
Arc
hive

 of
 S

ID

h}
QWu

=Qta
|U

Ovyt
67

�55
"X

'2|
xQ=t

W'
26

�2|
xQwO w `=@W= |xHQO '|Di=@ Vmt Q}F-=D |@=} RQ=

Q=DiQ w |WQ@ Ctw=kt |wQQ@ |@Uv sm =QD
`=@W=Q}e Q=OT)Q |}xU=t |=yl =N |m}v=mt

�OWQ= T=vWQ� � |}=RQ}t |ra
�Q=}Wv=O� |@ QF} u}Or=?=yW O}U

TQOt C}@ QD x=oWv=O 'CU} R \}Lt w u=Qta |UOvyt |xOmWv=O

Q@ |@Uv sm =QD w `=@W= |xHQO '|Di=@ Vmt Q}F-=D |y=oW}=tR; |xar=]t x@ Q=DWwv u}= QO
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|=yQ=Wi '`=@W= |xHQO '|Di=@ Vmt '`=@W=Q}e |=yl =N %|O}rm u=oS=w
Q=DiQ '`=@W=Q}e |QwLtxU |=yV}=tR; '|QwLt |}=H@=H VwQ '|}xQiL

"|WQ@ Ctw=kt '|m}v=mt

xtOkt
G}=Dv "CU= pm VvD � w &|}xQiL ?; Q=Wi uw &QF-wt VvD �0 '1 |x]@=Q QO
|=yl =N|m}v=mt Q=DiQ u=}@ |=Q@ xmCU= xO=O u=Wv u=QoWywSB ?Q=HD w =yV}=tR;
R= "CU= ?wr]t ,qt=m 1 |x]@=Q uwJty VvD Q}eDt l} R= xO=iDU= `=@W= ,qt=m
l =N |WQ@ Ctw=kt u=}@ `=@W= |=yl =N QO QF-wt VvD pY= |=yOQ@ Q=m xrtH
VwB w QF-wt VvD pY= R= xO=iDU= =@ `=@W= ,qt=m |=yl =N |WQ@ Ctw=kt "CU=

[1]%CU= xOW u=}@ 2 |x]@=Q CQwYx@ ?trwm � Qywt |oDN}Uo
�f = c0 + (� � uw)� tan'0 (2)

l =m]Y= |x} w=R'0 w &QF-wt|oOv@UJ c0 &|oDN}Uo|WQ@VvD �f '2 |x]@=Q QO
|m}v=mt Q=DiQ `=@W=Q}e |=yl =N uOw@|R=i xU p}rOx@ "CU= l =N QF-wt |rN=O

|xar=]t 'l}vmDw�S |UOvyt |x]}L QO |tra `t=Ht QO KQ]t |=yEL@ xrtH R=
Q=DiQ |xar=]t pt=W ,=DOta l =Nl} |m}v=mt Q=DiQ "CU= =yl =N |UOvyt Q=DiQ
u=}@ VvD Cr=L |=yQ}eDt R= xO=iDU= =@ w CU= xOw@ |WQ@ Ctw=kt w |tHL Q}}eD
x@ ,=t}kDUt =yu; O=OaD w CU= l =N C=}YwYN R= pkDUt =yQ}eDt u}= "CU= xOW
,qt=m |=yl =N QO VvD Cr=L Q}eDt "OQ=O |oDU@ l =N QO OwHwt |=yR=i O=OaD

[1]%CU= xOW u=}@ 1 |x]@=Q =@ xm Ov=xO}t=v QF-wt VvD pY= =Q `=@W=

�0 = � � uw (1)
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|=yVvD |xLiY QO ?trwm � Qywt |oDN}Uo VwB `]=kD pLt c0 '5 |x]@=Q QO
|WQ@ |=yVvD QwLt =@ QiY |Di=@ Vmt =@ Q_=vDt |WQ@ |=yVvD � xS} w s�=k
(��ua)f ; (ua�uw)f &OwW|t jq]= QF-wt |oOv@UJ u; x@ ,=Lq]Y= wCU=
|x} w=R '0 &|oDN}UoCr=L =@ Q_=vDt |xS} w s�=k |=yVvD w |Di=@Vmt?}DQD x@
=@ Q_=vDt l =m]Y= |x} w=R 'b w &(� � ua) Q}eDt =@ Q_=vDt |rN=O l =m]Y=
QO '5 |x]@=Q =@ Q_=vDt |WQ@ |oDN}Uo |xLiY [4]"CU= (ua � uw) Q}eDt

"CU= xOW xO=O u=Wv 1 pmW
w '0 ''b |=yQDt=Q=B |=Q@ u=QoWywSB |O=yvW}B Q}O=kt R= |NQ@ '1 pwOH QO
pwY= R= xO=iDU= =@ u=kkLt |NQ@ [5]"CU= xOW xOQw; hrDNt |=yl =N QO c0
Q=oR=U QF-wt |=yVvD `=@W=Q}e |=yl =N QO xOWp�=R w |OwQw u=wD w |SQv= w Q=m

[6]%Ov=xOQm O=yvW}B 6 |x]@=Q CQwYx@ =Q l =N QO xOWO=H}= |=yVvQm =@
�0ij = �ij � [Sruw + (1� Sr)ua] �ij (6)

w ?; Q=Wi ua w uw &`=@W= |xHQO Sr &pmVvD �ij &QF-wtVvD �0ij '6 |x]@=Q QO
(�ij�ua�ij) |xS} w |=yVvD |Q=oR=U "CU= QmvwQm |=DrO �ij w &|}xQiL |=wy
(�n _Sr +Sr _"ij w _"ij |=yVvQm MQv =@ ?}DQDx@ R}v (ua�uw) |Di=@ Vmt w

[6]"CU= xOW xO=O u=Wv
|=yl =N QO A=W}@ QF-wt VvD pY= x@=Wt 6 |x]@=Q 'Sr = � |v} Ro}=H =@

"OW Oy=wN �4 |x]@=Q� `=@W=Q}e

[5]"`=@W=Q}e |=yl =N QO |WQ@ |oDN}Uo |xLiY "1 pmW

|=Q@ |}xOQDUo C=ar=]t "CU= QDxO}J}B Q=}U@ `=@W= |=yl =N x@ C@Uv =yu;
s=Hv= `=@W=Q}e |=y\}Lt QO VvD Cr=L Q}eDt l} R= xO=iDU= =@ VvD Cr=L u=}@
R= xO=iDU= =@ xm Ov=xOw@ Qt= u}= R= |m =L |oty C=ar=]t u}= G}=Dv "CU= xOW
u=}@ =Q `=@W= Q}e |=yl =N |m}v=mt Q=DiQ u=wD|tv VvD Cr=L Qou=}@ Q}eDt l}
p}=tDt VvD Cr=L Q}eDt wO R= xO=iDU= CtU x@ u=QoWywSB p}rO u}ty x@ w OQm
Q}eDt wO R= xO=iDU= =@ l =N uwQO |=yVvQm w VvD Q=DiQ u=}@ |=Q@ |}x]@=Q w OvOW
3 |x]@=Q "Ov=xOQm x�=Q= uw |}xQiL ?; Q=Wi w �0 = � � uw QF-wt |=yVvD

[3w2]%CU= xOW u=}@ `=@W=Q}e |=y\}Lt QO QF-wt |=yVvD u=}@ |=Q@
�0 = � � �0 � uw (3)

|WQ@ Ctw=kt QO QF-wt T=tD K]U |=yRQt Qou=}@ ?} Q[ �0 '3 |x]@=Q QO
(�� ua) w (�� uw) VvD Cr=L Q}eDt wO R= xO=iDU= =@ u=kkLt "CU=yl =N

[3w2]%Ov=xOQm O=yvW}B =Q `=@W=Q}e |=yl =N QO QF-wt VvD pY=
�0 = (� � ua) + �(ua � uw) (4)

&xS} w s�=k VvD (� � ua) &`=@W= |xHQO ?UL Q@ w ?} Q[ � '4 |x]@=Q QO
`=@W= ,qt=m w lWN |=yl =N QO � Q=Okt "CU= |Di=@ Vmt (ua � uw) w

"CU= 1 w 0 Q@=Q@ ?}DQDx@
VvD Cr=L '|R=i OvJ |=y\}Lt l}v=mt R= xO=iDU= =@ 1977 p=U QO
hrDNt Cr=L xU R= xO=iDU= =@ l =N |m}v=mt Q=DiQ w `=@W=Q}e |=yl =N QO
w (ua � uw); (� � uw) '(ua � uw); (� � ua) VvD Cr=L |=yQ}eDt
xm Ow@ Qt= u}= R= |m =L C=ar=]t G}=Dv "CU= xOW |UQQ@ (�� uw); (�� ua)

xO=iDU= 'OW=@ `=@W= Q}e |=y\}Lt |m}v=mt Q=DiQ Qou=}@ Ov=wD|t xm |Dr=L u} QDy@
(� � ua) -xS} w s�=k VvD w '(ua � uw) '|Di=@ Vmt VvD Cr=L Q}eDt wO R=

[4]"CU=
Q}eDt wO |x}=B Q@ `=@W=Q}e |=yl =N |WQ@ Ctw=kt Q=DiQ 1978 p=U QO
Q@ |}x]@=Q 'C=ar=]t G}=Dv T=U=Q@ w |UQQ@ (��ua) w (ua�uw) VvD Cr=L
`=@W=Q}e |=yl =N QO |WQ@ |oDN}Uo VwB u=}@ |=Q@ VvD Cr=L Q}eDt wO |x}=B

[4]%CU= xOW u=}@
�f = c0 + (� � ua)f � tan'0 + (ua � uw)f � tan'b (5)

[5]"hrDNt |=yl =N QO c0 w '0 ''b |=yQDt=Q=B |=Q@ u=QoWywSB |O=yvW}B Q}O=kt "1 pwOH
l =N ẁv c0 �kPa� '0�deg� 'b(deg) V}=tR; VwQ `@vt

Compacted shale 15 8 24 8 18 1 CW(1) �1960� A=W}@
Boulder clay 9 6 27 3 21 7 CW �1960� A=W}@

Dhanauri clay �d = 1580kg=m3 37 3 28 5 16 2 CD(2) �1978� =H}D=U
Dhanauri clay �d = 1478kg=m3 20 3 29 0 12 6 CD �1978� =H}D=U
Dhanauri clay �d = 1580kg=m3 15 5 28 5 22 6 CW �1978� =H}D=U
Dhanauri clay �d = 1478kg=m3 11 3 29 0 16 5 CW �1978� =H}D=U

Madrid grey clay 23 7 22 5 16 1 CD�direct shear� �1980� w} Q=mU=
Decomposed granite 28 9 33 4 15 3 �|}xrLQt� CD �1982� OvwrOQi � wy
Decomposed rhyolite 7 4 35 3 13 8 �|}xrLQt� CD �1982� OvwrOQi � wy

Tappen-Notch Hill silt 0 0 35 0 16 0 �|}xrLQt� CD �1989� uy=Qm
Compacted glacial till 10 25 3 25 5 � 7 �|}xrLQt� CD �1988� u=o

xOW |WmyR xDi=} s}mLD (2) C@=F ?; Q=Okt =@ xDi=} s}mLD (1)
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[7]"Ov= xDiQo s=Hv= |vLvt u}= lWN CtU x@ xHwD =@

[7]"xar=]tOQwt l =N |Ov@xv=O Q=Owtv "3 pmW

"sm =QD |=y|vLvt "4 pmW
[7]"xar=]t OQwt l =N C=YNWt "2 pwOH

�OLDt |Ov@xk@]� l =N ẁv SC

� |v=wQ OL 23 5
� |Q}tN OL 14

� |Q}tN |xv=Wv 9 5
�Gs� =yxv=O |r=oJ 2 66

� TQ OYQO 40
� xv}y@ C@ w]Q OYQO 9 58

(Kn/m3)� xv}W}@ XwYNt uRw 19 71
"OQ=Ov=DU= sm =QD V}=tR; R= xOt; CUOx@ �

Q@ |@Uv sm =QD w `=@W= |xHQO '|Di=@ Vmt Q}F-=D |UQQ@ x@ Q=DWwv u}= QO
Qt= u}= |=Q@ "CU= xOW xDN=OQB Q=OT)Q |}xU=t l =N ẁv l} |m}v=mt Q=DiQ |wQ
|wQ Q@ `=@W=Q}e w `=@W= ,qt=m Cr=L wO QO |QwLt xU |=yV}=tR; R= |}xawtHt
pt=W `=@W= |QwLt xU |=yV}=tR; "Ov=xOW s=Hv= xar=]t OQwt l =N |=yxvwtv
hrDNt |@Uv sm =QD =@ xwQo wO QO l =N |=yxvwtv =yu; QO xm CU= V}=tR; 12
w xDi=} s}mLD p=mU=B wr}m 200 w 100 '50 |=yVvD Q}F-=D CLD w Ov=xOW |R=UR=@
|QwLtxU |=yV}=tR; "Ov=xOW |Q=PoQ=@ xOWv|WmyR w xOW|WmyRCr=L wO QO
=@ xwQo wO QO xm CU= C@=F ?; Q=Okt =@ xDi=}s}mLD V}=tR; 12 pt=W R}v `=@W=Q}e
p=mU=B wr}m 150 w 100 '30 x}rw= |Di=@ |=yVmt QO hrDNt |@Uv |=ysm =QD

[7]"Ov=xOW s=Hv= p=mU=B wr}m 200 w 100 '50 QF-wt |t}mLD |=yVvD w

xar=]tOQwt l =N C=YNWt
xOW ?=NDv= TQ w xU=t |@}mQD Kr=Yt CQwYx@ j}kLD u}= QO xar=]t OQwt l =N

%CU= xOW s=Hv= Q} R |=yQ=}at T=U= Q@ |@}mQD Kr=Yt ?=NDv= "CU=
R= Q=oOv=t `=@W= |xHQO =@ Q_=vDt|Di=@Vmt xm OW=@|}xvwo x@ l =N |Ov@xv=O "1
|xYNWt |=y|vLvt xDUO R= Qt= u}= |=Q@ "OwWv QDW}@ p=mU=B wr}m 400 Q=Okt
hrDNt |=yl =N |=Q@ |Q}PBpmW w |Ov@xv=O ?UL Q@ xOWx�=Q= w l =N � ?;
w Q=OTQ |}xU=t |=yl =N 2 pmW x@ xHwD =@ "�2 pmW� CU= xOW xO=iDU=

[8]"�D60 = 0 2 =@ Q_=vDt� OvDUy ?U=vt Qt= u}= |=Q@ |Dr}U |xU=t =}
R}v =Q |oOv@UJ Q}F-=D u=wD@ =D OW=@ 15�10 OwOL QO |@}mQD l =N |Q}PBpmW "2

"OQm |UQQ@ l =N |m}v=mt Q=DiQ QO
xwmRwQ}i T}r}U nvU uOat R= w T}r}U TvH R= xO=iDU=OQwt |xU=t l =N
0 075 R= QDnQR@ |=yxv=O |xR=Ov= =@ xv=OCWQO ,qt=m l =N u}= "CU= xOW x}yD
C=QP |t=tD |xR=Ov= =@ C}v}rw�=m ẁv R= xar=]tOQwt T)Q l =N "CU= QDt|r}t
w xU=t �60 pt=W j}kLD u}= |@}mQD Kr=Yt "CU= QDt|r}t 0 075 R= QDlJwm
Qo}Om} =@ lWN ,qt=m Cr=L QO w |vRw OYQO CQwYx@ xm CU= C}v}rw�=m �40
xO=O u=Wv C}v}rw�=m w xU=t ?}mQD |Ov@xv=O Q=Owtv '3 pmW QO "Ov=xOW ?}mQD
2 pwOH QO R}v l =N |x}=B |}=U=vW |=yV}=tR; R= xOt; CUOx@ G}=Dv "CU= xOW

[7]"Ov=xOW xOQw;
l =N |wQ Q@ OQ=Ov=DU= sm =QD V}=tR; 'sm =QD |=y|vLvt uOQw; CUOx@ |=Q@
xOW s}UQD l =N OQ=Ov=DU= sm =QD Q=Owtv '4 pmW QO "CU= xOW s=Hv= xar=]tOQwt

"CU=

[8]"hrDNt |=yl =N |=Q@ l =N � ?; xYNWt |=yQ=Owtv "2 pmW
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sHL Q}}eD 's�=k |=yQ=@ p=ta= |x]U=w x@ l =N |xvwtv QO xOWO=H}= |}xQiL
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xOQm Q}}eD l =N |xvwtv sHL '|Q=PoQ=@ |x]U=w x@ xOWO=H}= |}xQiL |=yQ=Wi
xO=O xt=O= pt=m |oDN}Uo x@ =yxvwtv uO}UQ =D l =N |=yxvwtv |Q=PoQ=@ "CU=
CtU x@ |}xQiL ?; Q=Wi w s�=k |i=QLv= |=yVvD Q}O=kt C}a[w u}= QO "Ov=xOW

[7]"CU= xOQm CmQL C@=F Q=Okt l}
Q=Wi w 'q 's�=k |i=QLv= VvD C=Q}}eD |=yQ=Owtv '8 =D 5 |=ypmW QO
� xDi=}s}mLD |=yV}=tR; QO '" '|QwLt |=yVvQm Q@=Q@ QO '�u '|}xQiL ?;

[7]"CU= xOW xOQw; hrDNt |=yxwQo |=Q@ xOWv|WmyR
|=yVvQm w 'q 's�=k|i=QLv=VvD C=Q}}eD |=yQ=Owtv R}v '12 =D 9 |=ypmW QO
� xDi=}s}mLD |=yV}=tR; QO '" '|QwLt |=yVvQm Q@=Q@ QO '�"V '|tHL

[7]"CU= xOW xOQw; hrDNt |=yxwQo |=Q@ xOW|WmyR
Q=Owtv ?}W xOWv|WmyR |=yV}=tR; QO xm OwW|t xOy=Wt G}=Dv j@=]t
w xOW |ki= OYQO 25 =D 15 |=yVvQm |xOwOLt QO s�=k |i=QLv= VvD C=Q}}eD
C=Q}}eD Q=Owtv 11 w 9 |=ypmW QO "CU= xO}UQ OwN |}=yv Ctw=kt x@ l =N
xOW xO=O u=Wv xOW|WmyR |=yV}=tR; QO swO w pw= |=yxwQo |=Q@ ?}DQDx@ q
|xOwOLt QO =yQ=Owtv u}= ?}W xm OwW|t xOy=Wt Q} w=YD u}= QO CkO =@ "CU=
"Ov=xOW xDN}Uo l =N |=yxvwtv w CU= xOW |ki= OYQO 24 =D 20 |=yVvQm
Cr=L wO QO `=@W= |QwLtxU |=yV}=tR; R= xOt; CUOx@ G}=Dv x@ xHwD =@

"�Rc=�84 42� pw= xwQo � xOWv|WmyR |=yV}=tR; QO q � " Q=Owtv "5 pmW

"�Rc=�84 42� pw= xwQo � xOWv|WmyR |=yV}=tR; QO �u�" Q=Owtv "6 pmW

|=yV}=tR; � `=@W= Cr=L QO l =N |m}v=mt Q=DiQ
|QwLtxU

|}xawtHt pt=m `=@W= Cr=L QO xar=]tOQwt l =N |m}v=mt Q=DiQ |xar=]t |=Q@
xDi=} s}mLD w xOW|WmyR � xDi=} s}mLD Cr=L wO QO |QwLtxU |=yV}=tR; R=
200 w 100 '50 QF-wt |t}mLD |=yVvD QO hrDNt xwQo wO QO xOWv|WmyR �
|vLvt lWN CtU x@ xHwD =@ =yxwQo u}= C=YNWt "Ov=xOW s=Hv= p=mU=B wr}m
l =N |=yxvwtv |m} R}i C=YNWt '3 pwOH QO "Ov=xOW ?=NDv= QDtm |SQv= =@ sm =QD
|=yxvwtv xm OwW|t xOy=Wt 3 pwOH j@=]t "CU= xOW xOQw; hrDNt |=yxwQo QO
l =N |=yxvwtv x@ C@Uv |QDtm |@Uv sm =QD w `=@W= |xHQO |=Q=O pw= xwQo l =N

[7]"OvDUy swO xwQo
QO QDt|Dv=U 10 `=iDQ= w 4 95 Q]k =@ |}xv=wDU= pmW x@ l =N |=yxvwtv
QO =yxvwtv u}= "Ov=xOW |R=UR=@ QDt|Dv=U 1 25 Ct=N[ =@ u=Um} |x}q 8
w Ov=xOW sm =QDt ?r=k l} pN=O QO hrDNt C@ w]Q OYQO w |@Uv |=ysm =QD

[7]"Ov=xOW GQ=N ?r=k pN=O R= xvwtv uOQw; QO XwYNt Q=R@= =@ TBU
xHwD =@ xvwtv Q@ OQ=w |x@v=Hxty Q=Wi 'l =N |=yxvwtv pt=m `=@W= R= Oa@
ẁv x@ xHwD =@ "CU= xOW xO=O V}=Ri= QF-wt |t}mLD VvD Q=Okt w ?; Q=Wi x@

?; |=yQ=Wi xi=[= 's}mLD |xrLQt QO j}kLD u}= QO |QwLtxU |=yV}=tR;
R= |HwQN ?; sHL u=tR CWPo =@ "Ov=xOW |WmyR s}mLD pw] QO |}xQiL
'l =N ẁv x@ u=tR u}= "CU= xOW C@=F u}at Q=Okt l} QO l =N |=yxvwtv pN=O
|=yxvwtv ?re= |=Q@ w CU= xDU@=w =yxvwtv sm =QD u=R}t w QF-wt |t}mLD |=yVvD

[9w7]"O}t=Hv=|t pw] x@ Ca=U 8�4 u}@ j}kLD u}= QO xar=]tOQwt l =N
OQ=w =yu; Q@ s�=k CQwYx@ |i=QLv= |=yQ=@ 'l =N |=yxvwtv s}mLD s=tD= =@
?;|WmyR u=mt= xOW|WmyR � xDi=}s}mLD |=yV}=tR; QO xrLQt u}= QO "Ov=xOW
xOWv|WmyR � xDi=}s}mLD |=yV}=tR; QO wCU= xDW=O OwHw l =N uwQO |}xQiL
u=mt= w xOW xDU@ xvwtv u}}=B w q=@ |Q=Ht |=yQ}W 's}mLD |xrLQt |=yDv= QO
x@ xHwD =@ s�=k |Q=PoQ=@ CaQU MQv "CU= xDW=Ov OwHw |}xQiL ?; |WmyR
l =N C=YNWt x@ xHwD =@ "CU= xOW ?=NDv= s}mLD u=tR COt w V}=tR; ẁv
QO s�=k |=yQ=@ p=ta= |=Q@ xk}kO Q@ QDt|r}t 0 5 CaQU MQv R= xar=]tOQwt
|=yV}=tR; QO xk}kO Q@ QDt|r}t 0 05 VvQm MQv R= w xOWv|WmyR |=yV}=tR;

[7]"CU= xOW xO=iDU= xOW|WmyR

[7]"swO w pw= |=yxwQo l =N |=yxvwtv |m} R}i C=YNWt "3 pwOH
swO xwQo pw= xwQo
1 750 1 696 
d(t=m3)

1 918 1 832 
w(t=m3)

2 099 2 058 
sat(t=m3)

87 11 84 42 �Rc
9 6 8 �w
0 51 0 56 e

0 33 0 36 n

50 39 36 �Sr
4 95 4 95 D(cm)

10 10 H(cm)
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"�Rc=�87 11� swO xwQo � xOW|WmyR |=yV}=tR; QO q� " Q=Owtv "11 pmW

swO xwQo � xOW |WmyR |=yV}=tR; QO �"V � " Q=Owtv "12 pmW
"�Rc=�87 11�

V}=Ri= 'C@=F |@Uv sm =QD l} QO xm OwW|t xOy=Wt xOWv|WmyR w xOW|WmyR
xOW l =N |}=yv Ctw=kt V}=Ri= Ea=@ l =N Q@ OQ=w QF-wt |t}mLD |=yVvD

"CU=
|@Uv sm =QD V}=Ri= 'QF-wt |x@v=H xty |=yVvD C@=F Q=Okt l} QO u}vJty
|}=yv Q}O=kt '4 pwOH QO "CU= xOW l =N Ctw=kt |}=yv Q=Okt V}=Ri= Ea=@ R}v
|QwLtxU|=yV}=tR; x@\w@ Qt 'q0 's�=k|i=QLv=VvD w 'p0 'x@v=Hxty QF-wt|=yVvD
xOQw; xOWv|WmyR � xDi=}s}mLD w xOW|WmyR � xDi=}s}mLD Cr=L wO QO `=@W=
`=@W= Cr=L QO |QwLtxU |=yV}=tR; R= xOt;CUOx@ G}=Dv |x}=B Q@ "Ov=xOW
|v=OvJ Q}F-=D �3 u=R}t x@ swO xwQo |=yxvwtv |@Uv sm =QD V}=Ri= xm OwW|t xOy=Wt
QO QDW}@ CkO =@ "CW=O Oy=wNv pt=m`=@W= Cr=L QO l =N |}=yv Ctw=kt |wQ Q@
VvD |}=yv Q}O=kt p=mU=B wr}m 50 |t}mLD VvD QO xm OwW|t xOy=Wt 4 pwOH
|=yxvwtv Q_=vDt Q}O=kt R= |mOv= u=R}t x@ pw= xwQo l =N |=yxvwtv s�=k |i=QLv=
xwQo wO Q=DiQ |t}mLD |=yVvD Q}O=kt V}=Ri= =@ w CU= QDW}@ swO xwQo l =N
"CU= l}ORv sy x@ =yxvwtv |}=yv Ctw=kt w Qo}Om} x@=Wt |oDN}Uo |x_Lr QO
Vy=m x@ p}=tD Ea=@ xm CU= pw= xwQo |=yxvwtv QDtm sm =QD |x]U=w x@ Qt= u}=
u}= COW w CU= s}mLD |xrLQt QO swO xwQo |=yxvwtv x@ C@Uv QDW}@ sHL
200 |t}mLD |=yVvD QO w O@=}|t V}=Ri= '|t}mLD |=yVvD V}=Ri= =@ Qt=
|=yxvwtv R= p=mU=B wr}m OvJ u=R}t x@ pw= xwQo |=yxvwtv |}=yv Ctw=kt 'p=mU=B wr}m

[7]"CU= QDW}@ swO xwQo
Cr=L wO QO ?trwm � Qywt |oDN}Uo |=yQDt=Q=B 'xOt;CUOx@ G}=Dv |x}=B Q@

"�Rc=�87 11� swO xwQo � xOWv|WmyR |=yV}=tR; QO q� " Q=Owtv "7 pmW

"�Rc=�87 11� swO xwQo � xOWv|WmyR|=yV}=tR; QO �u�" Q=Owtv "8pmW

"�Rc=�84 42� pw= xwQo � xOW|WmyR |=yV}=tR; QO q � " Q=Owtv "9 pmW

pw= xwQo � xOW |WmyR |=yV}=tR; QO �"V � " Q=Owtv "10 pmW
"�Rc=�84 42�
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"pw= xwQo � `=@W= |QwLtxU |=yV}=tR; QO VvD |=yQ}Ut "13 pmW

"swO xwQo � `=@W= |QwLtxU |=yV}=tR; QO VvD |=yQ}Ut "14 pmW

\w]N AJ CtU QO VvD |=yQ}Ut w CU= C@Ft =yxvwtv |}xQiL ?; Q=Wi
[7]"Ov=xOW `k=w xOW|WmyR Cr=L VvD |=yQ}Ut x@ \w@ Qt

`=@W= Q}e Cr=L QO l =N |m}v=mt Q=DiQ
C=}rm

|m}v=mt Q=DiQ |wQ Q@ |@Uv sm =QD w `=@W= |xHQO '|Di=@Vmt Q}F-=D |xar=]t |=Q@
|wQ Q@ `=@W=Q}e |QwLtxU |=yV}=tR; R= |}xawtHt `=@W=Q}e Cr=L QO l =N
V}=tR; 12 pt=W =yV}=tR; u}= "CU= xDiQo s=Hv= j}kLD u}= QO xar=]tOQwt l =N
|=yxvwtv |wQ Q@ xm OvDUy �CW� C@=F ?; Q=Okt =@ xDi=}s}mLD ẁv R= |QwLtxU
|=yV}=tR; XDNt |QwLtxU x=oDUO l} R= xO=iDU= =@ swO w pw= |=yxwQo l =N

"CU= xOW s=Hv= `=@W=Q}e
p=ta= |xrLQt QO �CW� C@=F ?; Q=Okt =@ xDi=}s}mLD |=yV}=tR; QO
CU= xDW=O OwHw |}xQiL |=wy w ?; |=yR=i |WmyR u=mt= |t}mLD |=yVvD
QO |}xQiL ?; w xOW|WmyR |}xQiL |=wy \ki s�=k |Q=PoQ=@ |xrLQt QO w
C}@ QD x=oWv=O QO x=oDUO u}= CN=U w |L=Q] "OQ=O Q=Qk xOWv|WmyR Cr=L
�CW01� pw= xwQo `=@W= Q}e |QwLtxU |=yV}=tR; "CU= xOW s=Hv= TQOt
QO �S150 w S100� p=mU=B wr}m 150 w 100 x}rw= |Di=@ Vmt Cr=L wO QO
|=yV}=tR; "CU= xOW s=Hv= p=mU=B wr}m 200 w 100 '50 |x@v=Hxty |=yVvD
30 x}rw= |Di=@ Vmt Cr=L wO QO R}v �CW02� swO xwQo `=@W=Q}e |QwLtxU

\w@ Qt 'q0 's�=k|i=QLv=VvD w 'p0 'x@v=Hxty QF-wt |=yVvD|}=yv Q}O=kt "4 pwOH
[7]"`=@W= |QwLtxU |=yV}=tR; x@

p0 q0

200 10 50 200 100 50 ECP

(kpa)�

115 10 66 60 41 98 156 60 93 56 04 CU01
111 90 69 80 47 70 147 26 91 40 61 85 CU02

345 174 76 89 1 435 224 30 117 3 CD01
342 14 173 25 89 44 426 95 219 75 118 32 CD02

QF-wt |t}mLD VvD �

[7]"?trwm �Qywt |oDN}Uo |=yQDt=Q=B "5 pwOH
|QwLt xU |=y V}=tR; |QwLt xU |=y V}=tR;

xOW|WmyR xOWv|WmyR
2 xwQo 1 xwQo 2 xwQo 1 xwQo
4 28 3 33 1 03 0 c0(kpa)

30 43 30 98 31 60 34 '0(deg)

- - 13 45 9 14 ccu(kpa)

- - 12 9 14 7 'cu(deg)

"Ov=xOW xOQw; Q}O=kt u}= 5 pwOH QO "Ov=xOW x@U=Lt xOWv|WmyR w xOW|WmyR
|oOv@UJ w |rN=O l =m]Y= |x} w=R Q}O=kt xm OwW|t xOy=Wt G}=Dv u}= j@=]t
w OvDUy Q@=Q@ Qo}Om} =@ ,=@} QkD swO w pw= |=yxwQo |QwLt xU |=yV}=tR; QO QF-wt
|oDN}Uo |x_Lr QO s�=k |i=QLv=VvD C=Q}}eD OvwQ x@=Wt Q}O=kt u}= C=Q}}eD OvwQ
R}v xOWv|WmyR |=yV}=tR; QO |}xQiL ?; |=yQ=Wi Q}F-=D uDiQoQ_vQO =@ "CU=
Q}O=kt u}= "OQm x@U=Lt =Q l =N |xOW|WmyRCr=L|oDN}Uo |=yQDt=Q=B u=wD|t
|=yQDt=Q=B |=Q@ xOt;CUOx@ Q}O=kt xm OwW|t xOy=Wt "Ov=xOW xOQw; 5 pwOH QO R}v
,=@} QkD xOWv|WmyR w xOW|WmyR |=yV}=tR; R= ?trwm � Qywt |oDN}Uo QF-wt
|QwLtxU |=yV}=tR; QO s�=k |=yQ=@ p=ta*= pw] QO [7]"OvDUy Q@=Q@ Qo}Om} =@
Q=Wi Q}}eD Ea=@ w CU= xOt; OwHw x@ |}xQiL ?; |=yQ=Wi xi=[= xOWv|WmyR
|}xQiL ?; Q=Wi C=Q}}eD '8 w 6 |=ypmW QO "Ov=xOW l =N |xvwtv |}xQiL ?;
s}UQD swO w pw= |=yxwQo |=Q@ ?}DQDx@ xOWv|WmyR |QwLtxU |=yV}=tR; QO
'|@Uv sm =QD C@=F Q=Okt l} QO xm OwW|t xOy=Wt Q} w=YD u}= j@=]t "CU= xOW
|=yQ=Wi |xi=[= Q=Okt V}=Ri= Ea=@ l =N Q@ QF-wt |x@v=Hxty |=yVvD V}=Ri=

[7]"CU= xOW s�=k |=yQ=@ p=ta= |xrLQt QO xOt;OwHwx@ |}xQiL
p=ta= pw] QO |tHL |=yVvQm C=Q}}eD Q=Owtv 12 w 10 |=ypmW QO
xOW xO=O u=Wv swO w pw= |=yxwQo xOW|WmyR |=yV}=tR; QO s�=k |Q=PoQ=@
|xvwtv 's�=k |=yQ=@ p=ta= |x]U=w x@ xm OwW|t xOy=Wt G}=Dv u}= j@=]t "CU=
"O};|t OwHw x@ |ivt |tHL |=yVvQm u; QO w OwW|t sHL Vy=m Q=JO l =N
?; Q=Wi |W}=Ri= Q=DiQ =@ xOW|WmyR Cr=L QO l =N |tHL Vy=m Q=DiQ u}=

[7]"CU= Q=oR=U xOWv|WmyR Cr=L QO |}xQiL
|QwLtxU |=yV}=tR; x@ \w@ Qt VvD |=yQ}Ut '14 w 13 |=ypmW QO
QO xm OwW|t xOy=Wt =ypmW u}= j@=]t "Ov=xOW s}UQD swO w pw= |=yxwQo
CmQL C@=F ?}W =@ \N l} |wQ l =N |=yxvwtv 'xOW|WmyR |=yV}=tR;
C=Q}}eD 'xOWv|WmyR |=yV}=tR; QO "OvUQ@ |v=QL@ Cr=L \N x@ xmu; =D Ovvm|t
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[7]"`=@W=Q}e |xQ=OH wO pwrU "16 pmW

6 =@ pwrU |v}}=B w q=@ |xvO@ "OvDUy �l =N |xvwtv |Q}oQ=Qk pLt� u}}=B p=DUOB
|x_iLt Ctw=kt w |vt}= uOQ@q=@ |=Q@ "OvwW|t pYDt Qo}Om} x@ \@=Q |xr}t
|Oqwi |xtUD 3 =@ pwrU |HQ=N |xW}W 'q=@ |x@v=Hxty |=yQ=Wi QO |HQ=N
xO=iDU= =@ u=wD|t =Q =yxtUD uwQO |WWm |wQ}v Q=Okt "CU= xOW KrUt xO}vDV}B
p=ta= w pQDvm |=Q@ x=oDUO |wr@=D [7]"O=O Q}}eD =yxtUD |wQ Q@ xOWx}@aD |=yI}B R=

"OwW|t xO=iDU= |}xQiL |=wy w ?; |=yR=i sHL Q}}eD |Q}oxR=Ov= w Q=Wi
u} QDsyt R= |m} "CU= xOW xO=O u=Wv |Q=PoQ=@ w pQDvm |wr@=D '15 pmW QO
l =N |xvwtv |}xQiL ?; |Q}oxR=Ov= w Q=Wi p=ta= sDU}U x=oDUO 'wr@=D |=yVN@
QoV}=tv |wQ Q@ V}=tR; C=}�RH V}=tv x=oDUO u}= |=y|oS} w xrtH R= "CU=
w OQ=O Q=Qk pQDvm |wr@=D |q=@ VN@ QO QoV}=tv u}= "CU= pQDvm |wr@=D LCD

QO =Q l =N uwQO |Di=@ Vmt w s�=k |QwLt VvQm 'wQ}v 'x@v=Hxty Q=Wi Q}O=kt
u=wD|t C=aq]= C@F w pQDvm Q=Ri=sQv R= xO=iDU= =@ "OyO|t u=Wv V}=tR; pw]

"OQm Vwt=N =} w uWwQ =Q LCD QoV}=tv
xm CU= C=aq]= C@F w VR=OQB sDU}U x=oDUO |=yVN@ u} QDsyt R= |m}
Q=Wi '|}xQiL ?; Q=Wi '|QwLt |=yVvQm 's�=k |=ywQ}v Q}O=kt u; R= xO=iDU= =@
pmW QO "OvwW|t VR=OQB w C@F V}=tR; pw] QO x@v=Hxty Q=Wi w |}xQiL |=wy

[7]"CU= xOW xO=O u=Wv VR=OQB w C@F sDU}U |rm |=tW '15

|QwLtxU |=yV}=tR;
[11w10'7]%CU= xrLQt 5 pt=W `=@W=Q}e |QwLtxU |=yV}=tR; |rmQw]x@

&V}=tR; ẁQW R= p@k x=oDUO |R=UxO=t; "1
&x=oDUO |R=Ov= x=Q w l =N |xvwtv |R=UR=@ "2

&l =N uOWQD w |QwLt |}=H@=H VwQ p=ta= "3
&s}mLD "4

"|oDN}Uo w s�=k |Q=PoQ=@ "5
x=oDUO |R=U xO=t;

u}}=B |xvO@ QO `k=w pNrNDt |m}t=QU lU}O |DU}=@ V}=tR; s=Hv= ẁQW R= p@k
|q=@ QDt|Dv=U 4 |r= 3 `=iDQ= =D |rN=O pwrU |DU}=@ =Pr "OwW `=@W= ,qt=m pwrU

200 w 100 '50 |x@v=Hxty |=yVvD QO �S100 w S30� p=mU=B wr}m 100 w
u}}=B `=@W= C=HQO QO l =N Q=DiQ |xar=]t |=Q@ "CU= xOW s=Hv= p=mU=B wr}m
|Di=@ Vmt |=yQ=Okt QO ?}DQDx@ |QwLtxU |=yV}=tR; q=@ `=@W= C=HQO w
Q}O=kt QO |@Uv sm =QD Q}F-=D |xar=]t |=Q@ "Ov=xOW s=Hv= p=mU=B wr}m 30 w 150
s=Hv= p=mU=B wr}m 100 |Di=@ Vmt QO |QwLtxU |=yV}=tR; |Di=@ Vmt C@=F
|QwLtxU x=oDUO hrDNt |=yVN@ |iQat x@ =OD@= '?r=]t |xt=O= QO "Ov=xOW
l =N |wQ Q@ CW `=@W=Q}e |=yV}=tR; s=Hv= OvwQ TBU w xDN=OQB `=@W=Q}e

[7]"Ov=xOW K} QWD xar=]tOQwt

`=@W= Q}e |QwLt xU x=oDUO
|QwLtxU |xQ=OH 2 pwrU "1 %CU= VN@ xU pt=W |rmQw]x@ x=oDUO u}=

"C=aq]= C@F w VR=OQB sDU}U "3 &|Q=PoQ=@ w pQDvm wr@=D "2 &`=@W=Q}e
xOW xO=O u=Wv u; hrDNt |=yVN@ w x=oDUO |rm |=tW '15 pmW QO
|L=Q] QwWm pN=O CavY C=v=mt= R= xO=iDU= =@ x=oDUO u}= <=RH= |t=tD "CU=
VN@ QO xDiQ Q=mx@ |=yQoTL 'u; |HQ=N C=a]k \ki w CU= xOW xDN=U w

"OvDUy pNrNDt |m}t=QU lU}O w j}kO Q=R@=
s=Hv= C}r@=k xm Ov=xOW xDN=U w |L=Q] |}xvwox@ x=oDUO hrDNt |=yVN@
C@F sDU}U "OW=@ xDW=O =Q SWRC w `=@W=Q}e |QwLtxU hrDNt |=yV}=tR;
x}v=F 0 1 |Q=OQ@xO=O CkO =@ =yxO=O C@F w VR=OQB x@ QO=k x=oDUO C=aq]=
|QwLtxU |=yV}=tR; XDNt Q=Ri=sQv l} =yxO=O VR=OQB w pQDvm |=Q@ "CU=
C}r@=k xOWxDN=U |QwLtxU x=oDUO "CU= xOW |L=Q] SWRC w `=@W=Q}e
`=@W=Q}e |xQ=OHwO pwrU R= xO=iDU= =@ w OQ=O =Q |QwLt |}=H@=H VwQ R= xO=iDU=
"OvwW|t |Q}oxR=Ov= ,qkDUt V}=tR; pw] QO l =N |}xQiL ?; w pm sHL Q}}eD
hrDNt |=yxNQJ QO =Q l =N sHL Q}}eD Q=DiQ u=wD|t x=oDUO u}= R= xO=iDU= =@

[7]"OQm |UQQ@ x@v=Hxty |=yQ=Wi p=ta= w |oOWlWN w QD
|xvwtv pm sHL Q}}eD u=wD@ =D OQ=O|HQ=N w|rN=O |x_iLt wO x=oDUO pwrU
|=yx_iLt uwQO Q=Wi xmu; x@ xHwD =@ "OQm |Q}oxR=Ov= V}=tR; pw] QO =Q l =N
Q}}eD R= |Q}owrH Ea=@ Qt= u}= 'CU= Q@=Q@ sy =@ xQ=wty pwrU |HQ=N w |rN=O
pwrU |rm |=tW '16 pmW QO "OwW|t |rN=O |x_iLt |}xW}W |xQ=OH sHL
wO pt=W pwrU '16 pmW j@=]t "CU= xOW xO=O u=Wv `=@W=Q}e |QwLtxU
|xr}t w |HQ=N |x_iLt pt=W pwrU |}q=@ |xvO@ "CU= q=@ w u}}=B xvO@ CtUk
w |rN=O |x_iLt x@ |HwQN w |OwQw |Q=Ht pt=W u}}=B |xvO@ w |Q=PoQ=@

[7]"`=@W=Q}e |QwLtxU x=oDUO |rm |=tW "15 pmW

61

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

"""w
`=@W

=|
xHQ

O'|
Di=@

Vm
tQ}

F- =D|
@=}RQ

=

QO p=mU=B wr}m 100 |Di=@ Vmt O=H}= |=Q@ ,qFt "Ov=xOW xOv=UQ p=mU=B wr}m
|}xQiL |=wy Q=Wi p=mU=B wr}m 300 pO=at |}=wy Q=Wi p=ta= =@ l =N |=yxvwtv
xOW xO=O V}=Ri= p=mU=B wr}m 300 Q=Okt x@ �l} QiUtD=� QiY Q=Wi Q=Okt R= l =N
u; x@ pYDt CQw@ w l}t=QU lU}O u} Q} R |x_iLt uwQO ?; Q=Wi u; =@ Q_=vDt w
|xvwtv |Di=@ Vmt Q=Okt xH}Dv QO "CU= xOW xOv=UQ p=mU=B wr}m 200 Q=Okt x@
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