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Soil stabilization by lime, fly ash, and differattemical additives were used
to improve the swelling characteristics of the elaoil. In the present study,
the hay fibers of wheat is added to a clayey smgelboil to improve and

stabilize its characteristics. Old houses in Egyptvillages were built with

clay mixed with hay fibers as a cementious agetwdsn clay particles. The
hay ratio used in the present study was 0.5, 11aG& by weight of the clayey
soil. The soil used in this study represents a tfp@wvelling clayey soil. Index,
strength and swelling properties tests are carmed on the clay-hay mixture.
The results showed that the shear strength inceeasth the increase of hay
ratio till approximately 1% hay addition. The indat tensile strength for air

dried samples increased as well. The deformatiantduhe swelling potential

also decreased to about 20%.
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1. INTRODUCTION

Swelling clays are found in many parts of the woplarticularly in semi-arid areas.
Swelling clays are detected in Australia, Canadan&; Jordan, Saudi Arabia, India,
South Africa, Sudan, Egypt, and the United Stakbs. expansive soil term is used for
soils that have potential shrinkage and swellingpprty under changing water
content.

Swelling soils in Egypt are found in different asesuch as Madinat Nasr, Sina,
Assiut, the New Valley, Sohag, etc. Although a cdesable progress had been made
to overcome this problem but no definite theorétaaalysis has been established.
This may be due to the complex interaction of thieécations minerals with water. In
cases where the surface layer only is found asnsiga clay, it can be replaced by
clean sand or admixture of gravelly sand. Sometiragsrotective procedure should
be applied to prevent the access of the free watéhe soil i.e., constructing the
foundation at depths not subjected to the changdbe water table. However, in
embankment construction, if the soil of the embagkinwas a swelling soil, it must
be treated with some additions before constructmyptians used hay in houses, by
adding it to the clay pastel. They built their hesisrom pastels of clay mixed with
hay in their plastic state and left it until getfidry. This efficient method contributed
to the stability of the houses they built. For emmit purposes, the construction of
highways necessitates using the local soil in ithld.f This problem may be overcome
by converting or improving the swelling propertafssoil using appropriate additives.
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Lime is one of the most common and successful staibilizers. Some chemical
additives are used with lime, and are found to ¢®ful in accelerating the interaction
between lime and soil. These chemical additiveshatevidespread due to their high
cost. Stabilizing of swelling soil by lime requiresonths to react and reach
equilibrium state with soil.

The main objective of this research is studying éffect of hay addition to an
expansive soil, on its strength and swelling progesr Hay is cheap and is found all
over the world. Hay is added to an expansive clas@y from Sohag province in
Egypt as a percentage of soil weight.

Extensive studies have been carried out on thdligilon of expansive soils
using various additives such as lime, cement, 8, andustrial waste products,
potassium nitrate, calcium chloride and phosphadid, [2], [3], [7], [9], [11] and
[13]. Mat, et al [14] considered the potential gfopgum, organic polymers, organic
matter waste materials, and fly ash, as soil stabd. Addition of gypsum to soil can
limit clay swelling and dispersion, and improve |sstructural stability. Synthetic
organic polymer addition to soil surface aggregdeeds to their stabilization,
improves bonding between adjacent aggregates, &mnd flocculation. Fly ash
additives can improve soil physical characterissosh as texture, structure, water
holding capacity, hydraulic properties, and aerat{@0]. In Al-Khod (northern
Oman), a swelling clayey soil was treated with entrby-pass dust (CBPD), the
formation of aggregations as a result of the clement interaction had reduced the
clay potential of swelling [12].

Lime is widely used in civil engineering applicats such as road construction,
embankments, foundation slabs and piles. It has meicated , [3], that the addition
of lime significantly reduces the swelling potehtiequid limit, plasticity index and
maximum dry density of the soil, and increase®jtsmum water content, shrinkage
limit and strength. The optimum addition of limeeded for maximum modification
of the soil is normally between 1% and 3% lime bsight, and further additions of
lime do not bring changes in the plastic limit, vdrease the strength [3]. Generally,
the amount of lime needed to modify a clay soilesfrom 1 to 3 percent, whilst that
required for cementation varies from 2 to 8 % [&4i $6].

Cement stabilization is similar to that of lime gmduces similar results. Cement
stabilization develops from the cementation linlktween the calcium silicate and
aluminates hydration products and the soil pasickddition of cement to clay soil
reduces the liquid limit, plasticity index and slvej potential and increases the
shrinkage limit and shear strength [4], [13].

Sarooj is an Omani local term for artificial pozaol produced by burning
(calcining) clay. Calcined clay pozzolans mixedhnitme and water have been used
as a cementious material in construction. Heatrtreat at elevated temperatures at
about 500 °C and above changes the propertiedlsfesul causes a reduction in their
liquid limit and plasticity index. However, this denique seems to be an
uneconomical solution [13].

Synthetic fibers such as cellophane, steel or glass have found very limited
application in the soil stabilizing process. Vetdtaoils and fats, tannins, Arabic
gum, are used as soil stabilization but they haary glow and limited applications
[11]. Fibers are widely used when building withtbaGenerally, fibers can be most
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easily mixed in with the soll if it is in a plastar liquid state. The synthetic fibers
serve to increase the tensile strength, reduceitgdenscelerate drying and reduce
cracking by dispersing stresses. Fibers vary ipshsize, strength, elasticity and their
bond strength with earth, so possible improvemeirts different types of fiber will
vary, as will the amount of a particular fiber reqd.

2. PLAN OF STUDY
2.1 Materials

The soil studied is a silty clay soil. The soil hasre than 95% finer than No.200
sieve. The soil is grey to black color and is quetgansive. The soil is obtained
through pit excavated till 2.5 m depth below theuyd surface. A free swell test was
carried out and gave a reading of 120%. Thereftire, soil is considered quite
expansive. The grains of hay take a longitudinalpsghof about 15 to 25 mm and an
approximate thickness of 0.5 mm as shown in Fig. (1

Fig. (1) Photo of used hay

2.2 Applied Tests

2.2.1 Index tests

The determination of materials finer than No.20®-(i#m) is carried out as
described in ASTM D1140-00R06. Liquid Limit, Plastiimit, and Plasticity Index
are carried out as described in ASTM D4318-10. Jimenkage limit is carried out as
described in per 1S:10077. The standard compadigsh is also carried out as
described in ASTM D0698-07E01. The free swellingdings are obtained from the
application of their standard tests described ier I§: 2727-1977. The results are
shown in Table (1).

Table (1): Theindex propertiesof the natural clay soil

Y dmax 0 %Finer
(t/md) ow.c% | F.S% N0.200

Result] 12 | 40.1 22 18.1] 10.4 1.7¢ 17 140 95

Test |W% |LL% | PL% |1.P% |SL%

2.2.2 Strength tests

To investigate strength properties of the clayelssthree tests were applied as
follows :
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i) The unconfined compression test, as describedSTM D2166-06.
i) The direct shear test, as described in ASTM &B04.
iii) The indirect tension test on dry samples, esatibed in ASTM D3967-08.

In each test, the soil is compacted in the stanBaodtor mould. The samples are
prepared at the maximum dry density with optimuntewaontent.

Standard unconfined compression test as descnibA&TM was carried out. The
test samples are prepared according to ASTM stdnsigecifications. The sample
dimensions are 2.5 cm in diameter and 6.0 cm igtlkerhaving its maximum dry
density with the optimum water content. More thiareé tests are carried out and the
average is obtained. The stress-strain relatipioited.

The direct shear test is carried out as descrinedSTM standard procedures.
Samples are prepared at the maximum dry density aptimum water content. A
series of tests are carried out on the clayey ssnphder normal vertical stress
applied of 0.5, 1.0 and 1.5 kg/ém

For the determination of materials strength, theimsile strength is of major
importance. The direct testing of brittle materidiewever is very complex.
An alternative to this is the indirect testing detso called Brazilian disk test. A
cylindrical specimen is broken in tension perpeuldicto one diameter, by applying
compressive force (F) in a direction perpendicttathis diameterd). The load is
increased slowly until specimen breaks. The teatgeod one for brittle materials that
have shear strength greater than their tensilagitieThe diameter of specimen is one
half its length L. This test has been for concretgting since long time [1]. The
Brazilian test set is shown in Fig. (2).

|F

!

Principle of Brazilian Real disk after test
Disk Test

Fig. (2) Schematic diagram of Brazilian indirect tension test.

For samples with length=2D, the tensile stress can be determined as in Bqu.(1

2F
== 1
Ot L ( )

where, D andL are the diameter and length of the cylindricahgkes.

2.2.3 Swelling tests
To know the essential swelling properties, theofwlhg tests were carried out:
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I) Free swell test as described in per 1S:2727-1977
i) Swelling pressure test as described in ASTM £8158.

Free swell test is carried out following ASTM standi specifications. It is applied
to the clay passing sieve No. 40. The results effithe swell test are recorded and the
average was determined. The clayey soil without &dglition gives a reading of
120%, which indicates a moderately expansive smibading to the test normative.

The swelling potential tests according to ASTM dfieation are carried out on
clay samples. The clayey soil was put in the maflithe consolidation test at max dry
density and optimum water content. The soil is émhdith 0.25 kg/cvertical stress
to simulate the small buildings in field. The distil water is applied to the specimen
until saturation. A dial gauge is installed ovee tbpecimen with zero reading. The
increase in the reading of the dial gauge is resbrebich day. After three days, the
reading begins to be constant, which means thatsdiereached the maximum
swelling potential under 0.25 kg/éniThe swelling of the soil sample without any
addition, after three days under a pressure of Kga5t, was 0.83 mm.

3. EXPERIMENTAL WORK

3.1 Adding Hay as a Percentage of Soil Weight

The liquid, plastic and shrinkage limits are ob¢girior each clay-hay mixture. The
compaction test is carried out on each mixture. fdseilts are summarized in Table
(2), Figs. (3), (4) and (5).

Table(2)

Hay Liquid Plastic Plasticity | Shrinkage Free
addition% [imit% limit% index% limit% swelling%
Without 40 22 18 10.6 120
With 0.5 40 25 15 9.6 110
With 1.0 41 22 19 53 105
With 1.5 38 24 14 12.6 100
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Fig. (3) Maximum dry density with and without hay addition
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Max. Dry density t/m3

Optimum Water Content (O.W.C)%

0.0 0.5 1.0 1.5
% of Hay Addition

Fig. (4) Optimum water content and maximum dry density
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Shrinkage Limit S.L %.
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% of Hay Addition

Fig. (5) Comparison between S.L and Optimum water content

3.2 Strength Properties of the Clay-Hay Mixture

As mentioned above, 0.5 %, 1.0% and 1.5% of hagded to the clayey soil as a
percentage of the soil weight. The samples arentérken standard compaction mould
with its optimum water content and maximum dry digndetermined before. The
unconfined compression test is carried out on msayples and the average is
obtained. The samples were cylindrical with diamefe2.5 cm and 6.0 cm in length.
The results are shown in Figs. (6) and (7).

Also, the direct shear test is carried out on thg-bay mixture. The compaction is
carried out using the optimum water content andimasn dry density of the mixture
as mentioned in the past paragraph. Three tests eggried out. The first was under
0.5 kg/cni as a normal stress. The second and the third ateted and 1.5 kg/ch
respectively. The test is carried out till failied the results are shown in  Fig. (8).
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Fig. (6) Results of unconfined compression test
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Fig. (7) Hay ratio with the unconfined compressive strength
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Fig. (8) Direct shear test under vertical stress of 1.0 kg/cm?
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Fig. (9) Shear strength under 0.5, 1.0, and 1.5 kg/cm?

The indirect tension test is carried out on cylicalr samples with length equal to
twice the diameter in the Brazilian test machiniee Tate of loading was 1@fs. Fig.
(10) represents a photo of the Brazilian testHe. results of the indirect tension tests
are shown in Fig. (11).

3.3 Swelling Properties of the Clay-Hay Mixture

Free swell test is applied on each clay-hay mixture the results are summarized
in Table (2).

Swelling potential test is carried out through asmlidation cell loaded with 0.5
kg/cnt as initial conditions. The test is carried outading to the steps mentioned
before. The dial gauge reading is recorded afteretllays for each mixture. The test
IS repeated at least three times for certaintythedaverage is taken. The results are
shown in Figs. (12) and (13).

Table (2) contains the index properties of the eléty and without hay addition.
The liquid and plastic limits have no consideratilanges.

Shrinkage limit, one of the Atterberg limits, is dely linked with many
plasticity-based soil behaviors. However, in a gneajority of these cases, such
correlations have been found to exhibit poor pentoice. Recently, it has been
brought out that the shrinkage limit of a naturail soes not depend upon plasticity
characteristics, and it is primarily governed bg telative grain size distribution of
the soil [3]. The shrinkage limit has consideraideiations, for example in Fig. (5)
the shrinkage limits decrease with the increasingay addition until 1.5 % which
begins to increase. This behavior is very closthéobehavior of the optimum water
content which means that the shrinkage limit dagsdepend on the plasticity of the
soil rather than the particle size distributiorirakig. (5).

The compaction results of the clay-hay mixture d&lave a considerable behavior
changes. In Figs. (3) and (4), the optimum watertent with maximum dry density
is plotted. From these curves, it can be seentligamaximum dry density decreases
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with increasing of hay percentage. This is a nofmedlavior because the weight of the
dry soil decreases with the increasing of hay aafditAlso, the optimum water
content decreases with the increasing of the haljtiad till 1.5% hay percentage,
which tends to increase gradually. The behaviothef optimum water content is
approximately the same as the behavior of the kkhge limit of the clay-hay
mixtures.

0.09

0.08

0.07

Max. tensile stress kg/cm2

% of Hay Addition

Fig. (11) Indirect tension test for air dried samples (Bar azilian test)
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Fig. (13) Reduction of swelling deformation with hay addition

4. RESULTS AND DISCUSSIONS
4.1 Index Properties

4.2 Strength Properties

Figures (6) and (7) show the relation between oficed compression stresses
and the deformations. The increase of hay perceritagssociated with decrease of
compression strength of the mixture. This may be wuthe fact that the addition of
fibers to clay weakens the ability of the clay tohstand compression forces. This can
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be due to the fact that the hay grains create vpéahkes in the clay pastel which
accelerates the failure.

Figures (8) and (9) show the relation between thgimum shear stress and the
percent of hay addition. In general, the additibhay to the clayey soil increases the
shear stress of the soil. The shear stress in@easie the increasing of the normal
stress on the samples as shown in the Fig. (8)b&kkratio of the hay addition seems
to be 1%. The hay grains make cementation linkevéet the clay particles which
help increase its shear strength.

The indirect tension, Fig. (10), was applied to ¢hey-hay mixture samples. This
test is carried out on air dried samples to seetfet of hay addition on the tensile
strength of the dry clay samples. These tests amged out to know more about the
phenomenon of building houses by Egyptian villagarith clay-hay mixture. The
results showed that the addition of hay to theayasoil increases its tensile strength.
The best ratio of hay seems to be 1% which givesriaximum tensile stress for the
air dried clayey samples mixtures as shown in @ifj). The walls of the old village
houses carry the vertical loads, which convertsnball horizontal forces in the clay
mixture blocks which induce tensile stresses. Thg frains make a cementation
between clay particles which represent, in thigcadype of reinforcement.

4.3 Swelling Properties

Two swelling tests are carried out on each of thg-bay mixtures. The first is the
free swell test and the results of this test avaltded in Table (2). From the table, it is
obvious that the free swelling value decreasesh(leitv values), with the increasing
of hay addition as shown in Table (2). This cardbe to floating hay above the water
in the jar of the free swell test.

The second test on the samples mixture is the isgghotential test. The test is
carried out as mentioned before. A vertical strafs8.25 kg/cm is applied on the
samples to simulate the field conditions. In theldi approximately the small
buildings only which can run the risk of swellirigpr that reason, a vertical stress of
0.25 kg/cm is applied on the samples. Figures (12) and (b8wsthe maximum
swelling deformation for each mixture. From theggs.f one can conclude that the
addition of 1% hay decreases the swelling defownatiom 0.83 mm to 0.60 mm. As
a result, the swelling deformation was reduced lioud 23% of its original value
without adding hay.

5. CONCLUSIONS

From the present study of adding hay to clayey, sudl following conclusions can be
derived:

1. No considerable or reasonable changes in therlftg limits occur due to
addition of hay.

2. The maximum dry density decreases with hay sfdiill 1%. The optimum
water content decreases with increasing hay additiol% addition and begin
to increase with increasing hay addition.

3. The shrinkage limit decreases with increasingdddition till 1% addition and
increase with higher hay addition.
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4. The unconfined compression strength of the d&greases with the increasing of
the added hay ratio.

5. The direct shear strength of the clay increas¢ably with hay addition till 1%.
This increase is approximately more than 20%.

6. The tensile strength of the air dried hay-claixtanes, increases with the
increasing ratio of hay. The increase of the terstilength is about 30% with 1%
hay addition. The best ratio of hay addition setortse 1%.

7. The swelling potential under 0.25 kgfcmecreases with hay addition. The
decrease is about 20% with 1% hay ratio.
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