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=@ =y|Q=iL CU= sRq =y=[i ẁv u}= QO"CU}v jO=Y |}xLiY VvQm ZQi

"OvQ}o Q=Qk p}rLD OQwt |Oa@xU VvQm \}=QW ZQi
OwHw |v}tRQ} R |=y=[i |Oa@ wO p}rLD |=Q@ |QDW}@ p}=tD Q[=L p=L QO
sOa w 'VvD |Oa@xU `} RwD 'xO}J}B |=yxUOvy =@ xyH=wt s=ovyx@\ki u=L=Q] "OQ=O
|=yp}rLD "OvyO|t s=Hv= =Q |Oa@xU |=yp}rLD '|}xLiY VvQm \}=QW |Q=QkQ@
QDl}ORv C}ak=w x@ =yv; G}=Dv =t= Ov=pmWt w Q@xv} Ry 'Q}oCkw |}=yp}rLD '|Oa@xU

"OvQ}o|t Q@ QO R}v =Q |Oa@ wO |=yR}r=v; G}=Dv w CU=
xawtHt |Q=O}=B p}rLD Qw_vtx@ |v=w=Qi |Oa@ wO OOaDt C=k}kLD uwvm =D
OwOLt <=RH= '[17]�DEM� =RHt <=RH= |=yVwQ R= xO=iDU= =@ w xW}@x=}U x=owQ}v
s=Hv= [19]�FDM� OwOLt p[=iD VwQ R= xO=iDU= =@ |Oa@xU R}v w [18]�FEM�

sDiy w pyJ |xQ=tW �h} QW 50



"""w
|v=@

QkO
waU

t'x
O=R

h}
QW

|i]
Yt

x=oDU}= QO |HvU|}=Qoty |=yu}B w =yGvUQ=Wi '=yGvU|oO}Wm V}=Q; "2 pmW
"x=owQ}v Q=et |Ov@ Q=R@= swU

|}x]kv 4 |=yGvU|oO}Wm R= Q=et *CUOu}}=B w CUOq=@ |=yxQ=w}O 'hkU
|Q=Okt '=yGvU|oO}Wm ?Yv QO OwHwt C=Q}N-=D x@ xHwD =@ "CU= xOW xO=iDU=
"Ov=xOWv =yv; C@F x@ jiwt =yx=oDUO w xDiQ CUO R= syt |x}rw= |=y|}=Hx@=H R=
|=yQ=@ wvwt |wQ GvUwQ}v |O=OaD R}v =yQ=@ wvwt x@ xOQ=w Q=@ |Q}oxR=Ov= Qw_vtx@
|v}tRQ} R ?; Q=Wi |Q}oxR=Ov= Qw_vtx@ "Ov=xOW ?Yv =yxQ=w}O w hkU QO XNWt
500 C}iQ_ =@ GvUQ=Wi |O=OaD Q=et CUOu}}=B w CUOq=@ |=yxQ=w}O QO R}v
'xOWO=} |=yQ=R@= Q@ xwqa xm CU= QmP p@=k "CU= xOW ?Yv `@ Qt QDtQ@ uDw}vwr}m
xv=iU-=Dt xm OvOw@ xOW x}@aD =yxQ=w}O w hkU QO |HvU|}=Qoty u}B |O=OaD
|=yC�=Qk uwvm =sy 'Q=R@= u}= |Q=Oxov w ?Yv QO xOt; OwHw x@ CqmWt p}rOx@
C�=Qk GvUQ=Wi pwrU |O=OaD CU= Q=Qk u}vJty "OQ}o|tv CQwY |HvU|}=Qoty
Q=et CU=Q w AJ |=yxQ=w}O QO `@ Qt QDt Q@ uDw}vwr}m 500 C}iQ_ =@ QwO x=Q R=

"[22 '21]OwW ?Yv 1839 w 1845 '1855 |=yR=QD QO x=owQ}v

R= xO=iDU= =@ xW}@x=}U x=owQ}v Q=et |OOa |R=UpOt "5
=RHt <=RH= VwQ

Ca}@] =@ pOt QDW}@ xJQy j@=]D w xW}@x=}U x=owQ}v Q=et |OOa p}rLD Qw_vtx@
ITASCACmQW|=yQ=Ri=sQv |QU R= 3DEC Q=Ri=sQv R= xk]vt Q=OxRQO |=ynvU
|=v@tQ@ xmCU= |Oa@xU w |OOa Q=Ri=sQvl} 3DEC Q=Ri=sQv "CU= xOW xO=iDU=
|m}rwQO}y '|m}t=v}O '|m}D=DU=|=yR}r=v;|=Q@ xDUw}B=v|R=UpOt w =RHt <=RH=VwQ
|Oa@xU|}xawtHtCQwYx@ =QnvUxOwD Q=Ri=sQvu}= "OwQ|t Q=m x@|m}v=mtwQO}y w
3DEC Q=Ri=sQv "Ovm|t pOt =y|oDUw}B=v w Q}PBpmW Q}}eD =} ?rY |=ylwr@ R=
VNQJ w O=} R |=y|}=Hx@=H |R=UpOt u=mt= xm |v=tR K} QY pL sD} Qwor= R=

"[23]Ovm|t xO=iDU= 'OQw;|t sy=Qi =Q =ylwr@
xO=O u=Wv 3 pmW QO xW}@x=}U x=owQ}v Q=et |OOa p}rLD hrDNt pL=Qt
'x=owQ}v xawtHt |OOa |R=UpOt Qw_vtx@ 'OwW|t xOy=Wt xm u=vJ "CU= xOW
QtQwiUv=QD Q=et '�PHC� x=owQ}v Q=et pt=W QDt210�220�270 O=a@= x@ |mwr@
lwr@ u}= "�?4 w hr=4 pmW� OW xDN=U �GGC� =yxJ} QO |Qr=o w �TC�
pOt "OW ?=NDv= pOt RQt QO |}=kr= |=yVvD Q}F-=D |xOwOLt uDiQo Q_v QO =@
�u} QP; nvU w RtQk p}W '|D} RDQ=wm nvUxU=t� nvU ẁv xU pt=W xOWxDN=U
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2900 2630 2810 (kg=m3) lWN |r=oJ
2920 2750 2970 (kg=m3) `=@W= |r=oJ
16 67 5 8 33 (GPa) lr=@ pwOt
12 5 3 6 25 (GPa) |WQ@ pwOt
100 50 100 (MPa) xQwLtlD |Q=Wi Ctw=kt
18 12 18 (MPa) |oOv@UJ
6 3 6 (MPa) |WWm Ctw=kt
50 40 50 �xHQO� l =m]Y= x} w=R
55 48 53 GSI

25 9 20 mi

x=owQ}v *Q=et |v=QL@ |=yxRQO "[18]CU= xOW x�=Q= 3 pwOH QO =yv; |m}v=mtw�S w
'x=owQ}v Q=et |xOwOLt |=yGvU|oO}Wm G}=Dv |UQQ@ R}v w C=Oy=Wt T=U=Q@
|v}tRQ} R ?; K]U xm =Hv; R= "Ov=xOW p=ta= pOt QO xDUw}B Qw]x@ w ?=NDv=
X=wN CQwYx@ K]U u}= Q} R QO OwHwt *O=wt X=wN 'xOW p=ta= pOt QO R}v
|Q=Oxov sDU}U R}v w x=owQ}v |=yQ=et |Q=iL pL=Qt "CU= xOW p=ta= `=@W=
xOW |R=UpOt |}=QH= pL=Qt *?}DQDx@ Q=@ wvwt w nvUI}B 'C} QmD=W pt=W =yv;
Kr=Yt |Q=DiQ pOt u=wvax@ ?trwm�Qywt |Q=DiQ pOt R= "�O4 w G4 pmW� CU=
pwOt pt=W ?trwm�Qywt pOt |=Q@ R=}v OQwt C=}YwYN "OW xO=iDU= |ovU
|WWm Ctw=kt w |oOv@UJ '`=UD= |x} w=R 'l =m]Y= |x} w=R '|WQ@ pwOt 'lr=@
"CU= xOW p=ta= pOt x@ lwr@ jta uDiQo Q_v QO =@ pOt |RQt \}=QW "OvDUy
pOt |q=@ RQt QO w xOW C@=F |}=Hx@=H Q_v R= pOt u}}=B w h=Q]= Qw_vtu}O@
=@ p=mU=B=ot4 54 pO=at |WvD 'QDt162 pO=at |=yQ=@ wQ `=iDQ= uDiQo Q_vQO =@
xHwD =@ =HQ@ |ki= w s�=k VvD "CU= xOW p=ta= VvD |RQt \}=QW R= xO=iDU=
hm QO xm CU= |}xvwox@ pOt \}=QW "OW p=ta= pOt \}Lt QO Q}eDt `@=D x@
QDtQ@ uD 2 8 \UwDt |r=oJ ZQi =@ xm CU= QDt382 pO=at xQ=@ wQ `=iDQ= pOt
u}= "Ot; CUO x@ p=mU=B=ot 10 7 Q@=Q@ pOt u}}=B QO s�=k VvD u} QDW}@ '?amt
R= "OwW|t sm q=@ CtU x@ QDt Q@ p=mU=B =ot 0 028 pO=at |v=}O=Qo =@ Q=Okt
Q@=Q@ s�=k x@ |ki= VvD C@Uv 'pLt QO xOW s=Hv= |=HQ@ C=ar=]t T=U=Q@ |iQ]

"pOt xUOvy |Oa@xU V}=tv "4 pmW

"=[i COtOvr@ |Q=O}=B |UQQ@ w |DWoQ@ p}rLD sD} Qwor= "3 pmW
"[18]=yxRQO |m}v=mt |=yQDt=Q=B "3 pwOH

|Q@ R |oOv@UJ |WQ@ |DNU p=tQv |DNU l =m]Y= |x}w=R
(mm) (MPa) (GPa=m) (GPa=m) �xHQO�
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1. univariate method.
2. multivariate method.
3. alternative univariate method.
4. uplift pressure.
5. penstock.
6. noise.
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