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ABSTRACT

Expansive soils are mainly soils or rock materials that can shrink and swell in response to moisture
content changes. Deformation of such soils is greater than elastic deformation and cannot be predicted
by classical elastic plastic theory. Expansive soils cause damage to structures, particularly light
structures and pavement. This paper presents a numerical model for a six-story building constructed on
expansive soil located in the new branch of Al-Azhar University in Al-Kawthar City, Sohag government.
A numerical model was simulated using PLAXIS 3D Foundation V20 software programme. The isolated
footing system and mat foundation system are used in the numeric model. Replacement sandy soils and
expansive soils treated by adding 20% lime stone powder and 2%Nano Silica are used with thickness
0.75m, 1.50m, and 2.25m to reduce expansive soil effects. The main results show that, expansive soil
causes an increase in footing moment, ground beam moment, and mat foundation moment by 100%,
300% and 122% respectively, without using replacement soil. Replacement soil lowers the effect of
swelling soil on footing moment, but it does not restore it to its pre-swelling value. Using replacement
sandy and treated soil with thickness 2.25m decreased footing moment, by 75% and 70% respectively,
ground beam moment by 100% and 83% respectively, and mat foundation moment by 55.33% and 52%
respectively, from its value without using replacement soil. The extra moments should be taken into
account in practice for the proper design of the foundation concrete section and reinforcement in order
to avoid concrete damage.
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1. INTRODUCTION

Expansive soils cover many areas in Egypt, especially new cities that have many new buildings under
construction. The cycling of drying and wetting followed by swell and shrink of expansive soil results
in the deformations and cracks that can be observed in the structures established in this soil. expansive
soil characterized by hardness, high density, swell when subjected to wet or partial saturated, shrink due
to low water content, a high Cation Exchange Capacity (CEC), a large specific surface area (SSA), and
large clay content (Nalbantoglu and Gucbilmez, 2001[1], Nalbantoglu, 2004[2], Fityus and Buzzi,
2009[3] and Seco et al., 2011[4]). The stress history and suction affect the cycling of drying and wetting
followed by swell and shrink of soil. (Zhang et al, 2016[5], Wang and Wei, 2015[6]; Singhal et al,
2015[7], Gens and Alonso, 1992[8]) resulting the deformations and cracks can be observed in the
structures established at these soil (Yarbasi and Kalkan, 2020[9], Selvakumar and Soundara, 2019[10].

Mostafa. and Mohamed. (2011) [11] used the PLAXIS 3D foundation software tool to simulate isolated
footings supported by granular pile anchor foundations resting on expansive soil (GPAF). Their findings
suggest that adopting a GPAF system to reduce vertical displacement, internal forces, and angular
distortion induced by soil heave and shrinkage is a suitable foundation strategy.

Al-Busoda and Abbas. (2017) [12] modelled a communication tower with four legs and a height of 44
m built on expansive soil. The type of foundation employed was a raft on pile foundation. The goal of
this research was to find a way to limit the uplift movement of a skyscraper built on expansive terrain.
The major findings revealed that in order to achieve minimal uplift movement of a tower foundation
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built on expanding soil, the optimal ratio between the length of the pile (L) and its diameter (D) must be
equal to 118, 113, and 102 for helical piles groups (2x2), (3x3) and (4x4) respectively.

Abdelmoneim et al. (2018) [13] investigated the impact of employing replacement soil under
shallow foundations built on expansive soil on shallow foundation behaviour. A typical four-
story building rests on Regina clay e expansive soil in the numerical model employed in this
study. ABAQUS, a commercial software tool, was also used to conduct the numerical analysis.
The major findings showed that employing replacement layer reduces heave along the
building's centerline by 20%, 31%, and 40%, respectively, when using 1.0 m, 1.5m, and 2.0 m
depths replacement layer. the differential heave between the footings along the building's
centerline drops by 25%, 31%, and 38%, respectively.

This paper presents a numerical model for a six-story residential building constructed on expansive soil,
to study the effect of using replacement sand soil, and treating expansive soil on soil heave the induced
moment and internal forces in the of isolated footing , ground beam , and mat foundation moment.

2. Numerical Model

The residential building in the university city of Al-Azhar University's new branch in Al-
Kawthar city, Sohag government, was chosen to perform a numerical analysis on the influence
of expansive soil, and the use of replacement sand soil and treatment expansive soil on the
behaviour of shallow foundations. The building under study has six stories and is built on highly
expansive soil.

The finite element model's were chosen (35*35*10m) to prevent any restriction or strain
localization in the analysis. The investigated structure was considered to be a reinforced
concrete structure with plan dimensions of (B=15* L=15 m) and six typical floors of 3.00 m
height each. Each floor has three bays each with a width of 5.00 meters in each X and Y
direction. In this investigation, the foundation level was set at -1.5 m below ground level. In
this study, shallow foundations (isolated square footing and mat foundation) were used. The
numerical geometry model for isolated footing (modell) and mat foundation (model2) are
shown in Fig. 1. The flooring were assumed 0.20 m thick flat slabs fixed to columns with a 50
x 50 cm cross section. External columns are fixed on isolated footing (F1) with dimensions of
2.0*%2.0*0.8 m, while interior columns are fixed on isolated footing (F2) with dimensions of
3.0%3.0*0.8 m as shown in Fig.2. For the numerical model, the footings were connected
together with a ground beam with a section of (0.3*0.8m). The soil model used in the current
study was with depth 10.0 m and consists from two soil layers:-

1- Layer No.1: The replacement sand soil with thickness 0.75m, 1.5m, and 2.25m.
Expansive soil treated with 2% Nano-Silica and 20% Lime stone powder was also
investigated as replacement layer.

2- .Layer No.2: Expansive clay soil continuous to the end of soil profile.
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Model 1
Model 2

Fig. (1): finite element model geometry used in this analysis
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Fig. (2): plan view for the dimension of study structure and foundations models.
2.1. Matériel Model and Input Parameétres

Soil and construction materials are among the materials employed in the numerical model. Expansive
clay soil, sand soil, and treated expansive soil are three types of soil material. Expansive soil data were
determined from the tests that were conducted on samples extracted from the site of the new branch of
Al-Azhar University in Al-Kawthar city — Sohag (Abd EI-Samea, et al. 2021) [14]. Structure material
includes the foundation material, ground beam material, column material, and flooring material. Tables
1, 2 and 3 present the material qualities and input parameters for soil and construction materials.

The treated expansive soil was used under foundations as an alternative to sandy for cost-reduction.
Excavation products from expansive soil are treated by adding 20% Lime stone powder and 2% Nano
silica by the dry weight of the soil to reduce swelling potential and swelling pressure (Abd El-Samea,
et al. 2021) [14]. The treated soil was compacted to reach its maximum dry density (1.67 t/m3) and
optimum water content (11.34%).
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Table 1: Input physical and mechanical properties of expansive clay soil

Parameter Expansive clay soil Sandy soil e;f:stirc:l;ct)il
Model Type Mohr-Coulomb Mohr Coulomb Mohr-Coulomb
Type of material behavior Drained Drained Drained
Unsaturated unit weight, yynsat (KN/m®) 21.7 18.6 19
Saturated unit weight, ysar (KN/m*) 23 21 20.05
Void ratio e 0.37 0.5 0.66
E (kN/m?) 7500 10° 7500
Eoed (KN/m?) 10100 1.35*10° 10100
Poisson’s ratio, v 0.3 0.3 0.3
Drained cohesion, ¢, (KN/m?) 50 0 oo
Friction angle, ¢ 30° 37° 32°
Dilatancy angle, y 0 7° 0
Table 2: Floor and foundation parameters used in numerical study.
Parameter Unites Floor Foundation
Material Type Elastic Elastic
Floor thickness m 0.20 0.80
unit weight, y (KN/m?) 24 24
Modula's of elasticity E (KN/m?2) 2.2 *106 2.2 *106
Poisson’s ratio, v 0.2 0.2
Shear modules G (kKN/m2) 9.16 *10° 9.16 *10°

Table 3: Column and ground beam parameters used in numerical study

Parameter Unites Column Ground beam
Material Type Elastic Elastic
unit weight, y (KN/m3) 24 24

Modula's of elasticity E (KN/m?2) 2.2 *108 2.2 *108
Poisson’s ratio, v 0.2 0.2
Cross section A m? 0.25 0.24

Moment of inertia | m* 5.2 *10°° 5.2 *10°°

2.2.Mesh Generation

The number of 15-node triangular elements and the average element size are determined by the global
coarseness’s setting. To display a more accurate stress distribution, a simple global finite element mesh
of the model is created. Mesh was set to the medium setting.
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2.3 Loads Applied in Numerical Model

There are two types of loads acting on the floor of the structure:

1. Vertical Dead load which results from dead load of slab, floor cover and wall and are equal to
((25*0.2) + 1.5+1.5 =8 kPa

2. Vertical live load, which results from live load of structure and is equal to 5 kPa. (Egyptian code ECP
205 —2001) [15].

Total surface load applied on floors in (Z |) direction equal to 13 kPa

In general, these loads and the weight of the foundation are considered a light weight which cannot resist
the uplift movement of expansive soil when swelling takes place. Therefore, it is important to use
replacement soil to reduce upward movement.

2.3. Calculation Stages

The actual finite element calculations can be performed after the finite element modelling of the given
problems is completed. For finite element calculations, three stages are chosen for this type of issue.
Construction of the superstructure and foundation is the first stage (no swell stage). Plat elements, beam
elements, and surface loads are triggered in the initial step.

The second stage (no replacement stag) uses the expansive clay soil's swelling capacity. The positive
volumetric strain is activated in the expansive clay soil cluster in the second step. The third stage
involves employing replacement sand soil and treatment soil with thickness 0.75m, 1.5m, and 2.25m.
Cases solved in numerical study are presented in Table 4.

The heave and shrinkage events were independently applied of each other, starting from the stage after
the application of the dead and live loads (Mostafa and Mohamed. 2011). [16]. The swelling of the
expansive soil layer is modelled by applying positive volumetric strain of 26.4% and 4.5% to the
expansive soil cluster and treatment expansive soil, respectively. This value of volumetric strain was
obtained previously from the average value of swelling under stress equal to 2.0 kg/cm? (average stress
resulting from building loads) for undisturbed expansive soil samples used. In reality, the rate at which
expansive soil would normally swell depends on the position of the source of moisture and the magnitude
of overburden effective pressure. However, for simplification, in the analyses presented herein, the
volumetric strain was uniformly applied across the full depth of the expansive soil layer. (Al-Busoda
and Abbas (2017)) [17].

3. Results and Discussion

An additional independent analysis was carried out for the structure resting on isolated footings and mat
foundation without and with replacement of sandy soil and treatment expansive soil, to investigate the
influence of using replacement soil on the behaviour of a shallow foundation placed over expansive soil.

3.1. Effect of Replacement Soil Thickness on the Behavior of Shallow Foundation

The effect of the replacement soil layer thickness on soil heave percent, isolated footing bending
moment, ground beam internal force, and mat foundation bending moment is discussed in the following
section.
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Table 4: Cases solved in numerical study

Foundation Replacement soil type Replacement soil thickness (m) Case No
system
0 1
Replacement medium 0.75 2
2 sand soil 150 3
]
L 2.25 4
el
o
< 0.75 5
(2]
Replacemer_n trea_tment 150 5
expansive soil
2.25 7
0 8
Replacement medium 0.75 9
5 sand soil 150 10
g
c 2.25 11
>
L
g‘ 0.75 12
Replacemer)t trea-tment 150 3
expansive soil
2.25 14
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3.1.1 Soil Heave under footing

Fig 3. Shows the effect of increasing in the replacement soil layer thickness on soil heave under corner
footing, side footing and middle footing. It is observe that, soil heave decreased by increasing
replacement soil thickness depending on reducing expansive soil depth.

19

=g replacement treatment soil

= ¥= replacement sand soil

18
17
16
15
A ~<
a0
14
0 0.75 (Dr(m) 1.5 2.25
18

—@— replacement treatment soil
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14 T _ —
13 B .
Dr (m)

12

0 0.75 1.5 2.25

16

— &= replacement treatment soil
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14
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0 0.75 1.5 2.25

Fig. (3): Effect of replacement soil thickness on soil heave under

A- Corner footing. B- Side footing. C- Middle footing
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From the shown figures, it can concluded that increasing in replacement soil layer thickness decreased
soil heave. The reduction in soil heave under footings are concluded in Table (5).

Table (5): The reduction in soil heave under Corner footing, Side footing, and Middle footing

Reduction in soil heave (%)

Replacement soil type | Replacement soil thickness (m) Corner _ _ _ _
footing Side footing | Middle footing

0.75 7.65 9.6 10.28

Sandy soil 1.5 14.08 18.87 18.62

2.25 21.15 23.68 23.53
0.75 5 7.37 7

Treatment soil 15 11.16 15.11 13.72
2.25 18.43 18.73 18

3.1.2 Footing Moment

For corner footing, side footing, and middle footing, Fig 4 shows the relationship between the
percentage increase in the footing moment and the thickness of the replacement soil layer. It is observed
that swelling action and the replacement soil thickness have a significant effect on footing moment.
Because the vertical load on the corner footing is less than that on the side and middle footing, it is
more impacted by swelling action and the replacement soil layer thickness than the side and middle
footings. Swelling of expansive soil causes an increase in footing moment by 100%, 78.23% and
25.28% for corner, side, and middle footings, respectively, without using replacement soil.
Replacement soil decreased the effect of swelling soil on footing moment, but it does not restore it to

its pre-swelling value.
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Fig. (4): Relationship between replacement soil thickness and increasing in footing moment for

A-corner footing B-side footing C-middle footing

3.1.3 Ground Beams Internal Forces

Ground beam foundation elements are more affected by expansive soil than other foundation elements
because they resist the increased differential displacement between the footings caused by soil heave.

Figs. 5 and 6 show the influence of replacement soil layer thickness on the maximum value of moment
and normal force for external and internal ground beams, respectively.
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Fig. (6): Relationship between replacement soil thickness and maximum value of ground beam Normal force
for A-External ground beam B-Internal ground beam

From the previous figures, it can be observed that expansive soil generates a significant increase in the
maximum value of ground beam moment and normal force, as indicated in the figures. Although the
influence of expansive soils on ground beams is reduced when replacement soil is used, there is still a
significant increase in the value of moment and normal force that must be considered when designing
ground beams.

The increase in ground beam internal forces due to swelling decreases by increasing the replacement
soil thickness for both sand soil and the treatment expansive soil. There was no noticeable change in
ground beam internal forces in the case of using treated expansive soil or sand soil in the replacement
soil layer under foundations.

Expansive soil causes a great increase in the maximum value of ground beam moment and normal
force. The increasing in ground beam internal forces (as ratio from its value before swelling) du to soil
heave in cases without and with using replacement soil are concluded in Table (6).

Table (6): The increasing in ground beam internal forces du to soil heave.

Internal forces increasing (%)
Replacement soil type | Replacement soil thickness (m) Maximum Bending Maximum Normal
moment force
0 300 600
0.75 250 350
Sandy soil
15 233.33 250
2.25 200 100
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3.1.4 Soil Heave under Mat Foundation

Fig. 7 depicts the relationship between average soil heave percent and replacement soil thickness along
the mat foundation exterior and internal field strips. Because of the decline in expansive soil thickness,
soil heave diminishes with increasing replacement sand soil thickness.

From figure (7), we can observe that, using replacement soil under the mat foundation doesn’t give a
noticeable change in soil heave. Increases in replacement soil thickness of 5%, 10%, and 15% of
foundation width decreased average values of soil heave by 9.74%, 13.13%, and 13.24%, respectively,
along exterior field strips and by 9.16%, 12.81%, and 13.56%, respectively, along interior field strips
of mat foundation.

——+—— replacement sand soil

19.5 — >+ — zeplacement treatment soil

D (zm)

—m—— replacement sand soil

185 replacement treatment soil

Hemwato

iz

Fig. (7): The relationship between average values of soil heave percent for mat foundation and the replacement

soil thickness along A- External field strips B-Internal field strips

3.1.5 Mat Foundation Moment

For mat foundation, Fig. 8 shows the increase in maximum moment value along external column
stripes, internal column strips, and internal field strips.
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Fig. (8): Effect of replacement soil thickness on the maximum value of mat foundation moment along
A- External column strips  B- External field strips C- Internal column strip D- Internal field strips.

Expansive soil causes a large increase in the maximum value of moments along field strips rather than
the maximum value of moments along column strips, as shown in the figures, because vertical stress
from structure load on column stripes is greater than that on field strips, making column strips more
resistant to soil heave than field strips. The influence of expansive soils on mat foundations is reduced
when replacement soil is used, but there is still a significant increase in the value of moments along
field strips that must be considered when designing the mat foundation. The expansive soil has a greater
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impact on the mat foundations' external strips than on their inside strips. Increasing replacement soil
thickness reduces the increase in mat foundation moment due to swelling. The maximum value of
moment along the external column strip, internal column strip, external field strip, and internal field
strip of the mat foundation increased by 122.22%, 125%, 337.5%, and 600%, respectively, in the case
of a constructed mat foundation directly over expansive soil without using replacement soil.

3.2 Effect of Foundation System on the Behavior of the Foundation over Expansive Soil

For mat foundation systems and isolated foundation systems, Fig. 9 and Fig. 10 show the effect of
changing the thickness of the replacement soil layer on the average value of soil heave under the
foundation and bending moment, respectively. As can be seen in the diagram, decreasing average values
of soil heave percent and foundation moment due to increasing replacement soil thickness in case of an
isolated foundation system is greater than in the case of a mat foundation system, because the space
between the isolated footings helps to partially dissipate the heave of swelling soils, while the mat
foundation miss this function, so we recommend isolated foundations when establishing on expansive
soil.

—m— mat foundation system

—#— i1zsoleted footing system

16 o
—
‘-“‘-“-
1s - -
‘-‘--ln.
14 Y -
.‘"-n-.
13 I
Dy (m) = e e

12 ~»

o 0.75 1.5 2.25

Fig. (9): The change in average value of soil heave percent due to change in thickness of the
replacement sand soil for mat foundation system and isolated foundation system.
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—+— mmat foundation system

—ll— izoleted footing system
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Fig. (10): The effect of change in replacement soil thickness on the maximum value of foundation
moment for mat foundation system and isolated footing system.
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3.2 Effect of Expansive Soil and Replacement Soil on the Concrete Section and reinforcement of
Shallow Foundation Elements

Tables 7, 8,9 and 10 show the change in concrete sections and reinforcement for isolated footing,
ground beam, and mat foundation in the case of non-swelling, swelling without using replacement soil,
swelling with the use of sand soil, and swelling with expansive soil in the replacement soil layer with a
thickness of 5%, 10%, and 15% of the foundation width.

Table 7: Various concrete section and reinforcement for isolated footing constructed on expansive soil in cases
of without and with using replacement soil.

rootrd | mepmomantsonups [ oy [ Mo [Footmo e[ Rt
Non-swelling 50 40 TD12/m

Without using replacement soil 100 50 10P12/m

o 0.75 74 45 9012/m
g Medium sand soil 15 70 45 8012/m
ng 2.25 62 20 8D12/m
3 0.75 80 25 90 12/m
Treatment expansive soil 15 75 45 9D12/m

2.25 65 40 9012/m

Non-swelling 150 60 TD16/m

Without using replacement soil 265 80 9®16/m

0.75 250 75 9016/m

g Medium sand soil 15 242 70 90 16/m
E 2.25 235 70 9016/m
% 0.75 257 75 9®16/m
Treatment expansive soil 15 245 70 9016/m

2.25 241 70 9ﬁ/|186{]‘3\5|“;§]’“

Non-swelling 265 A 9®16/m

Without using replacement soil 332 90 10P16/m

o 0.75 320 90 10016/m
% Medium sand soil 15 302 85 10016/m
L%I: 2.25 300 85 10016/m
'§ 0.75 325 90 10016/m
Treatment expansive soil 15 315 85 10016/m

2.25 305 85 10®16/m
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Table 8: Various concrete section and reinforcement for ground beam constructed on expansive soil

Reinforcement

Ground beam M max Nmax | Ground beam
position Replacement soil type Dr nm | kN section (cm)
(m) Bottom | Top

Non-swelling -60 200 30*60 3016 5018

Without using replacement soil -240 1600 30*120 9022 16022

0.75 -210 1300 30*115 TD22 13022
£

8 Medium sand soil 15 -200 900 30*110 4022 10022
=
3

o 2.25 -180 600 30*110 3018 8022
S
w

0.75 -220 1400 30*115 8D22 14022

Treatme';giel’(pans've 15 | -205 | 1000 30*110 5022 | 11022

2.25 -190 700 30*110 3d22 8D22

Non-swelling -80 240 30*70 3016 5018

Without using replacement soil -300 2400 30*135 15022 | 221022

0.75 -280 2000 30*130 12022 19022
IS
o

- Medium sand soil 15 -265 1400 30*125 7022 14022
5
=

© 2.25 -240 700 30*120 3018 9d22
=)
=)

= 0.75 -287 2050 30*130 12022 19022

Treatme’;giel"pans“’e 15 | -277 | 1600 30*130 9022 | 15022

2.25 -250 800 30*125 4018 9d22
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Table 9: Various concrete section and reinforcement for mat foundation constructed on expansive soil in cases
of without and with using replacement soil for external column and field strip.

Mat foundation

Strip Replacement Mat foundation reinforcement
position soil type Dr (m) M max KN.-M depth (cm)
Bottom Top
Non-swelling 180 90 6d16/m
Without using replacement soil 400 130 9016/m
o 0.75 330 130 7®16/m
7
2 .
E Medium sand 15 315 130 7016/m c
= soil £
o) S
o %)
= 2.25 300 120 7®16/m <
g
x
w 0.75 335 130 7®16/m
Treatment
expansi\/e soil 1.5 320 130 7016/m
2.25 305 130 7®16/m
Non-swelling -80 90 6d16/m
Without using replacement soil 350 130 9016/m
0.75 340 130 7®16/m
2
z Medium sand 15 330 130 7016/m
= soil <
iT IS
= 2.25 310 120 < 7®16/m
&
=
w 0.75 342 130 7®16/m
Treatment. 15 340 130 7016/m
expansive soil
2.25 320 130 7®16/m
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Table 10: Various concrete section and reinforcement for mat foundation constructed on expansive soil in cases
of without and with using replacement soil for internal column and field strip.

Non-swelling 400 90 3D22/m
Without using replacement soil 900 130 12022/m
= 0.75 850 130 11022/m
g Medium sand soil 15 820 130 11022/m E
5]
o 2.25 800 120 11d22/m £
% 0.75 860 130 11d22/m
= ex;;%a;ir\‘::gg” 15 830 130 11022/m
2.25 810 130 11d22/m
Non-swelling -90 90 6d16/m
Without using replacement soil 630 130 11®18/m
g— 0.75 580 130 10018/m
é Medium sand soil 15 560 130 é 10018/m
TLC; 2.25 550 120 2 10018/m
‘GE) 0.75 585 130 10018/m
ex;;ia;ir\?eeggil 15 565 130 9D18/m
2.25 555 130 9018/m

SUMMARY AND CONCLUSIONS

This numerical study aims at enhancing the behavior of shallow foundation over expansive soil in order
to improve its durability, decreases foundation deformation and increase safety factors. Based on the
numerical results and the above discussions, the following conclusions can be derived:

1)

2)

3)

Soil heave decreased by increasing replacement soil layer thickness depending on reducing
expansive soil depth. Using replacement soil with thickness 0.75m, 1.50m, and 2.25m decreased
soil heave by 7.65%, 14.08% and 21.15% respectively for corner footing and by 9.6%, 18.87% and
23.68% respectively for side footing and by 10.28%, 18.62%, and 23.53% respectively For middle
footing.

Swelling of expansive soil causes an increase in footing moment by 100%, 78.23% and 25.28% for
corner footing, side footing, and middle footing, respectively, without using replacement soil.
Replacement soil lowers the effect of swelling soil on footing moment, but it does not restore it to
its pre-swelling value.

Expansive soil causes a great increase the ground beam moment and normal force. Maximum
moment increased by 300%, 250%, 233.33%, and 200% when replacement soil with thicknesses
0.75m, 1.50m, and 2.25m was used, respectively. Maximum normal force increased by 600%,
350%, 250%, and 100% when replacement soil with thicknesses 0.75m, 1.50m, and 2.25m was
used, respectively.
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4) Using replacement soil with thickness 0.75m, 1.50m, and 2.25m decreased soil heave by 9.44%,
13.133%, and 13.73%, respectively, along the external field strip and decreased by 9.16%, 12.81%,
and 13.56%, respectively, along the internal field strip of the mat foundation.

5) The maximum value of moment along the external column strip, internal column strip, external
field strip, and internal field strip of the mat foundation increased by 122.22%, 125%, 337.5%, and
600%, respectively, in the case of mat foundation directly over expansive soil without replacement
soil.

6) Using replacement soil reduces the effect of expansive soils on mat foundation, but there is still a
significant increase in the value of moment along field strips that must be taken into account when
designing the mat foundation.

7) There is no noticeable change in soil heave under the foundation and internal force of foundation
elements in the case of using treated expansive soil or sand soil in the replacement soil layer under
the foundations.

8) The decrease in average value of soil heave percent and foundation moment due to the increase in
thickness of the replacement soil layer in the case of using an isolated foundation system is greater
than that in the case of using a mat foundation system. Therefore, we recommend the use of isolated
foundations when establishing on expansive soil.

9) When establishing on expansive soil, concrete sections and foundation element reinforcement must
be increased.
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