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Q}k |wQ Q@ s}kDUt VWm V}=tR; s=Hv= =@ u}vJty "OQ=O Xr=N Q}k x@ C@Uv
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|UQQ@ Q}k |m} Swrw�Q C=}YwYN Q@ cloisite-15A w Nano�l-15 TQwv=v ẁv
|m} R}i X=wN 'OW KqY= TQwv=v R= |tm Q=Okt =@ Q}k xm |t=ovy "CU= xOW
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x@ QHvt 'Q}k x@ TQwv=v |tm OYQO uOQmxi=[= "OwW|t Q}k |oOWQ}B Ctw=kt w
|x]kv V}=Ri= w |Q}PBpmW w Pwiv |xHQO Vy=m '|m} Swrw�Q C=}YwYN Ow@y@
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|oOv@UJ C}Y=N uDW=O w ?; Q@=Q@ QO |Q}PB=vPwiv p}rO x@ |Dr=iU; \wrNt QO w
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OWQ p=L QO xv=RwQ u; Ct}k xm 'CU= |Div |=yx=oW}q=B QO s=N Civ V}q=B
|} wHxiQY ?Hwt u; R= xO=iDU= Vy=m CyH QO |WqD Qy p}rO u}ty x@ "CU=
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|Dr=iU; |=y\wrNt |oOWQ=}W Ctw=kt w |D@ w]Q C}U=UL '|m}t=v}O pwOt
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xO=iDU= nvUQOwB Qr}i �5 u}vJty w |Dr=iU; |R=UwQ |xt=vu}}; 4 |xQ=tW
"CU= xOt; 1 pwOH QO xO=iDU= OQwt |ovU Kr=Yt C=}YwYN "CU= xOW
R= xm CU= xOw@ 60 70 Xr=N Q}k ẁv R= VywSB u}= QO xOWxDiQo Q=mx@ Q}k
"CU= xOt; 2 pwOH QO u; |m} R}i C=YNWt w xOW x}yD O=oQ=U=B Civ CmQW
QO u; |UOvy w |m} R}i C=YNWt xm Ow@ 8Q=Os}OU C}vwDv@ R}v xDiQQ=m x@ |vOwRi=
O=Qo|Dv=U xHQO 140 |=tO QO C}vwDv@ w Q}k ?}mQD "CU= xOt; 4 w 3 |=ypwOH
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R= TB w xOW xDN=U |vOwRi= uwO@ Q}k =@ 6 5 w 6 '5 5 '5 '4 5 '4 |=yOYQO
|=yxvwtv |x}yD |=Q@ "CU= xOW u}}aD xv}y@ Q}k OYQO 'p=WQ=t |=yV}=tR; s=Hv=
|=yQ}k TBU w O=Qo|Dv=U xHQO 170 |=tO =D |ovU Kr=Yt =OD@= '|vOwRi= |w=L
xHQO 140 |=tO =D 30 w 25 '20 '15 '10 pt=W C}vwDv@ hrDNt |=yOYQO =@
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=yxvwtv 'uOWOQU R= TB "OvwW OQU =D OvOW xO=O Q=Qk x=oW}=tR; |=tO QO 'Ca=U
|wQ Q@ [13]'11|v=wQ w 10|Q=O}=B '9|r=oJ |=yV}=tR; w OvOW GQ=N ?r=k R=
|=y|vOwRi= xm |v=tR [14]"OvOW xU}=kt Oy=W |=yxvwtv =@ G}=Dv w OW s=Hv= =yv;
w |tQv xHQO 'Pwiv xHQO xrtH R= Q}k C=}YwYN 'OwW|t xi=[= Q}k x@ QwmPt
|=y\wrNt X=wN QO |t}kDUt QF= C=}YwYN u}= w Ovm|t Q}}eD |Q}PBpmW
CQ=QL xHQO C=Q}}eD x@ C@Uv =yQ}k C}U=UL |xU}=kt Qw_vt x@ "OvQ=O |Dr=iU;
R}v Xr=N Q}k |wQ Q@ QwmPt |=yV}=tR; 'Xr=N |=yQ}k |@Uv |DNU u}}aD w
x@ C}vwDv@ |vOwRi= |vRw C@Uv OYQO =@ Q}k |=yxvwtv 'Qw_vt u}O@ "OwW|t s=Hv=
|Q}PBpmW w |tQv x]kv 'Pwiv xHQO |=yV}=tR; w x}yD 30 w 25 '20 '15 '10 Q}k
xOW x�=Q= 4 |r= 1 |=ypmW QO u; G}=Dv xm 'OvOW xU}=kt Oy=W |xvwtv =@ w s=Hv=
'sQo |Dr=iU; |=y\wrNt |oOWQ=}W OQmrta QO =y|vOwRi= Q}F-=D |@=} RQ= |=Q@ "CU=
|=y\wrNt `=wv= |wQ Q@ MQJ |=H Q=}W w |m}t=v}O VRN 'p=WQ=t |=yV}=tR;
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uOQmxi=[= =@ "OW=@ xDW=O u; C=}YwYN Qo}O Q@ |}<wU QF= xmv}= uwO@ 'OwW|t
xDi=} Vy=m Pwiv |xHQO w V}=Ri= Pwiv XN=W w C_re '|tQv |x]kv 'TQwv=v
"OyO V}=Ri= =Q |Qt}rB Q}k |q=@ |}=Q=m C=}YwYN Ov=wD|t TQwv=v u}=Q@=v@ "CU=
R=i |x} w=R w V}=Ri= |WQ@ pm pwOt TQwv=v uOWxi=[= =@ OW XNWt u}vJty

[6]"O@=}|t V}=Ri= Q}k |oOWQ=}W Ctw=kt T=U= u}= Q@ xm 'O@=}|t Vy=m
|=yOYQO =@ 70�60 Q}k 'OW s=Hv= 2010 p=U QO xm |}xar=]t QO u}vJty
|UQQ@ =@ "CiQo Q=Qk V}=tR; w |UQQ@ OQwt �6 w 4 '2 '1 '0� C}vwDv@ hrDNt
|xOWKqY= C}vwDv@ w C}vwDv@ =@ xOWKqY= Q}k xm OW XNWt |tQv |x]kv
OW XNWt C_re V}=tR; s=Hv= =@ u}vJty "OQ=O |QDW}@ |tQv |x]kv '4|r;
R=i x@ TQ Ot=H R=i V}=Ri= u; Cra xm CU= xDi=} V}=Ri= pY=L Q}k C_re xm
=@ Q}k |Q}PBpmW xm OW XNWt |Q}PBpmW V}=tR; s=Hv= =@ "CU= Q}k C_re
V}=Ri= Q}}eD u}= Cra "CU= xDi=} Vy=m xOWKqY= |r; C}vwDv@ w C}vwDv@ V}=Ri=
|UQQ@ u}vJty "CU= Q}k Q}PBpmW GRr |a=HDQ= R=i x@ TQ |xOvvmW Ot=H R=i
C}vwDv@ w C}vwDv@ =@ xOWKqY= Q}k |=Q@ =tO Q@=Q@ QO (G�) TmrBtm pwOt C=Q}}eD
C_re pwOt w u=UWm pwOt pt=W xm TmrBtm pwOt xm O=O u=Wv xOWKqY= |r;
Q}k |=Q@ =tO x@C@Uv (�) R=i |x} w=R C=Q}}eD "CU= xDi=}Vy=m =tOV}=Ri= =@ 'CU=
|x} w=R "CiQo Q=QkV}=tR; OQwt R}v xOWKqY= |r;C}vwDv@ wC}vwDv@ =@ xOWKqY=
"OwW|t h} QaD |v=Uwv V}=tR; QO VvQm w VvD u}@ R=i hqDN= CQwYx@ R=i
C}Y=N |xOvyOu=Wv QDtm (�) w QDW}@ C_re Q=DiQ |xOvyOu=Wv QDW}@ (�)

V}=Ri= Ea=@ |vOwRi= O=wt V}=Ri= xm Ow@ u; R= |m =L G}=Dv "CU= QDW}@ u=UWm
�12 |=tO QO 5|WtN xJQ}D QDtw�Q uwtR; R= xO=iDU= =@ "CU= xOW (�) R=i |x} w=R
|oOWQ}B R= Oa@ xOWKqY= w |rwtat Q}k |=Q@ |WtN |DNU 'O=Qo|Dv=U |xHQO
x@U=Lt 7|Q}B `} QUD |x_iLt V}=tR; w 6|WNQJ lR=v ?=ar V}=tR; \UwD
Vy=m Ea=@ xOWKqY= |r; C}vwDv@ w C}vwDv@ uOwRi= xm O=O u=Wv G}=Dv w OW
QO QDW}@ Ctw=kt Ea=@ u}vJty w OwW|t |vOwRi= uwO@ xvwtv x@ C@Uv |DNU
xOWKqY= |xOWQ}B Q}k |WtN |DNU uOw@ QDtm "CU= u}}=B |=tO |=ylQD Q@=Q@
|xm@W QO |UQ C=LiY xm CU= u}= |xOvyOu=Wv |vOwRi= uwO@ xvwtv x@ C@Uv

[7]"Ovm|t |Q}owrH l@U |=yuewQ Q}N@D w =ypwmrwt uw}U=O}Um = R= Q}k
|r; C}vw} QwtDvwt w C}vw} QwtDvwt R= �2009� OwN VywSB QO R}v |v=QoWywSB
|=yQ=DiQ '|m} R}i C=}YwYN =yv; "OvOQm xO=iDU= Q}k KqY= |=Q@ xOWKqY=
w OvOQm |UQQ@ =Q xOWKqY= Q}k |q=@ |=tO QO |Q=O}=B w |m}t=v}O |m} Swrw�Q
Ea=@ xOWKqY= |r; C}vw} QwtDvwt w C}vw} QwtDvwt uOQmxi=[= xm OvO=O u=Wv
|Qo}O |xar=]t QO u}vJty =yv; "OwW|t |Q=O}=B w |oOWQ=}W Ctw=kt V}=Ri=
|UQQ@ Q}k |oOWQ}B C=YNWt w uw}U=O}Um = |=tO |wQ Q@ =Q C}vw} QwtDvwt QF=
C=QP wv=v w TQwv=v R= xO=iDU= |xv}tR QO �1993� R}v |Qo}O |xar=]t [8]"OvOQm
xOW xO=O u=Wv R}v |D=ar=]t QO [9]"CU= xOW s=Hv= Qr}i u=wvax@ |}x}q |D=m}r}U
'Xr=N |Qt}rB Cr=iU; =@ xU}=kt QO |Qt}rB |D=m}r}U |=yC} RwBt=m wv=v xm CU=
|Dr=iU; \wrNt |DQ=QL w |OQmrta C=}YwYN QO |yHwD p@=k V}=Ri= ?@U

[11w10]"CU= xOW
X=wN |wQ Q@C}vwDv@|vOat xO=thrDNt Q}O=kt Q}F-=D 1387 p=U QO u}vJty
C}vwDv@ R= xar=]t u}= QO "CiQo Q=Qk |@=} RQ= OQwt l}DUq QOwB �16 |w=L Q}k
C}vwDv@ uOwRi= "OW xO=iDU= Q}k uRw x@ C@Uv 6 w 4 5 '3 '1 5 |=yOYQO =@
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UL "xO=iDU= OQwt |ovU Kr=Yt C=}YwYN "1 pwOH
V}=tR; OQ=Ov=DU= j@] R=Ht OwOL G}=Dv KQW234 x} QWv V}=tR;

ASTM AASHTO x}wQ QDU;
�� T96 30 40 22 3 �OYQO� TrHv;Tr VwQ x@ V}=U |xv}W}@
�� �� 25 30 9 �OYQO� BS812 VwQ =@ jQwD ?} Q[ |xv}W}@

D5821 �� 90 80 94 4 lr= |wQ xHw wO QO |oDUmW OYQO |xv}tm
�� T85 2 5 2 5 2 2 �xv=OCWQO Kr=Yt� ?; ?PH OYQO |xv}W}@
�� T84 2 5 2 8 2 4 �xv=OR} Q Kr=Yt� ?; ?PH OYQO |xv}W}@

"Q}k Pwiv |xHQO QO C}vwDv@ |vOwRi= Q}F-=D |xU}=kt "1 pmW

"Q}k |tQv |x]kv QO C}vwDv@ |vOwRi= Q}F-=D |xU}=kt "2 pmW

"(Ductility) Q}k |Q}PBpmW QO C}vwDv@ |vOwRi= Q}F-=D |xU}=kt "3 pmW

"Q}k |m} R}i C=YNWt "2 pwOH
V}=tR; |xH}Dv OQ=Ov=DU= V}=tR; ẁv

O=Qo|Dv=U xHQO 47 ASTM D36 |tQv |x]kv
QDt|r}t |UO 67 ASTM D5 xHQO 25 |=tO QO Pwiv xHQO

O=Qo|Dv=U xHQO 304 ASTM D92 p=aDW= xHQO
QDt|Dv=U 100 R= V}@ ASTM D113 25 |=tO QO |Q}PBpmW

1 045 gr/cm3 ASTM D70 |r=oJ
�0 05 ASTM D6 |DQ=QL Ci=
�99 5 ASTM D4 pL C}r@=k

"C}vwDv@ |UOvy w |m} R}i C=YNWt "3 pwOH

xOW|Q}o xR=Ov= Q}O=kt OQ=Ov=DU= V}=tR; ẁv
5 2 gr/cm3 ASTM C168 XwYNt uRw

�6�10 ASTM D2216 C@ w]Q OYQO
1 100 gr ** |rwmrwt uRw

O=Qo|Dv=U xHQO 400 ** VwH |x]kv
O=Qo|Dv=U xHQO 1430 ** ?wP |x]kv
x}q x}q |r=DU} Qm ** p=DU} Qm ẁv

sQm Ot=H ** nvQ
�600 ** ?; ?PH

"u=W=m u} QO CmQW C=aq]= T=U=Q@ **

"C}vwDv@ |Ov@xv=O "4 pwOH
��� lr= |wQ xOv=t xOv=t |xO=t Q=Okt

325 200 100 mesh ?UL Q@
20 2 5 2 C}vwDv@
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=OYQO uDW=O p}rO x@ C}vwDv@ "CU= xDi=} V}=Ri= C}vwDv@ hrDNt |=yOYQO
Q}k R=i QO ?U=vt uOWVNB u}vJty w OwN ?}mQD QO ��70 |q=@� T}r}U |q=@
|xHQO =Pr 'OwW|t sQv QDQ}O pY=L Q}k xH}Dv QO "OwW|t Q}k uOWCNU Ea=@
R= xOWx}yD Cr=iU; 'OW=@ QDtm Q}k Pwiv |xHQO u=R}t xJQy "OwW|t sm u; Pwiv
|=tO QO Q}k 'OW=@ QDW}@ Q}k |tQv |x]kv xJ Qy w Ovm|t ptLD =Q |QDW}@ Q=@ u;
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1. Nanoclay
2. Montmorillonite
3. Rheological
4. organically modi�ed Bentonite
5. bending beam Rheometer
6. rolling thin �lm oven
7. pressure aging vessel
8. sodium Bentonite
9. density
10. stability
11. ow
12. universal testing machine
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