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G = �2xpK2x2 � 1
iK(1� 2x2) ; �0 > �C (4)

[12]"u}tR K]U QO u; R= |W=v |@=DR=@ G=wt= w SV Gwt Q=WDv= |xwLv "1 pmW

61



"""|
vD@u

R=Nt
|}x

RQrM
U=B

Q@x}
=BR=

U=O
HQ

F="Kr=Yt C=YNWt "1 pwOH
?; Oqwi xR=U uD@

|tHL sQH lr=@ pwOt uwU=wB C@Uv |tHL sQH |v=UWm pwOt uwU=wB C@Uv |tHL sQH |v=UWm pwOt
(kg=m3) (N=m2) (kg=m3) (N=m2) (kg=m3) (N=m2)

1000 2=2� 109 0=3 7800 2� 1011 0=27 2400 2� 1010

"�m� QDt ?UL Q@ uR=Nt |UOvy C=YNWt "2 pwOH
uRNt x}=B uRNt sHLQ=OH Ct=N[ |rN=O `=aW `=iDQ= Q=OH Ct=N[ |rN=O `=aW `=iDQ=

(m3)
(tu) (Ru) (Hu) (tb) (Rb) (Hb)

0=5 6 5 0=5 1 30 500
0=5 7=5 5 0=5 1 30 1000

|m}t=v}O p}rLD QO R=U=OH R= |Oa)@xU pOt u}vJ |Q}oQ=m x@ 'u}= OwHw =@
Q_v R= 'CU= p=}U w xR=U u=tr= |O=} R O=OaD pt=W OwN xm 'C=a}=t uR=Nt
|}xQowO |}xr}t pOt 'Q[=L VywSB QO u}=Q@=v@ "CU}v xiQY x@ uwQkt |D=@U=Lt
u=tr= "CU= xOW O=yvW}B R=U=OH |}xRQr Q=DiQ |R=UpOt |=Q@ �LINK180�
|}=v=wD w OQ=O =Q nQR@ |=yVvQm |R=UpOt C}r@=k w |Q}tN C}Y=N 'QwmPt
"OQ=O |}q=@ CkO =@ R}v =Q p=aiQ}e pQDvm |=yx=oDUO |WQ@ Q=DiQ |R=UpOt
u=UWm Qvi u=tr= l} R= xO=iDU= =@ R=U=OH �|Owta� |QwLt Q=DiQ u}vJty
|xOW xO=U pOt T=U=Q@ "CU= xOW |R=Ux}@W �COMBIN14� |}xQowO |]N
R=U=OH |QwLt Q=DiQ |R=UpOt |=Q@ Kv s�=k |DNU uDW=O \ki '|O=yvW}B
sRq R=U=OH |ki= Q=DiQ h} QaD |=Q@ |rY= QDt=Q=B xU p=L u}= =@ "CU= |i=m
Kp |Q}tN |DNU w Ke u=UWm |DNU 'Qy s}rUD Ctw=kt %pt=W xm 'CU=
Qy = 224 kN;Kv = Q}O=kt [32]'�2016� Vwv=}m w |trUt Q=DWwv QO "CU=
xDiQo Q_v QO Kp = 2kN=mm w ke = 17kN=mm '600 kN=mm
R=U=OH Q]k w 3m xm uRNt |x}=B Q]k x@ xHwD =@ Q[=L VywSB QO "CU= xOW
QO R=U=OH OOa 8 '=yR=U=OH u}@ xrY=i C}=aQ Qw_vtx@ 'CU= 650mm xm
�hr=4� pmW j@=]t u; l}D=tW |}=tv=H xm CU= xOW xDiQo Q_v QO x}=B R=QD
xOy=Wt �?4� pmW QO R}v R=U=OH Qy pO=at |xr}t w Qvi l}D=tW pmW "CU=

"OwW|t
?}DQD x@ Q)BCr=L QO 1000m3 w 500 |xQ}NP sHL =@ uR=Nt uRw xm =Hv; R=
Kv = 600kN=mm Qvi Qyu=UWm|DNU wCU= 18000 kN w 9500 OwOL
Qvi w R=U=OH QO 5mm w 2=5 OwOL s�=k u=mtQ}}eD =@ 'CU= xOW xDiQo Q_v QO
pY=wi QO xmv}= x@ xHwD =@ "OwW|t u}t-=D R=U=OH R=}vOQwt sw=kt |wQ}v 'pO=at
Ct=N[ x@ Q}PBh=]av= |m}DUq C=LiY 'R=U=OH |v=}t |Oqwi |=yjQw u}@
"CU}v Q=_Dv= R= QwO R=U=OH |=Q@ |t�=k pmWQ}}eD u}vJ 'OQ=O OwHw 15mm
CL=Ut 'ke = 17kN=mm xr}t u=tr= |@v=H u=UWm |DNU u}t-=D Qw_vt x@
'0=00785m2 pO=at Ke = EA=L |x]@=Q R= pOt QO xDiQ Q=mx@ |xr}t
xOW u}}aD 21=65GPa 'R}v Qvi w xr}t |v=UWm pwOt w 1m Q@=Q@ xr}t pw]

"CU=

sm =L OwOLt <=RH= \@=wQ "3"2
|m}t=v}O VvmQOv= p}rLD |=Q@ |Sv=Qo q � |Sv=Qo q VwQ R= Q[=L VywSB QO
pO=aD |xrO=at "CU= xOW xO=iDU= OwOLt <=RH= VwQ x@ p=}U � xR=U sDU}U

OwOLt <=RH= Q=Ri=sQv QO xOW |R=UpOt uRNt |xvwtv w|UOvy C=YNWt "2 pmW
"u; hm |=yxOvvmCNU w

|trUt Q=DWwv QO xOW xO=iDU= R=U=OH |UOvy C=YNWt w |Oa)@xU pOt "3 pmW
[32]"�2016� Vwv=}m w

=@ OwN VywSB QO u=W}= "CU= xOw@ |@ QU |xDUy w |v=}t |Oqwi C=LiY
|]NQ}e Q=DiQ uO=O X=YDN= 'T}Uv= Q=Ri=sQv QO R=U=OH |Oa)@xU |R=UpOt
'R=U=OH |q=@ |Oqwi |xLiY Q@ |ki= w s�=k |wQ}v p=ta= w R=U=OH Kr=Yt |=Q@
x@ xHwD =@ xm Ov=xOQm xU}=kt |y=oW}=tR; |xvwtv =@ =Q xOW |R=UpOt R=U=OH Q=DiQ
Vwv=}m w |trUt Q=DWwv |UOvy |=ypOt u}@ |@U=vt j@=]D ' xOt; CUOx@ G}=Dv

"CU= xOW xOy=Wt |y=oW}=tR; |xH}Dv w [32]'�2016�

62



3/
2|

xQ=t
W'

37
�2

|xQ
wO'

�14
00

R}}=B
�h

}QW
u=Qt

a|
UOv

yt

"Q[=L VywSB QO xO=iDU= OQwt x}=B |=yR=U=OH |UOvy pOt "4 pmW

Q=DiQ QO xrRrR |v=QwO |xir-wt Q}F-=D |UQQ@ 'Q[=L VywSB |rY= hOy "CU=
|xty |v=QwO |xir-wt C}y=t xm |}=Hv; R= =t= "CU= xOw@ R=U=OH Qw[L =@ uR=Nt
PGAC@Uv '|WQ@ Gwt CaQU %Ovv=t '|irDNt pt=wa x@ w CU}v x@=Wt =yxrRrR
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sHL V}=Ri= =@ "OQ=O |}=wy uR=Nt |oOWOvr@ VvD QO xOvy=m QF= 'xOW |UQQ@
|oOWOvr@ VvD Vy=m QO R=U=OH Qw[L QF= 'QB uRNt Cr=L QO xS} wx@ uRNt
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