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Abstract

This article is discussinigne effect of oil leak contamination on soil shear behavior. The authors also studied th
effect ofthe natural existence of silt fraction, on shear properties of the same soil type. Sand soil is used &
foundation and replaceent soil during civil construction theregion of Agrud Suekz EGYPT. In this research,
direct shear tests were performed on pure sand and sand with 3% silt content soil, under various normal stre
to investigate the effect of soil grain size on shear properties. Moreover, shear propeetissidied for o#
contaminated sand and sand with silt to deterrfiaeffect of oil contamination on both forms of soil. Results
indicate thathe presence oh small percentage of silt in sand soil may cause a significant decrease in she
strength. A it was observed that adding oilasontamination material to sand may cause a decrease in shea
resistance as well.

Keywords: Agrud sand, Suez sand, oil contamination of soil, silty sand shear properties, silt effect on sar
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1 INTRODUCTION

To understand simple material behavior and establish ¢bestitutive equations, homogeneous element tests are

required. The purpose of this contribution is a critical vig=-

of some elementary laboratory tests performed
contaminated sand soil, which may affect significantly
mechanics of soil, although, i€mains unpopular for most
engineers and builderAgrud (Agrod or Ajrud)islocated in

the western desert of Suez city30°01'42.81" N |z
32°29'34.69" B Egypt. I contains the famous [¢

archaeological area Tel Agrud of 50 acres, dating back to
Ottoman ageAgrud is also a valuable sand quarry supplyit
the city of Suez with sand used in construction works.
Recently, large oil tanks were erectedthe same regian

The exposed rock units in Agrud region are classififs

according to their relation to the Golf Suez rifting into pre

rift and synrift sequences; the former is Eocene rocks g
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could be subdivided into Observatory, Qurn, wadi Gara'*
and wadi Hof formations. While the latter is represented
Oligocene and Miocene strata. These sequences
uncanformably overlain by reworkeRliocene carbonates

and Quaternary clastic sediments of poorly lithified sanus,

gravels, and recent alluviurfi], [2], as shawvn in figure(1).

Figure 1 Geological map of Suez region generated

supervised classification map, Hammam, A. & others,

2018




Thesoil oil contamination leads to changes in the soil properties. The geotechnical properties of contaminated soil
been studied by many researchers. Hasan et al. (1995prfved that oil contamination of Kuwaiti sand caused
decreasing in the permeétyi and strength of the soil, while it caused increasing in compressibility and CBR value:s
with the presence of up to 4% oil lilge soil weight. Puri. (2000),4], stated that the internal friction angle of
contaminated soil decreased amount of 20 to 25 % and the hydraulic conductivity depends on the viscosity of
contaminanbil. Therefore, this research focused on studying the effect edoibminatiorof Agrod sand on the shear
behavior angroperties

2 MATERIALS AND METHODS

Sand samplevascollectedin one batch from Agrud district, Suez governorate, Egypt. cilectedsampleinitially
containedsome siltsized grains and was used asample (1)while part ofit was sieved wet into a 0.075 mm sieve to
isolate siltsized grains from ito bede-silted and was used asample (2)according to ASTM C 117 95,[5]. Sample

(1) was mechanically sieved to obtain the percestaferains passing through each sievee st is performed
according to ASTM C 1361, [6]. In addition, laboratory Compaction Characteristics of the two used samples ha
been performed using the Modified Effeest according to ASTM D155712(2021), ¥]. The used soil contaminant

is engine oilthat isused forgasoline enginewhich hasa specific gravityof 0.9050at 15°c and viscosity index of 90
Soil samples were ailried and then contaminated with oil at different concentrations (0%, 2%, 4%, 8%) of their dr
weight and then kept for a d&y ensure that soil absorb#ee oil. Unit weight was tested for each of the soil samples
at all used oil contamination concentratiaesording toASTM D726321, [8] to observe changes corresponding to oil
concentrations changes

The direct shear test of aibntaminated samples at concetitrzs (0%,
2%, 4%, and 8%) was performed according to ASTM D 3080,using g
digital Direct Shear Apparatus 2814 ELE with36 cnt samples using ‘ .

shear boassemblied,10], strain rates were fixedat (one mm/minute)The | Horzonl LDT = =l TRy
shear test was performeat three different normal stresses, 28.7 Kpa, _ ‘
Kpa, and 83.4 KpaTheShear aparatus was equipped withoad cell,with A
a max load of 500 kg, detailed specificatismmentioned in[11]. The o
apparatusvasalso equipped with two displacement transducers, 25 mm

50 mm, according tahe specification mentioned ifl12]. The frst onewas

measuringvertical displacementind the othewas monitoring horizontal YRSy
displacement. A datacquisition (Digital Indicator afour inputs, MP4
model), [13], had been used to collect and store readings from the th
transducers tthe PC. Figure(2), shows the measuring setup AL

The specimenwas placed inthe shear boxand te load applied andhe |

lateral straininducedwererecorded at frequent intervals to determine  Figure2 Setup of shear apparatus

shear streskteral strain curve for each normal streSeveral specimens

weretested at varying normal stresses to determine the shear strength parameters, the soil coleeslahd@ngle
ofinternalf ri cti on, commonly known as friction angle ( «)
petroleum and mining engineerirgt Suez University, Egypt.
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3 RESULTS AND DISCUSSION:

3.1 Characterization of Soil Used:

In the present study, grainzei analyses of sargbil usedhad been performed as described previously, using
mechanicakieving; results are shown in Tablel). Wet sieving througla si eve (75 em) is
silt andclay fraction from the original soil sample, which was found to be 3% of the total sample wiightotal
dissolved salts measured in washed soil water solutiwafounded as 0.03% of the sample totalgh The graph in
Figure(3), presents the partickze distribution of Agrud sand, used to classify the type of tested soil based on th
shape of thgraph.According tothe Unified Soil Classification System (USCS) as well as ASTM D 2487, (D10, D30
and D60) for Agrudcsandweredetermined from the grapkjgure(3). Uniformity coefficientwascalculatedas (QJ
=[D60/D10] = 2.3) and coefficient of curvatuescalcdated agCc= [(D30)/(D60*D10)] = 1.29).Agrud sand used
wasdescribed as SP poorly graded sand.




Table 1: Results of sieve for sample (1)

Image

SeveSze Passed
(mm) % wit.
2.8 99.4%
1.7 98.4%
0.85 87.4%
0.6 59.6%
0.425 24.6%
0.3 13.6%
0.212 6.0%
0.18 5.4%
0.09 3.2%
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Figure 3 Grain size wtribution of sample (1)

Maximum dry density and optimum moisture conirgample (1) and sample (2) were obtained by usialylodified
Effort test according tASTM D1557 which shoved a maximum dry density of 1.911 gm/érat 8.95% optimum
moisture content for sample (1), and maximum dry density of 1.884 gratch3.04% optimum moisture content for
sample (1), resultare shown in Figure (4) andgtire (5).
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Figure 4 dry density relationship with water Figure 5 dry density relationship with water
content percentage of sand with 3% silt sample ( content percentage of sand sample (2)

3.2  Shear Behavior ofAgrud Sand

According toJ. K. M. Gan & otherg[14], The shear strength parameters of unsaturated soil can be obtained using
direct shear apparatuSand samples were subjected to a direzaigbst, using the previously mentioned shear machine
setup. Results were plotted on graphs stibarstress on the-gxis and the lateral strain on thexis under different
normalstressesShear behavior of sand and sand with 3% silt samples waseeped infFigure 6), Figure ), and
Figure @) which illustratethe effect ofa very small silt fractiorin the sand sample on values of shear stress at three
levels of normal stresses, 28.7 Kpa, 56 Kpa, and 83.4 Kpa. Results illustrate that tliesiéteace of sand with silt

is always less than pure sand without sitigure @), Figure (7), andFigure 8) demonstrate a more curious behavior

is noticed across these curves, where sangbéesfailure at lower sheatressvalues,stated in thisext asa primary
failure, which can be recognized thelong lateral strain reaatg about0.02as a common value under the different
normal stresses, stalked by the gradual increase in shear resistance, where in this part, the relaitairsisestng
linearly. Finally, an endless strain exists with a slight decrease in shear resistance, indicating complete failure of
sample Table(2) shows equationdescribing shear resistance under different values of normal stresses
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Figure8 shear behavior of sand and sand with 3% silt under normal stress of 83.4 Kpa

Table 2: Polynomials describing shear resistance under different values of normal stresses

Grain Type Polynomials R2

sand @B/ KPa) y =-2E+10% + 3E+09% - 2E+08X + 9E+06% - 143952% + 1117.3x 1.875 0.97
Sand @K([B8) y =-5E+09% + 1E+09X - 1E+08X + 6E+06% - 113664% + 970.32x + 2.7236 0.99
sand (@B8.4 KPa) y =-1E+11% + 2E+10x - 1E+09% + 5E+07X - 716132% + 5108.2x + 1.1975 0.99
Sand with s#8@ KPa) y =-6E+09X + 1E+09X - 1E+08X + 3E+06% - 40871% + 252.15x + 0.7214 0.93
Sandith silt @K@&s) y =-5E+09% + 1E+09% - 1E+08X + 6E+06% - 99409% + 814.15x + 3.0528 0.98
Sand with £88@ KPa) y = -2E+10% + 4E+00X - 4E+08X + 2E+07% - 402856% + 3536.8x + 1.3508 0.99
Coarse s28d KPa) y =-1E+10% + 2E+09R - 2E+08% + 1E+07x% - 200838% + 1974.6x- 5.0663 0.97
Coarse sarkP&6 y =-1E+10% + 3E+09% - 3E+08X + 1IE+07% - 2551417 + 2246x- 0.8991 0.99
Coarse $88d KPa) y = -8E+09¥ + 2E+09% - 2E+08% + 1E+07% - 2256827 + 2353.9x + 0.8078 0.98
Medium s28( KPa) y = -2E+10% + 3E+09% - 2E+08X + SE+06% - 61745% + 504.73x + 1.5967 0.97
Medium sarkP¢&)6 y = -1E+10% + 3E+09X - 2E+08X + 7E+06X - 109679% + 1302.4x 0.7046 0.99
Medium £88d} KPa) y =-1E+10% + 3E+00% - 3E+08% + 1E+07% - 2875137 + 2739.5x + 0.8092 0.99
Fine sa?8l7 KPa) y = -7TE+08X + 2E+08% - 3E+07X + 1E+06% - 29630% + 331.53x + 0.9689 0.98
Fine sandKP%6 y =-7E+08X + 2E+08% - 3E+07X + 2E+06% - 60474% + 1116.6x + 1.1576 0.98
Fine s488.4 KPa) y = -6E+08X + 2E+08X - 3E+07X + 2E+06% - 54691% + 968.21x + 0.0189 0.97




Different sets ofrain size, coarse sand (2.0:0.5 mm grain siz®—;
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medium sand (0.5:0.25 mm grain size), and fine sg Sy a5ty Shtat Ealars
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results of shear resistance. Under low normal stress, there
significant order for overall behavior; however, it appears t
the integrityof all grain sizes is improving results. At highg
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sand with silt. @®ain size separation negatively affecl . medilim sand
mechanical properties, which again proves that variable g //’/d
size improves results, except for silt size, which decreased ° . . . o o o = -
resistance of sand solfjgure Q). normal stresses o1 (KPa)

Dinesh B. Shrestha,[16], observed that increasing . .

montmorillonite proportions in sanwill significantly reduce F'9ure 9 Shear strength for different graded san
soil strength. Salgado et {17], further said that under different values of normal stresses

fines entirely control the soil behavior in terms of dilatancy and

shear strength when fines content is more than 20%. Xenaki and a&tpoulos[18] stated thatlaboratory
investigations prowe that, for silt content from 0 to 44%, the liquefaction resistance of the sand with a constant glok
void ratio decreased, compared to that of clean sand. Triaxial tests of Selgdda7], determined that thaddition

of even small percentages of silt to clean sand considerably increases both the peak friction angle at a given il
relative density and the criticatate friction angle. They also suggest that silty sands witHloating fabric in the b
20%silt content range are more dilatant than clean sands. This may be interpreted asifotially, the fine particles

are not positioned to provide optimum interlockiagd small shear straimseimposed on the soil with greater ease
than if the fine were not presenfAs shearing progresses, the fines reach more stable arrangements and ultimat
increase interlocking, dilatancy, and shear strength. Increasing fine content would separate sand particles
consequently reduce the saniahitial contect surfaces. Meanwhile, the strength of the sand fabric of carrying loads
becomes weaker, and the critical state parameter increases with the increase of fine content leading to the reduct
shear strengthM. Derkaouiet al,[19], concluded after working on monotoniadrained triaxial tests, that particle
breakage and rounding during shearing can cause a substantial decrease in friction angle at higher normidl stress
G. Brandes[2(], said that this decrease is more severe in the calcareous sands due to lower grain hardness and
prevalent intraparticle void#\.F. Cabalar[21], said that shape of the finer grains does not have a significant impac
on the behavior of specimens. However, higher roundf®sand lower sphericity (S) of the host sand, lead to higher
strength.The quantity of finer grains has a major influence on the behafigpecimens. On the other sidkian, S.
andLee, C, [22)], said that silt content enhances the strength of-séingpecimens. Where our auttgpresent study
proves the different statement.

In Figure (10)and figure (11), shear strelsderalstrain curves showan initialsharp peak, followed by a large softening
stage before starting a second larger peak. Desrues, J.E23|.suggestd a graphical incremental distortion model
dg= (de - dey), as shown irigure (L2), which describga shear band mechanism, initiated at the middle of the sample
and a secondary shear band developed beside the major one. The two bands haeséggrihe same direction. It
should be noted that this initiation of the localization is observed in a very early stage of the deformation process,
after the peak but before. Desrues, stated that the localization initiation can take place bgfea& thehe overall
stressstrain curve, the shear band is not simultaneously initiated, but it propagates at every point, from an initiat
point with a constant direction
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Figure 10 shear behavior of sand with silt samples Figure 11 shear behavior of sand samples
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Figure 12 Initiation of the shear band as isevalue of distortion, after Desrues, J.et al.[22]

3.3 Effect of oil contamination on unit weight of sand
Soil samples of sand containing 3% silt and pure sa&ré contaminated with oil at different percentages @%,
4%, 8%) of the soil weight, the effect of soil oil contamination on the unit weight of samples was represented as sh
on figure (13) and figure (14).nit weight of sand containing 3% silt samples whghtly increased by adding 2% oil
contaminatio While the increase in oil contamination percentages in the sample to 4% and 8%afedkwious
increase in the unit weight of the samples to reach 1.772 gidmaunit weight valuesf pure sand samples increased
continuously with increasing oil otamination percentages until they reached 1.775 g/cm3#tbil contamination

percentage.
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the unit weight of sand with 3% silt samples the unit weight of sand sample

3.4 Effect of oil contamination on Shear Behavior of Agrud sand

Samples of sand containing 3% silt and pure sand contaminated with oil at different concentrations (2%, 4%, 8%) \
tested on the shear box for shear behawieestigation. shear stressateral strain relationships for sand containing
3% silt samples were represented as shown in figure (15), figure (16), and figure (17) which illustrate the effect of
contamination on soil shear behavior at three levet®ohal stresses on sample 28.7 Kpa, 56 Kpa, and 83.4 Kpa. The
observation is that oil contamination makes a noticeable change in the shear strength of sand with 3% silt sam
However, there is not any clear behavior of shear strength changes eitbasimg or decreasing

However, the relationships of shear stress with lateral strain for pure sand sampEpsesenteth figure (18), figure

(19), and figure (20) which shothe shearbehavior of pure sand samples when contaminated with different oil
concentrations and were subjected to three values of normal stress 28.7 Kpa, 56 Kpa, and, 88sdilt§pshow that

the shear strength values have significant decreasing by adding oil contamination at 2%, 4%, and 8% concentratio
thesand sampke This decreasing effect is due to the effect of oil contamination which aatsilascant helping sand
aggregates to slide easier, which helps in decreasing shear stress needed to make a certain value of shear strain

sand containing 3% silt with 2% oil contamination sand containing 3% silt with 4% oil contamination
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Figure 15 shear behavior of sand containing 3%silt Figure 16 shear behavior of sand containing 3% si
contaminated with 2% oil contaminated with 4% oil




Shear Stress (Kpa)

® Normal stress 28.7 Kpa

sand containing 3% silt with 8% oil contamination

o onc 07 am ons 010 e o1
Lateral Strain
® Normal stress 56 Kpa

===Paly. (Normal Stress 28.7 Kpa) == Paly. (Normal Stress 56 Kpa] ===Paly_ [Normal Stress 83.4 Kpa)

o Normal Stress 83.4 Kpa

Figure 17 shear behavior of sand containing 3% silt contaminated with 8% oil
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Figure 18 shear behavior of pure sand contaminate
with 2% oil

Figure 19 shear behavior of pure sand contaminate
with 4% oil
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Figure 20 shear behavior of pure sand contaminate

with 8% oil




