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u}= "CU= xOW xO=iDU= x}=B l =N |=Q@ 'OvDUy u}}=B w q=@ |Q}tN C=}YwYN
C=YNWt "OvDUy CL w CH ?}DQD x@ 5OLDt |Ov@xk@] sDU}U QO =yl =N

"CU= xOW x�=Q= 1 pwOH QO l =N wO u}= |m} R}i

R= xmr@ 'CU= |]}LtCU} R |xr�Ut l} \ki xv |Div O=wt x@ =yl =N |oOwr;
OQ=wt R= |Q=}U@ QO Civ CWv "CU= |v=w=Qi C}ty= R�=L R}v |m}vmDw�S Q_vx]kv
OQ=wt "ODi=|t j=iD= |iO=YD CQwYx@ Tmar=@ w pL=U x@ =} QO R= p=kDv= u}L QO
|=yQmv=D hO=YD 'CNwU `} RwD |=yx=o}=H QO uR=Nt Q} R R= CWv uwJty |Qo}O
|m} "OvDUy|Div O=wtCWv `@=vt xrtH R= R}v|Div |=yx=J h=Q]= QOCWv w '|Div
Q=Hiv= 'CU= xOW xOQDUo CQwYx@ Civ CWv Ea=@ =}vO QO ,=Q}N= xm |}=yxFO=L R=
CU= l} Rmt G}rN QO 1u=DUrov= |Div CmQW x@ jraDt |Div |=yx=J R= |m}
CWv "CU= xOW xOQ@ s=v =}vO QO |]}LtCU} R |xaH=i l} |xrRvtx@ u; R= xm
u; |}=}t}W w |m} R}i X=wN Q}}eD ?@U w l =N |oOwr; ?Hwt |Div |xOv}q;
'=y|v=wQ}W |Q=O}=B 's=N Civ x@ xOwr; |=yl =N |m} R}i X=wN QO Q}}eD "OwW|t

"OyO|t Q=Qk Q}F-=D CLD =Q u; Q@ xOW=v@ |=yxR=U Qo}O w =y|B |Q@ Q=@ C}iQ_
xOwr; l =N |}=}t}W w |m} R}i X=wN =@ \=@DQ= QO |OwOLt C=ar=]t
|=yQDt=Q=B |UQQ@ x@ C=k}kLD u}= R= |O=OaD "CU= xOW s=Hv= |Div O=wt x@
Q=DiQ |UQQ@ |xv}tR QO u}vJty [2w1]"Ov=xDN=OQB |}xv=O |=yl =N |m}vmDw�S
u=wD|t =Q |Q=}U@ C=k}kLD uwvm =D |r; p=}U x@ xOwr; |xv=OR} Q |=yl =N |m}v=mt

[18�3]"OQ@ s=v
|Q}PBsm =QD |=y|oS} w w|m} R}i C=}YwYN |xv}tR QO|r@k C=k}kLD|UQQ@
QO ,qFt "CU= xOt;CUOx@ G}=Dv QO |}=yCw=iD OwHw R= |m =L 'xv=OR} Q |=yl =N

pw�Ut xOvU} wv �
"1390 6 22 VQ}PB '1390 3 28 x}LqY= '1389 12 17 Ci=} QO %M} Q=D



"""x@
xOwr

;|
UQ

|=y
l=N

|t}
mLD

C=}
YwY

N|
UQQ

@"=yV}=tR; s=Hv= QO xO=iDU=OQwt |=yl =N C=YNWt "1 pwOH
xv}y@ C@w]Q xv}W}@ lWN |r=oJ xS} w |r=oJ |Q}tN |xvt=O |Q}tN OL |v=wQ OL sDU}U T=U=Q@ l =N s=v x}=B l =N��� (kN/m3) Ot=H |=yxv=O ��� ��� ��� OLDt |Ov@xk@]

33 11 7 2 02 172 66 238 CH C}vwDv@
13 16 5 2 66 10 22 32 CL C}v}rw�=m

"CU= xOw@ [16]xOWs=Hv= x@=Wt C=k}kLD T=U=Q@ QwmPt u=tR ?=NDv= "OUQ
|=Q@ R=}vOQwt uRw 'l =N |R=UxO=t; R= TB '|Oa@ l} s}mLD |=yV}=tR; QO
Q=Qk u; pN=O QO xvwtv w OW x@U=Lt s}mLD pwrU QO Q_vOQwt sm =QD x@ uO}UQ
u=mtQ}}eD j}kO xHQO '|R=U`=@W= Ov}=Qi QO xvwtv sQwD u=R}t VHvU |=Q@ "CiQo

"OW xO=O Q=Qk |Q=PoQ=@ uwDU}B Q@ QDt|r}t 0 01 CkO =@
pN=O QO hQ_ uO=OQ=Qk w 11p=tQv `=@W= VwQ x@ Q]kt ?; R= xO=iDU= =@ xvwtv
OwN R= 'xOv}q; �100 |w=L |xvwtv QO =t= 'OW `=@W= Ca=U 48 COt x@ ?;
p=kDv= sQy= Q} R I}B 'xvwtv |Q=PoQ=@ |=Q@ "OW xO=iDU= xvwtv `=@W= |=Q@ |r; p=}U
u=mtQ}}eD =@ w OwW|t xO=O Q=Qk wQ}v p=kDv= sDU}U "OwW R=QD =D OwW|t xOv=NQJ wQ}v
I}B OwHw uwO@ wQ}v p=kDv= sQy= xm OQ}o|t Q=Qk |Dr=L QO xvRw u}= 'pO=aD |xvRw
w OwW|tv OQ=w xvwtv x@ |Q=Wi '\}=QW u}= QO "ODU}=@ R=QD C}a[w QO u} Q} R
sQy= ?} Q[ R= =yV}=tR; QO "Ow@ Oy=wN |Q=PoQ=@ uwDU}B uRw Q}F-=D CLD \ki
s=Hv= R= V}B sDU}U j}kO uw}U=Q@}r=m T=U=Q@ Q=Okt u}= "OW xO=iDU= 10 x@ 1
R= xrLQt Qy QO Q=@ uOQmQ@=Q@ 2 =@ |Q=PoQ=@ |=ys=o "CU= xOW x@U=Lt =yV}=tR;
ptLDp@=k Q=@ |xv}W}@ xmv; x@ Q_v "Ci=} xt=O= �`@ QtQDt Q@ uDw}vwr}m � 1600 =D 50
1600 (kN=m2) VvD hkU =D |Q=PoQ=@ s=Hv= 'CU= sQowr}m 32 |Q=PoQ=@ sQy=
=O}B xt=O= xvwtv s�=k u=mtQ}}eD pt=m C}@FD =D '|Q=PoQ=@ |xrLQt Qy "Ow@ QwOkt

"OQm

=yV}=tR; G}=Dv "4
|m}v=mt w |m} R}i VN@ 2 QO =yV}=tR; R= xOt;CUOx@ G}=Dv CtUk u}= QO

"OwW|t |UQQ@

|m} R}i |=yV}=tR; G}=Dv "1"4
nQ@ QD= OwOL "1"1"4

XN=W w |v=wQ OL C=Q}}eD CQwYx@ nQ@ QD= OwOL |=yV}=tR; R= pY=L G}=Dv
xO=O u=Wv 2 w 1 |=ypmW QO R=o Civ w O}iU Civ |xOv}q; OYQO =@ |Q}tN
=@ |Q}tN XN=W w |v=wQ OL QO V}=Ri= |xOvyOu=Wv =ypmW u}= "CU= xOW

"OvDUy l =N QO xOv}q; OYQO V}=Ri=
wO |q=@ CHRr x@ u=wD|t =Q xOWs=Hv= |=yV}=tR; QO |v=wQ OL V}=Ri= Cra
|oOv@UJ O=H}= Ea=@ p=}U |q=@ CHRr "O=O C@Uv R=o Civ w O}iU Civ p=}U
OL� `}=t x@ Ot=H R=i R= Q}}eD |=Q@ ?}DQD u}O@ "OwW|t TQ l =N C=QP u}@ QDW}@

"Ow@ Oy=wN |QDW}@ ?; x@ R=}v '|oOv@UJ u}= x@ x@re w �|v=wQ
Q@ |Q}F-=D Cq=}U u}= '?; QO R=o Civ w O}iU Civ uOw@vpqL x@ xHwD =@
w ?; uw}Uv=BUwU l} QDmr=|O C@=F xH}DvQO w OvQ=Ov ?; |m} R}i |=y|oS} w
j@=]D u=kkLt Q}=U |=yxDi=} =@ G}=Dv u}= "Ov=t Oy=wN |k=@ Q}}eD uwO@ l =N

[16w11]"OQ=O

"=yV}=tR; QO xO=iDU=OQwt |=yxOv}q; C=YNWt "2 pwOH
��TmwDU= |Dv=U� CHRr l} QDmr= |O C@=F xOv}q; s=v

2 71 1 8 O}iU Civ
13 9 2 0 R=o Civ

� Centi Stokes

|=yx=o}=H QO O=wtu}= x@ l =N|oOwr; p=tDL= xm R=oCiv w O}iUCivu}vJty
QO G}=Q |=yCNwU R= w 'OQ=O OwHw xQ}NP uR=Nt CQw=Ht QO w CNwU `} RwD
l =N |xOv}q; |r; p=}U |xrRvtx@ &OvDUy u=Q}= QO CavY w pkv w ptL CavY

"CU= xOW xOQw; 2 pwOH QO R}v p=}U wO u}= |=y|oS} w "OvOW ?=NDv=

=yV}=tR; s=Hv= OvwQ "3
|m}v=mt w |m} R}i |=yV}=tR; xwQo 2 QO j}kLD u}= QO xOWs=Hv= |=yV}=tR;
OL '6|v=wQ OL |=yV}=tR; '|m} R}i |=yV}=tR; VN@ QO "Ov=xOW |Ov@s}UkD
|=yV}=tR; VN@ QO "CU= xOW s=Hv= 9OQ=Ov=DU= sm =QD w '8xS} w |r=oJ '7|Q}tN
xOW |aU |Oa@ l} s}mLD |=yV}=tR; s_vt |QU l} s=Hv= =@ R}v |m}v=mt
"OwW xDN=OQB |Div p=}U x@ xOwr; |UQ |=yl =N |t}mLD Q=DiQ |UQQ@ x@ =D CU=
�100 OQwt l} QO w |vRw OYQO 9 w 6 '3 'QiY =yl =N QO xOv}q; OYQO
Q=Qk V}=tR; OQwt �70 w �50 10|@Uv sm =QD wO QO =yxvwtv w xOW ?=NDv= |vRw
j}kLD u}= |=Q@ xOWxDiQo Q_v QO |=yQ}eDt w =yV}=tR; R= |}=tv 3 pwOH "Ov=xDiQo

"OyO|t u=Wv =Q
16 COt x@ 200 |xQ=tW lr= R= |Qw@a l =N =OD@= '=yxvwtv CN=U |=Q@
w OwQ u}@ R= u; C@ w]Q =D OW xO=O Q=Qk 110oC |=tO QO w xv=NsQo QO Ca=U
hrDNt |=yOYQO QO Q_vOQwt |xOv}q; =@ l =N 'u; R= TB "O}; CUOx@ lWN
xm OQm =O}B xt=O= |}=H =D \qDN= u}= "OW \wrNt |DUO \qDN= VwQ x@ |vRw
xOt;CUOx@ ?}mQD 'u; R= TB "OvOW \wrNt uoty ,qt=m CQwYx@ l =N w xOv}q;
ur}D=|rB |=yxU}m R= xO=iDU= =@ wCiQo Q=Qk xDU@ QO w |Rri XwYNt |=yhQ_ QO
x@ pta u}= "O}; ptax@ |Q}owrH l =N QO OwHwt p=}U Q}N@D R= =D OW |Ov@xDU@
pO=aD x@ |}=}t}W ^=Lr R= p=}U w l =N \wrNt =D Ci=} xt=O= RwQxv=@W 7 COt

"VywSB u}= QO xOWxDiQo Q_vQO |=yQDt=Q=B w =yV}=tR; C=YNWt "3 pwOH
|@Uv sm =QD |vRw OYQO OQ=Ov=DU= V}=tR; s=v ẁv

��� xOv}q; V}=tR;
- 9w6'3'0 ASTM D-4318 nQ@ QD= OwOL

|m} R}i- 9w6'3'0 ASTM D-0854 xS} w |r=oJ
- 9w6'3'0 ASTM D-0698 OQ=Ov=DU= sm =QD

70w50 100w9'6'3'0 ASTM D-4253 |Oa@ l} s}mLD |m}v=mt

30



|Q=
OH

Tw
Q}U

w|
O}tL

Q}t=

Civ w O}iU Civ x@ xOwr; C}v}rw�=m TQ Q@ OQ=Ov=DU= sm =QD V}=tR; G}=Dv "4 pmW
"R=o

R= ?; |=Hx@ xm |]}=QW QO "CU= xOt; CUOx@ 16 5 (kN/m3) C}v}rw�=m TQ
R}v w 'C}v}rw�=m TQ Q@ sm =QD V}=tR; G}=Dv 'OW=@ xOW xO=iDU= R=o Civ =} O}iU Civ
j@=]t "CU= xOW xO=O u=Wv 4 pmW QO xU}=kt CyH ?; p=}U |=Q@ sm =QD Q=Owtv
C@ w]Q CtU x@ sm =QD Q=Owtv 'O}iU Civ x@ C}v}rw�=m |oOwr; p}rOx@ 'pmW u}=
|v=OvJ Q}}eD xv}W}@ lWN XwYNt uRw OvJ Qy 'Ovm|t CmQL QDtm xv}y@
'xv}y@ C@ w]Q QDO}OW Vy=m Q@xwqa 'R=o Civ x@ |oOwr; \}=QW QO =t= "Ovm|tv
QO l =N |Q}PBsm =QD V}=Ri= Qov=}@ xm O@=}|t V}=Ri= xv}W}@ XwYNt uRw Q=Okt
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Abstract
Soil is generally subjected to di�erent contaminants that
are being used and excreted into the environment. Leak-
age of these materials can in
uence its physical and me-
chanical characteristics. A review of technical literature
in this �eld shows some contradictions between the re-
sults of di�erent research, which reveals the impact of
soil and contaminant type on the behavior of contam-
inated clayey soil. In order to investigate the e�ects
of organic contamination on the physical and mechan-
ical characteristics of clayey soil, in the present study,
a series of index tests, besides one-dimensional consol-
idation (Oedometer tests), has been performed. Two
types of clay, Kaolinite and Bentonite, with low and
high plastic indexes are used as the base soils. Also
kerosene and gasoil are applied as the organic contam-
inant in four di�erent percentages of 0, 3, 6 and 9 to
the base soil. All samples were kept for seven days
in polyethylene bags to perform all chemical reactions
before the tests. After that, water is used to saturate
all samples normally within 48 hours. Results of phys-
ical tests reveal that Atterberg limits increase, by an
increase in degree of contamination, for both consid-
ered soils. Also, maximum dry density increases with
enhancement of the degree of contamination. However,
according to the Proctor compaction tests, the optimum
moisture content reduces with degree of contamination.
This is illustrated due to the lubrication of grains dur-
ing contamination with organic material. Consolidation
tests are conducted on samples in two distinct relative
compactions of 50% and 70%, and the results are inves-
tigated in e-Log (p) coordinates. Based on the results of
one dimensional consolidation tests, compressibility co-
e�cient increases, with an increase in contaminant per-
centage for both soils. Also, the e�ects of contamina-
tion on the consolidation behavior of clay increase with
an enhancement in relative compaction. As a result, it
is negligible in soil with low relative compaction. Using

the results of tests, an empirical relation is suggested
between the compressibility coe�cient of contaminated
soil and its relative compaction and liquid limit. Com-
parison of the suggested equation with ordinary relations
in soil mechanics texts shows a great di�erence, which
proves the necessity for new suggested forms in contam-
inated soil. Finally, it was concluded that chemical and
organic contaminants, like kerosene and gas oil, which
are not soluble in water, are more e�ective in changing
the physical characteristics of soil, like Atterberg limits
and relative compaction. However, compared to the �rst
category, soluble organic contaminants are more e�ec-
tive on the mechanical and consolidation characteristics
of clayey soil.
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