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ABSTRACT: Several factors affect the bearing of a load of natural and engineered embankments and
slopes including the crude oil leakage, leading to a severe decrease in resistance. This is especially
important for oil-rich countries, such as Iran, which have several crude oil resources. The main purpose

of crude oil contaminated sandy soils using the California bearing ratio (CBR) test. In this paper, 10
different types of sand with different characteristics were used. At first, a series of CBR experiments

were performed for natural sands (i.e. clean sands) and then contaminated sands with 6% crude oil tested  Keywords:

under similar conditions and densities to obtain the reduction in bearing a load of crude oil-contaminated Sand
sands quantitatively. Experimental results showed that bearing the load of sand containing 6% of crude

; L . Crude oil
oil decreased at least 50% compared to clean sands and the stress-strain diagram of these contaminated

soils would decrease significantly. Based on the results of the investigation, it can be stated that particle Bearing the load

shape (sharpness or roundness), coarse particle ratio, and finally the type of aggregation influences the ~ California bearing ratio
resistance of crude oil contaminated sands. It was also found that standard Ottawa sand had an 83%  Grain shape
reduction in strength and sand with a coarse particle had a 57% decrease in strength. Sand contaminated

with crude oil experienced a severe loss of bearing capacity, so in designing foundations and engineering

structures, greater safety factors should be considered, where there is a risk of crude oil leakage.

1. INTRODUCTION

Load bearing is one of the classic concepts of foundation
engineering, which is subject to several conditions. Increasing
the bearing tolerance with the help of technical methods has
always been of interest to geotechnical researchers. If the
soil of the site is reduced for any reason, the bearing capacity
of that area will be reduced, which will result in a serious
threat to the safety of the structures. Crude oil leakage is a
major threat in areas near oil wells. Accordingly, awareness
and knowledge about the importance of reducing the load
tolerance of these areas are more important.

Mohammadi et al. [1] used three types of pollutants
(diesel, crude, and engine oil) to investigate the effect of oil
contamination on the interaction between sandstone piles.
The results of their research showed that the presence of oil
between the sand particles would have significant negative
effects on reducing the pile’s load-bearing capacity. AL Adly
et al. [2] research revealed that sand pollution with crude oil
changes the load-settlement curve and drastically reduces
the load-bearing capacity. They also indicated that the
failure mode changes from local to punching failure. Joekar
and Hajiani Bushehrian [3], by numerically examining the
bearing load tolerance of the strip footing on the sandy slope
contaminated with crude oil, concluded that by increasing the
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thickness of the contaminated layer and increasing the number
ofpollutants, the bearing tolerance decreases. Nasr [4] showed
that the CBR of contaminated sand using heavy engine oil
dropped sharply. If such contaminated sand is stabilized with
cement, the CBR value will increase dramatically, indicating
the importance of stabilizing contaminated sands.

Despite numerous studies on bearing tolerance and CBR
testing, there is a dearth of literature about the reduction
in load-bearing tolerance of crude oil-contaminated sandy
soils. Therefore, in the presented paper, an attempt has
been made to answer this question by performing a series
of CBR experiments on different types of sand in a clean
(non-contaminated) state and contaminated conditions with
6% crude oil. At the end of this study, the basic questions of
how the shape of particles, the size of particles, and the type
of grain size distribution play role in reducing the bearing
tolerance of crude oil-contaminated sands can be answered.

2. MATERIAL CHARACTERISTICS

In this research, 10 different types of sand have been
used; the specifications of each sand are given in Table 1.
Preliminary experiments were performed on each of the
sands to obtain the parameters and characteristics of each
type of soil. The sands used are Ottawa standard sand,
Firoozkooh 161 and 171 grains of sand, Bushehr sand, two
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Table 1. Sand characteristics

Sand Type USCS Cu Ce D50 Gs
Ottawa SW 7231 1010 0971 2.660
Bushehr Sand SP 2876 0909 0.197 2.696
FimOZSIZ‘I)l‘;h#m SP 2065 1.072 0230 2.644
Fimoz;fl‘(’ih#l 7 SP 1990 1.192 0.184 2.592
KRSS#1 SP 4701 0489 0963 2.660
KRSS#2 SP 6866 0968 1487 2.786
KRSS#1A Sp - - - 2720
KRSS#1B SP - - - 2614
KRSS#2A SP - - - 2747
KRSS#2B SP - - - 2711

models of Kermanshah river sand (KRSS#1 & KRSS#2), and
Kermanshah river sands with specific grading, one passing
from sieve No. #4 and blocked on sieve No. #10 (KRSS#1A
& KRSS#2A) and the other passing through sieve No. #10
and blocked on sieve 60 (KRSS#1B & KRSS#2B).

The grain size distribution of these sands is shown in Fig.
1. In this Figure, the diagram of the first six grains of sand is

given. The other four types of sand that are not shown in this
diagram have specific grains, stated previously.

Since one of the parameters studied in this paper is the
shape of the particles, Fig. 2 shows the sand samples under an
optical microscope to better and further understand the shape
of the particles in each soil. The CBR test performed in this
study is based on the ASTM D1883 standard. The internal
dimensions of the mold have a diameter of 150 mm and a
height of 120 mm.

3. SAMPLE PREPARATION

In this study, the amount of crude oil contamination with
the clean soils was 6% of the dry soil weight. According to
previous research on oil-contaminated soils [4-6], the highest
percentage of pollution was selected for sandy soils is 6%.
Because at higher percentages, the efficiency of the soil is
practically lost and it is not possible to test it. In addition, in
fewer percentages, the effect of pollution will not be visible.
Fig. 3 shows how Firoozkooh 171 sand contaminated with
6% crude oil was prepared.

4.CBR EXPERIMENTS

All 10 types of soil were tested in conditions contaminated
with crude oil. Fig. 4 shows the results from the CBR test on
6% crude oil-contaminated sands.

LS. Standard Seeve Sizes

100 i #12 5 £16 #@

a0 &

40

Percent Finer by Weight

ap | % Oitawa Sand

-&—&- Bushehr Sand
Firoezk poh#161 Sand

-85 Firoozkooh#171 Sand

20 50 _#0 #10 #100 #140 200 £

Hyd. Anal.

= 0

™

a

20

\ 4

60

Percent Coarser by Weight

a0

KRSS#1 '\
S KRSS#
0 T 100
5 4 3 2 1090807 06 05 04 0.3 0.2 01 0.07 0.06 0.05
Grain Size in Millimeters
Gl Sand [ o .
H Coarse Medium [ Fine | S or Clay

Fig. 1. Sands grain size distribution
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5. RESULTS

Based on the data from the experiments, the drop in
load tolerance and the reduction of the resistance of sandy
soils contaminated with 6% crude oil is quite evident. In all
tested soils, the reduction in CBR of contaminated samples
was more than 50%. Firoozkooh 171 sand (which is fine-
grained sand) has the largest decrease with a drop of 91%,
indicating that this type of sand is much more sensitive to oil
contamination than other soils. However, since KRSS #2A
has a CBR drop of about 58%, it performs better than other
soil samples, which the shape of its grains can explain the
reason for this phenomenon.

6. CONCLUSION

The purpose of this study is to a better understanding
of the behavior of sands contaminated with crude oil.
In this study, 6% of crude oil was used to contaminate 10
types of sands. With the help of CBR experiments on non-
contaminated sands and contaminated sands, the following
results were obtained. However, in the case of load-bearing
in non-contaminated conditions, the type of sand grain
distribution has a significant effect. Nevertheless, in the case
of sand contaminated with crude oil, the most important
factor is the shape of the particles, and the granular particles
perform better than the rounded particles so that the least

reduction in load tolerance or stress tolerance in stress-strain
graphs belong to these type of soils.
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Fig. 6. CBR test results on non-contaminated sands
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Fig. 7. CBR test results on oil contaminated sands

PSSy bS8 Gle] o0 (SandT g lulid
ST e sleasle g9, CBR il 51 Jol> slajlges

ol 00 00l UL""‘"

a3 i 4 ooyl sladiges (59, Liale;l Y=Y
slale glbS 89y o%b ‘al:gd‘ 6&&&}] Comnd o_.'.\ o
2 S g Ve e 0l analgs eols b pls s 1E 4 sog]

VO USs o aus S s iales] 0yg0 pB s b ooogll Ll

vy

Oliee) Gialesl glaools 058 o Sl (ialosT (aids 5 yio oo
368 e a4 o, U (S i (e g din 3985 Sy

A0S oo Cd S0 e Lo VYO ojlasl a4 ass

So9ll s gladiges g5, Sialejl -)-Y

Slawle sl S (59, ous ﬁL?u'l LgL&zaL’,i;.;‘Lo)'] Ceomd ol 4o

SB oggi Ve a laml jo ol weles sols zph Sogll e



FeVA LYY doxio Ve e Jlo &Y 0,loud Y 093 ¢S ool (lpos susio 4y

3 e Gl a ool oy 50 LS gl S hals
50 ool ganaily ay samle sl aib o 009l slawle sladiges
G 039)] (gnle L il (5 )b s 20lS 4] i g3
o SIS psb 4 il o5yl oz g sogll b el &
sl ooyl sladwle 5,0, Joms palS & e sloan VT g4
M5 a5 009 00V £55 5l soliiwl o Lidgh (ol (5)5le .o
oeSs 5390 5895 5 LS 9y (eI oud o L5l sla gy
35,5 o,Lil £abge cpl 0 Wl e .ol 0alds oolaiul pls c
JS8) bz baylys boavle g45 00 31 conds &l)] gudo (o aS
aS Jb ol o solasul (Wglase (gausails g &l ojlail el yd
43,5 o dhlize S g b Sy 5 W iy sl 5o
5 S ojlail g IS @ 09 O ysods gt (pl jo el oul
3 a8 sl sl oads alsp oy Gandils g5 Cpaiomen

R PR 4.._>|o).> LﬁbuT G FURRL 'a’“ o

Sy g gl -F
Gy ol oot Al sl islesT 5l ol s (ganylie
o iolesl 51 Lol slaosls bl ol oo 03,51 & Jga o
Ceoglis 2l 5 5yl Jod 2l ool ke o5 jsbislas
oled 5 sl S5t SIS als i 75 4y o051 (lalo slaSs
00 5l i &85 sladiges CBR zals s iolojl slasls
aA) VYY) 0555958 awle a5 cul Jb> o cpl ol 009y 2oy
GalS i sl (gm0 1) Sl L (abl e 4oy, ghals
S 185 (Fo3lT il 5o e 35 ol amoon o5 oF 2l oo
KRSS#2A asle a5 sloxil 5l Lol il oo S L 51 5 ol
095 4 |y 0,80ee (i il o ZOA 350> CBR cdl 4l)ls
ol sbaasls UKo b ylgs oo 1, dlas opl clde .ol ools _olazs|
Shodal sy pgai oanlive 5 ¥ IS5 & axzlpo b 08 apzrgs
a55 505 S,3 s S il a8 ol Lasiin (658 rsSass Sas
(! yis LS ple 3l 5 QT 00 dlgS 15 e g) Sl
plail og3 @ 55 1) 0 Slee (p i &5 WBbos Wbl Ges
o Shos Wig oo aiiel a3 i 4y By absS 55 D)3 Ll 0l
KRSS#1A auls a5 (5 9b 5l 480 ,5 &l,3 a4 s (5 50
Lol sl KRSS#2A ails alis gamails sl ls aSul (8929 b

ool las i sleawle 55, CBR Lislel 5l Jol> sla g

el 00

[4-A g2e 5 polo imghs b amlio Y=Y

o3l a3 s J39 48 b soomie sladwle imgh cpl
Sy ol jl el b s )5 1,5 CBR (ilejl o505 0a
3503 el 035y (Sogll 10 baanle (o)l Joodi GhalS (e
S5 555 2 e09dse g 325 Ol 5158 45 gy ol Lol
€9 5 (Siyo b o3y) SIS gojlal (adsS 5 b adgSs )3) o3
Gk Joo Gials el oog (Ganaily & b o) ganaly
Gl 009 absS 1 slodawle I i aleS0 8 slhawle o
S Sogll Ll 5o (655 0 Shas 4S5 slodule imy
ool o A ST il oo &l eslail iyl aigSe 8 sleale 4
Jort p Stz ol o dloyn, Gl L sleawle .l 990
o3l 5 21,8 S S 5 5 el 55 B aiz o is o 5
g dib ganails wy o2 a5 glawle o a5 > sl gl IS
ol g8 BB (6L Jozw malS il ailsy, @3 glls oa
ahg80,5 O3 e bl alsyy, Sld sl pe lawls ST >
aolem 5oy jlews Loyl bl gasails ay g9 5l oo g AL asils
[y sdo,0 AY dg0 50 L2als aS VY)Y 655 55,08 awle wilen) o
S Ghls Lol wosgs (gamals Cgz glawle ST.(0,5 daly> 4,0
aoly> alixMe LB lores 5,,b Jooo ials il adeSs S
Syl Jozs Eon o @lyd gosluil 5l e ol S SR g
el 3 St Sl pl g 009 pl3 i b oo gll anle

Olyiees (S 5)8e0 ST I AL (gl 0ljpme 5 (gamme
CBR 50 o2 [A] pai s S solizul CBR iglejl o sari
@l 310 18 gy 9590 ) S 550 b9 4 09T (glaale
oaumsLad ool o)Lil eghy 90 o b awglie 5 pol> GoioS
Died 85 Slaie 4 ooyl sleawle 5oL Jess rals
Jo Sl 4 e (i goan ¥l g5 o 28,5 Az lgi e
Y Gder (0 A5 (5 ebd Wl dalgS glawle S L
sy o 0091 b anle 000 00 Sl S s sl Jo alS
3 et il a5 wisls plas Al (gl ool5p o0 g (same

el g Jalg S i SonVl cble L sladiges

Yeve



FoVA LY VY doxio VFre Jlo &Y o)l DY 095 ¢pusS pool () po i 4yl

[A-A] (i wolindios g ool 43,1 by guli dmslio .F Jguo

Table 4. Comparing the results of presented paper and pervious researches [8-9]
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