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QO "OQm xU}=kt |@v=H |wQ}v =@ xyH=wt QO =Q hrDNt `]=kt Q=DiQ '`tW CN=U
[23w22]"CW=O Ovy=wN Qo}Om} =@ xU}=kt p@=k |WtN |DNU =y`tW 'Cr=L u}=
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|=y`tW `]=kt |x}rm �Dp� |HQ=N Q]k "OvOW xDN=U 240�MPa� s}rUD VvD
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K]U Q} R `tW uwiOt pw] |q=@ QO u; C}akwt 0 75Dp w 0 4Le Q@=Q@ ?}DQD
QO QDt|r}t 20 =@ Q@=Q@ R}v H |=y`tW |HQ=N O=a@= [15]"OW xDiQo Q_v QO l =N
<=[Q= ut[ xm OW ?=NDv= |}xvwo x@ =yu; |=yjQw Ct=N[ w OW xDiQo Q_v
pt=a [25w24]"OwW `@ QtQDt|r}t 134 =@ Q@=Q@ `tW `]kt K]U 'xOQWi `]=kt Q=}at
QO w OQ=Po|t Q}F-=D Q=@ CLD `tW Q=DiQ QO xm CU= |QDt=Q=B u} QDsyt �T � |DNU

[26]%OwW|t x@U=Lt 2 |x]@=Q R= xO=iDU= =@ |}xv=O |=yl =N

T = 5
r
EP IP
nh

(2)

`tW `]kt |UQv}= u=tt w `tW Kr=Yt u=UWm pwOt?}DQD x@ IP wEP 'u; QO xm
|O=yvW}B Q}O=kt "CU= `tW lwv QO l =N QDU@ Vvm =w ?} Q[ R}v nh w OvDUy
w '\UwDt 'sm =QDt |@Uv sm =QD =@ |}xU=t l =N |=Q@ QDU@ Vvm =w ?} Q[ |=Q@
pw] Qo = [27]"CU= 1900 w 6000 '13500 (kN=m3) =@ Q@=Q@ ?}DQDx@ CU )U
`tW uwiOt pw] Qo = w OQ=O x=Dwm `tW Q=DiQ `tW 'OW=@ 2T R= QDlJwm `tW uwiOt
'2 pwOH QO "OQ=O =Q Q}PBh=]av= p} w] |=y`tW Q=DiQ `tW 'OW=@ 4T R= QDnQR@
hrDNt |@Uv |=ysm =QD QO x=Dwm `tW Q=DiQ =@ xO=iDU= OQwt |=y`tW C=YNWt
"CU= xOW xO=O u=Wv hrDNt |=y`tW `]kt K]U w =tv '3 pmW QO w x�=Q=
Oqwi TvHR= x=Dwm ?rY |=y`tW 'Q[=L |xar=]t QO uwJ xm CU= QmP x@ sRq
CUmW R= G}=Dv p}rLD QO =Pr 'CU= xOW xO=iDU= �|wk u=UWm pwOt =@ Kr=Yt�

"CU= xOW Q_vhQY `tW |WtN

V}=tR; s=Hv= VwQ "3"2
xwQo Q=DiQ |@=} RQ= |=Q@ `tW xwQo w |mD |=y`tW |wQ V}=tR; 48 O=OaD ,=awtHt
|=yuwtR; |xt=vQ@ "OW s=Hv= Cw=iDt `]kt |=ypmW =@ |@v=H Q=@ CLD `tW

41



"""|
@v=H

|Q@
Q=@C

}iQ_
QO`

tW
`]k

tp
mW

QF="|y=oW}=tR; |=yuwtR; |xt=vQ@ QO xOW |UQQ@ |=yQ}eDt "3 pwOH
`tW l =N sm =QD |UQQ@ OQwt |=y`tW Q}eDtxrY=i xwQo QO O=OaD

3DP 1; 2; 3; 4; 6; 9 CUU H 'xO=U |}xrwr '`@ Qt 'Q=Or=@ xrwr `tW V}=Q; w pmW
3DP ; 4 5DP ; 6DP 9 CUU H 'xO=U |}xrwr '`@ Qt 'Q=Or=@ xrwr xwQo QO =y`tW xrY=i

6DP 1; 9 sm =QDt '\UwDt 'CUU H 'xO=U |}xrwr '`@ Qt 'Q=Or=@ xrwr l =N |@Uv sm =QD

|xU=t QO `tW p=tQv u=mtQ}}eD p@=kt QO|mD `tW|@v=H |wQ}v C=Q}}eD "6 pmW
"`tW `]kt hrDNt |=ypmW |=Q@ CU )U

x@ xwQo QO =y`tW 'hrDNt |=yV}=Q; QO "OvOW ?=NDv= Q=Or=@ |}xrwr w H '`@ Qt
xO=O Q=Qk |@v=H Q=@CLDCU )U sm =QD =@ |}xU=t l =N QO Qo}Om} R= 3DP |xrY=i
C@Uv p=tQv u=mtQ}}eD p@=kt QO |mD |=y`tW |@v=H |wQ}v '6 pmW QO "OvOW
Y u; QO xm OwW|t xOy=Wt �35 sm =QD =@ xU=t QO `tW QU (Y=DP ) Oa)@ uwO@
|mD `tW 'Q}N= pmW j@=]t "CU= `tW Q]k Dp w `tW QU |@v=H u=mtQ}}eD
"OvQ=O =Q |@v=H |Q@ Q=@ C}iQ_ u} QDtm w u} QDW}@ ?}DQDx@ H `tW w Q=Or=@ |}xrwr
C=ar=]t =@ Q[=L |xar=]t '|mD `tW |@v=H |Q@ Q=@ G}=Dv |xU}=kt Qw_vt x@
CQwYx@ |mD `tW |@v=H |Q@ Q=@ C}iQ_ Oa)@ uwO@ QDt=Q=B R= [14]'�2013� QYv
|mD `tW |@v=H |wQ}v QLS u; QO xm CU= OW xO=iDU= QLS=KP 
dD2

PLe
'sw=kt Cr=L QO l =N |@v=H Q=Wi ?} Q[ KP '0 1DP |@v=H u=mtQ}}eD QO
[30]"CU= `tW uwiOt pw] Le w `tW Q]k Dp 'xU=t lWN XwYNt uRw 
d
|}xrwr w |}xrwr |mD |=y`tW Oa)@ uwO@ |@v=H |wQ}v |=Q@ xOt; CUOx@ Q}O=kt
u}vJty w 4 47 w 3 13 =@ Q@=Q@ ?}DQDx@ Q[=L |xar=]t QO CU )U l =N QO Q=Or=@
xHwD =@ =Pr 'Ot; CUOx@ 5 8 w 3 29 =@ Q@=Q@ ?}DQDx@ R}v �2013� QYv C=ar=]t QO
|xar=]t 'Q=Or=@ |}xrwr w |}xrwr |mD `tW |@v=H |Q@ Q=@ C}iQ_ 'QwmPt Q}O=kt x@
"OvDUy QDtm OYQO 23 w 5 OwOL ?}DQDx@ �2013� QYv C=ar=]t x@ C@Uv Q[=L
Q[=L |xar=]t R= QDW}@ �25 '�2013� QYv C=ar=]t QO Q=Or=@ `tW p=@ ZQa
wO u}@ Q=Or=@ |}xrwr `tW |Q@ Q=@ C}iQ_ Q}O=kt QO hqDN= O=H}= Ea=@ xm 'CU=
w Q[=L xar=]t G}=Dv |xU}=kt =@ "CU= xOW �2013� QYv w Q[=L |xar=]t
p@=k Q}F-=D 'Q=Or=@ |}xrwr `tW p=@ ZQa xm OwW|t xOy=Wt �2013� QYv C=ar=]t
|wQ}v C=Q}}eD '7 pmW QO "OQ=O `tW ptLD p@=k|@v=H |wQ}vV}=Ri= QO|}x_Lqt
`tW QU p=tQv u=mtQ}}eD x@ C@Uv hrDNt |=yV}=Q; QO xwQo QO `tW Qy \UwDt
?}DQDx@ =ypmW QO xDiQQ=mx@ s�qa "OwW|t xOy=Wt Q=Or=@ |}xrwr `tW xwQo |=Q@
=y`tW |xrY=i 'xwQo QO `tW O=OaD '`tW pmW %|xOvyOu=Wv 'CU=Q x@ AJ R=

"xO=iDU= OQwt |Q=PoQ=@ x=oDUO "4 pmW

"wQ}v p=ta= CyH w `tW xwQo hrDNt |=yV}=Q; "5 pmW

T=}kt QF= R= |WwBsWJ Qw_vtx@ "OwW|t xDN=vW T=}kt QF= u=wva x@ QwmPt QF=
'(DP =D50) l =N C=QP \UwDt Q]k x@ `tW Q]k C@Uv xm CU= xOW x}YwD

[29]"OW=@ 40 =@ Q@=Q@ smCUO

EL@ w G}=Dv "3
'xwQo QO =y`tW |xrY=i w V}=Q; '`tW pmW QF= 'Q[=L |y=oW}=tR; |xar=]t QO
hrDNt |=ypmW =@ `tW xwQo |Q@ Q=@ C}iQ_ QO l =N |@Uv sm =QD u}vJty w

"CU= xOW xDN=OQB G}=Dv Q}UiD x@ xt=O= QO w |UQQ@ `]kt

hrDNt |=yV}=Q; w `tW `]kt pmW QF= "1"3
'xO=U |}xrwr %pt=W 'Cw=iDt `]kt pmW 4 '`tW `]kt pmW QF= |UQQ@ Qw_vt x@

42



3/
2|

xQ=t
W'

36
�2

|xQ
wO'

�13
99

R}}=B
�h

}QW
u=Qt

a|
UOv

yt

[31'15]"`tW `]kt hrDNt |=ypmW |wQ |WQ@ w p=tQv VvD `} RwD "9 pmW

CmQL QDCL=Q l =N QO |}xrwr |=y`tW xH}Dv QO w CU= |a@ Qt |=y`tW R=
[11w10]"CU= |a@ Qt |=y`tW R= QDtm =yu; |@v=H |Q@ Q=@ C}iQ_ u}=Q@=v@ w Ovvm|t
|wQ}v CLD |Dkw '|a@ Qt `tW hqNQ@ OwN |}xQ}=O pmW Cra x@ |}xrwr `tW
u}=Q@=v@ w OyO|t CUO R= =Q l =N =@ OwN |DWB |xt}v T=tD 'OQ}o|t Q=Qk |@v=H
|a@ Qt `tW x@ C@Uv |}xQ}=O `tW xwHw |wQ |QDtm |m =m]Y= w |WQ@ |=ywQ}v
|a@ Qt `tW x@ C@Uv |}xQ}=O `tW |@v=H Ctw=kt xH}Dv QO xm OwW|t O=H}=
`tW \}Lt R= |rw] 'xOW xO=iDU= |=y`tW O=a@= x@ xHwD =@ [22w3]"OwW|t QDtm
|}xrwr |=y`tW |=Q@ 'Ov=t|t |k=@ l =N =@ T=tD QO |@v=H |Q=PoQ=@ s=ovy xm
�`tW \}Lt hYv� QDt|r}t 31 4 w 61 4 =@ Q@=Q@ ?}DQDx@ xO=U |}xrwr w Q=Or=@
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