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|xv}y@ C@Uv u=wva x@ u=QoWywSB \UwD Qt}rB w�S VwQ QO xOW xO=iDU= OwU x@
C@Uv R}v 'Q[=L VywSB QO =Pr [23w22]"CU= xOW |iQat |}=}rk R=Up=ai pwrLt

"CU= xOW xO=iDU= OwU OL=w 1 w C=m}r}U ?UJ OL=w 2
'(!opt) xv}y@ C@ w]Q OYQO '|Qw;pta |=yxQwO C=YNWt '3 pwOH QO
'OwU w ?UJ OYQO 'OwU x@ ?UJ C@Uv '(
d max) xv}W}@ lWN |r=oJ
l =N %pt=W Oy=W |xvwtv xwQo 5 pt=W xm 'Oy=W |=yxwQo QO OwU |xD} Qqwt
u=t}U =@ xOW C}@FD l =N '�SG� OwU w ?UJ =@ xOW C}@FD l =N '�S� |a}@]
ly; =@ xOW C}@FD l =N w (SC10)�10 u=t}U =@ xOW C}@FD l =N '(SC6)�6
l =N =@ xOW C}@FD l =N pt=W '|rY= |xvwtv xwQo l} u}vJty w (SL10)�10
"CU= xOW x�=Q= 'OvDUy �SGE� Qt}rB w�S VwQ x@ dQtsND CUwB =@ xOW C}@FD

G}=Dv p}rLD w x�=Q= "2"2
(UCS) xQwLtlD |Q=Wi Ctw=kt s=Hv= |xwLv "1"2"2

D 2166 OQ=Ov=DU= j@] xOWv QwYLt |Q=Wi Ctw=kt V}=tR; s=Hv= Qw_vt x@
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@

"=yV}=tR; QO xOW xO=iDU= |=y?}mQD C=YNWt "3 pwOH
|Qw;pta |xQwO 
d max !opt ?UJ OYQO |xD} Qqwt C@Uv s=v O=wt ẁv xwQo

�RwQ� (gr=cm3) ��� OwU w OwU ?UJ |Q=YDN= |vOwRi= Oy=W
(M) OwU x@

45�28�14�7 1/95 12/5 � � � S |a}@] l =N S

45�28�14�7 1/97 16 16 5/3 1�2 SG OwU � ?UJ � l =N SG

45�28�14�7 1=98 18 18 5=3 1�2 SGE2=5
� OwU � ?UJ � l =N

SGE

�2/5 dQtsND CUwB

45�28�14�7 1=98 18 18 5=3 1�2 SGE5
� OwU � ?UJ � l =N

�5 dQtsND CUwB

45�28�14�7 1=98 18 18 5=3 1�2 SGE7=5
� OwU � ?UJ � l =N
�7/5 dQtsND CUwB

45�28�14�7 1=98 18 18 5=3 1�2 SGE10
� OwU � ?UJ � l =N

�10 dQtsND CUwB

45�28�14�7 1=95 12=5 � � � SC6
u=t}U � l =N

SC
�6

45�28�14�7 1=95 12=5 � � � SC10
u=t}U � l =N

�10

45�28�14�7 1=95 15 � � � SL10
ly; � l =N

SL�10

s}kDUt VQ@ V}=tR; s=Hv= |xwLv "3"2"2
"CU= |QwLtlD V}=tR; Ovv=ty 's}kDUt VQ@ V}=tR; QO xvwtv uDN=U |xwLv
V}=tR; QO "CU= xOw@ x@=Wt R}v =yxvwtv |Q=Oyov w l =N Q=Okt |x@U=Lt |xwLv
CUO x@ |=Q@ w xOw@ QDt|Dv=U 6 `=iDQ= w ZQa w pw] x@ ?amt 's}kDUt VQ@
V}=tR; s=Hv= |=Q@ "CU= xOW sm `=iDQ= R= pNrNDt C=LiYCt=N[ 'sHL uOQw;
OQwt l =N lWN uRw w OW xO=O Qw@a 4 xQtv lr= R= Q_v OQwt l =N =OD@= '|vwvm
xOW u}}aD l =N |xv}W}@ lWN XwYNt uRw w VQ@ |x@aH sHL T=U=Q@ R=}v

"CU=
C@ w]Q OYQO T=U=Q@ xm 'C=m}r}U ?UJ w |}=}rk pwrLt uOwRi= R= TB
=D VQ@ |x@aH pN=O u=Um} Ct=N[ =@ x}q xU QO xvwtv 'CU= xOW x@U=Lt xv}y@
|=yxvwtv |=Q@ "Ov=xOW xDW=Po VQ@ x=oDUO QO w sm =QDt Q_v OQwt `=iDQ= x@ uO}UQ
xOW |Q=muewQ ?r=k |rN=O K]U ?r=k QO =yxvwtv CN=U R= p@k xOW |Qw;pta
xO=O Q=Qk p} wi w uwirU uwQO w GQ=N ?r=k uwQO R= xOW xDN=U |=yxvwtv "CU=
CyH =yxvwtv |Qw;pta xm CU= QmP x@ sRq "OvwW |Qw;pta RwQ 7 COt =D OvOW
K}[wD |QwLtlD |=yxvwtv |=Q@ xm |]}=QW j@] s}kDUt VQ@ V}=tR; s=Hv=

"CU= xOW |Qw;pta 'CU= xOW xO=O
VQ@ x=oDUO |wQ w OvDiQo Q=Qk VQ@ |x@aH uwQO |Qw;pta R= TB =yxvwtv

Cao u=R}t =@ dQtsND CUwB QOwB R= xO=iDU= xm OyO|t u=Wv Q}N= G}=Dv "CU=
|m =N |=yxvwtv Ctw=kt V}=Ri= QO q=@ |}=Q=m Ov=wD|t Qt}rB w�S VwQ QO q=@

"OvW=@ xDW=O Qt}rB w�S VwQ x@ xOW C}@FD
xOW C}@FD |=yxvwtv |wQ Q@ |Qw;pta u=tR |UQQ@ �

QOwB |xr}Uw x@ Qt}rB w�S VwQ x@ xOW C}@FD l =N |Q=Wi Ctw=kt '2 pmW QO
"OwW|t xOy=Wt hrDNt |Qw;pta |=yxQwO QO dQtsND CUwB

C}@FD |=yxvwtv |Q=WiCtw=kt|xv}W}@ QO |Qw;pta u=tR QF=|UQQ@ Qw_vt x@
|Qw;pta u=tR ?ULQ@ |QwLtlD |Q=Wi Ctw=kt |xv}W}@ |=yQ=Owtv 'xOW
|Q=Wi Ctw=kt xm OwW|t x_Lqt Q}N= |=yQ=Owtv |t=tD QO "CU= xOW s}UQD
'|Qw;pta RwQ 45CWPo R=TB|DL �SL10�ly; �10 =@ xOWC}@FD |=yxvwtv
u}vJty "OQ=Ov |v=OvJ Cw=iD xOWv C}@FD |=yxvwtv |QwLtlD |Q=Wi Ctw=kt =@
Ctw=kt ?Hwt '�SC6 w SC10� |a}@] l =N x@ u=t}U OYQO 10 w 6 uOwRi=

"CU= xOW Oy=W |=yxvwtv u}@ QO |QwLtlD |xv}W}@ |Q=Wi
C@Uv �SGE5� dQtsND CUwB �5 |xv}y@ Q=Okt xm OyO|t u=Wv 2 pmW
|Qw;pta |xQwO QO 2/116 Mpa |Q=Wi Ctw=kt u=R}t x@ l =N lWN uRw x@

"CU= RwQ 45
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"hrDNt |Qw;pta |=yxQwO QO dQtsND CUwB R= xO=iDU= =@ Qt}rBw�S VwQ x@ xOW C}@FD |=yxvwtv |wQ Q@ |QwLtlD |Q=Wi Ctw=kt |=yV}=tR; "1 pmW

"CU= xOW GvUVvQm w GvUwQ}v C�=Qk w wQ}v p=ta= x@ s=Ok= 'Q=@ QU p=ta= R= TB w
VQ@ V}=tR; s=Hv= |=Q@ =yxvwtv CN=U CyH xOW xO=iDU= Kr=Yt C=YNWt
|=yxvwtv |Qw;pta |=yxQwO 'u; j@=]t xm 'CU= xOW x�=Q= 4 pwOH QO s}kDUt
xOw@ RwQ 7 w 1 Qt}rB w�S VwQ x@ �SGE� dQtsND CUwB Ov=tUB =@ xOW C}@FD
sRrDUt Kr=Yt hrDNt |=y?}mQD w =y?r=k sm O=OaD xm CU= QmP x@ sRq "CU=
xOw@ s}kDUt VQ@ V}=tR; CyH =yxvwtv |R=UxO=t; w CN=U |=Q@ |O=} R u=tR
"Ov=xOW xO=t; 'xOW QmP |Qw;pta |=yxQwO QO xOW xDN=U |=yxvwtv =Pr "CU=

s}kDUt VQ@ V}=tR; G}=Dv �
l =m]Y= |x} w=R w �C� |oOv@UJ 'OwW|t xOy=Wt 5 pwOH QO xm Qw]u=ty
w 33 kPa ?}DQD x@ Q[=L VywSB QO xOW xO=iDU= |a}@] l =N ��� |rN=O
l =N C}@FD QO |}=}rk R=Up=ai u=wva x@ OwU w ?UJ R= xO=iDU= "CU= xOw@ 180

w 35 kPa u=R}t x@ ?}DQD x@ l =N � w C V}=Ri= ?@U '�SG Oy=W |xvwtv�
"CU= xOW 190

�7/5 dQtsND CUwB Ov=tUB R= xO=iDU= xm OyO|t u=Wv 5 pwOH G}=Dv
l =m]Y= |x} w=RV}=Ri=?@U xOWC}@FD l =N QO Qt}rB w�S VwQ QO �SGE7=5�
l} Qy |xv}y@ |=yOYQO R= xm CU= QmP x@ sRq "CU= xOW |oOv@UJ w |rN=O

CUwB =@ xOW xDN=U |Qt}rBw�S |=yxvwtv |QwLtlD |Q=Wi Ctw=kt "2 pmW
"hrDNt |Qw;pta |=yxQwO QO dQtsND

VOwN Q=Okt |xv}W}@ x@ |WQ@ Q=@ Q=Okt xm |}=H =D =yC�=Qk "OvOW xDW=Po s}kDUt
"CU= xDi=} xt=O= 'OUQ@

u=tR COt uOW |QBU w s}kDUt VQ@ V}=tR; |=yxvwtv CN=U R= TB
OvOW xDW=Po x=oDUO uwQO TBU w OvDiQo Q=Qk VQ@ ?r=k uwQO =yxvwtv '|Qw;pta
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@"s}kDUt VQ@ V}=tR; s=Hv= |=Q@ Kr=Yt C=YNWt "4 pwOH
|Qw;pta |xQwO 
d max !opt Q=YDN= s=v xvwtv s=v�RwQ� (gr=cm3) ���

1�7 1/91 16 S |a}@] l =N
1�7 1/97 16 SG OwU � ?UJ � l =N
1�7 1/98 18 SGE5 �5 dQtsND CUwB � OwU � ?UJ � l =N

"s}kDUt VQ@ V}=tR; |=yQDt=Q=B u=R}t "5 pwOH
|Qw;pta |xQwO |Qw;pta |xQwO

Q=YDN= s=v xvwtv s=v�RwQ 7� �RwQ 1�
(�) (C) (�) (C)

0 (kg=cm2) 0 (kg=cm2)

18 0/33 18 0/33 S |a}@] l =N
30 0/35 19 0/35 SG OwU � ?UJ � l =N
33 0/63 38 0/6 SGE5 �5 dQtsND CUwB � OwU � ?UJ � l =N

|oJQ=Bm} V}=Ri= ?@U Qt}rB w�S VwQ QO x}rw= |xO=t u=wva x@ Ov=tUB O=wt R=
|xO=t R= xO=iDU= u}vJty "CU= xOW 'xOW C}@FD |=yxvwtv QO =yxQiL Vy=m w
|=yOv=@ p}mWD?@U Qt}rB w�S VwQ x@ l =NC}@FD QO �dQtsNDCUwB QOwB� Ov=tUB
u=tR COt QO l =N |=yxOwD QO Ctw=kt V}=Ri= w l =N C=QP u}@ QO smLDUt

"CU= xOW RwQ 28 |Qw;pta
uDW=O =@ Ov=tUB O=wt R= xO=iDU= xm OQm |Q}oxH}Dv u=wD|t =DU=Q u}= QO
x@ xOW C}@FD l =N |oJQ=Bm} ?@U Ov=wD|t OwN Q=DN=U QO Cw=iDt |=yu=tr=
C}@FD CyH Ovv=wD|t Ov=tUB O=wt u}= R= |a}Uw h}] =Pr "OvwW Qt}rB w�S VwQ

"OvwW Qt}rB w�S VwQ x@ QDU@ l =N

|Q}oxH}Dv "3
%OvDUy KQW u}= x@ xOt; CUO x@ G}=Dv u} QDsyt

Qt}rB w�S QF= |UQQ@ G}=Dv w xDiQo CQwY |=yV}=tR; |t=tD 'Q[=L VywSB QO
Cr=L 7 QO |QwLtlD |Q=Wi Ctw=kt V}=tR; "CU= xOW x�=Q= TQ l =N QO
3 =@ xRwQ 45 w 28 '14 '7 %|Qw;pta |xQwO 4 QO w xOW QmP C}@FD hrDNt

"CU= xOW s=Hv= G}=Dv CkO V}=Ri= |=Q@ 'Cr=L Qy QO Q=QmD
|=yQDt=Q=B V}=Ri= ?@U Ov=tUB |xO=t R= xO=iDU= 'xOt; CUO x@ G}=Dv T=U=Q@ �
|=yxQwO QO |oOv@UJ w |rN=O l =m]Y= |x} w=R pt=W 'l =N |WQ@ Ctw=kt

"CU= xOW hrDNt |Qw;pta
QO Qt}rB w�S VwQ QO Ov=tUB R= xO=iDU= xm OyO|t u=Wv |}=}t}W G}=Dv |UQQ@ �
CUO x@ G}=Dv T=U=Q@ "CU= xOW |oJQ=Bm} V}=Ri= ?@U xOW C}@FD l =N
hrDNt |=yu=tr= uDW=O =@ Ov=tUB |xO=t R= xO=iDU= 'Q[=L VywSB QO xOt;
x@ Qt}rB w�S VwQ QO x}rw= O=wt u=wva x@ `}Uw sHL QO Ov=wD|t OwN Q=DN=U QO

"OwW xO=iDU= QDU@ l =N C}@FD Qw_vt

"SEM R}r=v; |Q=DN=UwQm}t |UQQ@ "3 pmW

CyH |Qt}rB w�S |=yxvwtv |wQ Q@ |QwLtlD V}=tR; R= xOt; CUO x@ O=wt R=
"CU= xOW xO=iDU= s}kDUt VQ@ V}=tR; s=Hv= w CN=U

(SEM) |W@wQ |vwQDmr= AwmUwQm}t p}rLD "4"2"2
hr=� 3 pmW QO "CU= xOW s=Hv= R}v SEM R}r=v; |Q=DN=UwQm}t |=y|UQQ@ |=Q@
dQtsND CUwB =@ xOW C}@FD |=yxvwtv R}r=v; |=Q@ xOW ?=NDv= |=yxvwtv '�G |r=
xO=iDU= '=yv; j@=]t xm &OvwW|t xOy=Wt xRwQ 28 |Qw;pta |xQwO =@ SGE5
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