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ABSTRACT

Swelling soil are mainly can shrink and swell in response to moisture content changes,
causing damage to structures, particularly light structures and pavement. This paper
presents is looking for an answer to the question of : Dose soil replacement type affects
the behavior of the foundation soil as well as the building straining action? By creating a
numerical model for a six-story building constructed on expansive soil ,simulated using
PLAXIS 3D V22 program. Building isolated footing system is used as the foundation
system in the numerical model. The natural expansive soil used in the current study
possesses high values of swelling pressure, swell potential, free swell, Liquid limit,
plastic limit, shrinkage limit, and Plasticity index, which are 20 kg/cm2, 38.76%, 180%,
81%, 40%, 15%, and 14%, respectively. Replacement soils of : sand, sand:gravel (1:1),
sand:gravel (1:2), sand:gravel (2:1) and gravel are used with thickness in range of
0.50m to 2.50 m to reduce expansive soil effects. Without replacement soil expansive
soil causes heaving for the corner, edge and center footings by 20.73% ,19.29% and
17.88 respectively. Using replacement of : sand , sand:gravel (1:1) , sand:gravel (1:2),
sand: gravel (2:1) and gravel with .thickness of 1.5 m decreased footing heave by about
a percentage of 15% , 14% , 13%, 14% and 13% respectively. Replacement soil
decreases the heaving of foundations , though it does'’t return the heaving to its pre-
swelling value .

KEYWORDS: Expansive soil , Isolated footing , Swelling soil , Type of replacement
soil , PLAXIS 3D V22 .
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1. INTRODUCTION

Expansive soils is extensive in some areas of Egypt. Geotechnical engineers did not recognize
damages which associated with buildings caried on swelling soils until the late of 1930s [1]. The
U.S. Bureau of the reclamation made first recorded observation about the soil heaving in 1938s.
Then, many of researchers had pioneered researchs into swelling soils.

Because of their tiny size and the presence of the positive ions, high expansive clay soils
have a high attraction for water [2]. When wet, the expansive soils swell and stick, and they
shrink when dry, leaving broad fissures or a puffy appearance (desiccated clay). The water intake
into the montmorillonites, a mineral of expanding lattice clay found in swelling soils, is
frequently blamed for the swelling. Montmorillonite is formed up of a core octahedral sheet,
commonly inhabited by the aluminium or magnesium, sandwiched between two sheets of
tetrahedral silicon sites to create a 2 to 1 lattice structure [3].

The soils in the medium to high expansion potential category require special
considerations in the design of structures founded on these soils. They also require adequate
precautionary measures to prevent excessive structural damage. Soil treatment using various
techniques is commonly used to improve the expansive soil on the site to avoid excessive
swelling , some of the most popular treatment methods are as follows [4]:-

Chemical Treatment: Chemical stabilization one of the most common methods used to
improve expansive soil properties. Chemical stabilization includes the mixing or injecting of
chemical substances into the soil. Lime, cement, asphalt, calcium chloride, sodium chloride, and
paper mill wastes are common chemical stabilization agents. The effectiveness of these additives
depends on the soil conditions, stabilizer properties, and type of construction. The selection of a
particular additive depends on costs, benefits, availability, and practicality of its application.

Mechanical Treatment: Mechanical methods are consider one of the cheapest and most
common ways to treat expansive soils, as they depend on the use of inert raw materials, and these
materials are often inexpensive, such as sand, stones, gravel and other inert materials. The idea of
treating expansive soils by mechanical methods depends either on removing all or part of the
bulging soils (in case the bulging soil depth is large) and replacing it with other inert soils such as
sand and gravel or broken stones, or it depends on mixing the expansive soil with inert materials
in order to reduce the proportion of clay in the soil.

Soil Replacement: One of the most common mechanical methods in the treatment of
swelling soil is the useing of replacement soil, mixing the soil with sand, or making columns of
stone among the expansive soil. The following is a list of the most important and most common
mechanical methods used in the treatment of expansive soil.

Using replacement sandy layer in a model of the swelling soil under isolated footing with
the use of a replacement soil of sand with a thickness equal to 1/3, 2/3, 1 the width., had shown
that the maximum reduction percentage of footing heave was 48.68% when using the sand
cushion thickness equal to the width of footing [5].

Three mixed different types of expansive soil with sand soil in proportions of 20%, 40%,
60%, and 80% by weight of the dry soil mass to improve characteristics of expansive soil. Test
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results show that the swelling pressure and swelling potential values reduce by increasing in sand
soil content for three different types of expansive soil [6].

The behavior of using different types of soils as a substitution soil beneath footing
constructed on swelling soil had been investigated. A four- floors typical construction built on
swelling soil had been applied in the model. ABAQUS, Finite element analysis Programm, using
simulated model. It founded that , using layers of another soil as substitution system reduced
footing heave by 20% , 31% , and 40% respectively when using layer’s depth of 1.0 m,1.5m
and2.0m. And the differential heaving between foundations decreased by 25% , 31% , and 38% ,
respectively [7].

This paper presents a numerical model for a six-story residential building carried out on
highly expansive soil for the site of the new branch of Al-Azhar University in Al-Kawthar city,
Sohag government, for studying influencing of the usage of substitution soils of : sand , sand to
gravel [1: 2] sand to gravel [1: 1], sand to gravel [2 : 1] and gravel on the swelling behaviour
and engineering properties of soil.

The parametric study was numerically carried out using PLAXIS 3D V22 program Finite
element analysis explained and identified the decrease in the heaving on the shallow foundation
constructed on this soil. The results also confirmed the swelling behaviour mechanism and
showed how to reduce the heaving of the foundation due to soil swelling.

2. NUMERICAL MODEL

A building consists of six floors at the new branch of Azhar University in Sohag governorate was
selected for this study. The building was constructed on highly swelling soil with isolated
footings as shown in Fig. 1 on replacement layer of sandy soil [8].

The model boundaries were selected as 35 *35 *10 m for soil so as to avoid any of strain and
restrictions localizing in the analyzing. The building building under study has neen considered as
a reinforcement concrete construction with plan of (B x L) =15.00 m x L=15.00m and 6 typical
stories eath height of 3.00 m, a simple global finite element mesh of the model is created in
setting as medium to represent actual distribution of stresses as shown in Fig. 2. Each floor has
three bays all of them with a 5.00m dimension in both X and Y directions. The foundation level
(F.L.) is at depth of 1.50 m below ground surface. Square isolated footing are assumed to be used
in the present study. All flooring were assumed to be flat slabs with 0.20 m thickness fixed to
columns of 0.50m x 0.50m dimensions. The exterior columns are rested on square footing of : 2.0
m*2.0 m *0.8 m dimensions (F1 model), while the internal columns are rested on square footing
of : 3.0m* 3.0m* 0.8m dimensions (F2 model) as shown in Fig. 2.

In this model, the isolated square footings were connected together with ground beams of
300*800 mm . The model of soil applied in the presented study with 10.00m thickness were
contain two layers of soil :

¢ Replacement of sandy soils of 0.50m, 1.00 m,1.50m, 2.00m and 2.50m thickness .

+«+ Swelling soil which lasts until the ending of the soil’s model.
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Fig. 1: The foundation system of building under study

Fig. 2: Numerically Modelling for the building under study [8].
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2.1.  Materials and parametric study

Five types of soils were used in the parametric study: swelling soil, sand , sand to gravel [1:2]
sand to gravel [1:1] , sand to gravel [2:1] and gravel. All data of swelling soils were specific from
tests which were performed to on tested sample extracted site of the building under study [9,10].

In the numerical analysis model, the properties of used materials are listed in Tables (1&2) .
Structure materials used includes the material of : foundation, ground beam, column and flooring.
Soil material includes expansive soil, replacement soils.

Table 1: Input soil roperties used in the numerical analysis [9]

Factors Expansive Sandy Sand : Sand : Sandy : Gravely
soil soil Gravel Gravel Gravel soil
(1:1) (1:2) (2:1)
Model Type Mohr- Mohr Mohr Mohr Mohr Mohr
Coulomb Coulomb Coulomb Coulomb Coulomb Coulomb
Type of material Undrained Drained Drained Drained Drained Drained
behavior
Unsaturated unit 21.7 20.60 20.10 24.13 23.09 16.48
weight, v unsat (KN/m?®)
Saturated unit weight, 23 21.50 21.36 24.16 23.18 19.81
ysat (KN/m?)
Void ratio e 0.37 0.3927 0.4255 0.1752 0.2248 0.6667
E (kKN/m?) 7500 100.0E3 140.0E3 160.0E3 160.0E3 180.0E3
Poisson’s ratio, v 0.3 0.35 0.31 0.29 0.33 0.27
Drained cohesion, cu 50 1 1 1 1 1
(KN/m?)

Friction angle, ¢ 30° 37° 39° 40° 38° 45°
Dilatancy angle, y 0 7° 9° 10° 8° 15°
Table 2: Input structure materials roperties used in the numerical analysis [9] .

Factor Unite Slabs Footings Ground beams Column
Type of Material elastic elastic elastic elastic
Cross section m? 0.24 0.25
Thickness m 0.2 .08
Density KN/m3 24 2.4 24 24
Ratio of Poisson 0.2 0.2 0.2 0.2
Elastic modules KN/m?2 2.20*10° 2.20*10°
Moment of Inertia m* 12.8*103 5.2*1073

2.2.  Generation meshs

An average element size and number of 15-node triangular elements are determined by the setting
of global coarseness. A simple global finite element mesh of the model is created in setting as
medium to represent actual distribution of stresses.
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2.3.  Transmitted load to the beaing soil
Different loads acting on the structure’s floor:

¢+ Vertical D.L , from the sum of D.L of ( floors, walls and flooring covers) are
calculated as = (25.00 x 0.2 ) + 1.50 +1.50 = 8.00 kN/m?
¢+ Vertical L.L, from the L.L on the construction which equivalent to 5.00 KN/mz2,
Then , the sum loads acting on surfaces of floors is equivalent to 8.00+5.00=13.00
kN/m2in (Z |) direction .
According to the Egyptian Code of Practice (ECP) [1)], the footing contact pressure is estimated
to be 200 kN/m2, while the natural expansive soil used in the current study possesses high values
of swelling pressure which are 2000 kN/m2 according to the results of oedometer test of three

samples of undisturbed expansive soil and three samples of remolded expansive soil are showed
in the Table 3 [9].

Table 3: The results of oedometer test of three samples of undisturbed expansive soil and three samples of
remolded expansive soil [9]

Undisturbed Sample Remolded Sample
Soil sample
No. 1 No.2 No.3 No.1 No.2 No.3
Swelling potential (%) 40.5 394 36.38 45.38 47.33 | 4583
Average Swelling potential (%0) 38.76 4451
Swelling pressure (kg/cm?) 22 20 18 32 36 33
Average Swelling pressure (kg/cm?) 20 34

Therefore, a replacement layer was used to minimize the effect of the high potential heave of the
expansive soil.

In general, it is significant using another soils as substitution soil to avoid occurrence heaving to
upward as the construction’s loads are light weights and it can’t avoid the heaving of swelling the
soil.

2.4. Calculation stages

After completing modeling of the finite element of the described problems, the actual finite
element calculations can be executed. For this type of problem, three stages are selected for finite
element calculations. The first stage without swell represents the construction of the foundation
and superstructure ,at this stage; the activation of elements of (plat , beam) , and surface loads .
The second stage without replacement stage is the the stage of application of the potential of
swelling for expansive soil , at this stage; it will be activated the positive volumetric strain in the
cluster of expansive soil. The third stage for using replacement soil with thickness (h) equal to
0. m, 1.00 m, 1.50 m, 2.00 m and 2.50 m. Soils used in the replacement are sand , sand:gravel
(1:2) sand:gravel (1:1) , sand:gravel (2:1) and gravel . The explained cases in the presented
search are showed in the Table 4.
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Table 4: Cases Studied in The Presented Search

— Replacement soils types Replacement soil's Case's Number
thicknesses [h] m

0.5 1

- 1 2

o sand 15 3

- 2 4

- 2.5 5

0.5 6

o 1 7

. san?lz -g 1r)avel 15 8

2 9

o 2.5 10

0.5 11

o 1 12

. san((jl: .g 2r)avel 15 13

2 14

o 2.5 15

0.5 16

o 1 17

— sand : gravel 15 18
. 2:1)

2 19

o 2.5 20

0.5 21

o 1 22

- gravel 1.5 23

o 2 24

4 2.5 25

By applying of D.L and L.L, It would be starting to apply each of the heaving and shrinking
actions independently [12]. A positive of 26.40 % volumetric strain was applied on the swelling
soil’s clusters in the simulation of swelling of the expansive soil layers. This volumetric strain’s
value was taken from the average of heaving rate under 2.0 kg/cm2 of stresses (regular stresses
caused by building’s loads) for the swelling soils applied as undisturbed samples as showed in
Fig. 3 [9]. In fact, the source’s position of the degree of overload and moisture efficient pressure
has an effect on the rate at which expansive soil would normally swell. However, a volumetric
strains was evenly acted on the total thickness of the layers of swelling soil in the analyses
presented for simplification [1Y].
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Fig. 3: Swelling - log p curves for three samples of undisturbed expansive soil and three samples of remolded
expansive soil [8].

3. RESULTING AND DISCUSSION

For studying impact of the usage of replacement layers of soil on behavior of square footings
which rested on swelling soils, a Finit element investigation was applied on the concrete
construction without and with replacement of different soil types .

The heave and moments induced in corner, edge and middle footings were numerically
investigated with the variation of replacement type and thickness.

3.1.Heave of footings impact of layers thickness of replacement soils on the performance of
faundation

The impact of replacement layer type and thickness on heave of corner, edge and midle footings

are represented in Fig. (4-a), (4-b) & (4-c) respectively. The reduction in footing heave is

estimated as listed in Table 4.

3.1.1. Heave of footings:

The impact of increment in the layer’s thickness of replacement soils on soil’s heaving beneath
each corner,side and middle footings are showes in Fig 4.

The heaving ratio is expressed by the percentage of the total heave (swell) to the initial case
height of soil’s surface under the foundations as follows:

o HR=(Hf-Hi)/ Hi % 100 (%) ...ccuvirie i e e e e Where:

* HR=Heaving percent Ratio (%)

e Hf = final Height (m)

* Hi =initial Height (m)

It was noted that, the heaving of soils decrease with the increment of thicknesses of replacement
soils . And it so with reducing actireplacement type and ve depth of swelling soil.
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Heaving of Corner Footing
21.00%
20.00% i
® 19.00% \
£ 18.00% Q‘:%
B 1e.Ubsh T——d
(v
£ 17.00% —
16.00%
15.00% T
0.5 1 1.5 2 2.5
thickness of replacement layer (m)
—e—sand —m—sand : gravel 1:1 —&—sand : gravel 1:2
sand : gravel 2:1 ——gravel
A
Heaving of Side Footing
17.50% -
® 3
£ 1650% ==
g —
14.50%
0.5 1 1.5 2 25
Thickness of replacement layer (m)
—+—sand —#—sand : gravel 1:1 —&—sand : gravel 1:2
sand : gravel 2:1 —+—gravel
B
Heaving of Middle Footing
17.00%
16.50% \
16.00% \&a‘
* 15.50%
< 15.00% \
E 14.50% —
14.00%
13.50% |
13.00%
0.5 1 15 2 2.5
Thickness of replacement layer (m)
—+—sand —m—sand : gravel 1:1 —&—sand : gravel 1:2

sand : gravel 2:1 —+—gravel

C

Fig. 4: Effect of replacement layer type and thickness of on heave of footings:

(a) Corner footings, (b) Edge footings, and (c) Middle footings
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3.1.2. The reduction of heaving under footing :

From Fig. 4 and Table 5 it can be observed that, the heave of swelling deposit decreases with the
increase of thickness of replacement layer, with general reduction in the range of 6.00% to about
20% for thickness of 0.50 to 2.50 m respectively for all types of replacement soil.

Table 5 : Reducing in footing’s heave with variation of type and thickness of replacement layer

Reducing the heaving [%]

Replacement types soils thickness of soil [m]
Corner's footings Side's footings Middle's footings

0.5 5.85% 5.92% 6.18%

1 11.30% 11.83% 12.30%

sand 15 15.04% 16.22% 17.63%

2 18.96% 19.09% 21.25%

2.5 24.41% 23.05% 23.22%

0.5 5.34% 5.67% 6.13%

1 10.74% 11.47% 12.19%

sand : gravel 15 14.38% 15.68% 17.26%
¢y 2 18.58% 18.43% 20.48%
25 24.21% 22.45% 22.13%

0.5 5.32% 5.69% 6.19%

1 9.95% 11.08% 11.91%

sand : gravel 15 13.33% 14.38% 16.39%
42 2 18.59% 17.75% 18.69%
2.5 24.66% 22.21% 20.73%

05 5.47% 5.86% 6.25%

1 10.72% 11.54% 12.17%

sand : gravel 15 14.14% 15.39% 17.16%
W 2 18.81% 18.32% 19.99%
25 24.68% 22.60% 21.83%

gravel 0.5 4.26% 5.01% 5.95%

1 9.48% 10.51% 11.77%

15 13.23% 14.48% 16.53%

2 17.61% 16.93% 18.71%

25 23.34% 20.96% 19.77%
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3.2.Moment Induced on Footings:
The relationships between the thicknesses of replacement layer and the induced footing’s moment
are shown in Fig. 5. The results show that, with the increase of thicknesses of replacement layer
and the induced bending moments on footings decreases with thickness of about 1.50 m, then it
returns to gradually increase again.

Moments on Corner Footing
_ -50.00 |
E' 0|5 L 1.5 2 5
E -60.00 q
@ \
3 -70.00
g K N
2 -80.00 \ \ v
£ v \ //
g -90.00 :\\
s
-100.00
Thickness of replacement layer (m)
——sand —#—sand : gravel 1:1 sand : gravel 1:2
sand : gravel 2:1 —+—gravel
A
Moments on Side Footing
-70.00
T \
» -80.00 1.5 ) 25
2
= 90.00 [xk
& 100.00
7 100 \
o -110.00 2
£ 12000 \ =
£ 130,00 X /
E 14000 S
2 .150.00 T
Thickness of replacement layer (m)
—+—sand —m—sand : gravel 1:1 sand : gravel 1:2
sand : gravel 2:1 —#—gravel
B
Moments on middle Footing
-630.00
E .640.00
2
=
w -650.00
£
@
@ -660.00
£
= -670.00
Q
E -680.00
2
-690.00 -
Thickness of replacement layer (m)
—+—sand ——sand : gravel 1:1 sand : gravel 1:2
sand : gravel 2:1 —+—gravel

C

Fig. 5: Relationship between replacement soil thickness and increasing in footing moment for:
A-corner footing B-side footing C-middle footing
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It is possible to explain that the partial replacement of expansive soils with compacted granular fill may be assumed
as a suitable means to improve the behavior of expansive soil however, this is probably not the case for more than
1.5m depth replacement, as it may have the opposite effect by worsening the condition of the soil (behavior) due to
deeper infiltration (saturation / loss of suction) of the subgrade resulting in heave due to the excavation and the
granular nature of the replacement will potentially introduce more water to the subgrade; If the excavation is allowed
to dry prior to placing the granular material it will propagate the ‘suction profile’ deeper creating an increased
expansion potential and the corners of granular replacement will dry more than the center , which in turn may cause
differential heave / shrinkage.

SUMMARIES AND CONCLUSIONS

From the present numerically study for the effect of thickness and type of replacement layer on
the heave and bending moments induced from swelling deposit on 6 R.C. skelton floor building
on isolated foundation system, the following conclusions are drawn:It is observed that the
thickness of replacement soil and swelling action have a substantial effect on the heaving and
moments of footing as the following:

1) It is observed that the thickness of replacement soil and swelling action have a substantial
effect on the heaving and moments of footing as the heaving of footing decreasing with
the increasing of thickness of replacement soil , but the effect of swelling soil on footing
moment decreased by increasing thickness to 1.5m thickness, then it returns to increase
again .

2) The heave of swelling deposit decreases with the increase of thickness of replacement
layer, with general reduction in the range of 6.00% to about 20% for thickness of 0.50 to
2.50 m respectively for all types of replacement soil.

3) In spite of the variation of material of replacement layer does not show significane
diffrences on the reduction on heave of swelling soil, sandy soil with maximum thickness
of 1.50 m seems to be the most practical and economical technique.The value of the
remaining heaving after replacement must also be considered into account in the step of
designing foundations and reinforcement to avoid damage to reinforcement concrete.

4) The value of the remaining heaving after replacement and induced bending moment must
also be considered into account in the step of designing foundations and reinforcement to
avoid damage to reinforcement concrete.
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