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le|=yxv=O - l =N \wrNt Q=DiQ |y=oW}=tR; |UQQ@

QwYLt p}=DUmDw�S =@ KrUt EPS

|}xU=t Rvr QO
�OWQ= T=vWQ� � u=}OtL= nvyQi Q}t=

�O=DU=� �|WQiD TOkt QY=v O}U
|Uw] u}Or=Q}Yv xH=wN |DavY x=oWv=O 'u=Qta |UOvyt |xOmWv=O

p=L QO u; |R=Ul@U =} Q=DiQ Ow@y@ CyH 'l =N =@ ?}mQD QO hrDNt Kr=Yt R= xO=iDU=
'u; |R=Ul@U w l =N =@ \qDN= CyH xOW xQ=W= Kr=Yt `=wv= R= |m} "CU= xaUwD
Q=DiQ |UQQ@ CyH 'Q[=L Q=DWwv QO "CU= (EPS) xOW \U@vt uQ}=DU= |rB |=yxv=O
|}xU=t Rvr QO QwYLt p}=DUmDw�S |=yx}q Q}F-=D u}vJty w EPS |=yxv=O - l =N \wrNt

u=Wv G}=Dv "CU= xOW s=Hv= OQ=Ov=DU= |QwLt xU V}=tR; 34 O=OaD 'u; Ctw=kt QO
=yu; sm C}@rY =t= 'OvwW|t \wrNt uOW l@U ?@U EPS |=yxv=O xJQo = xm OvyO|t
Vy=m u}@ pO=aD O=H}= CyH "OvwW|t l =N \ki x@ C@Uv \wrNt Ctw=kt Ci= ?@U
QO EPS |=yxv=O |tQH �0 5 Q=Okt '\wrNt Ctw=kt O=} R Ci= sOa w XwYNt uRw
Rvr |x}q 4 QO QwYLt p}=DUmDw�S |x}q 4 R= xO=iDU= "OUQ|t Q_v x@ ?U=vt \wrNt
Ctw=kt V}=Ri= ?@U '\wrNt XwYNt uRw QO �25 Vy=m ut[ 'xvwtv QO |}xU=t

"OwW|t KrUtQ}e \wrNt Cr=L x@ C@Uv �123 u=R}t x@ �3 VvQm QO u;
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'K}rUD 'EPS |=yxv=O - xU=t \wrNt '|QwLtxU V}=tR; %|O}rm u=oS=w
"|}xU=t Rvr 'p}=DUmDw�S

xtOkt "1
R= =Q u; 'uQ}=DU= |rB OQi x@ QYLvt |oS} w u=wvax@ sm Q=}U@ XwYNt uRw
w =tO w CwY j}=a '|}=Q}t '|oOQWi C}r@=k "CU= xDN=U R}=tDt Kr=Yt Qo}O
u=UOvyt w u=QoWywSB wQ u}= R= [1]"CU= EPS |=y|oS} w Qo}O R= |oJQ=Bm}
|R=Ul@U Ow@y@ |=Q@ u; R= xO=iDU= Qmi x@ EPS |=y|oS} w x@ xHwD =@ l}vmDw�S
xOvvmQB u=wvax@ EPS lwr@ R= xO=iDU= "OvO=Di= |m}vmDw�S |xR=U Q=DiQ w l =N
|m}D=DU= u=v}t]= ?} Q[ V}=Ri= '=y|v=wQ}W |R=UQ=O}=B Qw_vt x@ =yR} Qm =N QO
u}vJty w CN=U u=tR Vy=m 'R} Qm =N Q=@ R= |W=v CUWv Vy=m '|m}t=v}O w
'xrwr |wQ Q=@ QU R= |W=vVvDVy=m Qw_vt x@ uwiOt |=yxrwr |wQ lwr@ R= xO=iDU=
\wrNt R= |OQ=wt QO u}vJty [3w2]"CU= EPS lwr@ |OQ@ Q=m hQ=Yt xrtH R=
u=wvax@ u=t}U EPS - hm w l =N \wrNt - u=t}U 'EPS |=yxv=O - xU=t
uB=S w u}J |=yQwWm QO |rL=U j]=vt |=yx=oOwQi w QO=v@ QO x=Q QDU@ R} Qm =N
=@ l =N \wrNt |wQ Q@ |v=w=Qi C=ar=]t '=DU=Q u}= QO [5w4]"CU= xOW xO=iDU=
s=Hv= =yu; uwO@ =} w ly; w u=t}U Q}_v 'xOvvmQ=O}=B O=wt x=Qty x@ EPS |=yxv=O

[9�5w1]"CU= xOW
- VvD Q=DiQ QO EPS |=yxv=O u=R}t Q}F-=D |UQQ@ x@ [7]'�2010�3)==} S w nvO
|xDi=}s}mLD |Q=Wi |QwLtxU V}=tR; =@ EPS |=yxv=O w xU=t \wrNt VvQm
|=yxv=O uOwRi= =@ xm O=O u=Wv =yu; G}=Dv "OvDN=OQB \wrNt |wQ xOW |WmyR

|=QH= w '`iDQt |R} Qm =N =@ p�=L Q=w}O CN=U 'sQv l =N QDU@ |wQ R} Qm =N E=OL=
u=wvax@ xQ=wty |m}vmDw�S |=yxR=U R= |}=yxvwtv u=wvax@ 'sm jta QO xrwr \w]N
|=yxR=U |=QH= CyH "Ov=xOw@ KQ]t u=Qta |UOvyt QO R}ov=Q@ Vr=J p�=Ut
"OQm xQ=W= l =N K}rUD w C}@FD 'KqY= %p}@k R= |}=yVwQ x@ u=wD|t QwmPt
w Q@u=tR 'xv} RyQB CU= umtt l =N ẁv w sHL x@ xHwD =@ xOW QmP |=yQ=my=Q

"OvW=@ |rtaQ}e
|R=Ul@U l =N =@ R} Qm =N |v} Ro}=H Ov=wD|t =yQ=my=Q R= Qo}O |m}
x@ u=wD|t l@U Kr=Yt xrtH R= "OW=@ l@U Kr=Yt =} 1 (LWTS) xOW
uQ}=DU= |rB |=yxv=O '|vOat |xmwB '?wJ xOQN 'l}DUq xOQN =@ l =N \wrNt
Kr=Yt u}@ QO "OQm xQ=W= EPS lwr@ =} w EPS hm 2'(EPS) xOW \U@vt
=@ =yl}DDvUw�S |xO=wv=N R= l@U |xOvvmQB Kr=Yt R= |m} u=wvax@ EPS 'Q}N=
`=QDN= =@ [1]"CU= xOw@ KQ]t |m =N |=yxR=U |=QH= CyH xDU@ |rwrU Q=DN=U
xrtH R= 'hrDNt `}=vY QO w =yQwWm QDW}@ QO u; R= xO=iDU= '1950 p=U QO EPS

"CU= xDi=} xaUwD lwr@ w xv=O 'hm CQwYx@ u=Qta |UOvyt
pw�Ut xOvU} wv �

"1397 3 28 VQ}PB '1397 2 16 x}LqY= '1396 11 14 Ci=} QO %M} Q=D
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"|iQYt Kr=Yt Q}wYD "1 pmW

"Q_vOQwt EPS |=yxv=O w l =N |Ov@xv=O |vLvt "2 pmW

uoty R= EPS |=yxv=O - xU=t \wrNt w xU=t |wQ |QwLtxU |=yV}=tR;
l =N |Ov@xv=O |vLvt "�hr= 1 pmW� OQm pY=L u=v}t]= =yxvwtv uOw@
5OLDt sDU}U |Ov@xk@] T=U= Q@ "CU= 2 pmW j@=]t u; C=YNWt w
xOW |Ov@xv=O O@ |xU=t xwQo QO xOW QmP l =N [13]'(ASTM D2487� 11)

"OQ}o|t Q=Qk 6 (SP)

OQ=Ov=DU= QO xOW h} QaD VwQ T=U= Q@ x=oW}=tR; QO l =N |xS} w |xOwD
lWNXwYNt uRw Q}O=kt wGs = 2=63 Q@=Q@ [14]'(ASTM D854� 14)

(ASTM D4254� 14) OQ=Ov=DU= T=U= Q@ |U}r}U |xU=t |xv}W}@ w xv}tm
?amtQDt Q@ uDw}vwr}m 17 w 14 1 ?}DQD x@ [16w15](ASTM D4253� 14) w
l =N |xv}tm w xv}W}@ pNrND Q}O=kt "OvOW |Q}oxR=Ov= �|Q}oxR=Ov= Q=@ 3 u}ov=}t�
"OvDUy 0 547 w 0 865 ?}DQD x@ u; |r=oJ |xv}tm w xv}W}@ Q}O=kt x@ xHwD =@

|xU=t Q=DiQ x@ sm =QDt |xU=t Q=DiQ R= xvwtv Q=DiQ Q}}eD ut[ 'xU=t x@ EPS

Qo}O C=ar=]t u}vJty "O@=}|t Vy=m xvwtv ptLD p@=k |i=QLv= VvD 'CU )U
R= xO=iDU= =@ EPS |=yxv=O - xU=t \wrNt |WQ@ Q=DiQ |wQ [10]'�2008� u=W}=
'\wrNt QO EPS |=yxv=O OYQO V}=Ri= =@ xm OyO|t u=Wv s}kDUt VQ@ V}=tR;
x@ C@Uv EPS |=yxv=O QDtm C}@rY '`k=w QO "O@=}|t Vy=m |WQ@ VvD Q=Okt
Vy=m xH}Dv QO w =yxv=O u}@ l =m]Y= w |oOWpik Vy=m ?Hwt xU=t |=yxv=O

"OwW|t |WQ@ VvD
V}=Ri= xm OvOQm u=}@ OwN C=ar=]t QO [11]'�2016� u=Q=mty w |Q=vJ
Cr=L QO l =N |@v=H Q=Wi ?} Q[ V}=Ri= Ea=@ '\wrNt QO EPS |=yxv=O
u}vJty "OwW|t u; |rN=O l =m]Y= |x} w=R Vy=m |DQ=@a x@ =} (k0) uwmU
uOwRi= xm OvDiQo xH}Dv s}kDUt VQ@ V}=tR; s=Hv= =@ [12]'�2018� |Q=vJ w |}qa
'u; |WQ@ |DNU Vy=m seQ|ra 'O} Qow�S =@ KrUt |xU=t x@ EPS |=yxv=O
QR)= w 4Qr}rmv}O= "OwW|t |m}t=v}O |=y|Q=PoQ=@ QO |}=Q}t C}Y=N Ow@y@ ?Hwt
R= xO=iDU= =@ \wrNt Q=DiQ QO EPS |=yxv=O |xR=Ov= QF= |UQQ@ x@ [1]'�2014�
|=yxv=O R= xO=iDU= xm OvDiQo xH}Dv w OvDN=OQB UU |Q=Wi |QwLt xU V}=tR;
l =N |Dtw=kt |=yQDt=Q=B w |i=QLv= VvD Vy=m ?@U 'xU=t =@ \wrNt QO EPS

w xU=t \wrNt |xOvwW CNU Q=DiQ u}@t xOt; CUO x@ G}=Dv u}vJty "OwW|t
Q=DiQ p}rO "CU= p=mU=B wr}m 200 w 100 |x@v=Hxty Q=Wi wO QO EPS |=yxv=O
|x@re w q=@ |x@v=Hxty |=yQ=Wi QO EPS |=yxv=O |q=@ |tHL VvQm 'Q}N=

"CU= xU=t Q=DiQ QO EPS |=yxv=O Q=DiQ
EPS |=yxv=O w l =N \wrNt =@ sm =QDt l =N |w=L QDU@ |v} Ro}=H xJQo =
Vy=m ?Hwt hQ] l} R= Qt= u}= =t= [10w7]'OwW|t QDU@ Ctw=kt Vy=m ?Hwt
Q@ u; uRw R= |W=v |=ywQ}v Vy=m w l =N \ki =@ xU}=kt QO \wrNt uRw Q}osWJ
'Qo}O hQ] R= u}vJty "OwW|t uwiOt |=yxrwr w p�=L |=yQ=w}O Q}_v |}=yxR=U
K}rUD R= u=wD|t 'l =N x@ EPS |=yxv=O uOwRi= R= |W=v Ctw=kt Ci= u=Q@H |=Q@
|rta w ?U=vt Q=my=Q l} u=wvax@ O} Qow�S w p}=DUmDw�S Q}_v '=yl}DDvUw�S =@ u;

"OQm xO=iDU=
|W=v Ctw=kt Ci= u=Q@H u=mt= |UQQ@ Qw_vt x@ Q[=L VywSB QO wQ u}= R=
w p}=DUmDw�S |=yx}q =@ K}rUD R= xO=iDU= '\wrNt QO EPS |=yxv=O OwHw R=
|WmyR |xDi=}s}mLD |QwLtxU V}=tR; s=Hv= =@ |}xU=t Rvr |=yx}q u}vJty
QO QDt|r}t 200 w 100 ?}DQD x@ `=iDQ= w Q]k =@ |=yxvwtv |wQ (CU) xOWv
- VvD Q=DiQ QO pt=wa u}= QF= 'QwmPt |=yV}=tR; QO "CU= Q_v Ot hrDNt \}=QW

%CU= xOW |UQQ@ =yxvwtv VvQm
&l =N =@ \wrNt QO EPS |=yxv=O OYQO �
&u; |=yx}q O=OaD w p}=DUmDw�S =@ K}rUD �

&u; |=yx}q O=OaD w |}xU=t Rvr �
"u; |=yx}q O=OaD w |}xU=t Rvr QO QwYLt K}rUD |x}q �

|iQYt Kr=Yt "2
l =N "1"2

|xU=t u}t-=D CmQW pwYLt� |U}r}U |xU=t ẁv l} R= 'Q[=L VywSB QO
s=Hv= s=ovy QO u=wD@ =D 'CU= xOW xO=iDU= CN=wvm} ,qt=m �xwmRwQ}i |QoxDN} Q
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=yV}=tR; |xt=vQ@ "3
- l =N \wrNt w l =N Q=DiQ QO QF-wt pt=wa |UQQ@ CyH =yV}=tR; |xt=vQ@
pkDUt V}=tR; 34 O=OaD 'Q}N= pt=wa |UQQ@ Qw_vt x@ "OW s}_vD EPS |=yxv=O
G}=Dv pQDvm CyH R}v |Q=QmD V}=tR; 7 O=OaD w �2 pwOH j@=]t� |QwLtxU
\wrNt 'EPS |=yxv=O - xU=t \wrNt 'xU=t \ki |wQ xm 'OvOW s=Hv= =yV}=tR;
=@ EPS |=yxv=O - xU=t \wrNt 'p}=DUmDw�S =@ KrUt EPS |=yxv=O - xU=t
=@ KrUt EPS |=yxv=O - xU=t \wrNt w QDt|Dv=U 2 Ct=N[ x@ |}xU=t Rvr
j@=]t "Ov=xOW s=Hv= QDt|Dv=U 2 Ct=N[ x@ |}xU=t Rvr QO QwYLt p}=DUmDw�S
'p=mU=B wr}m 300 w 200 '100 |x@v=Hxty Q=Wi xU QO Q}N= |=yV}=tR; '3 pwOH
4 w 3 '2 '1 'l =N =@ \wrNt EPS |=yxv=O R= 2 w 1 '0 5 |tQH OYQO xU
sRq "OvDUy Q_v Ot |}xU=t Rvr |x}q 4 w 3 '2 '1 w p}=DUmDw�S =@ K}rUD |x}q
|}xU=t Rvr |x}q NL w p}=DUmDw�S |x}q N |w=L |=yxvwtv QO xm CU= QmP x@
'3 pmW "OvQ}o|t Q=Qk Rvr |x}q RmQt QO ,=k}kO p}=DUmDw�S |=yx}q (N = NL)

EPS |=yxv=O w xU=t \wrNt |xvwtv 'xU=t |xvwtv |xUOvy R= l}D=tW Q} wYD
2 =} (N = 2) p}=DUmDw�S |x}q 2 =@ EPS |=yxv=O w xU=t \wrNt |=yxvwtv w

"OyO|t u=Wv =Q (N = NL = 2) |}xU=t Rvr QO QwYLt p}=DUmDw�S |x}q

w xvwtv CN=U� |QwLtxU V}=tR; s=Hv= |xwLv "4
�u; |Q=PoQ=@

`=iDQ= w QDt|r}t 100 Q]k =@ |}xv=wDU= |=yxvwtv |wQ |QwLtxU |=yV}=tR;
j@=]t "Ov=xOW s=Hv= wQOv=t CmQW l}vmDw�S x=oW}=tR; pLt QO QDt|r}t 200
1
6 R= O}=@v =yxv=O |xR=Ov= u} QDnQR@ [19]'(ASTM D2850� 03) OQ=Ov=DU=
Kr=Yt ẁv w |Ov@xv=O |vLvt x@ xHwD =@ xm 'Ovm Rw=HD |QwLtxU |xvwtv Q]k
w sHL x@ xHwD =@ '=yxvwtv |R=UxO=t;CyH =Pr "CU= Q=QkQ@ QwmPt \QW '�2 pmW�
|=yCr=L QO =yu; |R=UxO=t; x@ s=Ok= 'xvwtvhrDNt |=yx}q |=Q@ Q_vOQwt |r=oJ
w p}=DUmDw�S =@ KrUt w KrUtQ}e EPS |=yxv=O - xU=t \wrNt 'xU=t� hrDNt
xOw@ �8 OwOL xvwtv C@ w]Q OYQO '=yCr=L |t=tD QO "CU= xOW �|}xU=t Rvr
w EPS |=yxv=O w xU=t \qDN= C=}rta s=Hv= Qw_vt x@ Q_vOQwt ?; xm 'CU=

[7w1]"CU= xOW xOwRi= =yxvwtv |t=tD x@ sm =QD C=}rta s=Hv= QO CrwyU

EPS |=yxv=O "2"2
|=ylwr@ O}rwD |rLt |xv=NQ=m R= =yV}=tR; QO xO=iDU= OQwt EPS |=yxv=O
|rt OQ=Ov=DU= |xv=wQB |=Q=O sk QyW |xtwL QO `k=w swi =Dm} s=v x@ swiw�S
OvOw@ QDt|r}t 6�2 75 Q]k =@ w |wQm 'O}iU EPS |=yxv=O "OvOW x}yD u=Q}=
|=yxv=O |xS} w |xOwD w lWN XwYNt uRw |Q}oxR=Ov= |=Q@ �? 1 pmW�
[17]'(ASTM C128) OQ=Ov=DU= R= [7]'�2010� )==} S wnvO O=yvW}B x@ =v@ 'EPS

|=yxv=O |xS} w |xOwD w lWN XwYNt uRw T=U= u}= Q@ "OW xO=iDU=
|vLvt "OvOW |Q}oxR=Ov= 0 02 w ?amtQDt Q@ uDw}vwr}m 0 11 ?}DQD x@ EPS

xOy=Wt 2 pmW QO EPS |=yxv=O |m} R}i C=YNWt w EPS |Ov@xv=O
"OvwW|t

p}=DUmDw�S "3"2
CmQW CN=U ur}B wQB|rB TvH R= xOWv xDi=@ CQwYx@ xO=iDU= OQwt p}=DUmDw�S
C=ar=]t x@ xHwD =@ "CU= 1 pwOH QO Q_vOQwt C=YNWt =@ u=DUrov= 7TmD}=y
'Ct=N[ V}=Ri= =@ xOWv xDi=@ p}=DUmDw�S |WWm Ctw=kt [18]'�2005� QvQwm
p}=DUmDw�S ẁv OvJ |wQ x}rw= V}=tR; |O=OaD s=Hv= x@ xHwD =@ "O@=}|t V}=Ri=
QDt|r}t 3 5 OwOL Ct=N[ =@ xOW QmP p}=DUmDw�S 'hrDNt |=yCt=N[ =@
xOW ?=NDv= EPS |=yxv=O w l =N Q=DiQ Ow@y@ QO ?U=vt |}=Q=m p}rO x@

"CU=
"p}=DUmDw�S C=}YwYN "1 pwOH

Q=Okt QDt=Q=B
16 (kN=m)(MD) u}W=t CyH QO |WWm Ctw=kt
13 (kN=m)(CD) u}W=t p@=kt CyH QO |WWm Ctw=kt
2 1 (kN)(CBR) |m}D=DU= |oOW M=QwU Q@=Q@ QO Ctw=kt
14 5 (mm) |m}D=DU= |oOW M=QwU Q@=Q@ QO Pwiv OL
50 ��� pw] O=} R=
3 5 (mm) Ct=N[
0 06 (m=s) |Q}PBPwiv

"p}=DUmDw�S |=yx}=r w EPS |=yxv=O 'l =N R= hrDNt Cq=L QO |QwLt xU V}=tR; |=yxvwtv KQ] "3 pmW
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|U
QQ@"|QwLtxU |=yV}=tR; |xt=vQ@ "2 pwOH

O=OaD |r=oJ Q=Wi |=yx}q O=OaD |=yx}q O=OaD |tQH OYQO
xvwtvV}=tR; |@Uv x@v=Hxty |}xU=t Rvr p}=DUmDw�S EPS |=yxv=O

Dr(�) �3(kPa) (NL) (N) �(�)

6 70 w 55 300 w 200 '100 � � � xU=t

9 55 300 w 200 '100 � � 2w 1 '0 5

EPS |=yxv=O � xU=t \wrNt

3

70

300 w 200 '100 � �

0 5

3 200 � 3 w 2 '1
3 300 w 200 '100 � 4

4

200

4 w 3 '2 '1 �
1 1 1
1 2 2
1 3 3

3 300w 200 '100 4 4

"V}=tR; OQwt |=yxvwtv XwYNt uRw C=Q}}eD "3 pwOH
C@Uv \wrNt XwYNt uRw Vy=m xvwtv XwYNt uRw |@Uv |r=oJ xvwtv��� xU=t XwYNt uRw x@ �?amt QDt Q@ uDw}v wr}m � (�)(Dr)

� 16 8 55 xU=t
42 9 7 55 (� = �0=5) \wrNt
57 7 1 55 (� = �1) \wrNt
72 4 7 55 (� = �2) \wrNt
� 17 3 70 xU=t

39 10 5 70 (� = �0=5) \wrNt

"V}=tR; s=Hv= p=L QO |QwLtxU V}=tR; x=oDUO "4 pmW

?; w EPS |=yxv=O 'xU=t =OD@= '\wrNt |=yx}q |w=L |=yxvwtvCN=U |=Q@
hQ_ l} QO xOW QmP Kr=Yt '\qDN= CyH TBU "OvOW uRw XNWt Q=Okt x@
EPS |=yxv=O pt=m \qDN= ut[ =D 'OvOW xOR sy xk}kO OvJ COt x@ w |m}DUqB
QO |oOv@UJ OwHw sOa x@ xHwD =@ "O}; CUO x@ uoty ,qt=m |]wrNt 'xU=t w
xO=iDU= xmD wO ?r=k R= xvwtv CN=U |=Q@ 'EPS |=yxv=O - xU=t \wrNt w xU=t
xOv=OQoQ@ u; QwO w xO}Wm ?r=k pN=O QO |m}DUq <=We Qw_vt u}= x@ "CU= xOW
CN=U |=Q@ R=}vOQwt u=R}t x@ EPS |=yxv=O - l =N \wrNt |x}yD R= TB "OW
p}=DUmDw�S R= xO=iDU= swRr CQwY QO w x}q sHL w |@Uv sm =QD x@ xHwD =@ 'xvwtv
R= xO=iDU= =@ w xDN} Q ?r=k pN=O QO ?}DQD x@ Q_vOQwt Kr=Yt '|}xU=t Rvr w
w =yDv= QO "OvOW sm =QDt XN=W QO XNWt `=iDQ= x@ uO}UQ =D O=} R CkO w x@ wm
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\wrNt Ctw=kt ?U=vt V}=Ri= u}@t R}v |}xU=t Rvr w p}=DUmDw�S =@ K}rUD 'Qo}O
CWB R} Qm =N Q}_v |}=yxSwQB |wQ Q@ |OOa C=ar=]t s=Hv= p=L u}= =@ &CU=
EPS |=yxv=O - xU=t \wrNt |w=L uwiOt |=yxrwr |wQ R} Qm =N w p�=L |=yQ=w}O

=yCWwv=B
1. light weight treated soil
2. expanded polystyrene soil
3. Xiao
4. Edin�cliler
5. uni�ed classi�cation system
6. poorly graded sand
7. Hytex
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