tigris and Euphrates Rivers and their tributaries as a result of changing cli-
mate. Rivers and wind filled up the Mesopotamian plain with fine texture sediments. Moreover, secondary gyp-
sum crest has been formed and covered large areas of the deserts and the Mesopotamian plain. Almost all the
soil of center and southern parts of Iraq became saline due to the natural conditions and the shallow level of
ground water. Due to repeated flooding and irrigation practices, layers of mud accumulated on the original soil.
As a result, most of the basin areas of the rivers are of silty soil [6]. Quaternary sediments are covering nearly 30%
of the Iraqi surface area as it can be noticed on the geological map (Figure 3). They are important for the human
activities and engineering works [6] [7].

2.2. Study Area

Three areas were tested. They are:

1-Mosul: This city is located north of Iraq (Figure 4). The nature of soil in Mosul region includes different
types. Clayey (expansive type) covers most of the regions of Mosul city. Furthermore, alluvium sediments are
usually located near the banks of Tigris River, and primary gypsum is located in west part of Mosul [9]-[13].

2-Baghdad: This city is the capital of Iraq. It is located in the central part of the country in the middle Meso-
potamian plain (Figure 4). The area is covered by accumulation of the deposits brought by the two rivers (Tigris
and Euphrates). The area was occupied by humans since the dawn of civilization. Early human activities af-
fected the soil formations because they were depending mainly on agriculture, irrigation and farm practices.
These activities made numerous changes in the soil characteristics from one place to another. Over the years,
soil became a sequential stratum from alluvial and sand sediment [6]. The changing course of the river caused
changes in the flood plain of the river and thus changing the sequences of the deposited layers. These changes
gave the soil at Baghdad unexpected and misleading characteristics. Moreover, the soil is saline because of the
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Figure 2. The theoretical vertical stress distribution under a square footing and pile [1].

arid climate [6]. Based on the nature of Baghdad, soils are mostly of fluvial origin (clayey and silty) with some
gypsiferous soil, and sand.

3-Basrah: Basrah region (south of Iraq) is located in the lower part of the Mesopotamian plain (Figure 4). The
stratification of Basra’s soil is of irregular nature and consists of different strata and lenses as a result of the de-
positions of the Tigris and Euphrates Rivers through geological history of the area.

Quaternary sediment consisting of lacustrine, deltaic, fluviatile and Aeolian sediment replaced each other both
vertically and horizontally. In the upper part of this region, the soil consists of layers that their surfaces are na-
turally consolidated, which are a mixture of sediment of fluvial flood and aeolian deposits. Deep soil layer (be-
tween 20 - 30 m) consists of very dense sand laminated with hard clay (Dibdibba deposits) representing high
bearing capacity layers for heavy structures. While the upper part of Basrah area is useful for shallow founda-
tions [14]-[16] Soil of Basrah is characterized by its fine particles fundamentally clay and silt [17].

2.3. Data Collection

The data were aggregated from subsurface soil investigation of 23 sites distributed all around the three regions
of Iraq (Mosul, Baghdad and Basrah) as shown in Figure 4. These involve 9 boreholes drilling to depths of (3 -
10) meters in Mosul, 5 boreholes drilled to a depth of (10 - 13) meters in Baghdad and 9 boreholes drilled to
depths of (10 - 24) meters in Basrah. The samples collected from ground drilling were undisturbed, disturbed
and SPT.

2.4. Laboratory Tests

1) The collected samples were tested for the ID tests (Identification and Description of subsoil conditions) are
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the Atterberg limits to obtain the liquid limit (LL), the plastic limit (PL) and the different between the LL and
the PL of soil is defined as the plastic index (PI).
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To find the plastic limit, soil sample soil about 100 - 250 g passed through sieve No. 40. Water was added to
the soil and mixed to the form of uniformed paste. A part of the paste was placed in casagrande cup and the sur-
face was smoothed using spatula. After that a groove was made along the center line of soil in the cup using
grooving tool. By returning the crank of the casagrande device, the two sides of the soil began to flow toward
the center. The moisture sample was placed in cane and weighted. The above procedures were repeated for three
to four times for each sample. Then putted the canes in the oven for 24 hours, and weighted the sample to calcu-
late the plastic limit. This was performed according to ASTM D 4318-Standard Test Method for Liquid Limit,
Plastic Limit, and Plasticity Index of Soils.

2) To classify the soil samples, sieving and hydrometer tests were performed. The sieve analysis was
per-formed by using 500 g of each sample. The sample was sieved using sieves numbers 4, 10, 20, 40, 60, 140
and 200. Then, the stacks of sieves were placed onto shaker for 10 - 15 minutes. Then, weighted of the sample
for each sieve was retained and calculations of the percent of soil size was calculated. The size distribution of
the small soil fractions was performed using the hydrometer method.

3) To find the strength parameters angle of internal fraction (¢) and the cohesion (C) Strength tests in-cluding
direct shear, and unconfined compression tests were conducted. The test was performed on three or four speci-
mens from undisturbed soil sample. The sample was placed in a shear box. A confining stress was applied ver-
tically to the specimen. The load applied and horizontal and vertical dial gauges attached to the shear box were
measuring the displacement during the test. After that, load was applied to the top half of shear box, and read-
ings of both gauges were recorded until the spacemen failed. Then calculations were done to obtain the values of
cohesion ¢ and angle of friction ¢.

4) Consolidation test was performed to obtain the three important parameters required for calculating the set-
tlement. They are the compression index (Cc), the swelling index (Cs) and preconsolidation p Undisturbed sam-
ple used in this test. Soil specimens were trimmed in a dimension suitable to the consolidation ring using saw
wire. Then, porous stone was put on the base of consolidometer under the soil specimen and on the top of it.
Water was added to the consolidometer to keep the soil saturated and placed in the loading device. The loads
applied to the specimen. Reading were taking for the added loads (1/4, 4, 1, 2, 4, 8, 16 Kg). Finally, eo, cs, pc,
and cc were calculated pressure (Pc).

5) All the above tests were performed according to the procedures given by ASTM, AASHTO and BS.

2.5. Calculations

The calculation had been done to find the ultimate bearing capacity following the Hansen (general) Equations (1)
and (2):

G =CN,s.d i.g.b. +gNgsqdqiqgqbq +0.5y BNysydyiy gyby

where:

¢ = the ultimate bearing capacity

¢ = the cohesion of soil

q = the effective stress at the level of the bottom of foundation

y = the unit weight of soil

B = the foundation width

N., N,, N, = bearing capacity factors

S¢, 8q» 8, = shape factors

d., d,, d, = depth factors

ic, Ig, 1, = load inclination factors

&> &¢» 8 = ground inclination factors

b, by, b, = base inclination factors

N., N,, N, the values of these factors were taken from especial tables. The other factors were calculated using
the following equations [3]:

Shape factors:

k=D/BforD/B<1

s.= 1.0+ Nq. B/Nc. L

sq= 1.0 + B/L sin¢

sy=1.0-0.4B/L,

for all ¢
B/L>0.6
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Depth factors:

d. = 1.0+ 0.4k
dy= 1.0 + 2tan ¢ (1-sin¢)2k
dy=1.0

Moreover, in some locations; the bearing capacity was calculated from unconfined compression test. This test
can be used to obtain (cu) values, depending on the measurement of unconfined compression strength (qu). Thus,
[18]:

C, =1/2q,

where:

Cu = cohesion strength; qu = unconfined compression

Furthermore, the bearing capacity of soil for few sites was determined using the standard penetration test
(SPT). The method used to define empirical values for relative density (Dr), unit weight (yy.), angle of internal
friction (¢) and undrained compressive strength (g,) as shown in Table 1 & Table 2, [19].

2.6. Results

The results of the laboratory tests, including Atterberg limits, direct shear, unconfined and consolidation tests
are given in Table 3. The tests were done for different sites in Mosul, Baghdad and Basrah. The purpose was to
identify soil properties and described the soil types. Then from these values could obtain the strength of soils.
Later, used these results to calculate the value of bearing capacity. In Table 4, the calculations performed for the
average and worst bearing capacity for each site are tabulated.

2.7. Model of the Study

Modeling is a method that was used during the last 40 years by designers, architects and engineers. Many pro-
grams and softwares had been available and were used by structural and foundation engineers in design and
analysis. STAAD Pro.v8i program is one of these softwares and was chosen to be used in this research for the
design and analysis of the building model.

The program is computer software for structure and foundation design and analysis developed originally by
international research engineers in Yorba Linda, CA. It was firstly, used for educational purposes for civil and
structural engineers by lowa state university. Then, Bently system adopted the program and developed to be
used in the analysis and design for different constructions work such as structural, foundations, bridges, dams,
etc., [20]. STAAD Pro program is the most popular designing software used because of its easy interface use,
offering finite element, nature versatile at solve any type of problem, and collecting different codes [21].

The general procedures for the design and analysis in STAAD Pro as follow [22]:

Drawing the geometry of the model.

Adding the properties for beams, columns, slabs and foundations.

Specifying the materials.

Adding the loads (dead, live and combination).

Analyzing the model.
Results obtained from the program are of different types, depending on the aim of the analysis. In this re-
search, the analysis requires the base pressure of the building on the soil beneath it. Wherefore, the results were
presented inform of contour. The colors of the contours reflect the value of the distribution of the bearing pres-
sure under the foundation. The violet, pink, blue and green colors indicating that the bearing pressure is low to
medium. Yellow and red colors indicating that the bearing pressure is high or exceeds the limit value.

The model used for this study was a building with two stories (ground & 1st flower). Mat foundation was
suggested for the building with dimensions of 25 x 60 meters. The method of design and analysis of the building
model was performed using STAAD Pro.v8i Program. The dead and the live loads values used in the design
were 53.5 KN/m? and 8 KN/m? respectively for Mosul, Baghdad and Basrah. While, the outcomes from the cal-
culations which depend on the field and laboratory tests were used to obtain the value of the bearing capacity.
The value of a safety factor used was 3; design was according to ACI code [23]. The results of the design of a
building model in STAAD Pro, Program and analysis are shown in Figures 5-10.

Figure 5 and Figure 6 show the effect of the bearing pressure on the soil that supports the foundation of the
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Table 1. Consistency of clay and SPT number [3].

Standard penetration number, Ngo Consistency Unconfined compression strength, g, (KN/m?)
0-2 Very soft 0-25
2-5 Soft 25-50
5-10 Medium stiff 50 - 100
10-20 Stiff 100 - 200
20-30 Very Stiff 200 - 400
>30 Hard >400

Table 2. Empirical values for Dr, ¢ & yy of granular soils based on SPT at 6m depth & normally consolidated [1].

Description Very loose Loose Medium Dense Very dense
Relative density D, 0 0.15 0.35 0.65 0.85
SPT N’ Fine 1-2 3-6 7-15 16 -30 ?
Medium 2-3 4-7 8-20 21-40 >40
coarse 3-6 5-9 10-25 26-45 >45
@ Fine 26-28 28-30 30-34 33-38
Medium 27-28 30-32 32-36 36-42 <50
coarse 28-30 30-34 33-40 40 -50
P, KN/m? 11-16 14-18 17-20 17-22 20-23

Table 3. Results from laboratory tests.

Parameters obtained from tests Location
Mosul Baghdad Basrah
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.I) % 17-30 15-29 11-18
Unit weight () KN/m® 15.7-19.7 14.4-20.31 15.1-20.1
Cohesion (C) KPa 0-40 - 0-4
Angle of internal friction (¢)° 15-28 - 33-31
Initial void ratio (e,) 0.558-0.767 0.647 - 0.769 0.72-0.90
Compression index (C,.) 0.065 - 0.28 0.156 - 0.22 0.186 - 0.267
Swelling index (Cs) 0.011-0.156 0.010 - 0.054 0.028 - 0.090
Preconsolidation pressure (P.) KPa 70 - 150 95 - 165 90 - 135
Unconfined compression strength (g,) KPa - 76 -370.6 24-125.1
Table 4. Results of calculated bearing capacity values.
Capacity values (KPa)
Locations
Average Worst
Mosul 177 77
Baghdad 125 68
Basrah 84 24

building for Mosul region.

The bearing pressure in Figure 5 is the average bearing capacity value. It is not distributed evenly and is sub-
jected to concentric vertical loads. The colors in the figure give the indication of the amount of bearing pressure
on soil. The yellow and red colors indicate that the pressure in this zone is in a critical state. These zones are
very restricted and do not affect the soil beneath the foundation.

Figure 6 show the distribution of the bearing pressure under the foundation, when worst bearing capacity
values were used at Mosul region. The red and yellow zones in the figure does not cover large portion that can
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Figure 8. Base pressure distribution using the worst value of bearing capacity at Bagdad.
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Figure 10. Base pressure distribution using the worst value of bearing capacity at Basrah.
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affect the soil under the foundation.

Figure 7 and Figure 8 show the effects of the bearing pressure on the soil that supports the foundation of the
building at Baghdad region. As mentioned above, the bearing pressure under the foundation when using average
bearing capacity values is not equally distributed (Figure 7). The yellow and red zones are covering small area
that does not cause concern for the building.

Figure 8 show the distribution of the base pressure when using the worst bearing capacity values at Baghdad
region. The red and yellow zones are large enough to affect the foundation but do not cause failure in the foun-
dation. Therefore, we can consider the building is in safe mode.

The contours of Figure 9 show the distribution of the bearing pressure beneath the foundation when using the
average value of bearing capacity at Basrah. The red and yellow zones appear in the figure are of moderate sizes,
and they do not affect the soil beneath the building.

Figure 10 show the distribution of bearing pressure when the worst bearing capacity values are used at Ba-
srah region. The figure includes many red and yellow zones. These zones are affecting soil under the foundation.

3. Discussion

The results obtained from the program showed that the bearing pressure under the foundation of the building
model for Mosul region for the average value was 102 KPa; this value is less than the calculated value (177
KPa). The worst value shown by the contour lines was 89 KPa. This value was restricted in small areas and had
no effect on the foundation. Most of the areas under the foundation had a pressure value of 75 KPa. While, in
the previous work done by Al-Taie, ef al., (2013) [5] for the same building model using STAAD Pro Program
and for one site in Mosul, the results showed that the value of the bearing pressure under the foundation was 73
KPa, and in few areas was 115 KPa. These values had no effect on the foundation and it did not reach the calcu-
lated value (300 KPa). For this site, continuous or strip type foundation should be chosen. This will be more
economical. As shown in Table 5.

In Baghdad region, the bearing pressure for the average value was unevenly distributed under the foundation
(the range of value was 82 to 96 KPa), but it did not exceed the calculated bearing capacity (125 KPa).

The worst value of the bearing pressure under the foundation (68 KPa), was equal to the value calculated.
However, in some few areas under the foundation, the value of the bearing pressure was 88 KPa, which excee-
ded the calculated value and had no effect on the foundation. Previous work [5] of the bearing pressure under
the foundation for one site in Baghdad showed two values. One was lower than the calculated bearing pressure
(68 KPa) and occupied half of the area under foundation.

The other value of the bearing pressure was 77 KPa which exceeded the calculated value 70 KPa. Therefore,
the suitable choice of the foundation type for the area with the bearing capacity value less than the calculated
value is strip or continuous foundation type. While for the area with high bearing capacity value, raft foundation
is recommended.

For Basrah region, the result of the average bearing capacity value indicated that the bearing pressure was (78
KPa) and did not reach the calculated value (84 KPa). The result for the worst bearing capacity value showed
that it exceeded the calculated value for whole the area under foundation. The calculated and the measured val-
ues of the bearing pressure were 24 KPa and 72 KPa, respectively. Whereas, the previous work in Basrah for
one site (Al-Taie, et al., 2013) showed that the bearing pressure under the foundation (71 KPa) was almost near
the calculated value (50 KPa) of the bearing capacity. Therefore, raft foundation is recommended.

Table 5 shows the comparison between the current and previous work executed by Al-Taie et al. (2013). The
value of the bearing capacity in the previous work for one site in each region of the three were higher than the
worst value for the current work except for Mosul region. The average and worst values of bearing capacity are
less than the previous work that was done by Al-Taie et al. (2013). Soil investigations specify the bearing capac-
ity of the soil at a specific site so that suitable dimensions and type of foundation for the building can be consi-
dered. If the value of the bearing capacity is low, then the foundation dimensions should be large, and vice ver-
sa.

4. Conclusions

Seventy nine soil samples were collected from three different sites in Iraq (Mosul, Baghdad and Basrah) to in-
vestigate their effect on the foundation of the buildings. The results of the tests were used in a hypothetical
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Table 5. Comparison of the values of bearing capacity at three sites in Iraq from current and previous work [5].

Current work Previous work (Al-Taie et al., 2013)
q Bearing capacity KPa q Bearing q
Location A ST Suggestions capacity KPa Suggestions
Mosul 177 77 Use shallow foundation (continues, spread and mat is 300 Any type of shallow foundation

to be used if the basement is required)

Shallow foundation (spread and mat) is suitable
Baghdad 125 68 in use in some parts of Baghdad region for 70
buildings with not more than five floors

Mixed 2 kinds of foundation
(raft and continuous)

The mat foundation is the suitable type

Basrah 84 24 for low buildings

50 Raft foundation

building and analyzed by STAAD Pro.v8i model. Soil in Mosul region includes many types such as clayey (ex-
pansive clayey), gypsum and silty clay. The results indicated that the bearing pressure under the foundation was
lower than that calculated. Similar results were obtained when using the relatively worse bearing pressure values.
Therefore, we can use shallow foundation (continues; spread and mat can be used if there was a basement) in
Mosul area. These types of foundations can be used for buildings with many floors.

The soil in Baghdad region is of fluvial nature. The calculation of the bearing capacity gave high values in
some parts of this region. These values seem to be normal since the soil layers in this region represent the accu-
mulation of fluvial sediment. The results showed that the value of the average bearing pressure did not exceed
the value calculated. This suggests that shallow foundation (spread and mat) is suitable to be used in some parts
of Baghdad region for buildings with not more than five floors. When worse bearing pressure values were used,
it was beyond the calculated bearing pressure which means that the mat foundation is suitable for these areas
too.

In Basrah region the soil has irregular nature and consists of different strata as a result of the deposition of se-
diments by the Tigris and Euphrates Rivers. Basrah soil can be divided into three zones. The first zone depth
values from 0.5 - 4 m. It is hard silty clay soil. The second which is zone 5 - 19 m deep is cohesive soil, and the
third zone 20 - 30 m deep is Cohesionless soil. The average bearing pressure was not exceeding the calculated
value. Therefore, the mat foundation is the suitable type for low buildings (not more than three stores). When the
worse bearing pressure values are used, it was evident that in most of the area under the foundation, it was high-
er than the calculated value. The suggestion for this area is deep foundation (piles). Therefore, shallow founda-
tion is not the right choice.

The comparison of the results of this work and previous theoretical work for the same areas gave similar re-
sults.
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Abstract

Building Code is a legal document that provides a minimum level of safety and health for the con-
structions to make the public live in safe buildings. People recognize the importance of construct-
ing the buildings in safe conditions, since the dawn of civilization. Many countries around the
world were facing different kind of disasters such as fires, earthquakes, etc. These disasters made
builders develop methods for safe construction to avoid any disaster. Later, these developments
became codes and standards. Since the middle of the last century many countries established its
local codes. This research represented a review of the importance of the codes with a short history
for them. Furthermore, reviews for some national codes (Egyptian, Syrian and Arabia Saudi) were
done as well as comparison between load’s correction factors, geotechnical requirements and
materials used in concrete. Most of the national codes were highly based on the ACI, British and
Germany codes and standards. In addition, a review and comparison were presented for Interna-
tional codes (American (ACI) and European (EC)) through a case study. EC code is becoming more
common for the world. Eurocode gives more flexibility to the user to employ their own standards
(national annex). To find the best suitable foundation design to be used in Iraq and the differences
when using the American and European codes, a building model was designed and analyzed using
STAAD Pro., and SAFE softwares for three locations (Mosul, Baghdad and Basrah). The combina-
tion loads used in the two softwares were for ACI and EC codes. Results obtained were very similar.
The type of foundation to be chosen for Mosul location is spread or continuous. For Baghdad loca-
tion the suitable type is raft and for Basrah the choice is raft and piles. In view of the fact that Iraq
has no national code, engineers and designers were depending on the ACI and British codes and
standards. It is very important to have an Iraqi code because it will improve the quality and safety
of the design and construction of buildings as well as its economic value.
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1. Introduction

A code is a document covering a system of laws. Code of building is a document containing standardized re-
quirements which specify the minimum acceptable limit of safety for buildings and non-buildings. These codes
are based on the experience of engineers, experimental work and specific conditions and behavior. They are
protecting the buildings against various risks like fire, structural collapse and amenity issues like ventilation,
lighting, dampness, sound insulation and sanitation. Moreover, codes are significant tools for achieving society’s
goals such as sustainability and energy efficiency. Moreover, codes are significant tools for achieving society’s
goals such as sustainability and energy efficiency, addressing all the aspects of construction such as: safe exits,
electrical, plumbing, seismic design, structural integrity and correct use of the construction materials. Building
codes classify structures by applying and using various standards, as an example, schools and office buildings
are in separate occupancy categories with various performance requirements [1] [2]. Codes have two categories
which are safety codes and standards, and the product standards [3].

A comparative work was made by Shkoukani, 1993, between Eurocode (EC2) and American Concrete Insti-
tute (ACI), for the design and analysis of a reinforced concrete rectangular cross-section with tension reinforce-
ment. The results he obtained showed that the moment calculated by elastic analysis and partial safety factors
used for loads and materials in EC2 code were smaller than those used in the ACI code. While, the amount of
shear reinforcement which was calculated using the ACI code was smaller than the one calculated using EC2
code [4]. Jawad [5], did a comparison of the design requirements (loading and materials) of the structural build-
ing ACI 318M-02, BS8110:1985, and Eurocode 2, 1992 codes. The comparison included the strength design
requirements of constructional elements for safety provisions, flexural design, shear design and column design.
He studied some numerical examples using the three codes. He recommended the EC2 because it was more lib-
eral in strength design and partial factors of safety than the ACI code [5]. A comparison of seismic provisions of
three seismic design codes, the American (IBC 2009 and ACI318-08M), Eurocode 8 (EC8) and The National
Structural Code of the Philippines (NSCP 2010) codes was presented by Landingin, et al., (2013). Regular and
irregular reinforced concrete frames were analyzed and compared for four types of storey building. Equivalent
lateral force analysis response and spectrum analysis were also performed using SAP2000 software package.
Five representative columns for each reinforce column (RC) frame structure were analyzed. Using EC8 the re-
sults of column axial load-bending moment interaction diagrams, were found to be conservative when compared
to the NSCP 2010 and IBC 2009. The design and analysis of ordinary RC residential buildings with specific ir-
regularity using EN8 provisions were considered to be safer, and therefore they were recommended in the con-
clusion by Landingin, et al. (2013) [6].

A review and comparison will be presented for different types of national (Egyptian, Syrian and Saudi Arabia)
and international (American and European) codes in this paper. Furthermore, Iraq does not have a national
building code. For this reason an attempt had been carried out to find the best suitable foundation to be used in
different parts of Iraq. To achieve this goal a building model was designed and analyzed using STAAD Pro., and
SAFE software for three locations (Mosul, Baghdad and Basrah) in Iraq. The study would summarize the geo-
technical requirements, the principal design requirements and materials used in concrete for all codes. Compari-
son was done using both ACI and EC codes to choose the suitable type of foundation for each location. Fur-
thermore, part of this paper would be devoted to focusing on the suggested Iraqi Building code.

History of Building Codes

First code was written by King Hammurabi (3000 BC) during early civilization in Babel. Articles 228, 229, 230,
231, 232, and 233 of the code were specified the rules of payment and the punishments to the builders (If they
cause any harmful or damages for persons who lived in the new building or in case the building was not prop-
erly constructed). These rules were representing the starting of safety requirements in the built environment [7].

Emperor Nero developed master plan for idealized Roman city after burning in 64 ADs, because the construc-
tions of Roma public buildings were of bad construction quality. In addition, the distances between buildings
were cramped and they had poor sanitation. After burning, the constructions were done according to the master
plan of Nero; principles regarding fire resistance and sanitation [7].

Fires broke out near the Tower of London’s city in 1666 ADs, because the city was crowded with tightly
spaced buildings and raw sewage flowing through open drains. Parliament started writing what is known as
London Building Act for two years after that fire. The documents established the regulations for the buildings of

London’s city only [7].
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Chicago city faced huge fire for two days during 1871 ADs. More than a quarter of the city buildings were
destroyed. For that reason, most of the insurance companies threatened to leave unless developments should be
done to the regulations of buildings. In 1875, rules for regulations of buildings and fire prevention were enacted
[7]. On April 18, 1906, an earthquake hit San Francisco city and left it in ruins. Some parts of the city were de-
stroyed by the fires that broke out after the earthquake. The scientific community was gathered to observe what
had happened and they formed the building code organizations that still exist today. Organizations since then
had been studied various structures after each earthquake to check their ability to withstand the events [3] [7]. In
view of these disasters the regulations of constructions were improved and collected in code.

2. Review of Codes
2.1. National Codes

Most of the countries have their own national building codes. They are usually adopted and developed by go-
vernmental building institutes. Most of the codes depend on the international codes because the standards used
in such codes fulfill the building requirements in many countries. Reviews for some of the different national
codes in the Middle East region are given below.

2.1.1. Egyptian Codes

The first code in Egypt was published in 1956 [8]. It was dedicated for the reinforce concrete only. The govern-
ment adopted the code in 1964, and established Housing and Building National Research Center (HBRC), to
lead the research to develop the building’s design and materials used, to enact the codes [8]. In addition, it was
the responsibility of that center to issue and develop the codes and specifications related to the construction in-
dustry. In 1980, the first copy of the code was printed and published. It included topics on concrete structures,
soil mechanics, foundations and electrical connections for buildings. HBRC published various codes and tech-
nical specifications (Figure 1). Codes were improved every five years [8]. Egyptian codes specified the mini-
mum requirements for design and construction of the buildings to provide safety and efficiency. They included
the basics for design, and implementation of buildings, and material’s specifications. Moreover, they include
inspections and quality control. The aim of the code is to provide safety requirements to the buildings without
causing any damages, collapse and distortions [9]. Egyptian code is composed of nine portions, with four an-
nexes (Figure 1). Most of the Egyptian standards for the construction field are now harmonizing with the

(100) Basic Infrastructure Codes: I I (300) Building Work Services Codes: I I (500) Environmental Engineering:

(101) Potable 3/?(?1‘, san;lary | | (301) Plumbing engineering. |€\
wastewater and lifting plants. | (501) Reuse of wastewater.

>| (102) Potable/ sewage water pipelines. H (302) Electrical installation

(103) Operating & maintenance of potable
water, wastewater treatment stations.

>| (104) Rural and urban highways. |

: (502) Solid wastes.

| (303) Electrical & hydraulic elevator.

l (600) Architectural Concepts: I

(304) Air conditioning &cooling

system. |e | (601) Handy capt requirements. |
l (200) Structural Building Codes: I | (305) Fire protection. Ie
(201) Calculation of loads & forces on - | (602) Housing design & planning. |
structures and buildings. | (306) Energy efficiency. Ié
(202) Soil mechanics & foundation
design. | (307) Ventilation works. |€
(203) Design & construction of concrete (700) Technical Specification for
structures. | (308) Lighting works. Ie Building Systems.
(204) Design & construction of |
masonry works. | (309) Multi utilities structures safety. |€ (800) Technical Speciﬁcaﬁon of
constructi ‘Work Items.
9| (205) Steel construction. | | (310) Moisture & water insulations. |€
9| (206) Planning, Design and |
Construction of bridges. (400) Complementary Works
9| (207) Construction of project | Codes:
9| (208) Fiber reinforced polymers. | | (401) Finishing work. |J I (900) Documents of Contracts. I

Figure 1. Egyptian code for building & construction [8].
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International European standards (ENV), in particular the seismic code. The codes are usually including all the
criteria needed for engineering works [8].

1) Geotechnical requirements

The geotechnical requirements are very important for the designers to define the appropriate and efficient
foundations to be chosen for any construction for a suitable type of soil. Soils or rocks are materials that have no
fixed properties like other engineering materials. Properties of the soils and rocks can be defined by collecting
samples from the site and preform different types of tests on them to classify and define the soil properties.

Structural building codes 200 (Figure 1) is that part covers the structural building requirements. It has eight
sub-portions. Soil mechanics and foundation design is sub-portion (202/3). It defines and explains the Geotech-
nical requirements (202) are: Site investigations (202-1); Laboratory tests (202-2); Shallow foundations (202-3);
Deep foundation (202-4); Foundations in problematic soil (202-5); Foundations facing vibrations & dynamics
loads (202-6); Retaining walls (202-7); Stability of slopes (202-8); Earthworks & dewatering (202-9) and Foun-
dations on rocks (202-10). All the geotechnical and engineering information, details and requirements for soil,
rocks, site studies (topographic, geomorphology, hydrology), field tests and basic and safe requirements for
foundations design(shallow and deep) are given in these portions [9].

2) Loads requirements for design (201)

These requirements exist in part 201(Structural building codes 200). The factors of safety (correction factors)
for dead, live, wind and earthquake loads which are used for ultimate strength limit values are shown in Table 1
[10].

3) Materials (203)

The materials that are used in concrete are presented in the sub-portion design and construction of concrete
structures 203. These materials are reinforcement, cement, aggregates, water and admixtures. Furthermore, it
specifies the rate of components according to the types and working conditions of the concrete. The materials
are taken according to the Egyptian standards (ES). Specifying all types of cement to be used in concrete and
testing (chemical, mechanical and natural) are tabulated in ES (4756-1/2006; 583/2005; 3071, 3072/1996;
474/1994; 2421/1993; 2149/1992; 2149/1992; 1658/1988). Water to be used in mixing of concrete should be
clean and without any harmful materials such as oils, acids, organic maters and salts. The admixtures should not
affect the bearing of concrete with time and should be conforming to ES 1899/1990. Steel Reinforcement: All
types of steel reinforcement such as: bars, wires and welded plain wire which are to be used with the concrete
are defined and should be conforming to ES 262/2000. The tensile test for the reinforcement should conform to
ES 76/2001. Moreover, method of storage, and physical and mechanical property’s tests, concrete and aggre-
gates tests, were included in the code [10].

2.1.2. Syrian Code

Implementation of the buildings in Syrian used to depend on the experiences of engineers, before 1974. Syrian
engineers association published rules to be followed in design of structural buildings and stone bearing walls, for
the first time in 1974 [11]. However, designers were depending on the foreign codes because the rules were not
enough for design work. Later, in 1977, Arab engineers union issued the Arab building code for design and im-
plementation of reinforced concrete structures and it was adopted by the Syrian government. After that, Syrian
engineers association issued many national codes which were adopted by the government (1992 1 edition is-
sued; 1995 2™ edition issued with some developments; 1996, 1997 and 2000) [11]. Different appendixes issued
for earthquake. Furthermore, evaluation and rehabilitation for the existing buildings and 2004 Last edition is-
sued [11]. The code and its appendixes provided designers and engineer a good assistance and support in their
work. In 2004 edition the code included all the details needed in modern constructions and software used for

Table 1. Loads factors and the alternative [10].

Ultimate strength  Dead load  Liveload Wind load  Seismic load Notes
U 1.4 1.6 - -
U 1.5 1.5 - - When L load not more than 75% from the standing loads
U 0.8*1.4 0.8 *1.6 0.8*1.6 0.8*1.6
U alternative 0.9 - 1.3 1.3
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analysis and design. Syrian code was developed every few years where new requirements were added such as
earthquakes [12]. Syrian code had fourteen appendixes; each one specifies a requirement of different type for
construction, as follows:

1. Loads.

2. Earthquake.

3. Drawings and details.

4. Evaluate and rehabilitation the existing buildings.

S. Foundations.

6. Retaining walls.

7. Tanks.

8. Precast and prestressed concrete structures.

9. Composite sections.

10. Bridges and floating bridges.

11. Minarets, chimneys and cooling towers in industrial facilities.

12. Flexor ceilings and crustaceans.

13. Bases of machineries.

14. Silos and hoppers.

In 2006, Syrian thermal insulation code was issued to decrease the energy used in the buildings, protecting the
environment [ 13]. Furthermore, to provide minimum rules and judgments to be followed through the design and
implementations of reinforce concrete, materials for buildings and tests methods. The purpose of the code is es-
tablishing investment and operation requirements for buildings [12].

1) Geotechnical requirements

Site investigations, soil description and identification are the main requirements in any building design. The

geotechnical requirements are part of foundation’s appendix No.5. The Appendix, defined all the conditions and
recommendations to be followed in the design and implementation. Moreover, it addresses all types of founda-
tions (shallow and deep foundations), loads affecting the foundations and the materials used such as: normal
concrete, reinforce concrete, etc. It has defined the requirements of durability and permanence for foundations
against collapse and unbalances, and the limits of total and differential settlement. The topics of the appendix are
(Materials properties; Evaluation of loads; How to determine safety requirements and stresses distribution on
soil beneath foundations; How to determine a soil modulus of elasticity beneath foundations; Distribution of soil
reaction beneath foundations; Distribution of soil reaction beneath foundations; Distribution of soil reaction
beneath foundations; Classification of foundations and the state of used; Steps of how to choose foundations,
General requirement for design of foundations; Base general requirements in stresses calculations on soil and
foundation’s analysis; Foundations design and Foundations for machines [14]. All field tests in Syrian code are
based on finding the soil modulus of elasticity beneath the foundations. The geotechnical reports should be pre-
pared by specialist engineers in geotechnical works. Nothing mentioned about the laboratory tests and proce-
dures. The standards to be followed in the tests were not sited as well [14].

2) Loads requirement for design

The loads affect buildings or any constructions to be considered in the design are dead, live, wind and earth-
quake loads. The correction factors used to define the ultimate load’s values are shown in the following equa-

tions [15]:
U=15G+1.8P General situation
U =038[1.5G+1.8P+1.8W] For wind effect
U=038[15G+1.8P+1.8(1.1S)] For earthquake effect

U= 0.8[1 S5G+1.8P+1 .ST] For settlement or creep or change in climate effect

The alternative factors used to calculate the ultimate loads used are:
U=09G+1.4W
U=09G+1.8F
U=09G+1.4W +1.4E
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where: U is the ultimate load, G is a dead load, P is a live load, W is a wind load, S is an earthquake load, E is
earth pressure and T is creep or settlement or weather change.

3) Materials

All materials properties depend on local or international standards mentioned in the code [14]:

The types of cement used are Portland (normal, rapid solidification, white, etc.). Cement must follow the
standards that are specified in the term of the project. Usually, aggregate are taken from deserts or riverbeds or
sea beaches or from crushed rocks. The aggregate grains must be solid, hard and clean and their strength must be
greater than double the strength value for concrete. Water used in concrete mixture and cleaning aggregate must
be clean and empty from harmful materials such as oil, acids and salts, which will affect the concrete or rein-
forcement. Rate of soluble chlorides and sulfate salt are <0.5 g/letter and <0.3 g/letter respectively. Drinking
water is suitable to be used, while sea water is not allowed to be used. Admixtures must have not harmful effect
on the concrete and steel reinforcement. Concrete mixed with admixtures must not change the mechanical prop-
erties values of the concrete. Steel reinforcement: Different types of reinforcements are usually used with con-
crete. Their types, mechanical properties and diameters are defined in the code.

2.1.3. Saudi Building Code (SBC)

Saudi Building Code (SBC) is a set of legal, technical and administrative regulations and requirements that
specify minimum standards of construction for building to ensure public health and safety. In 2000, a national
committee in Saudi Arab study a number of codes to choose a base code for the Saudi buildings. International
Building Code (IBC) was chosen and permission from International Code Council (ICC) was taken to include
any or all part from IBC codes and standards in the SBC code [16].

The code took into consideration the cultural and social environment, the climatic and natural conditions, and
soil types and material’s properties in the Kingdom. First edition of the code was published in 2007. It included
thirteen portions of requirements (Table 2). The purpose of the Saudi Building Code (SBC) it is to provide pub-
lic safety and health, sustainability and environmental protection [16].

1) Structural-soil and foundations (SBC 303)

The geotechnical requirements and minimum requirements for footing and foundation systems in areas not
subjected to water pressure by wave and wind action or scour are included in this code. The topics contained in
the code are: Site investigations; Excavation grading & fill; Allowable load bearing values of soil; Spread foot-
ing; Foundation walls; Retaining walls; Combined footings and mats; Design for expansive soils; Design for
collapsible soils; Design for sabkha soils; Design for vibratory loads; Dampproofing and waterproofing; Gen-
eral requirements for pier & pile foundations; Driven pile foundations; Cast-in-place concrete pile foundations
and Pier’s foundations [16].

Table 2. Parts of the Saudi building code [16].

No. Portion name Code based on

201 Architectural requirement The International Building Code (IBC)

301 Structural-load & Forces American Society of Civil Engineers, through Structural Engineering Institute (SEI/ASCE)

302 Structural-testing & Inspection  ICC code in addition to American Concrete Institute (ACI) materials

303 Structural-foundation & Soil ~ ICC code in addition to American Concrete Institute (ACI) materials

304 Structural-concrete structures  ICC code in addition to American Concrete Institute (ACI) materials

305 Structural-masonry structures  ICC code in addition to American Concrete Institute (ACI) materials

306 Structural-steel structures ICC code in addition to American Institute of Steel Construction Inc. (AISC)

201 Electrical The standar.ds of the Saudi Argbian Standards Organizat'ion (SASO) lwhich in tum based on
the International Electro technical standards IEC (Electrical Installations of Buildings)

501 Mechanical International Mechanical Code (IMC)

601 Energy conservation International Energy Conservation Code (IECC)

701 Sanitary International Plumbing Code (IPC)

801 Fire protection International Fire Code (IFC)

901 Existing buildings American Society of Civil Engineers, through Structural Engineering Institute (SEI/ASCE)
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The code also clarifies the cases that do not need site investigations such as: load on foundation less than 50
kPa, unexpected Problematic soil beneath the foundation, unavailable vibration or dynamic load on the building
and unsuspected cavities beneath the foundations of the building.

In addition, all the requirements are to be specified, sampling must be done from different types of soils (ex-
pansive, collapse, and sabkha kind). All laboratory tests should be done according to ASTM standards. Fur-
thermore, the code defined the settlement limits for different types of soil and foundations [16].

2) Loads requirements (301)

The Saudi Building Code provides minimum load requirements in the design of buildings and other structures.
The loads and appropriate load combinations were developed to be used together. Basic combination loads were
used as shown in Table 3 [16].

3) Materials (304)

All materials used in concrete must be quality specified, and are as follow [16]:

Cement: Each type of cement specification such as Portland cement is specified by (ASTM C150); blended
hydraulic cement is specified by (ASTM C595M) and expansive hydraulic cement specified by (ASTM C845).
Aggregates must have the following specifications: concrete aggregates and lightweight aggregates for structural
concrete according to (ASTM C33) and (ASTM C330) respectively. Water used in mixing concrete must be
clean and free from oils, alkalis, acids, salts, organic materials, or other substances deleterious to concrete or
reinforcement. The mixing water should be prepared and tested in accordance with (ASTM C109). Specification
for air-entraining admixtures for concrete must conform to (ASTM C260). Chemical admixtures for concrete
specification must conform to (ASTM C494) or the specification for chemical admixtures used in producing
flowing concrete is conforming to (ASTM C1017). Fly ash or other pozzolans used as admixtures must conform
to the specification of (ASTM C618). While, specification for ground granulated blast-furnace Slag for use in
concrete and mortars must conform to (ASTM C989). Specification for Silica fume used as an admixture must
conform to (ASTM C1240). Steel reinforcement: The types of deformed reinforcing bars for concrete using are
deformed and plain billet-steel bars specification must conform to (ASTM A615M), and Low-alloy steel defor-
mation and plain bars with specifications that conform to (ASTM A706M). While, the plain reinforcement types
are: plain bars for spiral reinforcement. It should conform to the specifications of (ASTM A615M; or ASTM
A706M) and plain wire for spiral reinforcement must conform to the specification of (ASTM A82).

Egyptian, Syrian, and Saudi Arabian codes impose loads safety factors related to designing assumption and
inaccuracy of calculation, constructional inaccuracies, and possible unusual load increases [5]:

Design load = characteristic load x partial load factor of safety

As shown in Table 4, the Egyptian and SEC codes are using the same safety factors. These codes are depen-

dent on the American code, while, Syrian code has other factors of safety related to Germany’s standards.

Table 3. Load combinations and alternatives equations [16].

Combining loads using allowable stress design Combining factored loads design

D+L 1.4(D + F)

D+H+F+L+T 12(D+F+ 1)+ 1.6(L+H)+05(L,orR)
D+H+F+(L,orR) 1.2D + 1.6 (L, or R) + (f\L or 0.8W)
D+H+F+0.75(L+T)+0.75 (L, or R) 12D + L6W + fiL + 0.5 (L, or R)

D+ H+F+(Wor0.7E) 1.2D + 1.0E + fiL
D+H+F+0.75(Wor0.7E)+0.75L +0.75 (L, or R) 0.9D + 1.6W + 1.6H

0.6D + W+ H 0.9D + 1.0E + 1.6H

0.6D +0.7E+ H

The alternative basic load combinations Special case

D+ L+ (L,orR)

D+L+13W

D+L+13W 1L4D+F+T1)+ 1.7(L+H)+0.5(L,orR)..
D+ L+ 1.3W2 for concrete structure and masonry construction
D+L+E/N4

0.9D + E/1.4

Where: D: Dead load; L: Live load; E: Earthquake load; W: Wind load; R: Rain load; T: Self-straining force; H: Load due to lateral earth pressure,
ground water pressure, or pressure of bulk materials; F: Load due to fluids with well-defined pressures and maximum heights; L,: Roof live load, f; =
1.0 for areas occupied as places of public assembly, for live loads in excess of 0.5 kN/m?, and for parking garage, live load; fi = 0.5 for other live

loads.
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Table 4. Comparison between national codes for strength design requirements for geotechnical requirements and materials.

Code/requirements Egyptian Syrian Saudi Arabian Code
Dead load 1.4 1.5 1.4
Live load 1.6 1.8 1.6
Combinations load D=08L=13 D=08L=14 D=12;L=16
- All requirements and details
- All requirements and details for - All requirements and details for for laboratory and field
laboratory and field tests. laboratory and field tests. tests.

Geotechnical works —  Foundations design details and - Foundations design details and - Foundations design details
requirements depending on Egyptian requirements depending on Syrian and requirements depending
and ACI code. and Germany standards. on ASTM standards and

IBC.
Materials Materials are defined according to Materials are defined according to Materials are defined according to
Egyptian standards. Syrian standards. ASTM standards.

2.2. International Codes

International codes are available and are used in most of the countries around the world. The most widely used
are the American (ACI) and the European (EC) codes. Local country codes usually rely on one of these codes.

2.2.1. American Codes

United States of America issued two international codes, International Building Code (IBC) and Building code
requirements for structural concrete and commentary (ACI-318) [17]. The paper will present preface for the IBC,
and will focus in details on the ACI-318.

1) IBC code

First code in United States was authored in 1700’s AD. George Washington and Thomas Jefferson encour-
aged the development of constructions arrangements to prepare minimum standards to ensure safety and health.
First code developed in United States was in 1905 by the Fire Underwriters Association [18]. They planned to
make it national code and were focusing on the safety of the buildings and people inside them. The code was
called National Building Code and it aimed on safety of people (fire alarms, isolation of hazards and fire exits).
Since 1900, there were three models of building codes to be used in the United States, and developed by three
regional code groups [19]:

e Building Official Code Administrators International, Inc. (BOCA). This code was used on the east coast and
throughout the Midwest of the United States.

e International Conference of Building Officials (ICBO). This code was covered the west coast of the United
States.

e Southern Building Code Congress International, Inc. (SBCCI). The code was used in the southeastern of the
United States.

The codes were effective and responsive to the local regulatory needs. In 1994, the three national groups
combined their efforts and formed the International Code Council (ICC) and developed non limitation’s code.
First issue of the International Building Code (IBC) was in 1997. The final edition of the International Building
Code of (IBC) was issued in 2000, and made development of previous codes. The National Fire Protection As-
sociation (NFPA) initially joined ICC in a collective effort to develop the International Fire Code (IFC) [19].

The code’s references were taken from the previous codes. Furthermore, including the following International
codes: International Plumbing, International Mechanical, National Electric, and various National Fire Protection
Association standards codes [18] [19]. The code is comprehensive for all types of buildings and constructions;
and for all types of materials used in constructions.

2) ACI 318 (Building code requirements for structural concrete and commentary)

Code is a document collecting many practice standards provided to the architects and engineers [20]. History
of any organization represents a reflection of the ideals and acts of organized groups within it. These activities
were a revision to meet changed conditions and have formed the American Concrete Institute (ACI). The history
of ACl is closely tied with the history of concrete technology developments [21] [22].

1904: The joint committee on reinforced concrete was established and produced several drafts for concrete

code.
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1905: National association of cement users become ACI.
1909-1914: ACI committee 318 was established to develop a concrete code and it published a concrete design
code.
1930: ACI 318 requirements became the only document in the USA dealing with concrete design.
1963: ACI 318-63 issued documents for both Working Stress Design (WSD) and Ultimate Strength Design
(USD) requirements.
1971: ACI 318-71 issued containing USD and WSD as appendixes, ACI 318 was meant Building Code Re-
quirements for Reinforced Concrete.
1989: Names of the code were changed to the Building Code Requirements for Structural Concrete.
2002: Issues of the code made procedure known as the unified design procedure and the previous require-
ments became the appendix B. The WSD was taken out from ACI 318 [21] [22]:
ACI 318 is the basic document for concrete building’s design in USA, and it covers design materials and
structural construction concrete. Furthermore, it specifies the resistance factors, the design resistance and the
load factors. The code was adopted by the IBC and become legal. Every three to four years, ACI 318 code is up-
dated according to the development in the field of engineering. The code covers both reinforcing and pre-
stressing steel and precast and prestressed concrete. Additionally, the resistance factors are increased by 10% -
15% during the last thirty years [23]. ACI code cover twenty three topics that deals with design and implement
of concrete, with six appendixes presenting all the requirements needed, as [24]:
- General requirements.
— Inspection.
—  Materials.

—  Durability requirements.

— Concrete quality, mixing and placing.

- Formwork, embedment and construction joints.

- Details of reinforcement.

- Analysis and design—general considerations.

- Strength and serviceability requirements.

- Flexure and axial loads.

- Shear and torsion.

- Development and splices of reinforcement.

- Two-way slab systems.

- Walls.

- Footings.

— Precast concrete.

— Composite concrete flexural members.

—  Prestressed concrete.

—  Shells and folded plate members.

—  Strength evaluation of existing structures.

— Earthquake-resistant structures.

- Structural plain concrete.

o Appendix A: Strut and tie models.

Appendix B: Alternative provisions for reinforce and prestressed concrete flexural and compression mem-
bers.

Appendix C: Alternative load and strength reduction factors.

Appendix D: Anchoring to be concrete.

Appendix E: Steel reinforcement information.

Appendix F: Equivalence between SI-metric, MKS-metric and U.S. customary units of nonhomogeneous equ-
ations in the code.
(1) Geotechnical requirements

Geotechnical requirements are taken from IBC code, soils and foundations portion, because ACI does not
give these requirements. All the useful requirements to define the structure and identify the soils are presented in
this part. Furthermore, the types of foundations that should be chosen in the design for a suitable type of soil are
also presented. The portion contains the followings topics [25]:
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e Geotechnical investigations (1803): Classification and identification of soil are conforming to ASTM D2487,
ASTM D4318, ASTM D422 and ASTM D4829 standards respectively.

e Excavation, grading and fill (1804): They are defined according to ASTM D1557 standards and the Con-
trolled Low-Strength Material (CLSM).

e Dampproofing and waterproofing (1085): The requirements of the story of above a grade plane, under floor
spaces, follow the requirements of FEMA/FIA-TB-11. Ground water control, Dampproofing the mortar used
comply with ASTM C887.

e Presumptive load-bearing values of soil (1806): It concerns determining the load combinations, presumptive
load-bearing values and lateral load resistance.

e  Foundation walls, retaining walls and embedded posts and poles (1807): Masonry foundation walls with
reinforcement and the concrete masonry comply with ASTM C90. While, clay masonry comply with ASTM
C62 or ASTM C216.

e Foundations (1808): The criteria for foundation design, design for expansive soils, slab-on-ground founda-
tion, stabilization, and foundation on or adjacent to slopes, pools, and concrete foundations are presented in
this section.

o Shallow foundation (1809): All requirements for design and construction for shallow foundations (such as
supporting soils, stepped footings, depth and width of footings, frost protection and location of footings) are
listed. Moreover, plain concrete footings, masonry-unit footings, steel grillage footings, timber footings, and
footing seismic ties are also listed.

e Deep foundations (1810): The analyses and design details and installations of deep foundations are given.
These details include geotechnical investigation, use of existing deep foundation elements, and special type
of deep foundations. The analysis of lateral support, stability, settlement, seismic design, and group effects
are also stated. Design conditions, composite elements, driven piles, helical piles, casings, materials (con-
crete, seismic hooks, pre-stressing steel) should conform to ASTM A416. While, allowable axial load and
load tests should be conforming to ASTM D1143 or ASTM D4945. Allowable frictional resistance, uplift
capacity of single deep foundation element, uplift capacity of grouped deep foundation element, load bearing
capacity, and allowable lateral load are given. Dimensions of deep foundation elements such as precast, cast-
in-place or grouted-in-place, cased, uncased, micropiles, steel, H-piles, steel pipes and tubes and helical piles
are also tabulated. Moreover, Cast-in-place deep foundations: design cracking moment, required reinforce-
ment, placement of reinforcement, seismic reinforcement and materials should conform to ASTM A615
Grade 60 or 75 or ASTM A722 Grade 150 and heaved elements, enlarged base cast-in-place elements, hol-
low-stem angered cast-in-place element, socketed drilled shafts, micro-piles, helical piles, and special in-
spection, all the details of implementation are listed in section 1810 [25].

In addition, it is present the types of tests and the equipment and its calibrations. Some of these (as mention

above) requirements follow the American Society for Testing and Materials (ASTM) [25].

(2) Strength and serviceability requirements

The demand is considered as the strength required, while the supply as the strength furnished. The required
strength (U) could be expressed under the forms of design loads or their related moments, forces and shears. For
dead, live, wind and other loads the ACI code specifies design requirements, shears and moments be obtained

from service loads by using the following relations [24] [26]:

U=12D+1.6L
U=0.75(12D+1.6L)+(1.0W or 1.0E) for resisting wind load or effect of earthquake load
U =09D+(1.OW or 1.0E)
U=14D+1.7L+1.7TH for lateral loads
U=0.75(1.4W+1.7L+1.7L) for temperature change
U=14(D+T)
where: D = Dead load.
L = Live load.
W = Wind load.

H = Loads due to weight and pressure of soil, water in soil or other materials.
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E = Load effects due to earthquake.

T = Cumulative effect of temperature, creep, shrinkage, differential settlement and Shrinkage-compensating con-

crete.

The above relations are basics and important for any design for different constructions.
(3) Materials
Testing must be done to any materials used in concrete constructions to define if the materials are of the spe-

cified quality. Materials are [24]:

e Cement: Different types of cement are used in buildings (such as Portland, blended hydraulic, expansive hy-
draulic, hydraulic, flash and natural pozzolan, slag and silica fume). All types of cement must conform to the
relevant specifications of ASTM C150, ASTM C595, ASTM C845, ASTM C1157, ASTM C618, ASTM
C989 and ASTM C1240 respectively [24].

e Aggregates added to cement to produce concrete of adequate strength and durability. Aggregates are con-
formed to each of the following specifications: normal weight (ASTM C33) or lightweight (ASTM C330).
Coarse aggregate must have maximum size due to one of the following: 1/5 the narrowest dimension be-
tween sides of forms, or 1/3 the depth of slabs, or 3/4 the minimum clear spacing between individual rein-
forcing wires or bars, bundled tendons, bundles of bars, or ducts [24].

e  Water used in mixing concrete must conform to (ASTM C1602). Drinking water is also suitable to be used
for mixing concrete. Water has excessive impurities that may not affect the setting time, volume stability and
concrete strength and may cause corrosion of reinforcement. Water use in mixing concrete must have limited
quantities for sulfates, chlorides, solids and alkalis [24].

e Admixtures that are used to reduce water and time setting modifications must conform to (ASTM C494).
Types of admixture are air-entraining (must conform to ASTM C260), flowing concrete (must conform to
ASTM C1017) and expansive cement use in concrete (must conform to ASTM C845) [24].

e Steel reinforcement includes deformed and plain reinforcements. Deformed reinforcement bars have differ-
ent types such as: Carbon steel conforms to ASTM A615; Low-alloy steel conforms to ASTM A706; Stain-
less steel conforms to ASTM A955 and Roll steel and axel steel conforms to ASTM A996. While, plain
reinforcement types are plain bars for spiral reinforcement must conform to (ASTM A615, A706, A955, or
A1035); plain wire for spiral reinforcement must conform to (ASTM A1064), and headed studs and its as-
semblies must conform to (ASTM A1044) [24].

2.2.2. European Code (Eurocode)

Eurocodes are tools for safety of buildings and reliability enhancement. The objectives of Eurocodes are to im-
prove civil engineering works and compliance of building, putting a framework to harmonize the technical spe-
cifications for construction products and being the basis for specifying contracts.

Since 1971 until 1990 the code committee was working to obtain a draft of technical documents set as inter-
national inquiry. During the period 1990-2006, the European committee for Standardization (CEN) has con-
verted the first Eurocodes into provisional European standards (EN Vs), and then into European standards (EN).
From 2007, until now, the Eurocodes are in a continuous evaluation process [27]. Eurocode structure includes
58 documents of standards, as shown in Figure 2 [28].

Each part of the Eurocodes has a symbol and number to explain the purpose of the standard as shown in
Figure 3.

European code is based on philosophy of limit-states, including both criteria of serviceability and strength.
They are called resistance and load factors design. Moreover, the code includes the reduction factors of material
strength. The uses of load factors are to increase the working loads.

1) Geotechnical requirements (EC7)

The requirements for the geotechnical design to be considered are as follows [31]:

e Nature and size of the structure with any special requirements.
e Conditions of its surroundings such as: neighboring structures, traffic, utilities, vegetation, hazardous chemi-
cals, etc.
e Ground conditions and groundwater situation.
e Regional seismicity.
e Influence of the environment like hydrology, surface water, and seasonal changes of moisture.
Eurocode for geotechnical design is divided into three parts: ENV 1997-1, ENV 1997-2, and ENV 1997-3.
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Figure 2. Eurocodes structural [29].

Figure 3. The Eurocode family [30]. ECO—Basis of design; ECl—Actions;
EC2—Concrete; EC3—Steel; EC4&—Composite; EC5—Timber; EC6—Ma-
sonry; ECT—Geotechnical design; EC8—Earthquakes; ECO—Aluminum.

A. ENV 1997-1 (Geotechnical designed code): It is includes nine sections, the topics of these sections are:
General; Basis of Geotechnical Design; Geotechnical Data; Supervision of Construction, Monitoring and Main-
tenance; Fill, Dewatering, Ground Improvement and Reinforcement, Spread Foundations; Pile Foundations;
Retaining Structures; Embankments and Slopes.

Three categories are important, when establishing geotechnical design requirements, they are the following
[31]:

1. Category 1: The procedure is adequate only if there is no excavation under the water table. Structures are
simple and based on experience and qualitative geotechnical investigations.

2. Category 2: Conventional types of structures and foundations are covered. Require quantitative geotech-
nical data and analysis to ensure that the fundamental requirements will be satisfied. Routine procedures for
field and laboratory testing, design and execution may be used. Types of structures complying with geotechnical
category are spread and raft foundations; piled foundations; walls and other structures retaining or supporting
soil or water; excavations and ground anchors and other tie-back systems; bridge’s piers and abutments and em-
bankments and earthworks; tunnels in hard, non-fractured rock and not subjected to special water tightness or

other requirements.
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3. Category 3: This category includes structures or parts of structures, which are not following the limits of
Geotechnical category (1 and 2). Structures involve abnormal risks, unusual or exceptionally difficult ground or
loading conditions and those in highly seismic areas.

B. ENV 1997-2 (Design assisted by laboratory testing): It is determined primarily for geotechnical projects
of category 2 (which is explained above). It also covers all the requirements for all laboratory tests such as clas-
sification, identification and description of soils; chemical testing; strength testing; Compaction and Permeabili-
ty testing, etc. Furthermore, it includes classification, swelling and strength tests for rock’s material. Further-
more, it includes classification, swelling and strength tests for rock’s material as well as calibration for tests
equipment’s and all detailed information on tests and methods [32].

C. ENV 1997-3 (Design assisted by field testing): The third part of the geotechnical code explains the field
testes principles and application rules. Field tests for soil and rocks, including Cone penetration and piezcone
tests CPT (U), Pressuremeter test (PMT), Standard penetration test (SPT), Dynamic probing test (DP), Weight
sounding test (WST), Field vane test (FVT), Flat dilatometer test (DMT), Rock dilatometer test (RDT), Plate
loading test (PLT) and Groundwater measurements in soils and rock. Moreover, it explains the ways of sam-
pling soil and rocks.

The three subjects of design, laboratory and field tests are related to each other as shown in Figure 4 [33].

2) Basis of structural design

Eurocode EN1990 is explains the requirements and principles for safety, durability and serviceability for
structures. The basic requirements of a structure are influences (serviceability) and actions (resistance, durability)
are suitable for design purpose. The code includes normative part, and informative part which is for information
purposes. The structural Eurocodes design is based on two limit states. They are the ultimate limit, and the ser-
viceability limit states. The ultimate limit state requirements are subdivided into five broad categories as shown
in Table 5. Each category has set of partial factors’ values that are connected to each other’s and must be added
in corresponding design calculations, as shown in Figure 5 [34] [35]:

[— covered by ENV 1997-1

- limit state

- geotechnical category
- partial factors

- characteristic values

which type
of test?

parameter
values

—
T

derived values of through correlations field tests } .

ground properties - requirements

(parameters) or directly lab. tests }

L— covered by ENV 1997-2 AND 1997-3: PARAMETERS
Figure 4. The link between ENV 1997-1 & ENV 1997-2 and 3.

Table 5. The categories of ultimate limit state [34].

Categories Symbols Description
Equilibrium EQU Loss of equilibrium of the structure or the ground.

Excessive deformation or internal failure of the structure or structural elements, including piles,

Strength STR footings, walls, basement, etc.
Geotechnical GEO Failure or excessive deformation of the ground.
Uplifi UPL Los$ of eqt!lhbrlum of the structure or the ground due to uplift by water pressure or other
vertical actions.
Hydraulic heave HYD Failure by internal erosion and piping in the ground caused by hydraulic gradients.
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ULS for Stability:

Y

e

EQU UPL HYD
Loss of static equilibrium Uplift by water pressure Hydraulic heace/erosion

ULS for Strength:

GEO STR
Failure of the ground Internal failure of structure

Figure 5. Ultimate limit states [35].

The calculations steps in foundation design are carried out according to STR and GEO are actions, materials
and resistance. However, the dead and live loads in Eurocode have other names. The dead loads become perma-
nent actions while the live loads become imposed actions, including snow, wind, etc. Load combinations called
combinations of actions. EN 1991 is a part that explains the actions (permanent and imposed) on structures [36].
Part of the values that are related to safety matters in the Eurocode should be decided by the National Annex.
The National Annex contains the information about the parameters left open in the Eurocode for national choice,
which known as Nationally Determined Parameters (NDPs). These parameters are related to geographical or
climatic conditions such as snow map or wind map or way of life. Therefore, different levels of protection may
prevail at a local or regional level. The actions in Eurocodes are classified as [37]:

1. Variation in time: Divided into permanent G, variable Q, and accidental A.

2. Origin: They are direct (e.g. forces), and indirect (e.g. temperature).

3. Spatial variation are fixed (e.g. self-weight), and free (e.g. predeformation).

4. Nature and/or structural response: They are static, and dynamic.

EN 1997 covers two approaches for determining the combination of actions for STR ultimate limit state. For
the first approach the following equation is to be used:

Z75,,Gk.j +7,P+70.0k, +2}/Q,1\P0,iQK,I (1)

Jz1 izl

For the second approach is using the following equations are to be used:

276,067, P10 ¥ 0,06, + 270, Y 0,0k 2
=1 =1

25176,/(;1(.,' +7/pP+7Q,1QK,| +Z}/Q,ilP0,AQK,I 3)
j=1 i1

where: ). = Implied “the combined effect of”.

Y, = A combination factor.

& = A reduction factor for unfavorable permanent actions G.
7 = A partial factor for permanent actions.

7, = A partial factor for prestressing actions.

7o = A partial factor for variable actions.

P = Represents actions due to prestressing.
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The partial and combination factors values can be taken from the National Annex of EN 1997. Eurocode
gives three approaches (DA1, DA2, and DA3) for determining the loads (Table 6). Using of these approaches
depends on many factors related to loads or actions A, material’s properties M, and resistance of soils R. These
approaches are used to determine GEO & STR Ultimate Limit States as shows in Table 6.

Future of Eurocodes can be summarized [38]:

e New materials and/or techniques such as glass, carbon fibers and fiber reinforced polymers (FRP).

e New concepts and/or requirements. Basic works requirements are Mechanical resistance and stability, Safety
in case of fire, Hygiene, health and the environment, Safety in use, Protection against noise, Energy economy
and heat retention, and Sustainable use of natural resources (durability and recyclability of the construction
work).

e New societal needs (assessment of existing structures).

3) Materials

Materials used in concrete must be suitable and not harmful ingredients. These materials are [39] [40]:

e Cement: General suitability establishing for common cement conforming to EN 197-1. Sulphate resisting
Portland cement conforming to BS 4027:1996. Fly ash for concrete conforming to 1.S. EN 450-1:2005.

e Aggregates must conform to EN 12620:2002. Maximum aggregates size usually limited to 20 mm, but they
are depending on the particular application. Other types of aggregates called semi-inert such as filler aggre-
gate conforming to EN 12620 and pigments conforming to EN 12878. Other types of aggregate like pozzo-
lanic or latent hydraulic are established for fly ash, silica fume, and ground granulated blast furnace slag are
conforming to EN 450; prEN 13263 and BS 6699:1992.

e Water: Water use for mixing and recycled from concrete production should conform to EN 1008:2002.

e Admixtures use must conform to EN 934-2:2000 (including Annex A).

e Reinforcing steel: The requirements for the properties of the reinforcement should conform to EN10080.

ACI code and Eurocode impose safety factor’s loads as shown in Table 7.

3. Case Study

To find the best suitable foundation design to be used in Iraq and the differences when using the American and
European codes, a Building model was designed and analyzed using STAAD Pro., and SAFE softwares for three
locations (Mosul, Baghdad and Basrah). The combination loads used in the two softwares were for ACI and EC
codes. The design of the building and foundation was done according to ACI and EC in the both softwares. The
bearing capacities used in the softwares were obtained from field and laboratory tests done in three locations
(Mosul southern, Baghdad in middle and Basrah in southern) of Iraq [41]. Results obtained from the two soft-
wares are shown in Table 8. Figures 6-9 show the bearing pressure distribution under the foundation for Bagh-
dad location as an example.

Table 6. Equations given in Eurocode 7 for combining partial
factors [34].

DA1 — for most situations
DAL.CL: A1 “+” M1 “+” R1

DAL.C2: A2 “+” M2 “+” R1

DA1 — for piles and anchors
DAL.C1: A1 “+” M1 “+” R1
DA1.C2: A2 “+” (M1 or M2) “+” R4
DA2 A1 “+” M1 “+” R2

DA3 (A1” or A2™") “+” M2 “+” R3

"On structural actions; ~"On geotechnical actions.

Table 7. Comparison between international codes for strength
design requirements.

Code/requirements ACI Eurocode (EC)
Dead load 1.2 1.35
Live load 1.6 1.5

Combination load 0.9; 1.6 0.7;0.5
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Average Base pressure from STAAD Pro., software using ACI code 99 87 81
Worst Base pressure from STAAD Pro., software using ACI code 75 90 77
Average Base pressure from STAAD Pro., software using EC code 102 111 100
Worst Base pressure from STAAD Pro., software using EC code 107 95 109
Average Base pressure from SAFE software using ACI code 100 95 81
Worst Base pressure from SAFE software using ACI code 92 79 96
Average Base pressure from SAFE software using EC code 110 100 90
Worst Base pressure from SAFE software using EC code 100 90 108

In all cases the design was done by used ACI and EC codes. The base pressure values under the foundation
obtained from the two softwares for the two codes were very close. The foundation to be chosen according to
the results tabulated in Table 8, for Mosul locations is spread or continuous depending on the both codes. In
Baghdad locations the type of foundation to be chosen is spread and raft for the both codes. While, for Basrah
locations the type of foundation to be chosen is raft and pile using both codes.
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Figure 7. Bearing pressure distribution for average bearing capacity value from STAAD Pro. software for ACI and EC codes.

4. Suggested Code for IRAQ

In the eighties of the last century, an Iraqi code was suggested by the committee of Iraqi code/Ministry of plan-
ning. The code was based on the American and British codes. It was covering only the design and implementa-
tion of reinforce concrete constructions. In 1987, the code was suggested to be used optionally for two years
[42]. The government did not adopt the code legally to be used. For that reason, Iraqi designers and engineers
did not use the code, and were depending on ACI and British codes in their works for the last forty years [42]. In
2013, the Ministry of Construction and Housing adopted the Arabic codes. These codes are issued by the Coun-
cil of Arab Ministers of Housing; during this year (2014), the Iraqi ministries started to adopt these codes in
their buildings works. The codes includes ten parts for the soil investigations and foundation’s design only, with
other parts for different construction works such as structural steel and concrete, electrical, mechanical, etc. [43].
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Figure 8. Bearing pressure distribution for worst bearing capacity value from
SAFE software for ACI and EC codes.

4.1. Importance of Establishing Iraqi Code

The code is important to provide a requirement for safety and healthy buildings for the public. Moreover, codes
present requirements to enhance the durability for existing buildings and implementing them in economic and
high quality way.

The code should be cover all the requirements needed in the design and implementation of any construction
such as buildings, bridges, dams, etc. Furthermore, it should cover the geotechnical requirements. These re-
quirements are an important part in the code to ensure that the constructed of buildings will be implemented in a
safe and suitable site. The code is to ensure safe, durable and economical buildings in different regions of Iraq. It
is also important to make sure that the designers and engineers will cover the following points:

1. To choose the suitable design for a given site based on soil properties such as bearing capacity, shear
strength, etc.

2. To perform suitable dimensions of foundation (depth & width) for a given load.

3. Selecting most suitable type of foundation based on building loads and type of soil.

4. Specifying a suitable mixture of concrete excavations (percent of gravel, sand, and cement).

5. Designing the most economical building based on unit price of materials used in construction (steel and
concrete).

4.2. Outline Concerning Geotechnical Engineering Part of the Suggested Code for Iraq

Code is a legal document, which present all the requirements that should be considered during the design, con-
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Figure 9. Bearing pressure distribution for worst bearing capacity value from STAAD Pro. software for ACI and EC codes.

struction, and maintenance of buildings. Soil is the most important factors that should be considered for the de-
sign for any construction. Defining soil properties is the main step in the design procedure of any structure. To
present the basics of building code for Iraq, the following requirements should be considered:

1. Soil survey should be conducted for different regions of Iraq. This includes field tests and collecting, re-
viewing of the literature.

2. Based on the geology and soil properties, Iraq can be divided into three zones (north, middle, and south).

3. Exiting information about the soil in Iraq (e.g. Buringh, 1960) indicates that there are different types. It is
suggested that in each zone suggested in 2 above different samples are to be collected and tested.

4. Field and laboratory tests are required for both disturbed and undisturbed soil samples. These tests are to
identify important soil properties that can affect the foundation. Table 9 below shows the required soil tests and
the type of soil sample (disturbed or undisturbed) [44] [45].
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Table 9. Types of tests to identify soil properties [44] [45].

Type of test Sample type Test location
Physical test: w/c y;, 4 G Disturbed Laboratory
Atterberg limits: liquid limit, plastic limit Disturbed Laboratory
Grain size: sieve analysis, hydrometer Disturbed Laboratory
Chemical tests: total soluble salt, SO; salt, organic matters, gypsum, chloride Disturbed Laboratory
Swelling test Undisturbed Laboratory
Collapse test (CP%) Undisturbed Laboratory
Consolidation test (Ce, C, P.) Undisturbed Laboratory
Unconfined compression test (C, ¢) Undisturbed Laboratory
Direct shear test (C, ¢) Undisturbed Laboratory
Triaxial shear test (C, ¢) Undisturbed Laboratory
Van shear test Undisturbed Field
Standard penetration test (SPT) Disturbed Field

5. General soil map for the main regions of Iraq to be prepared that can be used as a guide to identify the soil
types and different properties of soil. This will help in foundation’s design of different buildings at the studied
sites.

5. Discussion

Building codes are legal laws and standards to provide minimum requirements for health, safety and welfare to
the public. The historical review presented different disasters and accidents that made the codes existed in dif-
ferent countries. Hammurabi code was the first to put regulations for safe constructions.

Most of the codes which were defined and used in the Arabic countries depend on British and Germany’s
standards, or American codes.

Saudi Arabian had its own code since (2008). It is one of the best National codes. The code includes all the
requirements for the design and construction of modern buildings and materials. It also, includes requirements
for the existing buildings. All these requirements were depending on the international building code (IBC) and
American concrete institute (ACI). It includes some national requirements such as type of Saudi soil and local
maps for earthquake. Furthermore, it collects requirements of modern buildings and materials.

International codes (ACI and Eurocode) cover all the requirements in details. Eurocode is better because it
covers all the requirements for design and constructions for different types of building modern materials as well
as the ordinary materials (concrete, steel, wood, etc.). Moreover, it contains national annex (national determined
parameters NDPs).

Eurocodes became known since 1990. Before that, many countries around the world were familiar with Brit-
ish code and standards, but now they are part of the EC. Now, eighteen European countries adopted the Euro-
codes to be used in the design and implementation instead of their national code. EC using three approaches in
the design. These are: materials properties, action loads, and soil resistance. Later, Some Arabic countries tried
to harmonize their code with EC codes like Egypt. EC codes have adopted new materials and techniques. Euro-
pean countries gave flexibility to use local national standards to obtain suitable and economical buildings.

There is no special code in Iraq for the design and construction of building. For that reason, engineers and de-
signers are depending on different codes and standards such as American and/or British. In the case study, both
the ACI and EC codes were used for the building model design and analysis by two softwares (STAAD Pro. and
SAFE). The results obtained from the two softwares for the bearing pressure for three locations in Iraq shown in
Table 7 were almost the same for both codes. According to the results obtained, spread or continuous are rec-
ommended for Mosul locations. Spread and raft foundation is recommended for Baghdad locations, while raft

and pile is recommended for Basrah locations.
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6. Conclusions

The first code that defined the regulations for safe of buildings in the history was Hammurabi code. Saudi Ara-
bian code is the best national code within the Middle East because it includes all the requirements for the design
and construction of modern buildings and materials as well as the requirements needed for the existing buildings.
Moreover, it includes especial parts for Saudi conditions such as soil and earthquake maps.

Eurocode covers all the requirements for design and constructions for different types of building and modern
materials as well as the ordinary materials (concrete, steel, wood, etc.). Furthermore, it contains national annex-
national determined parameters NDPs. For these reasons the Eurocode is the best international code. Also, the
code includes the British code and standards which are familiar to many countries around the world.

According to the case study performed on Iraq, the designers are recommended to use either ACI or Eurocode.
In the designed model, both codes (ACI and EC codes) were used for determining the bearing pressure for three
locations (Mosul, Baghdad and Basrah) in Iraq. The results show that the values of bearing pressure in the both
codes are similar. Moreover, the type of foundation to be chosen for Mosul location is spread or continuous. For
Baghdad location the suitable type is raft while for Basrah location the choice is raft and piles. It is believed that
Iraqi Government should establish its own code to provide minimum requirements for the safety and economy
for the buildings that suites the local environment in Iraq.
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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 Iraq 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.

Keywords: Base pressure, soil, bearing capacity, SAFE program, SPT tests.
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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).

Figure 1: Distribution of contact pressure on base of smooth rigid footing supported by (a)
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 ¢) 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].
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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 Iraq) 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 Iraq. 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.
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—— . —

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 Iraq 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 (P).

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 = cNescdoicgebe + qNgsqdgiqgqbg + 0.5vBNy s, d, i, g, b, (1)

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

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

d., dg, dy: depth factors.

ic, 1g, 1y: load inclination factors.

2, Z¢> g 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 P/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
Sq=10+B/, sing .......forallg
S, =10-048/, ... for B/, =06

In some locations in Baghdad and Basrah the calculations of ultimate bearing capacity
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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
Cu_gqu

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 (qu) 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 Neor and qu[18].

Consistency Neor qu , KPa
Very Soft 0-2 =25
Soft 2-4 25-50
Medium 4-8 50-100
Stiff 8-15 100-200
Very Stiff 15-30 200-400
Hard =30 =400

Where: qu is the unconfined compressive strength.
Neor is the correction blow of SPT.




42 Entidhar Al-Taie et al.

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.

o 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.

o The strength parameters values for angle of internal friction ¢, cohesion of soil ¢, and
undrained compressive strength qu 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.I) % 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 (q.) 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.

e In some 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 8: Results of Bearing Capacity for Basrah.

2.5 Computer modeling
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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.

_| % AreaUniform (Fnish) GLOBAL -Gravit | |

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:



Design of Shallow Foundation in Various Regions of Irag 45

1.2DL + 1.6LL 3)

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 to110 KN/m?. These
values were less than the calculated value (177KN/m?).

| |
Figure 10: Average bearing capacity obtained distribution of base pressure for Mosul.

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.

|

Fighré 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?,
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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 Iraq). 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 vi§ 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.



Design of Shallow Foundation in Various Regions of Iraq 49

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?. While, the maximum value of the base pressure obtained from STAAD Pro program
was 77 KN/ m?, 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.

Comparison for q average
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Figure 16: The results of q average values from STAAD Pro., SAFE programs and
calculations.
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comparison for qworst
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Figure 17: The results of q worst values from STAAD Pro., SAFE programs and
calculations.

4 Conclusions

e Exploration for soil in northern (Mosul), middle (Baghdad) and southern (Basrah)
parts of Irag. 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.

e 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.

e 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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Abstract

Foundation design must satisfy limited values of settlement. Settlement is an essential criterion in
the design process of shallow foundations. To calculate the settlement under different types of
shallow foundations, 79 samples were taken from twenty-three sites distributed in three regions:
Mosul, Baghdad and Basrah in the northern, central and southern parts of Iraq. Field and labora-
tory tests were performed to obtain the strength parameters to calculate the bearing capacity. The
results obtained for the bearing capacity were used in SAFE software. The software was used to
design and analyze the foundation and to calculate the settlements under two types of foundations
(raft and continuous) for the three regions. Average and minimum values of bearing capacity were
used. The software used subgrade reaction modules values for the design and analysis. According
to the results, the suitable, safe and economical type of foundation to be used in Mosul, Baghdad
and Basrah regions for the average value of bearing capacity is the continuous type for the first
two regions while the raft type is recommended for Basrah region. In case that the minimum
bearing capacity values are used, raft foundation is recommended for Mosul and Baghdad. While
deep foundation is the suitable type of foundation for Basrah region.

Keywords
Raft Foundation, Silt, Clay, Settlement, SAFE

1. Introduction

The design of foundations must satisfy limiting values of the settlement. Settlement is an essential criterion in
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the design process of shallow foundations. Settlement prediction is a major concern for designers. The two ma-
jor criteria which control the design of shallow foundations on cohesion and cohesionless soils are the settlement
and the bearing capacity of the soil beneath the foundation. Settlement usually controls the design process more
than bearing capacity, especially when the width of foundation (B) exceeds 1 meter. Estimation of settlement of
shallow foundations on soil facing problem related to uncertainty associated with the factors which affect the
value of the settlement. These factors are: the history of the stress-strain of the soil, the distribution of applied
stresses, the effect of soil compressibility, and the difficulty in obtaining undisturbed samples of cohesionless
soil [1]. There are three types of settlements: uniform settlement, tilt and non-uniform settlement (Figure 1).
Uniform settlement will not cause any damages in the structure but damages can be noticed in the drainage or at
interface with utilities.

The most problematic settlement is the non-uniform type because it leads to structural distortions such as
cracking of beams, slabs, etc. If the cracks appear in every floor of the structure it is due to foundation move-
ment. Whilst, tilting is a problem with rigid and lean structures such as soils, tanks and towers [3].

Total excessive or differential settlements are sometimes related to unexpected consolidation. The stress-
strain behaviour of soil is nonlinear from very small strains; it may have controlling influence on the scale and
shape of the distribution of displacement of structure on soil. For that, design approach must be simple that can
be related to collapse limits and successfully serviceable to the real nature of the soil [4]. Settlement is usually
estimated depending on field test such as standard penetration test (SPT) and cone penetration test (CPT). La-
boratory test is also used to obtain settlement values such as oedometer and triaxial tests. Another method for
estimating settlement is computer modelling which depends on finite element analysis.

The aim of the research is to calculate the settlement of different sites in three locations, Mosul, Baghdad and
Basrah in the northern, central and southern parts of Iraq respectively. SAFE software was used to calculate set-
tlement under two types of foundations to choose the best type for each site.

2. Study Area

The study was conducted Mosul (9 sites), Baghdad (5 sites) and Basrah (9 sites) at the northern, central and
southern parts of Iraq (Figure 2).

2.1. Mosul Location

Mosul is located at northern part of Iraq. The area is characterised by extensive plains and anticlines. Near the
Tigris River there are three levels of accumulated terraces of alluvial soils. Most of the soil in the area is of
moderate expansive type. Flat areas between the anticlines are covered by sheet run-off sediments which include
clay, sand, silt, and sometimes coated by scattered gravels [5] [6].

2.2. Baghdad Location

Baghdad is located at the northern part of Mesopotamian plain. The area is characterized by sediments of flat
laying alluvium due to flood of the two rivers (Tigris and Euphrates). Quaternary sediments soil (thickness more
than 80 m) covers the area, which include levee silts, clay and some sand. The main features of this area are the
salinity and shallow ground water table between 1 to S m [7].
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Figure 1. Types of settlement in soil [2].
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Figure 2. Locations of Mosul, Baghdad and Basrah map and soil type.

2.3. Basrah Location

Basrah is located at the southern part of Iraq. The soil of the area is about 250 m thick of flat thick quaternary
sediment. The area represents the lower part of Mesopotamian plain. Its soil is of deltaic and river sediments
type characterized by distinct change and exchange facies horizontally and vertically. The soil of the area is a
combination of silt and mud river spate and wind sediments. These deposits are economically important as raw
materials for the building and construction industries [8] [9].

3. Experimental Work

Soil investigations included field and laboratory tests. Field work includes drilling twenty three boreholes in
different sites for the three locations (Mosul, Baghdad and Basrah) of Iraq. Seventy nine samples were collected
(disturbed and undisturbed). Furthermore, standard penetration test (SPT) also performed in some of the sites.
Laboratory tests conducted on the collected samples from sites included different types of tests. All the tests
were done according to ASTM, AASHTO and BS as follow:
e Physical tests including, natural moisture content, unit weight and specific gravity.

Sieve and hydrometer analysis.

Atterberg limits (liquid limit LL and plastic limit PL to obtain plastic index PI).

Shear tests (direct shear strength and unconfined compression).

Consolidation test to obtain the compression index (C,), swelling index (C;) and preconsolidation pressures

(Po).
The results obtained from shear tests to determine the shear strength were the angle of internal friction (¢), the
cohesion (C) and unconfined compression (q,) [10]. These parameters were used to calculate bearing capacity
value for each site using the general equation [11].

4. SAFE Modelling

Computation of settlement in this paper was done using SAFE software. SAFE software is a finite element tool
used to design and analyze foundations, slab, mat and basement. It has powerful modelling tools with an intui-
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tive graphical interface. Design is integrated with modelling and the analysis is based on a chosen design code
calculation. SAFE software can be used as a standalone programme or can import complete design, analysis and
detailing of concrete floor plates created in SAP 2000 or ETABS. The SAFE software gives a variety of outputs
that can be used to study the behavior of loads and deformations [12] [13].

The principle of the software is the ability to compute a plate displacements and resultant stresses with an ac-
ceptable degree of accuracy in order to ensure a safe and economical design. Modelling the soil is difficult me-
thod because soil has very complex nature. Winkler foundation model is the principle of the analysis of the
foundation used in the software to obtain the results of displacement under foundation [14].

The geometry of model of study was raft foundation of (25*60) m used for different regions (Mosul, Baghdad,
and Basrah) in Iraq. The used data in the software which were based on the calculated bearing capacities as
shown in Table 1, and the soil subgrade reaction modulus (Ks).The combination loads (dead and live) were used
according to ACI code [10]. The type of finite element used in the software was shell type where the mesh was
generated automatically.

5. Results and Discussions

SAFE software was used to estimate settlement values. SAFE software analyzed the raft and continuous founda-
tions depending on the subgrade reaction of the soil under the foundation for each site in the three regions. The
results were illustrated in the form of contours as follows:

The displacement under foundation for the average value of bearing capacity in Mosul region is shown in
Figure 3 for both raft and continuous types; the displacement value was 5.2 mm and 6 mm respectively. For the
minimum value of bearing capacity, the displacement under raft and continuous foundation are show in Figure
4. The value of the displacement is 11 mm and 14 mm for raft and continuous types respectively.

Whilst, for Baghdad region, the displacement value distributed under raft and continuous foundations for the
average value of bearing capacity was 8.4 mm and 8.8 mm respectively as shown in Figure 5. For the minimum
bearing capacity value the displacement was 13.5 mm under raft type and 16 mm under continuous type (Figure
6).
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Figure 3. Displacement under raft and continuous foundation for average value of bearing capacity in Mosul region.

Figure 4. Displacement under raft and continuous foundation for minimum value of bearing capacity in Mosul region.
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Figure 6. Displacement under raft and continuous foundation for minimum value of bearing capacity in Baghdad region.

Table 1. Bearing capacity for the three locations.

Subgrade reaction modulus, kN\m® Mosul Baghdad Basrah
Average value 21,240 15,000 10,080
Minimum value 9240 8160 2880

For Basra region, the analysis done for the average and minimum baring capacity values and for the raft and
continuous type are shown in Figure 7 and Figure 8 respectively. The value of the displacement for the average
value under raft type was 10.5 mm and under continuous type was 13 mm. Whilst the displacement for mini-
mum value under raft type was 36 mm and under continuous type was 42 mm.

SAFE software showed that the results for the settlements of soil under the foundation depended only on the
subgrade reaction modules for the soil. The settlement obtained from the software was distributed horizontally.
The behaviour of all soil layers cannot be seen because the software show only the results of top soil layer which
is in contact with the foundation.

The settlement values for Mosul region: The contour for settlement under raft and continuous in Figure 3
shows that the values of the settlement are nearly close to each other for both types of foundations (raft = 5.2
mm; continuous = 6 mm). Both types of foundation can be used in such areas. According to the cost of imple-
mentation where the total volume of raft and continuous foundations were equal to 955 m® and 248 m® respec-
tively. Then the continuous type is relatively more appropriate. The results for the minimum bearing value for
both types of foundations indicated that the values of settlement were 13.5 mm and 15 mm respectively (Figure
4). The contours for raft type showed that most of the settlement values distributed under foundation are 10.5
mm (with minor exceptions where few areas had the value of 13 mm) .While, the contour under the continuous
foundation showed that most of the area had a value of 15 mm. For that, raft type for such area is relatively more
suitable and safe. Figure 9 illustrate settlement values for both types of foundations.

The settlement values for Baghdad region: The contour of settlement (Figure 5) under raft and continuous
foundations for average bearing capacity values in Baghdad region give almost similar values (8.8 mm). For
such areas, continuous type is the best because it is safe and economical. Whilst, the results for settlement under
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Figure 8. Displacement under raft and continuous foundation for minimum value of bearing capacity in Basrah region.
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Figure 9. Settlement values under raft and continuous foundation for Mosul
region.

raft and continuous foundations (Figure 6 and Figure 10) for minimum bearing capacity value showed that
most of the area has values of 11.5 mm (few areas with 13 mm) and16 mm respectively. For such area; the suit-
able type of foundation to be used is raft.

The settlement values for Basra region: The results in Figure 7 show that the settlement under raft founda-
tion in most of the area is equal to 9.5 mm with few areas have 11.5 mm value. But the settlement value for most
areas under continuous foundation is equal to 13 mm. Therefore, for such areas, the suitable type is the raft.
While the results of settlement under both types (raft and continuous) of foundation in Figure 8 and Figure 11
show that for the whole area has values of 36 and 42 mm respectively. The suitable type of foundation to be

used is deep type.
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Figure 11. Settlement values under raft and continuous foundation for Basrah
region.

6. Conclusion

SAFE software was applied on a hypothetical building on three regions in Iraq (Mosul, Baghdad and Basrah at
the northern, central and southern parts of Iraq) to find out the most suitable foundation required in each region.
According to the results, the suitable, safe and economical type of foundation to be used in Mosul, Baghdad and
Basrah regions for the average value of bearing capacity is the continuous type for the first two regions while the
raft type is recommended for Basrah region. In case that the minimum bearing capacity values are used, raft
foundation is recommended for Mosul and Baghdad. While deep foundation is the suitable type of foundation
for Basrah region. These results are satisfying the designer’s requirements because the contour clarifies the dis-
placements and cracking analysis.
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Abstract

Settlement is an important criterion in the design of the foundations. It is classifying into
immediate (or elastic) settlement and consolidated settlement (primary and secondary). The
factors that affect the shallow foundation settlement are the applied loads, soil stiffness, and
width, depth, and shape of foundation. Calculations of settlement depend on the parameters
of soil which can be obtained from field and laboratory tests. Field and laboratory tests
conducted for twenty three sites in three different regions in Iraq (Mosul, Baghdad, and
Basrah). In this research field and laboratory tests results adopted for two sites from each
region depended on the maximum and minimum bearing capacity values. Settlement for each
site was calculated using numerical calculations and PLAXIS software under different added
loads. The results of settlements beneath the foundation were competing for the sites with
maximum value of bearing capacity in Mosul; Baghdad and Basrah. Also, the comparison
conducted for sites of minimum bearing capacity value and the results showed different
settlement values of each site. The change of settlement values under different loads were
linearly in the six sites using numerical calculations. While, the settlement values obtained
from PLAXIS software for sites with maximum bearing capacity value showed that Mosul
site had the highest value due to the type of soil layers and the difference models of soil used
in the software. Basrah site had a settlement value higher than Baghdad site due to the soil
layers of sand type only. PLAXIS results for sites with minimum bearing capacity showed
that for Basrah site the soil collapsed under last two values of load and the settlement value
was very high. While, the settlement values for Mosul and Baghdad sites were close to each
other due to their locations near the Tigris river bank. Therefore, soil in some locations and
under some added loads needed to be improved before the implementation of any
constructions.

Key words: Settlement, foundation, field test, cohesion soil, PLAXIS, consolidation,
overconsoildation soil.

1. Introduction

Settlement is an important criterion in the design of the foundations. Foundation settlement
must be estimated carefully to ensure stability of buildings, towers, bridges, and any high cost
structures. The main reason for the settlement occurrence is the compressive deformation of
the soil. According to [Liu, et al 2008] settlement is classifying as (Figure 1):

! Reconstruction and Projects Department, Minister of Higher Education and Scientific Research, Iraq.



e Immediate (or elastic) settlement: It takes place rapidly after adding loads without
any change in the moisture content and volume.
e Consolidation: This type includes two phases:

1. Primary phase: This phase is a consolidation settlement results from the change
of volume due to water extrusion from soil voids. It occurs in saturated cohesive
soils and the change happens slow and takes place over a long period of time.

2. Secondary phase: This phase is compression settlements which consider as a
plastic adjustment observe in saturated cohesive soils. It is an extra deformation of
soil occurs due to constant add loads.

EZ Time —>

l*| }-7me of Primary Consolidation Setement } « Time "fs:”"d““ —

r Time of Immediate Settlement

Figure 1: Time-Settlement relation (immediate settlement, consolidation, and secondary
compression settlement), [Liu, et al, 2008].

The major factors affect shallow foundation settlements are: applied loads, soil stiffness,
width, depth, and shape of foundation [Bowles, 1996, Shahriar, et al., 2013].

Foundation settlement (immediate, consolidation) are estimated depending on the calculating
stresses in the mass of the soil related to foundation pressure. The settlements and stresses
distribution and their values in soil are calculating with the assumption that soil model is
homogeneous, isotropic, and linearly elastic and playing an important role in the foundations
design [Al-Ramthan, 2012].

Immediate settlement usually estimates according to elastic theory, which assumes that the
soil may behave elastically under stresses at any point in soil mass. There are usually three
types of methods to calculating the elastic settlement [Murthy, 2002, Das, 2015]:

Empirical methods: They are depending on observation settlement of structure and full scale
prototypes. They are depending on correlations of the results from the standard tests in situ
such as the cone penetration test (CPT) and the standard penetration test (SPT). Moreover,
they contain steps improved by Terzaghi and Peck (1948, 1967), Meyerhof (1956, 1965),
DeBeer and Martens (1957), Hough (1969), Peck and Bazaraa (1969), and Burland and
Burbidge (1985) [Das, 2015].



Semi-Empirical methods: They based on the integration of the theoretical studies and the
field observations. The methods contain steps outlined by Schmertmann (1970),
Schmertmann et al. (1978), Briaud (2007), and Akbas and Kulhawy (2009) [Das, 2015].

Theoretical relationship methods: They are relating to the theory of elasticity. The settlement
calculations depend on the modulus of elasticity (Es) [Das, 2015].

The consolidated settlement is estimating from the consolidation test (Triaxial or oedometer).
These tests are the way of estimating the magnitude and time of consolidation to obtain
settlement for normally consolidated and overconsolidated cohesive soils [Liu, et al, 2008,
Smith, et al, 1998].

The objective of this paper is evaluating shallow foundation settlement under different added
loads in the three regions of Iraq (Mosul northern, Baghdad central, and Basrah southern
parts). The evaluations were conducted using numerical calculations and finite elements
(PLAXIS 2D) models. The work was conducted by collecting samples from different sites in
the three regions of Iraq. And evaluate the behaviour of soil layers under the different added
loads.

2. Study area
The study area located in Mosul northern, Baghdad central, and Basrah southern parts of Iraq
(Figure 2) due to the variation in geology and soil formation [Jassim, et al, 20006].

o Mosul region situated in the northern part of Iraq. It is occupying part of the foothill zone
and north part in Al-Jazira zone (Figure 2). Most of Mosul areas are covering by clay
soil, which is moderately to highly expansive type. On the Tigris River banks deposits of
soil consist of clay, silt and sand as a result of repeated flooding. The western part of
Mosul region contained soil of gypsum, limestone and sandstone types. The ground
water table depth in Mosul region is about 20m but in some places it is about 3m depth
[Jassim and Goff, 2006, Al-Taie, et al, 2015].

e Baghdad region is the capital of Iraq, situated in the upper of the Mesopotamian plain
(Figure 2). Quaternary sediments cover the area; these sediments are accumulating as
result of the recurrence of the two rivers floods. Soils of Baghdad are of silty clay; silty
clay loam and silt loam and have low salinity. Soils are of fine sandy and silty type along
the streams. The depth of ground water in Baghdad region is between 1.2 to 8 m [A],
2012, Al-Taie, et al., 2014].

e Basrah region situated in the lower part of Mesopotamian plain southern of Iraq. The
sediments of this plain are related to the Quaternary period. Multi-sources of sediments
have been classified as fluvial, deltaic and marine. These sediments are of economic value
because they used in constructions. Most of the sediments of fluvial type and composed
of sand, silt and clay. They are the source of gravels, sands and clays. Tigris and
Euphrates Rivers were the main sources of these sediments and they contain carbonates
and gypsum grains. The ground water table in Basrah region is less than 1m to less than
Sm [Al-Baidhany, et al, 2005; Almutury, et al, 2008].
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Figure 2: Map of the locations of the study area in Iragq.

3. Methodology

3.1 Soil investigations: Samples were taking from the three regions of Iraq (Mosul, Baghdad,
and Basrah). Boreholes drilled to different depth ranges between 3m to 24 m depend on depth
of dense material, to obtained disturbed and undisturbed samples from all sites. Table 1 show
the number, the depth and the location for each sample from six sites were selected and had
been used in this research.

Table 1: Location, number and depth of samples in the three re

gions.

Region Location No. of samples Depth (m)
Mosul Al-Hamedat 3 1,2,3
Al-Rashidia 3 1,2,4
Baghdad | Al-Karada 4 2,4,8,13
Al-Jadrea 4 2,4,8,13
Basrah Al-Rumaila 3 1,5, 10
Al-Hartha 4 2,6,13,24

3.2 Laboratory tests: Different types of tests conducted for these samples to define the soil
classification and mechanical properties. The tests are: physical test, index properties
(Atterberg limits and grain size), shear strength test (direct shear and unconfined
compression), and consolidation test.
Two sites selected from each region (Mosul, Baghdad, and Basrah) depended on the bearing
capacity value (maximum and minimum) obtained from the field and laboratory tests [A4/-

Taie, et al, 2014].



3.3 Computations of settlements: Computations of soil settlement under different added
loads for the three regions of Iraq conducted and explained in the following sections:

3.3.1 Numerical calculations: The analytical calculations were conducted based on the
oedometer tests for cohesion soil layers. While, for cohesionless soil layers the immediate
settlement calculations were conducted based on the SPT field tests:

A. The calculations of consolidated settlement are depending on a plot of the void ratio (e)
against (log scale) effective pressure (¢’), which is obtaining from oedometer test [Das,
2010; Murthy, 2002]. The results of these tests are shown in figures (3-5).
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Figure 3: Plot of void ratio (e) vs. effective pressure (¢”) for Mosul sites.
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Figure 4: Plot of void ratio (e) vs. effective pressure (¢’) for Baghdad sites.
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Figure 5: Plot of void ratio (e) vs. effective pressure (¢’) for Basrah sites.

From curves shown in figures 3, 4 and 5: the compression index C,, swelling index Cs, and
void ratio e values were obtaining. Boussinesq equation used to determine the effective stress
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at the corner of rectangular foundation A¢’ (KPa) for the different layers of soil mass of 75m
depth. The following equation used to calculate the normal consolidated cohesion soil [Liu, et
al, 2008]:

(o o, + Ac’

S.= H LoG | — ] e oo e e e et e e et et e et e e e e e e e e en e e e e L

1+e, o,
Where: S; = consolidated settlement (mm).

H = thickness of soil layer (m).
For overconsolidated cohesion soil the following equations used [Liu, et. al, 2008]:

Cs (a{,+Aa') ' , ,
= <

S 1+e,,H log o) Joro,+A0" < Op i 2

C,H o, C.H o, + Ad’
S, = log— l o +Ad' > 0p i3

<= 1re, 0g61,+1+e,, o o for o, + Ao A

B. The immediate or elastic settlement for cohesionless soil layers carried out using the
following formula which depends on Standard Penetration Test (SPT). This test was
performed in the fields. The calculations assumed that the foundation is flexible [Bowles,
1996, Akpila, 2014, Brahma, et al,2010 ]:
0y 1o

e — qOBE—sIS R 3

Where: S, = immediate settlement for flexible foundation (mm).

p = Poisson’s ratio.

I = influence factor.

B = width of foundation (m).

g, = applied pressure (kPa).

Es = Young’s Modulus of Elasticity (kPa).
The immediate settlement of a rigid foundation estimated according to the following formula
[Bowles, 1996]:

The Young’s modulus of elasticity of soil obtained from the following equation [Bowles,
1996]:

Eg = 500(N + 15) ... ces oo et e et ees e oot ees e oot eee e eee eee e oot eee e oot eee e eee eee e e 10 ©

Where: N = the value of blows of SPT test.
The influence factor calculated from the following formula:

1-2




1.3.2.

Where: I, = % =m, and I, = g =n and m, n can be estimated from tables [Bowles,

1996).

Poisson ratio of soil (p) calculated according to the following relation [Akpila, 2014]:
1-sin®

R :
k=2 " sing

All the calculations were done for the six sites under different loads of values 56; 63.5; 68; 75
and 93 kPa. Theses loads present the dead and live load for buildings with two, three and four
stories, respectively.

PLAXIS modelling: The finite element method is the most used method for analysis in
engineering works. PLAXIS 2D software is a finite element tool which is used for
geotechnical works. In view of the fact that soil is a material which behaves differently under
loading, unloading and reloading [Bajad, et al, 2012; Ahmed, et al, 2014]. PLAXIS 2D
software used in this research to simulate the soil behaviour under raft foundation for
different sites and loads. The finite element soil geometry model adopted for the analysis of
raft foundation of (25*60) m, and the added loads (dead and live loads) used were 56; 63.5;
68; 75 and 93 kPa. The same foundation and loads used in the six sites in the three Iraqi
regions (Mosul, Baghdad and Basrah) with different soil conditions. Depending on the results
obtained from oedometer and SPT tests for each region the analysis was performed. The
models for soils used in the software were Harding soil (HS) for the cohesion soil and Mohr-
Coulomb (MC) model for cohesionless soil. The parameters that were used for the soil in the
software for each site were obtained from the field and laboratory tests as shown in table 2.
After the creation of the geometry of the two-dimensional (2D) model the mesh were
generated automatically [material models, 2012].

Table 2: Soil parameters used for the two models at different locations.

Mosul Region Baghdad Region Basrah Region
Soil
parameters
Hamedat Rashidia Karada Jadrea Rumaila Hartha

Material HS HS & MC | HS & MC | HS & MC | MC HS & MC
model

Unsaturated 15, 18.7, 18.6,
weight (Punsat), 19 19,20 | 2021,19 18 20 19,

KN/m’ 19

Saturated 17.55, 23,
weight  (ysay), 20 23,24 | 20,21,19 19,20 18.7, 23.4,
kN/m’ 19.66 25
Compression 0.126 0.21 0.0156 0.108 - 0.191,
index (C.) 0.109 0.224
Swelling index | 0.019 0.022 0.054 0.0067 - 0.029,
(Cy) 0.027 0.027
Initial void | 0.650 0.647 0.647 0.741 - 0.8,
ratio (e) 0.455 0.93
Modulus of -
elasticity (E), 32500 32166.7 32500 26833 32500
kN/m’ 32500
Passion’s ratio - 0.35 0.35 0.37 0.31, 0.28, 0.36
(W 0.26




Cohesion (C), 40 0 185.3 38 4,2,0 12
kN/m’

Friction angle

(9°) 20 28 - - 33, 38, 41 26
Dilatancy - - - - 3,811 0
angle (y°)

4. Results and Discussions

Estimation of settlement under foundation for different loads conducted using numerical
calculations and PLAXIS software. The equation used in the numerical calculation was the
Boussinesq equation for the purpose of the calculated settlement in each layer of soil.
Equations 1, 2 and 3 used to calculate the consolidation settlements for cohesion soil layers.
The immediate settlement was calculated using equations 4, 5, 6, 7 and 8 for cohesionless soil
layers. The Hardening Soil (HS) model was used in PLAXIS for cohesion soil layers. And
Mohr-Coulomb (MC) model was used for the cohesionless soil layers. All the results were
obtained from the two methods as following:

4.1. Numerical Results: The results obtained from numerical calculations were
performed by dividing mass of soil into layers. The data depended on the field and laboratory
tests and the groundwater level was taking into consideration through the calculations of g,
for each layer. The numerical calculations conducted for the mass of soil with 75m depth in
all sites. The results based on the field and laboratory tests. The settlement values obtained
from numerical calculations showed the increases linearly and related to the bearing capacity
value of each site. The results of the calculated settlement for the six sites were shown in
Figures 6 and 7. The results shown in Figure 6 for the sites with maximum bearing capacity
value, the settlement values for Al-Rumaila (Basrah) were less than the other two sites due to
the soil type of sand. While, for Al-Hamedat (Mosul) the values of settlement were high due
to the soil type of clay with high compressibility.
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Figure 6: Settlement obtained from Numerical calculations for sites with maximum
bearing capacity value for the three regions.
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Figure 7: Settlement obtained from Numerical calculations for sites with minimum
bearing capacity values for the three regions.

The results shown in Figure7 were for the sites with minimum bearing capacity value. For
Al-Hartha site (Basrah) had the high settlement values due to the loose layer of soil (soft
sandy silt to medium silty sand). While for the two sites Al-Rashidia and Al-Jadrea (Mosul
and Baghdad, respectively) the settlement values were close to each other due to the both
sites were sited on the bank of Tigris River.

4.2. PLAXIS results: The same soil properties and type of foundation used in the
numerical calculations also used for PLAXIS model. The data used in the programme shown
in table 2. The settlement calculations conducted for different types of soil layers in the
different sites under the raft foundation. PLAXIS software used to obtain the values of
settlement in each site under different added loads (56; 63.5; 68; 75 and 93) kPa.

Figure 8 shows results obtained from PLAXIS software for Al-Hamedat and Al-Rashidia
sites of Mosul region. The settlement values for Al-Hamedat with maximum bearing capacity
were less than settlement values for Al-Rashidia with minimum bearing capacity but the last
value of settlement changed not linearly at Al-Hamedat. For Al-Rashidia the settlement value
was linearly change.
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Figure 8: Settlement values for Al-Hamedat and Al-Rashidia sites in Mosul region.
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Figure 9 illustrated the results extracted from PLAXIS software for Al-Krada and Al-Jadrea
sites in Baghdad region. The settlement values for Al-Krada were less due to the high value

of bearing capacity. An Al-Jadrea site had high settlement values due the low value of
bearing capacity.
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Figure 9: Settlement values for Al-Karada and Al-Jadrea sites in Baghdad region.

Whilst, the results obtained from PLAXIS software for Basrah region (Al-Rumaila and Al-
Hartha) illustrated in figure10. The settlement values for Al-Rumaila site increased linearly
with low values due to the type of soil layers of sand only and the high bearing capacity
value. The settlement values for Al-Hartha site showed very high values and the last two
points showed that the soil give high settlement values under the heavy loads. The reason for
that is the loose of soil layers and low value of bearing capacity.
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Figure 10: Settlement values for Al-Rumaila and Al-Hartha site in Basra region.

All the sites in the three regions were consisting of soil layers of cohesion and cohesionless
type except two sites. Al-Hamedat (Mosul region) which was completely consisting of
cohesion soil (brown clay) and Al-Rumaila (Basrah region) was completely consisting of
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cohesionless soil (sand). Also, the differences in layers of the soil obtained various
behaviours under the added loads.

The results obtained from the PLAXIS software were depended on the elastic- plastic
behaviour of the soil layers under different added loads. The level of groundwater was stated
in the model of each site. Soil parameters which obtained from the experimental tests (field
and laboratory) used in the software. The settlement values were affected according to the
water content and grain size of the soil that is change depending on the geology and climatic
of the locations. The models of soil used in the software were: Hardening soil (HS) and Mohr
Coulomb (MC). HS model depends on the stiffness parameter of the soil obtained from the
oedometer tests. MC model depends mainly on the elastic parameters are the Modulus of
elasticity and the Poison’s ratio of the soil. The results presented in Figures 8 show
differences in the settlement for the both sites in Mosul region under different added loads
due to the different types of soil layers (clay, silty clay and sand). Figure 9 the results were
parallel to each other related to the similarity of soil layers types (silty clay, silty sand, sandy
silt and sand). For Basrah sites the results shown in Figure 10 were different also due to the
soil layers types which is for the lower line the soil type was only sand. The other site was
containing silty clay, silty sand and sand of loose soil layers and they collapsed under heavy
loads.

Figures 11 and 12 showed the comparison between the settlement values obtained from
PLAXIS software for the different sites in the three regions. The comparison show that the
values of settlements in figure 11 for Mosul site is the highest value due to the soil layers of
clay type with high compressibility. Whilst, Basrah site has a settlement value higher than
Baghdad site due to the soil layers of sand type only.
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Figure 11: The comparison for PLAXIS results for the maximum bearing capacity
values in the three regions.

Figure 12 showed the compressibility of soil for Mosul and Baghdad sites are very close to
each other due to their position near the bank of Tigris River. For Basrah site the
compressibility of soil very high and the soil has high settlement value under the last two
values of loads due to the loose soil layers of low bearing capacity.
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Figure 12: The comparison for PLAXIS results for the min. bearing capacity values
in the three regions.

The results obtained from PLAXIS for the Mosul region for the second site was less than the
first site for different reasons. That caused by the difference of the soil layers types and the
soil models used for the first site which was HS. While for the second site, both HS and MC
models were used. Figure 13 show the behaviour of HS, MC models in comparison with the
real response of soil. The curves show that the behaviour of MC model is linear; while the
HS model behaves non-linearly which is nearly similar to the behaviour of the real soil
[Ehsan, 2013].

For Baghdad region, results were convergence because the soil types are nearly the same
(silty clay and sand). In addition, the results obtained from PLAXIS software were nearly
close values because of the convergence in soil types and the models used (HS and MC) for
the two sites. While, the results obtained from PLAXIS software for the first site of Basrah
region were low values due to the sand soil layers. The settlement values for the second site
were very high due to the loose of the soil layers.
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Figure 13: HS, MC and reail soil response comparsions [Ehsan, 2013].
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5. Conclusions

Numerical and finite element (PLAXIS) methods are means depending on the field and the
laboratory tests. They used to estimate the settlement values beneath foundation for different
added loads. The results obtained from the numerical calculations for the six sites in the three
regions and under different loads were increases linearly. The difference of settlement values
were depending on the soil layers types and the level of the ground water also the bearing
capacity values. PLAXIS models were an approximation of the reality. The results obtained
from PLAXIS software showed the approximate real behaviour for the soil under different
loads. The software was using soil parameters of stiffness and strength, depending on the
elastic theory and clarifies the elastic- plastic behaviour of the soil layers. PLAXIS results
were explaining that soil in some sites of the three regions needed to be improved before
implementation of any buildings. Finally, for the numerical calculations the changes of
settlement values under different loads were linearly in the six sites but not show the realistic
behaviour of the soil. Whilst, PLAXIS software results of settlement values under different
loads were not linearly for some sites depending on the layers type and compressibility of soil
and ground water level. Also, it shows almost the realistic behaviour of the soil under load.
PLAXIS software is a good tool must be used to explain the deformation and soil behaviour
under different loads.
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Abstract

Sustainable design, green architecture and sustainable construction are new methods for design
and construction that are employed for environmental and economic challenges. Clay and bricks
proved as sustainable building materials. In this paper, crush brick in the concrete mixture in-
stead of normal coarse aggregate will be used. STAAD Prov8i software was applied for the de-
signed of a hypothetical building in different sites of the three locations in Iraq (Mosul at the north,
Baghdad at the center and Basrah at the south). The input model data used in the software were
depending on the field and laboratory tests done for twenty three sites in the three locations of
Iraq. Concrete properties values were used in the software for concrete mixture with crushed
bricks. The results values of base pressure obtained from the software were low for the three lo-
cations. The maximum values of base pressure under the foundation for both the average and the
minimum bearing capacity values for Mosul region for the normal strength concrete and air-en-
trained were (94, 84) kPa and (91, 82) kPa respectively, for Baghdad region were (89, 82) kPa and
(86, 81) kPa respectively. Finally, for Basrah, the results for the base pressure were (84, 77) kPa
and (82, 76) kPa, respectively. The results values of the base pressure were less for all locations
compared with the base pressure values obtained from a previous work for the same locations.
The use of crushed brick as aggregate in the concrete mixture is economical due to its availability
as local material and it is durable materials with low weight.

Keywords
Crush Brick, Sustainable Material, Base Pressure, STAAD Prov8i Software, Mud

1. Introduction

Sustainable design, green architecture and sustainable construction are new methods for design and construction
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used for environmental and economic challenges (Figure 1). The new buildings are designed and implemented
using methods and techniques that contribute to reduction of the impact on the environment and at the same time
lead to lower costs and, in particular, cost of operation and maintenance. In the twentieth century, Iraqi con-
structions started to be influenced by modern trends in planning and architecture. They formed the modern en-
vironment but are not characterized by sustainability, due to the mismatch between the goals of urban and the
natural reality. Urban growths ignored the various environmental and humanitarian factors when planning new
buildings. One of the most sustainable city planning standards must be environmental compatibility and taking
into account the technology and renewable energy resources. This has to be the goal in the new urban communi-
ties in Arab cities, especially in the desert areas [1]. Many sustainable materials can be used in new cities such
as brick, recycling of waste materials, steel structural framing, glass and cladding, etc.

Iraqis from ancient eras used mud in their building and architecture because Mesopotamian soil is muddy and
fertile. They used it in different methodologies according to the natureand the function of the building. They
used it either in its pure form or by mixing it with other materials such as straw. Also they used it as raw bricks
in different ways either for the whole building or parts of it and for the finishing parts such as roofing for in-
stancebable [2].

Now a day, concrete becomes the most widely used construction material. Concrete is a mixture of cement,
aggregates (coarse such as stone and fine such as sand) and water. Many researchers studied the effect of re-
placing natural coarse aggregate by crushed clay bricks on the properties of concrete. Abib, et al. [3] has worked
on replacing a portion of cement in concrete by clay fired at a temperature of 800°C to 900°C. A waste of
crushed bricks of 5% has been added to help not only to improve the tensile and the compression, but also to
support a better rheological behavior in terms of fluidity and stability, with a low heat of hydration.

Dey, et al. [4] worked was due to the leakage in coarse aggregates in some parts of India for which only stone
aggregate were used, as a result, the cost of construction raised up. Researchers worked to check the feasibility
of using brick aggregates made from locally material mixed with standard concrete (M25 to M55). The major
problem faced the researcher was the high water absorption (12% to 20% by mass) of brick aggregates. An ex-
perimental work had been made to suggest a realistic solution. Various strength parameters, fire resistance and
workability of brick aggregates concrete were checked. The results showed that concrete could be mixed with
crushed brick aggregates. The concrete have heat resistance up to 6000°C.

Bhanbhro, et al. [5] studied and evaluated the basic properties of concrete derived from local recycled bricks
from Nawabshah city, Pakistan. The results obtained reduced the density up to 16% as compared to regular con-
crete. Concrete compressive strength obtained using recycled aggregates was 23.2%, 34% and 37% less com-
pared with concrete using regular aggregates for 7, 14 and 28 days of curing period respectively.

Kallak [6] studied the feasibility of used crushed bricks instead of the coarse aggregate (gravel) in concrete.
The results obtained from the use of the crushed bricks reduced the strength of concrete. Moreover, the percen-
tage of water to cement ratio increased as well.

Rekha [7] checked the suitability of using low grade recycled aggregates for concrete production. The expe-
riments were performed to find out the effects of high temperatures on the properties of a standard recycled
brick aggregates (concrete mix with 25% of crushed clay bricks as a coarse aggregate) and granite aggregate.
The two type of aggregates used in the concrete mixture were subjected to temperatures ranging from 100°C to
at an interval of 1000°C for three hours. The results gave that the concrete mixed with crushed clay bricks per-
formed better than concrete mixed with granite aggregate.

Social

Figure 1. Sustainability plan.



E. Al-Taie et al.

This paper will presented the effect of using crush brick in the concrete mixture as coarse aggregate on the
stresses of the foundation on the soil. Design and analysis for a hypothetical building of two stories built using
concrete mixed with crush brick was used and analyzed using STAAD Prov8i software. The design and the
analysis of the building obtained for three locations at Mosul, Baghdad and Basrah at the northern, centeral and
southern parts of Iraq. Compressive strength and density of concrete used in the software depending on the re-
sults obtained by [8].

2. Methodology
2.1. STAAD Prov8i Modelling

STAAD. Prov8i is integrated and comprehensive finite element analysis and design software. It is used as a tool
for achieving the analysis and design of wide variety types of structures. Three basic activities are to be carried
out to achieve the goal. These are: model generation; the calculations to obtain the analytical results and finally,
result inquest is to be all facilitated by tools contained in the graphical environment of the software [9]. It is
originally developed in Yorba Linda, CA by research engineers international. The software supports several
steel, concrete and timber design codes. It can make use of various forms of analysis and use also various forms
of dynamic analysis [10]. Moreover, the software is supporting standards of several countries. The procedure of
using the software includes modeling the structure, applying properties, specifications, loads and load combina-
tions. Also, it is an effective tool for the three dimensional model analysis and multi-material designs [11].
STAAD. Pro features are a powerful analysis and design engines, visualization tools, user friendly interface,
provides an efficient, fast, easy to use and accurate platform for analyzing and designing structures. Various
Loads can be used in the software such as Dead load, Live load, Earthquake loads and their suitable combina-
tions [12]. In this work, a hypothetical building of two stories with raft foundation of 25 x 60 m dimensions was
designed and analyzed. The dead and live loads used were 53.5 KN/m® and 8 KN/m? respectively for the three
locations (Mosul, Baghdad and Basrah). The design was according to ACI code [13].

Material properties used in the software depended on the tests conducted for concrete mixture using crushed
new clay brick as coarse aggregate [8]. Materials used were: ordinary Portland cement (BSI2000a, b; ASTM
1994), fine aggregate, four types of clay bricks and granite. The experimental procedure was designed for con-
crete mixtures for each of the four new brick aggregates and the granite aggregate. The crushed bricks had been
submerged in a bucket of water for a period of 30 min. The aggregate was towelled dried to remove any excess
water on the surface of the crush brick [8]. The crushed new brick absorption had values between 6.2% and 12.4%
by weight in relation to the material in its dry state. The experiments were performed for five phases to study if
the new crushed brick aggregate could be used as a coarse aggregate to produce concrete of a higher strength,
normal strength, air-entrained, with varying water/cement ratios, increased workability, concrete without pre-
wetting aggregate, and admixtures [8]. The results obtained from all the mixtures phases were for the concrete
density of 28 days. Also, Concrete compressive strength obtained for 7, 14, 28 days for all phases. Moreover,
the results were obtained for concretes produced with granite as a coarse aggregate. The compressive strength of
the new bricks before crushed down into a coarse aggregate, were measured for comparison with the compres-
sive strength of the concrete made with such bricks as aggregates [8]. In this paper the magnitudes of compres-
sive strength and density of concrete for 28 days were used in the software.

2.2. Study Area

Three locations were chosen for the work: Mosul, Baghdad and Basrah (Figure 2). These locations have differ-
ent geological nature.

2.2.1. Mosul Region

This region cover part of the foothill zone and the north part of Al-Jezira desert (Figure 2). The region is cha-
racterized by its anticlines. Clay soil is covering most of Mosul area and most of the clay is of moderately to
highly expansive potentials. Recent sediments include sand; mud and gravel are deposited by Tigris River in ad-
dition to deposits of clay soil resulting from weathering processes. As a result of repeated flooding of the Tigris
River, deposits consist of clay, silt and sand. Most of soil of the western part of this region (which is part of Je-
zira zone) is undisturbed Miocene and Pliocene limestone, sandstone, and gypsum [14]-[16].
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2.2.2. Baghdad Region

It is located in the central part of Iraq in the upper Mesopotamian zone (Figure 2). The land of this region is
used extensively since the dawn of civilization till now because of the high population density. The old inhabi-
tants were depending mainly on the agricultural practices. These practices affected the formations of soil having
different sequential layers from place to another over the years. Quaternary flood plain sediments cover the area.
These deposits are brought by the Tigris and Euphrates rivers. The main component of soil is silt with some clay
and sand [17] [18].

2.2.3. Basrah Region

It is located in the southern part of Iraq in the low parts of Mesopotamian plain. The surface of the region is flat
and covered by Quaternary fluvial deposits of the Tigris and Euphrates rivers and marsh/lacustrine sediments of
southern part of the region. In some area of Basrah region, such as Al-Fao, it is covered with 5 m thick of highly
expansive clay [19] [20].

3. Calculations

The design and analysis of a hypothetical building was prepared using STAAD Prov8i software for the average
and minimum bearing capacity for the three regions (Mosul, Baghdad and Basrah) of Iraq. The results of com-
pressive strength ( f) of normal concrete and air-entrained concrete were 37.6 and 52.5 N/mm? respectively.
While, the density of the normal concrete and air-entrained concrete the concrete were 21.58 and 21.25 kg/m’
respectively using crush bricks as aggregates in the mixture [8].

The relationship between elastic modulus of concrete and compressive strength was defined as in the ACI
code (ACI-318) as follows [21]:

E, =4734f . (@)

The results of calculating modules of elasticity of concrete (E,) are given in Table 1:

Table 1. Results of modules of elasticity of concrete.

Compressive strength 02f Modules of elasticity . Compressive strength of ) Modules of elasticity
normal concrete (N/mm?) W eTETEE air-entrained concrete (N/mm®) of concrete
7 Ec i Ec
37.6 2,902 2.125 29179

. SAUDI
/" ARABIA

Studied locations

Figure 2. Study areas locations on Iraq Map.
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The values of the density of concrete and the values of modules of elasticity for both normal strength and
air-entrained concrete (from Table 1) were used in STAAD Pro software. These values applied for the three lo-
cations (Mosul, Baghdad and Basrah) of Iraq.

4., Results and Discussion

The input model data used in the software were depending on the field and laboratory tests done for twenty three
sites in the three locations (Mosul, Baghdad and Basrah).

The concrete properties used in software were those obtained by Khalaf (2006). The values of density and
modules of elasticity (£.) for concrete were used for both normal strength and air-entrained concrete in STAAD
Pro software. The analysis was carried out for the three regions (Mosul, Baghdad and Basrah) in Iraq and for the
average and minimum values of bearing capacity for each region. Figures 3-5 and Figure 6 show the results of
base pressure under foundation for Mosul locations as an example.

The results for the values of base pressure under foundation for the three locations and for the two types
(normal strength and air-entrained) of concrete were lower than that when using standard concrete. This is due
to the low density of the concrete mixed with the crush brick for the two types. The density of the standard con-
crete (according to ACI code) is 2400 kg/m’. Whilst, the density of concrete used in the software according to
ACI code was 235,616 kg/m” when using crush brick the concrete density is 8% - 13% less [8]. The base pres-
sure under the foundation in Figures 3-6 are tabulated in Table 2 for the three locations of Iraq.

Comparing these results of the base pressure for the three locations with previous work done by [13] using
standard concrete, the base pressure values obtained in the previous work [13] were higher than the values ob-
tained in this work as shown in Table 3. This is due to the fact that the density of the concrete mixed with crush
brick is lower than that in the case of standard concrete. This type of concrete can be useful to be used in choos-
ing the foundation type when there is problem in the soil of the site. It will also reduce the costs of the construc-
tions due to availability of the brick as a local material.

Table 2. Base pressure values for new mixing concrete for the three locations.

Locations Base pressure value for Base pressure value for
normal strength (kPa) air-entrained (kPa)
Average bearing capacity 80 78
Mosul
Minimum bearing capacity 77 76
Average bearing capacity 82 77
Baghdad
Minimum bearing capacity 79 75
Average bearing capacity 82 77
Basrah
Minimum bearing capacity 77 76

Table 3. Comparison between using standard concrete and new concrete.

Maximum base pressure ~ Maximum base pressure Maximum base
Locations value for standard value for normal pressure value for
concrete (kPa) strength (kPa) air-entrained (kPa)
Average bearing capacity 102 94 91
Mosul
Minimum bearing capacity 89 84 82
Average bearing capacity 96 89 86
Baghdad
Minimum bearing capacity 88 82 81
Average bearing capacity 90 84 82
Basrah
Minimum bearing capacity 80 77 76
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Base Pressure
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Figure 3. Base pressure distribution using concrete with crush brick as aggregates for air-entrained for Mosul (average
value).
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Figure 4. Base pressure distribution using concrete with crush brick as aggregates for air-entrained for Mosul (minimum
value).
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Figure 5. Base pressure distribution using concrete with crush brick as aggregates for normal strength for Mosul (average

value).
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Figure 6. Base pressure distribution using concrete with crush brick as aggregates for normal strength for Mosul (minimum
value).

5. Conclusions

Brick is a local sustainable material because clay has been proved as sustainable building materials. The use of
crush brick as aggregate in concrete mixture gives lower concrete density relative to the standard concrete. This
result is reflected on the stresses (dead loads) of the building on the soil beneath the foundation. Moreover, the
size and type of foundation can be reduced and changed, which reduces the costs of buildings.

STAAD Prov8i software used to design and analysis a hypothetical building in the three regions of Iraq (Mo-
sul, Baghdad and Basrah). The results showed that the base pressure under the foundation was less compared
with the previous work for all locations using standard concrete. Use of crush brick is economical due to it is
availability as local material, durability and low prices.
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