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Abstract

This study aims to evaluate some physical and mechanical properties of soil
samples collected from the campus site of the College of Science, University of
Diyala, Irag. All laboratory tests were performed according to ASTM standards. The
test results showed that the range of water content w was (13.89%-16.34%) and the
specific gravity range was (2.58-2.77). Atterberg limits tests showed that the range
of Liquid Limit LL, Plastic Limit PL, Plasticity Index Pl were (26.20-35.20%),
(18.63-23.24%), and (7.57-12.42), respectively. Liquidity Index LI values were
ranged from 0.002 to 0.560, while Consistency Index CI values were ranged from
0.271 to 0.998 indicating a plastic state. The average optimum water content (OWC)
and maximum dry density (MDD) obtained from the Standard Proctor Compaction
test were 10.36% and 1.79g/cm?®, respectively. Shear test results revealed that the
cohesion strength range was (5-10) KN/m? and the angle of internal friction range
was (25-30°). The compression index derived from the consolidation test was ranged
from 0.03 to 0.25, and the calculated values of void ratio (0.94-1.04) and porosity
(0.48-0.51) are within the range of clay soils. According to the test results, the soil in
the study area is classified as fine-grained soil type CL (i.e. inorganic clay soil of
low to medium plasticity) based on USCS classification. The obtained OWC and
MDD values from the compaction test can be used as criteria to control future filed
compaction practice at the site. The calculated angle of internal friction values is
within the range of CL soil. However, the cohesion strength is relatively low due to
the high water content, as cohesion of clay soil is affected by water content and fine-
grained content. The compression index values reflect the high compressibility of
clay soil due to the high fine gained content, which is directly related to the
settlement. Therefore, it is suggested to improve soil strength by increasing soil
relative compaction not less than 95% to lower its compressibility and subsequent
settlement, and increase its load bearing capacity. Finally, geotechnical parameters
presented in the current study are discussed and compared well with previous
studies. These parameters are helpful for future engineering works scheduled at the
campus site of the College of Science, University of Diyala, Iraq.
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1. Introduction
Engineering site investigation provides a critical geotechnical assessment for soils at proposed
construction sites. Geotechnical assessment of soil is required to evaluate soil condition and
assess its suitability for safe and economic engineering structures [1].
A number of studies have been presented to evaluate the geotechnical properties of soils of
different parts of Iraqi regions in the literature. For example, Al-Naimi (1996) assessed the
shear stress and consistency parameters variations of the soil of Baghdad city [2]. Al-Jabban
(2014) evaluated the soil properties of Hilla City based on laboratory tests of borehole
samples and data from previous laboratory and field studies in the area [3]. Hussein (2016)
presented a geotechnical assessment for soil samples taken from different locations in Wasit
Governorate [4]. Alzubaydi et al. (2016) evaluated the geotechnical properties of soil in the
middle sector of the Al-Massab Al-Aam channel [5]. Al-Baghdadi (2016) presented
geotechnical maps for An-Najaf city to determine soil properties variations [6]. Rasheed et al.
(2016) evaluated some shallow geotechnical properties of soil by testing stations distributed
in the Koya district [7]. Al-Siaede (2019) introduced a new topographical and geotechnical
approach developed to calculate the silt volume in Dwerige weir south-east of Missan,
southern Iraq [8]. Sayhood and Rashid (2020) evaluated some geotechnical properties of soils
samples collected from Euphrates river banks in the cities of Kufa and Mishkhab, middle of
Irag [9]. Al-abboodi et al. (2020) presented a geotechnical evaluation of borehole data

distributed over a wide area of Basrah city, southern Irag [10]. Finally, Al-Talib et al. (2021)
used the geotechnical properties of rock samples collected from the Gercus Formation to
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investigate the impact of erosion and rock Sliding on the Duhok dam reservoir, northern Iraq
[11].

Moreover, several studies have dealt with the geotechnical assessment of the subsurface soils
of the Diyala Governorate. In this regard, Al-Ani (2001) [12] prepared primary geotechnical
maps for selected areas from Diyala Governorate based on the evaluation of soil investigation
reports prepared by the National Center for Construction Laboratories (NCCL) and the results
of boreholes drilled in Baqubah City. The study showed that most middle and western parts of
Diyala Governorate consist of fine-grained soil that varies widely in geotechnical
characteristics. Similarly, Alshakarchi and Turkie (2011) [13] constructed geotechnical maps
for Diyala and Baghdad, Wasit and Babylon governorates by collecting and analyzing data for
some physical and mechanical properties of soils. The authors have noticed wide variations in
soil characteristics due to their formation and origin from recent deposits. They found that the
soil in Diyala can be considered fine-grained soil according to USCS. Abdullah and Awad
(2017) [14] assessed the geotechnical properties of five soil samples collected from selected
locations in the Alghlabia area, western Baqubah city. According to USCS and Skempton’s
classification, the soil was classified as (CL-ML, CL) with low plasticity, and based on the
geotechnical test results. The authors concluded that the soil in the area is suitable for
engineering construction works.

Recently, an extensive campaign of building new educational facilities has been taken place at
the University of Diyala. Therefore, geotechnical assessment of soils is vital to characterize
the soil condition and improve the quality control specification of the engineering works.
Thus, the work presented in this study aims at evaluating of some physical and engineering
properties of soil samples collected from the campus site of the College of Science,
University of Diyala, Irag.

2. Study Area Location and Soil Sampling

The study area is located in Diyala Governorate at the campus site of the College of Science,
University of Diyala, Baguba city, 60 km northeast of Baghdad. The study area is relatively
flat with a ground elevation of 43m and watertable 1.9m, and according to the geotechnical
borehole Figure 1 drilled about 1km south of the studied area is composed of up t013.0m
depth of light to dark brown clayey soil. Based on USCS, the soil is generally classified as
low plasticity clay (CL) [15]. Locations of soil samples were distributed in a small area
proposed to construct new educational buildings. All samples were secured properly using
sealed plastic bags for laboratory analysis. Figure 2 shows a location map of soil samples in
the study area.
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Figure 1-Geotechnical bbring log in the study area
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Figure 2-Location map of soil samples
3. Laboratory Tests
Laboratory tests were performed in this study by the authors according to ASTM standards
summarized in Table 1.
Table 1- List of the conducted laboratory tests and testing standards

Laboratory Tests Testing Standard
Physical Tests
Water Content ASTM D-2216-05
Specific Gravity ASTM D-854-05
Liquid Limit ASTM D-4318-05
Plastic Limit ASTM D-4318-05
Engineering Tests
Compaction Test ASTM D-698-07
Direct Shear Test ASTM D-3080-04
One Dimensional Consolidation Test ASTM D-2435-04

3.1 Water Content

The water content of the soil is an important indicator to describe its behavior and consistency
characteristics, particularly for fine grained soil [16]. To determine the water content of the
soil, the Oven drying method is used [17].

3.2 Specific Gravity

Determination of the specific gravity of the soil is fundamental to determine the phase
relationship of air, water, and solids for a given volume of soil. The pycnometer method [18]
was implemented to calculate the specific gravity of soil samples. It determines the specific
gravity of soil as the ratio of the mass of a unit volume of the soil solids at a particular
temperature to the mass of the same volume of water at the same temperature [19].

3.3 Liquid Limit, Plastic Limit, and Plasticity Index

Atterberg Limits (LL, PL, and PI) are important to characterize and classify fine-grained soils.
In this study, Atterberg limits [20] were determined and used to classify the soil according to
USCS classification. LL of soil can be defined as the water content in percent, at the boundary
between the liquid and plastic states, at which it behaves like a liquid. PL of soil can be
defined as the water content in percent at the boundary between the plastic and semi-solid
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states, making it crumble when rolled by hand into threads of 3.2mm diameter. Plasticity
Index PI (PI= PL-LL) is the range of water content over which a soil behaves plastically.
3.4 Compaction test
Soil compaction, and densification of the soil through removing air are performed in the
laboratory to determine the OWC and MDD of a soil subjected to a certain mechanical effort.
OWC and MDD values derived from the compaction test are helpful as criteria to control
filed compaction practice. The compaction test is conducted using the Standard Proctor
compaction test [21].
3.5 Direct shear test
The Shear strength of soil can be defined as its resistance to shear stresses. Shear strength
relays on parameters such as cohesion and friction. It is vital to determine these parameters to
analyze the soil stability problems such as bearing capacity, pavement, and slope stability
[22]. In this test [23], the relationship between normal stress@ and shear stress 7 can be
expressed as:

T=C+otan® (1)
Where C is the cohesion, and @ is the angle of internal friction.
3.6 Consolidation test
Consolidation of soil is the reduction of its volume subjected to vertical pressures due to the
flow of pore water. This test is conducted to determine the settlement of a structure which is a
key parameter for engineering designs [19]. The soil specimen is subjected to different
vertical stresses according to [24] standard. From the measured data, the consolidation curve
that relates pressure P and void ratio e can be generated, from which Compression Index (Cc)

can be derived as:
Ae

€= AlogP (2)
Cc is a crucial parameter for evaluating the settlement due to the primary consolidation of
clay soils [25], [26].

4. Results and Discussion

The range of water content of the soil samples was (13.89%-16.34%) with an average of
15.44%. The specific gravity values of the soil in the area vary between 2.58 and 2.77, with
an average of 2.66. The narrow range of specific gravity emphasizes that the specific gravity
of the soil depends on the mineralogical content of the soil and hence varies slightly [1].

LL was determined and used to classify the soil according to USCS. Figures 3, 4, 5, 6, and 7
show the liquid limit determination and USCS soil classification of the samples (B1), (B2),
(B3), (B4), and (B5), respectively. Table 2 summarizes the results of the Atterberg Limits
tests.
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Figure 7-(a) Determination of Liquid Limit (b) USCS soil classification of sample NO B5
The range of LL was (26.20-35.20%) with an average of 32.22%, while the range of PL was
(18.63-23.24%) with an average of 21.06%. The range of Pl was (7.57-12.42) with an average
of 11.61. According to the test results, the soil can be described as intermediate Liquid Limit
[27], and based on USCS classification. The soil can be considered as fine-grained soil type
CL. CL soil is inorganic clay of low to medium plasticity, where Pl (5-20) and LL<50% [25],
[28].

o !

Water Content{V¥) (%)

Table 2-Atterberg Limits and USCS soil classification of the samples

Liquid Limit (LL) Plastic Limit (PL . il
Sample NO quid % L) astic % tPL) Plasticity Index (PI) C:ﬁs?f?cifc)ion
B1 33.00 20.58 12.42 CL
B2 32.50 21.00 11.50 CL
B3 34.20 21.85 12.35 CL
B4 26.20 18.63 7.57 CL
B5 35.20 23.24 11.96 CL

In addition, the soil state and strength of fine-grained soils can be assessed based on Liquidity
Index LI and Consistency Index CI [19]. LI is an indicator of how close the water content of

the soil is to LL based on Atterberg limits and soil water content, expressed as:

w—-PL
Ll =~ (3)

LI=1 (or 100%) when the soil at LL (the soil behaves like a liquid) while LI=0 when the soil

at PL. Cl indicates the consistency of the soil and how close the water content of the soil is to

PL based on Atterberg limits and soil water content, expressed as:
LL-W
Cl=—;

(4)
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Cl= 0 when the soil at LL (the soil behaves like a liquid), while CI=1 when the soil at PL.

LI and CI values of the soil samples, shown in Table 3, were calculated using Atterberg limits
and the natural water content of the soil samples. LI values were ranged from 0.002 to 0.560,
while CI values were ranged from 0.271 to 0.998 indicating a plastic state [19].

Table 3- LI and CI of soil samples

Sample No Bl B2 B3 B4 B5
Liquidity Index LI 0.010 0.020 0.022 0.560 0.002
Consistency Index ClI 0.989 0.980 0.978 0.271 0.998

Figures (8) and (9) present the dry density-water content relationship obtained for samples
NO B2 and NO B4, respectively, using the Standard Proctor compaction test. Values of OWC
and MDD were, respectively, 9.75% and 1.80g/cm® for Sample NO B2, and 11.00% and
1.78g/cm?® for sample NO B4.
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Figure  8-Dry  density-water  content Figure 9-Dry density-water content relationship
relationship of sample NO B2 of sample NO B4

Figures (10), (11), (12), (13), and (14) show, respectively, shear test graphs of samples B1,
B2, B3, B4, and B5. Cohesion strength and internal angle of friction values were derived from
the graphs and summarized in Table 4. Shear test results revealed that the angle of friction @
range was (25-30°) with an average of 29.4° and the Cohesion Strength C range was (5-10
KN/m?) with an average of 7.8 KN/m?.
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Table 4- Cohesion and internal angle of friction values derived from shear test graphs

Sample No Bl B2 B3 B4 B5
Cohesion C (KN/m?) 10 6 8 10 5
Angle of Friction D 25° 32° 30° 29° 30°

Figures (15), (16), and (17) depict, respectively, the consolidation curve of soil samples NO
B2, B3, and B4.
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In addition, soil porosity n was calculated using initial void ratio e values. C, e and n values
calculated from the consolidation tests are summarized in Table 5.

Table 5-Consolidation test results

Sample No B2 B3 B4
Compression Index C, 0.03 0.05 0.25
Void ratio e 1.04 0.98 0.94
Porosity n 0.51 0.49 0.48

A comparison between the current study and the previous studies:

Results of laboratory tests obtained in this study are compared with the previous studies
reported in different parts of the Diyala governorate as shown in Table 6.

Based on the tests results of this work and Table 6, the following remarks can be addressed:

1. Water content of the soil is relatively high. Abdullah and Awad (2017) [14] also noticed a
high range of water content in Alghlabia area in the Diyala Governorate. The high water
content can be attributed to the low water table below the ground surface and the fine texture
of the clay soil that retains water in the voids.

2. Specific Gravity range of the soil is within the range of fine-grained soil [1] and varies
slightly as also reported by Abdullah and Awad (2017) [14]. Specific Gravity depends on the
mineral composition of the soil rather than other factors; therefore, small variations of specific
gravity are expected.
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3. According to Atterberg limits and water content tests, the soil in the study area can be
classified as fine-grained soil type CL with low to medium plasticity. As a comparison, Al-
Ani (2001) [12] showed that the soil in Diyala is fine-grained with low to high plasticity.
Similarly, Alshakarchi and Turkie (2011) [13] also reported that the soil, in general, is fine-
grained with medium to high plasticity. In the other hand, Abdullah and Awad (2017) [14]
noticed that the soil is generally fine grained (with some sand) of low plasticity.

4. Based on shear test results, values angle of friction obtained, which are within the range
of clay soil, are relatively high due to the high content fine grained particles (i.e. cohesion
increases with increasing fine materials). However, the cohesion strength is relatively low due
to the high water content as the cohesion of clay soil is significantly affected by water content
[29]. Abdullah and Awad (2017) [14] indicated similar effects of fine grains and water
content in the cohesion of clay soils.

5. According to the consolidation test results, compression index values are close to that
reported in the surrounding areas [13], [14], which reflect the compressibility of clay soils.
Several authors have reported a wide range of compression index for clay soils in the
literature. For example, Kumar and Jain (2016) [26] said a range of 0.17 to 0.893, while
Widodo and Ibrahim (2012) [30] noticed a range of 0.03 to 1. High compressibility of clay
soil is related to the fine grained content. It is vital to consider this parameter in the clay soils
as it is directly related to the settlement due to primary consolidation. Moreover, the obtained
ranges of void ratio and porosity are within the range of clay soils [14], [31], [32].

Table 6-A comparison between the current study and previous studies in the Diyala
governorate

Geotechnical Al-Ani (2001)  Alshakarchi and Abdullah and Current
properties/parameters  [12] Turkie (2011) [13] Awad (2017) [14] Study

Water Content - - %19 - 22 13.89-16.34%
Specific Gravity - - 2.66-2.74 2.58-2.77
Liquid Limit 25-64% 40-65% 29.22-32.87% 26.20-35.20%
Plastic Limit 18-30% 10-43% 23.31-24.10% 18.63-23.24%
Plasticity Index 7-34% 10-43 6.34-8.77 7.57-12.42
Angle of Friction - - 21°0-3° 25-30°
Cohesion - - 16-60 KN/m* 5-10 KN/m?
Compression Index 0.09-0.25 0.08-0.25 0.15-0.24 0.03-0.25
Porosity - - 0.37-0.45 0.48-0.51
Void ratio 0.47-0.86 0.55-1.07 0.59-0.83 0.94-1.04

5. Conclusions

Some physical and mechanical properties of soil samples collected from the campus site of
the College of Science, University of Diyala, Irag, have been assessed. According to the
laboratory tests results, the following points can be concluded:

1. The soil in the study area can be described, based on USCS classifications, as a fine-
grained soil type CL (i.e. inorganic clay soil of low to medium plasticity). Previous studies
conducted in Diyala reported that the soil, in general is fine-grained of low to high plasticity.
2. Compaction characteristics, namely maximum dry density and optimum water content
determined in this work, can be used as criteria to control filed compaction practice. The bell-
shaped compaction curves derived are typical of fine-grained soils.
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3. Direct shear test results revealed that the measured values of angle of friction are within
the range of clay soil. However, the cohesion strength of the soil is relatively low as the
cohesion of clay soil is affected by water content.

4. The compression index values derived from consolidation tests indicate the compressibility
of clay soils, which should be considered for safe engineering design and works, as it is
directly related to soil settlement.

5. Based on tests results, it is vital to improve the engineering properties of the soil in the
study area by increasing the relative compaction of the soil to not less than 95%, as
recommended. This process can be adopted to enhance the load bearing capacity and reduce
compressibility and subsequent soil settlements. Moreover, high water content reduces
cohesion and soil strength; therefore, the groundwater should be pumped out as the water
table level is relatively close to the ground surface in the area.

6. The obtained tests results are compared well with the results reported in the surrounding
areas from the previous studies. It suggested, therefore, preparing geotechnical maps for
various regions of the Diyala governorate using the current work and the previous reported
studies.

7. The calculated geotechnical parameters in the current study can facilitate suitable designs
and remedial measures to protect the engineering foundations of the future educational
buildings scheduled at the campus site of the College of Science, University of Diyala, Iraq.
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