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Q=DiQ |x�=Q= sOa p}rO x@ 'xOW |L=Q] |=yCvDU= u}=Q@=v@ "CU= QwmPt |=yCvDU=

"OvDU}v ?U=vt |]}Lt jwQa QO OQ@ Q=m |=Q@ '|v=UWmQ@=

w |}q=@ '|v}}=B C=LiY pt=W |oO}yr CUD |Q=PoQ=@ \}=QW l}D=tW "2 pmW
"CvDU=

Q]k =@ ?U=vDt jwi C=LiY u}@ |xrY=i "OW xO=O Q=Qk Q=Wi CLD x QwLt
Q}PBh=]av= 'CvDU= w?rYCNU C=LiY u}@K]U T=tD "Ow@ =yCvDU=|HQ=N
w OW xDU@ C=yH |t=tD QO |v}}=B ?rY |xLiY "OW Q=QkQ@ l =m]Y= uwO@ w
=yCvDU= R= xQo Q=yJ "CW=OCmQL u=mt= xCyH QO\ki |}q=@?rY |xLiY
QO |}=Hx@=H "OvDW=O CmQL u=mt= x CyH QO \ki w OW xDU@ y w z C=yH QO
Q]k Vy=m OYQO 90 w 70 u=R}tx@ w |}q=@ ?rY |xLiY j} Q] R= w x CyH
R= xO=iDU= =@ w C=@U=Lt u=tR Vy=m Qw_vtx@ "OW |Q=OQ@ Q=@ ,qt=m w p=ta= CvDU=
|@amt u=tr= R= "CiQo Q=Qk p}rLD OQwt =ypOt sQ=yJl} =yvD '|QwLt uQ=kD O}=wi
u=tr= O=OaD =@ R3D4 u=tr= R= w CvDU= |=Q@ 12624 u=tr= O=OaD =@ C38DI

p}rO x@ "OW xO=iDU= CvDU= |xOvyOQ=Wi ?rY C=LiY K]U |=Q@ 20000
Vt |=Q@ Vt QB}=y Q=Ri=sQv R= '=yCvDU= lJwm Q=}U@ |xR=Ov= w O=} R |oO}J}B
Q@ xQo 1025 w u=tr= 130 |@} QkD Qw]x@ Vt |xD}Uv=O "OW xO=iDU= =yxvwtv uOR

"Ot; CUO x@ `@ Qt QDt|r}t

EL@ w G}=Dv "3
|@ wr]t |m}v}rm w |m}v=mt OQ@ Q=m 'Q} R |=y|oS} w uDW=O =@ OvtWwy |=yCvDU=

16



1|
xQ=t

W'
38

�3
|xQ

wO'
�14

01
Q=y@

�h
}QW

l}
v=mt

|U
Ovyt "|oO}yr OYQO 70 |=Q@ CvDU= O=wt X=wN Q}}eD =@ |]}Lt jwQa |=Q@ xOt; CUO x@ G}=Dv "5 pwOH

xOW p}mWD C} RvDQ=t OYQO VvQm MPaTU}t uwi VvD CvDU= xO=t X=wN
� 0 0108 779 5 �1 pwOH� 1 xO=t CvDU=
� 0 0107 593 4 �2 pwOH� 2 xO=t CvDU=

"|oO}yr OYQO 90 |=Q@ CvDU= O=wt X=wN Q}}eD =@ |]}Lt jwQa |=Q@ xOt; CUO x@ G}=Dv "6 pwOH
xOW p}mWD C} RvDQ=t OYQO VvQm (MPa) TU}t uwi VvD CvDU= xO=t X=wN

0 188 0 0198 1129 1 xO=t X=wN =@ OvtWwy CvDU=
0 329 0 0211 751 4 2 xO=t X=wN =@ OvtWwy CvDU=

|wQ xOW s=Hv= |oO}yr OYQO 70 R= |W=v xOt; CUO x@ VvQm "4 pmW
"1 pwOH QO 1 xO=t X=wN |=Q@ w 1 pmW QO |]}Lt jwQa CvDU= |=yxvwtv

xOW s=Hv= |oO}yr OYQO 70 R= |W=v xOt; CUO x@ TU}t uwi VvD "5 pmW
QO 2 |xO=t X=wN |=Q@ w 1 pmW QO |]}Lt jwQa CvDU= |=yxvwtv |wQ

"2 pwOH
|xvwtv R= QDW}@ 1 pwOH QO 1 |xO=t X=wN =@ CvDU= |xvwtv |vwQO |vLvt
^=Lrx@ |rw= x@ C@Uv |twO |xvwtv 'xOw@ 2 pwOH QO 2 |xO=t X=wN =@ CvDU=
"OwW|t xO=O K}HQD |]}Lt jwQa QO OQ@ Q=m |=Q@ �QDtm VvD R= QF-=Dt� |m}v=mt
1 pwOH QO 1 |xO=t X=wN =@ CvDU= |xvwtv |vwQO |vLvt QO xv}W}@ VvQm
C@Uv |twO |xvwtv 'xOw@ 2 pwOH QO 2 |xO=t X=wN =@ CvDU= |xvwtv R= QDtm
|]}Lt jwQa =@ �QDW}@ VvQm R= QF-=Dt� ?wr]t |m}t=v}O Q=DiQ p}rO x@ |rw= x@

CvDU= |Q=OQ@ Q=@ w |Q=PoQ=@ s=ovy QO OwHwt |=ywQ}v l}D=tW "2 Q=Owtv
[29w12]"OvtWwy

xOW s=Hv= |oO}yr OYQO 70 R= |W=v xOt; CUO x@ TU}t uwi VvD "3 pmW
"1 pwOH QO 1 xO=t X=wN |=Q@ w 1 pmW QO|]}Lt jwQaCvDU= |=yxvwtv |wQ

|UQQ@ OQwt |=yxvwtv QO OYQO 90 x@ OYQO 70 R= |oO}yr OYQO V}=Ri= =@
w 6 pwOH '1 pwOH QO 1 |xO=t X=wN =@ CvDU= xvwtv |xU}=kt '=yCvDU=
6 pwOH '2 pwOH QO 2 |xO=t X=wN =@ CvDU= |xvwtv w 8 w 7 |=ypmW
=yCvDU= |vwQO |vLvt QO VvQm w VvD `} RwD x@ \w@ Qt 10 w 9 |=ypmW w
0 0198 R= VvQm V}=Ri= '751 4 MPa x@ 1129 MPa R= VvD Vy=m Qou=}@
"CU= 0 329 x@ 0 188 R= xOW p}mWD C} RvDQ=t OYQO V}=Ri= w 0 0211 x@
QO VvD u} QDW}@ "CU= OYQO 75 w 6 56 '33 62 ,=@} QkD C=Q}}eD u}= C@Uv

17



"""C
vDU=

|m
}v=m

tQ=
DiQ

|D=@
U=L

t|
UQQ

@

xOW s=Hv= |oO}yr OYQO 90 R= |W=v xOt; CUO x@ TU}t uwi VvD "9 pmW
QO 2 |xO=t X=wN |=Q@ w 1 pmW QO |]}Lt jwQa CvDU= |=yxvwtv |wQ

"2 pwOH

|wQ xOW s=Hv= |oO}yr OYQO 90 R= |W=v xOt; CUO x@ VvQm "10 pmW
"2 pwOH QO 2 |xO=t X=wN |=Q@ w 1 pmW QO |]}Lt jwQa CvDU= |=yxvwtv

|wQ xOW s=Hv= |oO}yr OYQO 90 R= |W=v u=UWmQ@= Q=DiQ |xU}=kt "3 Q=Owtv
w 1 pwOH QO 1 |xO=t X=wN |=Q@ w 1 pmW QO |]}Lt jwQa CvDU= |=yxvwtv

"2 pwOH QO 2 |xO=t X=wN
CvDU= |xvwtv wO Qy '3 Q=Owtv w 6 pwOH j@=]t [28]"Ovvm x�=Q= u=UWmQ@= Q=DiQ
=Q VvQm w VvD |vLvt QO VvD CLD C} RvDQ=t |xr=LDU= R= QF-=Dt u=UWmQ@= Q=DiQ
C=Q}F-=D x@ xHwD =@ xm =QJ 'Ov=?U=vt |]}Lt jwQa QO OQ@ Q=m |=Q@ =Pr "OvO=O x�=Q=
|Q=PoQ=@ K]U 'OW=@ QDu}}=B Af |=tO QOkQy 'OvtWwy CvDU= S=}r; Af |=tO

|wQ xOW s=Hv= |oO}yr OYQO 70 R= |W=v xOt; CUO x@ VvQm "6 pmW
"2 pwOH QO 2 xO=t X=wN |=Q@ w 1 pmW QO |]}Lt jwQa CvDU= |=yxvwtv

xOW s=Hv= |oO}yr OYQO 90 R= |W=v xOt; CUO x@ TU}t uwi VvD "7 pmW
QO 1 |xO=t X=wN |=Q@ w 1 pmW QO |]}Lt jwQa CvDU= |=yxvwtv |wQ

"1 pwOH

|wQ xOW s=Hv= |oO}yr OYQO 90 R= |W=v xOt; CUO x@ VvQm "8 pmW
"1 pwOH QO 1 |xO=t X=wN |=Q@ w 1 pmW QO |]}Lt jwQa CvDU= |=yxvwtv

=@ CvDU= xvwtv |vwQO |vLvt QO C} RvDQ=t p}mWD OYQO "OwW|t xO=O K}HQD
pwOH QO 2 |xO=t X=wN =@ CvDU= |xvwtv R= QDtm 1 pwOH QO 1 |xO=t X=wN
=@ |D} RvDQ=t |xr=LDU= ?wr]t s=Hv= p}rO x@ |rw= x@ C@Uv |twO |xvwtv 'xOw@ 2
|rwv}D}=v |=yCvDU= 'u}W}B C=ar=]t j@=]t "OwW|t xO=O K}HQD |]}Lt jwQa
uO=O u=Wv |=Q@ VvD CLD C} RvDQ=tx}L=v |x]w@ Qt VvQm w VvD |vLvt QO O}=@

18



1|
xQ=t

W'
38

�3
|xQ

wO'
�14

01
Q=y@

�h
}QW

l}
v=mt

|U
Ovyt QO OQ@ Q=m OQwt |=yCvDU= |m}v=mt Q=DiQ u}}aD |=Q@ ?U=vt |y=Q Ov=wD|t Q=DWwv

"Ovm x�=Q= =yv; |m}v=mt w |m} SQwr=Dt X=wN C=QF= x@ xHwD =@ '|]}Lt jwQa

C=Q=YDN= w s�qa
&MPa C}vDU; xD}U}DUq= pwOt %EA

&C}vDU; uwU=wB ?} Q[ %�A
&MPa C} RvDQ=t xD}U}DUq= pwOt %EM

&C} RvDQ=t uwU=wB ?} Q[ %�M
&Cr=LQ}}eD VvQm %"L

&MPa T�1 |Q=PoQ=@ p=L QO =tO x@ VvD C=Q}}eD %( ���T )L
&MPa |Q=PoQ=@ Cr=LQ}}eD VvD ẁQW %�SL
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1. Chronic Outward Force
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