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Abstract

This study aims to use Magnesium Oxide (MgO) as one of the modern additives to improve the properties of subgrade and consequently
improve the pavements system structure and durability as well as reducing the cost of construction and maintenance of the constructed
pavements. The study adopted California Bearing Ratio (CBR) testing method and cyclic triaxial compression test (this test is used to
determine the soil resilient modulus (Mr)) to investigate the influence of MgO on the properties of a selected soil obtained from Baghdad
city. Six doses (0.25%, 0.5%, 0.75%, 1%, 1.25%, and 1.5% of the dry weight of soil) of MgO were added to the selected soil to attain the
objective of this study. The results exhibited that CBR values increased from 3.39% to (13.59%, 18.45%, 27.54%, 25.24%, 16.99%, and
14.56%) respectively, the Mr values increased from 35 MPa to (83, 97,150, 137, 110 and 103 MPa) respectively and the swelling ratios
decreased from 3.4% to (1.51%, 0.80%, 0.61%, 0.66%, 1.18%, and 1.97%) respectively by adding MgO doses, previously, mentioned.
Based on these results the optimum MgO dose is (0.75% by the dry weight of soil) as it satisfies the highest CBR and Mr values and the

lowest swelling ratio.
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1. Introduction

Efficient transportation is essential for economy growth in any
country [1] especially in developing countries [2]. Among the trans-
portation facilities such as airports, marinas, and railways, high-
ways can be considered as the main facility [3]. Highway involved
several components such as lanes, medians, shoulders and others
[4]; among these, the paved lanes are the major components [5].
The lanes can be paved with rigid or flexible pavements [6, 7]. In
both cases, the pavement layers are constructed on subgrade [8].
Subgrade can be in situ or borrowed materiel [9]. It represents the
foundation of the pavements system [10]. It controls the structural
features of the designed pavements layers [11, 12]. Construction of
pavement layers on subgrade with excellent to good properties re-
duces the thickness of the layers and consequently reduces the ini-
tial and maintenance cost of the transportation facilities (highways
and airport runways) [13, 14]. On the other hand, construction of
pavement on poor subgrade class such as A-7 (according to the clas-
sification of the American Association of State Highways and
Transportation Officials (AASHTO)) which is susceptible to vol-
ume change with variation in water content is undesirable [15].
Moreover, soils that has high ability to hold water leads to problems
of swelling in subgrade which is one of the most sources of damages
in pavements structure. However, construction of pavements on
poor subgrade especially under full saturation condition [16] cannot
be avoided in several cases [17, 18] due to constrain of location,
soil properties, environmental effects, and other affecting condi-
tions [19]. Therefore, improvement of subgrade properties is an es-
sential objective [20, 21] to obtain strong and durable pavements

with least initial and maintenance costs. Improvement is performed,
mostly, by stabilization of subgrade using traditional additives such
as lime, Portland cement, cement Kiln dust, fly ash, and liquid as-
phalts. Therefore, adoption of new additives in this domain is a rev-
olutionary action. This study aims to improve the properties of sub-
grade using Magnesium Oxide (MgO). MgO is used as an improv-
ing additive in Portland cement and concrete technology [22-26].
However, no such research was performed in the domain of sub-
grade improvement using MgO, to the best knowledge of authors,
which leaves a remarkable gap in this domain. To fill this gap, this
study starts an important step by adoption of California Bearing Ra-
tio testing method and cyclic triaxial compression test to investigate
the effects of MgO on the properties of soil obtained from Baghdad
city. The study involves a series of laboratory tests to attain the ob-
jectives. Firstly, the soil was classified based on AASHTO method.
Secondly, the optimum moisture content and the maximum dry den-
sity were determined for the selected soil. Thirdly, the effects of
addition of different doses (0.25, 0.5%, 0.75%, 1%, 1.25%, and
1.5% of the dry weight of soil) of MgO were studied using the men-
tioned tests.

2. Materials and methods

2.1 Soil used proprieties

Basically, this work is a laboratory oriented investigation. The soil
used in this study was obtained from Al-Ghadeer quarter, Baghdad,
Irag. Generally, it is brown soft silty clay. The consistency and other
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physical properties of the soil were studied by a series of tests in-
cluding classification tests and compaction characteristics as de-
scribed in the following subsections.

2.1.1 Grain size distribution

To determine the grain size distribution of the soil used, wet sieving
(by water) and test for materials finer than 75 um (No. 200) sieve
in mineral aggregates using hydrometer were performed according
to AASHTO T-11 and AASHTO T-27. The grain size distribution
curve of the soil sample is shown in Figure 1. Tests exhibited that
the percentage of particles less than grain size 75 um (passing sieve
No. 200) is 99% and the percentage of particles with grain size less
than 2 um is 12%.
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Fig. 1: Grain size distribution curve of tested soil
2.1.2 Specific gravity

The specific gravity of the selected soil in this study was determined
according to test for specific gravity of soils (AASHTO T-100); the
temperature effect was considered. The average of triplicate sam-
ples was adopted as the specific gravity value for the tested soil was
2.76.

2.1.3 Atterberg limits

The liquid limit (LL) and plastic limit (PL) of the soil used were
determined based on standard tests presented by AASHTO T-89
and AASHTO T-90 to be 41% and 25% respectively. Based on
these values, the toughness index was calculated to be 2. The grain
size distribution and Atterberg limits exhibited that the soil has ac-
tivity value equal to 1.3 (>1.25) [27].

2.1.4 Classification of soil

The soil was classified according standard practice for classification
of soils and soil-aggregate mixtures for highway construction pur-
poses (ASTM D-3282). Based on grain size distribution, more than
99% of the particles are finer than 75 um. This value (99%) is higher
than 36% which restrict the group of the soil between A-4, A-5, A-
6, and A-7. The values of Atterberg limits (LL = 41% and PL =
25%) refer that the group of the soil is A-7. The plasticity index Pl
(LL-PL) was found to be 16 % which is more than (LL -30); this
result put the soil in the subgroup A-7-6 (silt-clay material) that
rated as fair to poor subgrade.

2.1.5 Moisture density relationship

Modified Proctor compaction test was performed according to
AASHTO T-180 to establish the relationship between water content
and the dry density of the soil as shown in Figure 2. The optimum
water content and maximum dry density were found to be 14.6%
and 1890 kg/m3 respectively.
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Fig. 2: The moisture—dry unit weights relationship of soil used
2.2 Magnesium Oxide

MgO was purchased from a specialized company (the Central Drug
House (P) Ltd). The main physical and chemical properties of MgO
used in this study were obtained from the manufacture manual as
presented in Table 1.

Table 1: Physical properties and chemical analysis results of MgO
Physical Properties

Colure White
Shape Amorphous
Purity 99.64%
Solubility in dilute acid 97-100 %
Filling volume (min) 100ml /15 gm

Loss on ignition (at 900 C) 9%

Substances insoluble in acetic acid 0.1%
Substances insoluble in hydrochloric acid 0.1%
Chemical Compounds

Free alkali and water soluble substances 2%
Chloride (CI) 0.15%
Sulphate and Sulphate (as SO,) 0.5%
Avrsenic (As) 0.0004%
Calcium (Ca) 1%
Iron 0.05%
Heavy metals (as Pb) 0.002%

2.3 CBR Test

A series of tests were performed using CBR method (AASHTO T-
193) on a number of samples prepared at the optimum moisture
content and compacted with energy of 2,700 kN-m/m3. To prepare
for testing, one control sample and six samples enhanced with dif-
ferent doses of MgO (0.25%, 0.5%, 0.75%, 1%, 1.25%, and 1.5%
by the dry weight of the selected soil) were prepared. The samples
were left for curing for three days which is a practical and effective
period [28] at controlled temperature (around 250C) and relative
humidity about 60% as measured by digital psychrometer. After-
word, the samples were soaked in water for 96 hours. Thereafter,
the final swelling was recorded and the samples were tested by CBR
penetration loading machine. The readings were recorded to calcu-
late the CBR values for each sample.

2.4 Cyclic Triaxial Compression Test

A series of cyclic triaxial compression tests were performed accord-
ing to AASHTO T-307 on a number of control and enhanced sam-
ples prepared under conditions as same as those adopted in CBR
test. This test is adopted to determine the values of resilient modulus
(Mr) of subgrade soils. Mr is the capability of subgrade to recover
strain under repeated loads. This test involved 15 sequences; each
includes 3 confining pressures.

3. Results and discussion

Based on laboratory investigations described in the previous sec-
tions, a number of results were obtained. The soil can be classified
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as (A-7-6) with toughness index of 2 and high activity; these results
refer to poor subgrade according to ASTM D-3282.

As mentioned previously, CBR test method was adopted to investi-
gate the effect of different doses of MgO on the properties of s se-
lected subgrade soil in this study. Results exhibited that the CBR
values for the samples enhanced with MgO are higher than that for
control soil. Figure 3 shows that the value of CBR for control soil
is (3.39%) whereas CBR values for soil enhanced with MgO doses
of (0.25%, 0.5%, 0.75%, 1%, 1.25%, and 1.5) are (13.59%, 18.45%,
27.54%, 25.24%, 16.99%, and 14.56%) respectively. Although all
CBR values of enhanced soil are higher than that of control soil,
there is a specific trend in improving of CBR as illustrated in Figure
3. However, the highest CBR value can be obtained from treated
soil with 0.75% of MgO which refers to optimum dose. The values

of CBR obtained from treated soil with doses less or more than 0.75%

are less. This trend can be justified by increasing in the strength of
enhanced soil due to chemical bond which produced by reaction of
MgO with components of the soil; increasing of the dose increases
the bond leading to increase in strength and consequently increase
in CBR values. However, excess MgO (more than the optimum
dose) decreases the density as the volume of chemical reaction
product is higher than the volume of the reacted materials (soil com-
ponents and MgO). The reduction of soil density after curing leads
to reduction in strength as the soil density is an indicator of strength.
To validate this justification, the density of the samples (control and
enhanced samples) were determined after soaking according to
ASTM D-2637. The results are shown in Figure 4.

The CBR value of soil enhanced with 0.75% MgO represents about
810% (27.54/3.39 x100%) of that for control soil. This value refers
to a significant improvement in subgrade strength.

CBR tests implemented in this study covered the determination of
swelling ratios for the control and enhanced samples. The results
exhibited that the swelling ratios decrease in samples enhanced with
MgO compared with that of control samples. Figure 5 shows that
the swelling ratio for control sample is (3.4%) whereas swelling ra-
tios of samples enhanced with MgO doses of (0.25%, 0.5%, 0.75%,
1%, 1.25%, and 1.5 by the dry weight of the selected soil) are
(1.51%, 0.80%, 0.61%, 0.66%, 1.18%, and 1.97%) respectively. In
addition to the findings that all swelling ratios of enhanced soil are
lower than that of control soil, there is a specific trend in decreasing
as illustrated in Figure 5. However, the lowest swelling ratio can be
obtained by treatment of soil with 0.75% of MgO which refers to
the optimum dose. The justification of this trend is similar to that
described in case of CBR trend as the swelling is a function of vol-
ume change and bond among soil particles. The swelling ratio of
the enhanced soil with 0.75% MgO represents about 17% of that for
control soil. This value refers to significant decrease in swelling
susceptibility and consequently significant improvement in sub-
grade properties.
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Fig. 3: CBR values for samples with different doses of MgO
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Swelling, %
Noow A
o o o
o o o
1 1 J

=

o

S
1

0.00 -
0 025 05 075 1
MgO, %

Fig. 5: Swelling ratios for samples with different doses of MgO
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Cyclic triaxial compression tests results exhibited that Mr of control
soil is 35 MPa whereas Mr values of samples enhanced with MgO
doses of (0.25%, 0.5%, 0.75%, 1%, 1.25%, and 1.5) are (83, 97,150,
137, 110 and 103 MPa) respectively as shown in Figure 6. The high-
est Mr value was obtained by adding 0.75% of MgO (the optimum
dose). As shown in Figure 6, Mr values follow a trend similar to
that of CBR values. The justification of this trend is similar to that
described in case of CBR trend. Mr value of soil enhanced with
0.75% MgO represents about 428 % of that for control soil. This
value refers to a significant increase in subgrade capability to carry
heavy traffic loading.
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Fig 6: Resilient modulus for samples with different doses of MgO
4.Conclusions

This study is a laboratory-oriented approach to investigate the ef-
fects of MgO addition on subgrade properties. The results of the
study exhibited that adding MgO for soft clay soils used as a sub-
grade improves its properties in terms of increase in CBR values
and decrease in swelling ratio values. A number of conclusions can
be abstracted in the following points:
1. Compared with control samples, samples enhanced with
MgO doses of (0.25%, 0.5%, 0.75%, 1%, 1.25%, and
1.5%) exhibited increase in CBR values to (400%, 543%,
810%, 743%, 500%, and 429%) respectively
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2. Compared with control samples, samples enhanced with
MgO doses of (0.25%, 0.5%, 0.75%, 1%, 1.25%, and
1.5%) exhibited decease in the swelling ratios to (45%,
24%, 17%, 20%, 35%, and 58%) respectively.

3. Samples enhanced with MgO doses of (0.25%, 0.5%,
0.75%, 1%, 1.25%, and 1.5%) exhibited increase in Mr
values to (237%, 277%, 428%, 391%, 314%, and 294%)
respectively compared with that of control one.

4. The optimum dose that yields the highest CBR and Mr
values and the lowest swelling ratio is 0.75%.

5. These results refer to a significant improvement in sub-
grade properties. This improvement leads to a significant
increase in subgrade ability to withstand the repetitive
traffic loading. As a result, the thickness of the pavements
layers can be reduced without affecting the capacity of
the layered system of pavements to carry traffic load. This
reduction, considerably, reduces the initial cost of pave-
ments construction.

6. Improvement of subgrade properties increases the design
period and eliminates the probable damages in pavements
which reduces the maintenance costs and increases the
serviceability.
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