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R= |W=v |=yVvQm w QwD=tQ; *OwN VvQm ẁtHt Q@=Q@ xO=U QwD=tQ; QO VvQm 'R}v
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x@ |iQat |=Q@ w [13]Ot; CUO x@ 1988 p=U QO xOWx�=Q= pOt R= xO=iDU= =@ xOW
VvQm � VvD |vLvt xvwtv l} 6 pmW QO "OW p}O@D |]NOvJ pOt x@ Q=Ri=sQv
|=yQwD=tQ; VvQm � VvD |vLvt "CU= xOW xO=O u=Wv |vD@ Kr=Yt x@ \w@ Qt
Q=Ri=sQv QO xO=iDU= |=Q@ w xOW u}}aD Oqwi VWm V}=tR; G}=Dv T=U=Q@ R}v |rw]
'QwD=tQ; VRer C=QF= uDiQo Q_v QO |=Q@ "CU= xOW p}O@D |]N OvJ |vLvt x@
|vLvt "CU= xDiQo CQwY |D=Q}}eD Oqwi VvQm � VvD |vLvt |WWm x}L=v QO
�`]kt `=iDQ= xR=Ov=� w[a |=OD@= R= |YNWt pw] QO xOW KqY= VvQm � VvD
=yQwD=tQ; x@ 'Ow@ xDiQo Q=Qk C=@U=Lt |=v@t VRer R= |W=v |=yVvQm u}}aD |=Q@ xm

"uD@ VvQm VvD |vLvt "6 pmW
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p=U |k}kLD V}=tR; QO xOW |Q=PoQ=@ |=yuwDU |UOvy C=YNWt "8 pmW
[8w7]"2008

Ctw=kt "OvDUy "u = 0 2 |}=yv VvQm w fu = 500 MPa |}=yv Ctw=kt
"CU= f 0c = 25 MPa Q@=Q@ R}v |iQYt uD@ |Q=Wi

=@ =yxvwtv ?rY ,=D@Uv |B %Q=@ p=ta= |xwLv w |Q=PoQ=@ x=oDUO C=YNWt �G
xOW xDU@ smLt x=oW}=tR; ?rY hm x@ Ctw=ktQB |Oqwi |=yxr}t R= xO=iDU=
xvwtv |q=@ x@ wQ}v pQDvm =@ |m}rwQO}y lH l} R= xO=iDU= =@ |QwLt Q=@ "CU=
lH l} \UwD |@v=H RmQtDt Q=@ "CU= xOw@ C@=F V}=tR; pw] QO w xOW OQ=w
QO 500 kN C}iQ_ w �25 cm |xvt=O w u=mt Q}}eD pQDvm =@ |m}rwQO}y
xOW p=ta= u; x@ |@ w=vD w xiQ]l} CQwYx@ uwDU |=B R= 157 cm `=iDQ=

"CU=
u}vJty w xvwtv |=yDv= QO u=mt Q}}eD u}}aD Qw_vtx@ j}kO Q=R@= |=yx=oDUO
M540 w M270 |=yxvwtv QO "CU= xOW ?Yv xvwtv |=B QO =ylQD ZQa u}}aD
|Q=PoQ=@ CLD '540 kN w 270 kN ?}DQDx@ |QwLt |=yQ=@ p=ta= =@ uwDU
x@ |QwLt Q=@ p=ta= =@ uwDU C540 w C270 |=yxvwtv QO "Ov=xDW=O Q=Qk xiQ]l}
pOt uw}U=Q@}r=m Qw_vtx@ "Ov=xDW=O Q=Qk|@ w=vD Q=@CLD 540 kN w 270 kN?}DQD
|HvUCLY |=Q@ "CU= xOW xO=iDU= C540 w M540 |=yxvwtv G}=Dv R= |OOa

"CU= xOW xO=iDU= C270 w M270 |=yxvwtv G}=Dv R= R}v
2007 p=U |y=oW}=tR; |xvwtv C=YNWt "2"1"4

xOWKqY= |i=}r= |O=yvW}B u=tr= pOt |HvUCLY QO V}=tR; u}= G}=Dv R=
[2]"CU= xOW xO=iDU=

40�50�135cm O=a@= x@|vD@|Bl}pt=W xvwtv Qy %|UOvy C=YNWt�hr=
200 cm `=iDQ= w 35 � 35 cm `]kt =@ |vwDU w 'Q=OG; QwD=tQ; x@ KrUt
"CU= xOW xO=O u=Wv uwDU |Q=PoQwD=tQ; w |UOvy O=a@= 9 pmW QO "CU=
Q=yt xHQO 180 ?qk =@ =yDv= QO s=OmQy w OvQ=O O=ODt= |B QO =yuwDU QwD=tQ;
w xOw@ 8�18 pt=W w OYQO1 66 Q@=Q@ =yuwDU |rw] QwD=tQ; OYQO "Ov=xOW
w 10 mm Q]kx@ |}=yCwt=N pt=W |[Qa |=yQwD=tQ; "Ov=G; uwO@ |oty

"OvDUy 20 cm |=yxrY=i =@
*s}rUDCtw=kt |=Q=O |[Qa w |rw] |=yQwD=tQ; %|iQYt Kr=Yt C=YNWt�?

[11]"OW O=yvW}B 12 w11
e = �0 129 ln(x) + 0 1573 (10)

e = �0 224 ln(x)� 0 6385 (11)

e = �0 1199 lnx+ 0 2787 (12)

QO "CU= Kr=Yt QO VvQm u=R}t x w |SQv= lqyDU= ?} Q[ e '=yx]@=Q u}= QO
10 \@=wQ j@] xDUwB uD@ w xDUy uD@ |=Q@ |SQv= lqyDU= ?} Q[ Q[=L j}kLD
|vLvt QO xm |}=yQwD=tQ; |=Q@ |SQv= lqyDU= ?} Q[ "CU= xOW u}}aD 11 w
12 x]@=Q j@] w xOW ZQi Q=OG; |=yQwD=tQ; x@=Wt 'xOWv Qw_vt VRer =yu; Q=DiQ
OQ=w u; Q=DiQ |vLvt QO QwD=tQ; VRer xm w[a |}=OD@= |x}L=v |=Q@ "Ov=xOW u}}aD
?} Q[ 'xOWv Qw_vt VRer C=QF= xm VvQm � VvD |vLvt |Q=Wi |x}L=v QO 'xOW
|vLvt |WWm VN@ QO =t= CU= xOW ZQi Q=OG; QwD=tQ; x@=Wt |SQv= lqyDU=
?}=Q[ 'w[a |}=OD@= |x}L=v u}= |=yQwD=tQ; x@ xDi=}X=YDN= VvQm � VvD
xOWlryDUt |SQv= xm xOt; CUO x@ |}xvwox@ w =]N w |aU =@ |SQv= lqyDU=
?}=Q[ Q}O=kt "OW=@ xDW=O Ck@=]t [8]|y=oW}=tR; |=yxvwtv =@ |OOa pOt QO
VRer QF= xm QwD=tQ; VvQm � VvD |vLvt |WWm |x}L=v QO O}=@ |SQv= lqyDU=
R}v |OOa pOt |HvUCLY w uw}U=Q@}r=m |=Q@ "OvwW p=ta= 'xOW Qw_vt u; QO

"CU= xOW xO=iDU= [8w7'2]|y=oW}=tR; |=yxvwtv G}=Dv R=

|OOa pOt |HvUCLY w uw}U=Q@}r=m "4
|wQ Q@ xm �� |r@k u}kkLt *|y=oW}=tR; C=ar=]t R= pY=L G}=Dv R= j}kLD u}= QO

"CU= xOW xO=iDU= �� xDiQo CQwY xO=U QwD=tQ; =@ KrUt uD@ |=[a=

|y=oW}=tR; |=yxvwtv C=YNWt "1"4
2008 p=U QO u}kkLt V}=tR; QO =yxvwtv C=YNWt "1"1"4

|xvwtv |O=OaD xO=U QwD=tQ; =@ xOWKrUt |=yuwDU Q=DiQ |UQQ@ |=Q@ u}kkLt u}=
Q=Qk �u=mt Q}}eD pQDvm =@� |@v=H Q=@ CLD '|@ w=vD w xiQ]l} CQwYx@ '=Q uwDU
|Q=PoQ=@ 'Ow@ C@=F V}=tR; u}L QO xm |QwLt Q=@ R=QD wO QO =yuwDU [8w7]"OvO=O
|QwLt C}iQ_ OYQO 24 w OYQO12 =yuwDU x@ xOWp=ta= |QwLt Q=@ "Ov=xOW

"CU= xOw@ =yu;
O=a@= x@ |vD@ *|B l} pt=W s=OmQy 'xvwtv wO %=yxvwtv |UOvy C=YNWt �hr=
`]kt =@ |vwDU w 'Ov=xOW KrUt Q=OG; QwD=tQ; =@ xm 60 � 60 � 120cm

|B QO =yuwDU QwD=tQ; "Ov=xOW V}=tR; 'OvDUy `=iDQ= 200cm w 30�30cm

QwD=tQ; OYQO "Ov=xOW Q=yt xHQO 180 ?qk =@ =yDv= QO s=OmQy w xDW=O O=ODt=
uwO@ |oty w xOw@ (3 + 3)�12 pt=W w OYQO 0 8 Q@=Q@ =yuwDU |rw]
|=yxrY=i QO w QDt|r}t 8 Q]kx@ |}=yCwt=N pt=W |[Qa |=yQwD=tQ; "Ov=G;

"�8 pmW� OvDUy |QDt|Dv=U10
s}rUD Ctw=kt |=Q=O |rw] |=yQwD=tQ; %|iQYt Kr=Yt C=YNWt �?
"u = |}=yv VvQm w fu = 470 MPa |}=yv Ctw=kt 'fy = 335 MPa

'fy = 430 MPa s}rUD Ctw=kt |=Q=O |[Qa |=yQwD=tQ; "OvDUy 0 27
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'2008 p=UV}=tR; QO M540 |xvwtv|@v=H u=mt Q}}eD � wQ}v|vLvt "10 pmW
"Q[=L j}kLD QO xOWKqY= |i=}r= u=tr= w

Qo = xm OW XNWt =]N w |aU =@ u}=Q@=v@ "OwW|t xO=O X=YDN= =yQwD=tQ; x@
|xvwtv w |OOa pOt G}=Dv 'OwW xDiQo Q_v QO `]kt `=iDQ= |xR=Ov=x@ pw] u}=
|vLvt '|OOa pOt uw}U=Q@}r=m |=Q@ "CW=O Ovy=wN |QDW}@ j=@]v= |y=oW}=tR;
p=U V}=tR; QO M540 |xvwtv G}=Dv =@ xiQ]l} |Q=PoQ=@ QO u; u=mtQ}}eD � Q=@

"�10 pmW� CU= xOW xU}=kt 2008
|@w=vD |Q=PoQ=@ QO xvwtv |xOWlryDUt |SQv= "2"2"4

|DNUVy=m?}=Q[R= xO=iDU= =@ '=yQ=Ri=sQv QO Oqwi wuD@Kr=YtT} RQDU}y Q=DiQ
'PERFORM 3D Q=Ri=sQv QO xDiQ Q=mx@ sD} Qwor= QO "OwW|t u}}aD Ctw=kt w
?}=Q[ R= xO=iDU= =@ |Q=PoQ=@ Q}Ut pw] QO p;xO}= Q=DiQ QO xOWlryDUt |SQv=
pm}U CL=Ut "OwW|t p}O@D |ak=w |xOWlryDUt |SQv= x@ |SQv= lqyDU=
Ci= p}rOx@ |SQv= lqyDU= Vy=m =D O@=}|t Vy=m |}xvwox@ |DNU Vy=m uwO@
u}= QO |O=yvW}B pOt QO 'OW u=}@ QDV}B xm u=vJ "OwW Qw_vt |DNU w Ctw=kt
VvQm�VvD Q=DiQ QO '`]kt `=iDQ= Q@=Q@ |rw] QO |vD@ w[a Qy |=OD@= QO j}kLD
QwD=tQ; C=YNWt |rw "CU= xOW O=H}= |D=Q}}eD VWm CLD |Oqwi Kr=Yt
pOt QO u}=Q@=v@ "Ov=t Ovy=wN Q}}eD uwO@ w[a pw] |x}k@ QO =yQwD=tQ; w |Q=Wi
'|vD@ Kr=Yt |=Q@ ?}DQDx@ '|SQv= lqyDU= ?} Q[ Q=yJ x@ xOWKqY= |i=}r=
QO |WWm Oqwi w VRer |x}L=v QO |Q=Wi Oqwi 'VRer Ok=i |L=wv QO Oqwi
|SQv= lqyDU= ?}=Q[ R= pw= OQwt xU |=Q@ "CW=O s}y=wN R=}v VRer |x}L=v
j}kLD xm OwW|t Qw;O=} &CU= xOW xO=iDU= [11]2006 p=U QO u}kkLt |O=yvW}B
|}x}L=v QO "CU= xOw@ Q=OG; QwD=tQ; =@ KrUt uD@ `]=kt OQwt QO u=QoVywSB u}=
OQ=w �|WWm |x}L=v� VvQm � VvD |vLvt C@Ft |x}L=v QO QwD=tQ; VRer xm
|SQv= xm xOt; CUO x@ |}xvwox@ =]N w |aU =@ |SQv= lqyDU= ?} Q[ 'xOW
C540 |y=oW}=tR; |xvwtv w |OOa pOt QO |Q=PoQ=@ |=yxQwO QO xOW lryDUt
pOt QO xOWlryDUt |SQv= 11 pmW QO "OvW=@ Q@=Q@ [8w7]2008 p=U V}=tR; =@
R}v 12 pmW QO "CU= xOW x�=Q= |@ w=vD |Q=PoQ=@ QO |y=oW}=tR; |xvwtv w |OOa
|OOa pOt QO =]N w |aU =@ xm xO=U |=yQwD=tQ; |SQv= lqyDU= ?} Q[ |vLvt
xOw@ QwD=tQ; VvQm ?ULQ@ ?}=Q[ u}= "CU= xOW xDW=Po V}=tv x@ xOt; CUO x@
|@ w=vD |Q=PoQ=@ QO p;xO}= VvQm � VvD |vLvt K]U x@ 'VvQm Q=Okt Qy QO O}=@ w
|]N |x}L=v R= QwD=tQ; VvQm hrDNt Q}O=kt |=Q@ ?}=Q[ u}= Q=Okt "OvwW p=ta=
xm Ot; CUO x@ =yu; Q@ j@]vt |x]@=Q w xOW u}}aD nQR@ |=yVvQm |xOwOLt =D

"CU= xOW x�=Q= 12 pmW QO

[2]"2007 p=U V}=tR; QO xOW |Q=PoQ=@ |=yuwDU C=YNWt "9 pmW

CU= 420 MPa =@ pO=at �fu� *|}=yv Ctw=kt '287 MPa =@ pO=at �fy�
"CU= 15 MPa Q@=Q@ R}v �f=u � |iQYt uD@ |Q=Wi Ctw=kt w

xO=iDU= =@ =yxvwtv?rY,=D@Uv|B %Q=@ p=ta= xwLv w |Q=PoQ=@ x=oDUO C=YNWt�G
"CU= xOW xDU@ smLt x=oW}=tR; ?rY hm x@ Ctw=ktQB |Oqwi |=yxr}t R=
l} R= xO=iDU= =@ xm CU= uwDU |Q=Wi C}iQ_ OYQO 34 Q@=Q@ |QwLt Q=@
C@=F V}=tR; pw] QO w xOW OQ=w xvwtv |q=@ x@ wQ}v pQDvm =@ |m}rwQO}y lH
u=mt Q}}eD pQDvm =@ |m}rwQO}y lH l} \UwD |@v=H RmQtDt Q=@ "CU=
"CU= xOW p=ta= u; x@ |@ w=vD CQwYx@ uwDU |=B R= 180 cm `=iDQ= QO
C=Q}}eD 'OYQO 3 u=mt Q}}eD =D xm xOw@ CQwYu}O@ |@v=H |Q=PoQ=@ |xJN} Q=D
Qy QO w xOw@ OYQO 0/5 Q@=Q@ |r=wDt CQwYx@ xOWp=ta= u=mt Q}}eD xvt=O
|@Uv u=mt Q}}eD R= TB "CU= xOW p=ta= |Q=PoQ=@ xQwO xU C@=F |xvt=O
|xvt=O Qy QO w OYQO1 Q@=Q@ xOWp=ta= u=mt Q}}eD |xvt=O V}=Ri= 'OYQO 3
hrDNt \=kv QO j}kO Q=R@= |=yx=oDUO "CU= xOW s=Hv= |Q=PoQ=@ xQwO wO C@=F
=ylQD ZQa u}}aD u}vJty w xvwtv |=yDv= QO u=mt Q}}eD u}}aD Qw_vtx@ xvwtv

"CU= xOW ?Yv xvwtv |=B QO

|y=oW}=tR; G}=Dv =@ |OOa pOt uw}U=Q@}r=m "2"4
p=U V}=tR; QO C540 w M540 |=yxvwtv G}=Dv R= |OOa pOt uOQmxQ@}r=m |=Q@
|Q=PoQ=@ w Kr=Yt C=YNWt '=yxvwtv |UOvy O=a@= "CU= xOW xO=iDU= 2008
|vD@ Kr=Yt VvQm � VvD |vLvt "CU= |y=oW}=tR; xvwtv j@=]t |OOa pOt QO
QF= "CU= xOW p}O@D |]NOvJ |vLvt l} x@ Q=Ri=sQv QO xO=iDU= |=Q@ |Oqwi w
=@ "CU= xOW p=ta= xDUy uD@ VvQm � VvD |vLvt QO R}v |[Qa |=yQwD=tQ;
Q}}eD�Q=@ Q=DiQ Ovv=ty =yxvwtv Q=DiQ |rY= |xYNWt wO xOW QmP ?r=]t x@ xHwD
w |UQQ@ =yxvwtv QO xOW lryDUt |SQv= w xiQ]l} |Q=PoQ=@ QO |@v=H u=mt

"OW Ovy=wN K} QWD xt=O= QO xm OW xQ@}r=m
xiQ]l} |Q=PoQ=@ QO |@v=H u=mt Q}}eD � Q=@ Q=DiQ "1"2"4

"CU= xOt; CUO x@ uwRi=Q=@ p}rLD R= xO=iDU= =@ |@v=H u=mtQ}}eD � Q=@ Q=DiQ
Q=Okt 'QwD=tQ; VvQm � VvD |vLvt QO QwD=tQ; VRer C=QF= uOQm^=Lr Qw_vtx@
=D xOW s}UkD �`]kt `=iDQ= |xR=Ov=x@� w[a |=OD@= R= |YNWt pw] x@ VRer
R= |W=v |=yVvQm =@ =yVvQm u}= TBU "O}; CUO x@ u; =@ Q_=vDt |=yVvQm
=Q w[a pw] R= x}L=v u}= QO =yQwD=tQ; |WWm Q=DiQ w xOW `tH QwD=tQ; pw] Q}}eD
R= |W=v |=yVvQm u=R}t pw] u}= V}=Ri= =@ ,qFt xm CU= K[=w "Ovvm|t u}}aD
w[a R= |QDW}@ pw] QO O}OH Q=DiQ |vLvt u}= xJQo = 'Ow@ Ovy=wN QDsm VRer
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'2008 p=UV}=tR; QO M270 |xvwtv *|@v=H u=mt Q}}eD � wQ}v|vLvt "13 pmW
"Q[=L j}kLD QO xOW KqY= |i=}r= u=tr= w

p=U V}=tR; QO S-NL-0-34 xvwtv |@v=H u=mt Q}}eD wQ}v |vLvt "14 pmW
"�Q[=L j}kLD� xOW KqY= |i=}r= u=tr= w '2007

w '2008 p=U V}=tR; QO C540 xvwtv |@v=H u=mt Q}}eD � Q=@ |vLvt "15 pmW
"|@w=vD |Q=PoQ=@ QO �Q[=L j}kLD QO�xOW KqY= |i=}r= u=tr=

w '2008 p=U V}=tR; QO C270 xvwtv |@v=H u=mt Q}}eD � Q=@ |vLvt "16 pmW
"|@w=vD Q=@ QO �Q[=L j}kLD QO� xOW KqY= |i=}r= u=tr=

p=U |k}kLD V}=tR; QO C540 xvwtv QO xOW lryDUt |SQv= Q}O=kt "11 pmW
"Q[=L j}kLD QO xOW KqY= |i=}r= u=tr= w 2008

|Q=PoQ=@ QO xO=U QwD=tQ; Q=DiQ |R=UpOt |=Q@ |SQv= lqyDU= ?} Q[ "12 pmW
"|@w=vD

|y=oW}=tR; G}=Dv =@ |OOa pOt |HvUCLY "3"4
|OOa pOt |xU}=kt =@ O}=@ uw}U=Q@}r=m |xrLQt QO xDiQ Q=m x@ C=}[Qi CLY
G}=Dv R= |OOa pOt |HvUCLY |=Q@ "OwW |UQQ@ Qo}O |y=oW}=tR; G}=Dv w
|W}=tR; |xvwtv w '2008 p=U V}=tR; QO C270 w M270 |y=oW}=tR; |xvwtv
OQwt |=yQDt=Q=B "CU= xOW xO=iDU= [2]2007 p=U V}=tR; QO S-NL-0-34
R}v w '|@ w=vD w xiQ]l} |Q=PoQ=@ QO |@v=H u=mt Q}}eD � Q=@ Q=DiQ pt=W |UQQ@

"CU= |@ w=vD |Q=PoQ=@ QO xOWlryDUt |SQv=
xiQ]l} |Q=PoQ=@ QO |@v=H u=mt Q}}eD � Q=@ Q=DiQ |xU}=kt "1"3"4

V}=tR; QO M270 |xvwtv *|@v=H u=mt Q}}eD � wQ}v |vLvt 14 w 13 pmW QO
|vLvt x=Qtyx@ 2007 p=U V}=tR; QO S-NL-0-3 |xvwtv R}v w '2008 p=U
u}= QO xm u=vJ "CU= xOW xO=O u=Wv =yu; Q_=vDt |OOa pOt u=mt Q}}eD � wQ}v
=yxvwtv Q=DiQ xDUv=wD |@U=vt CkO =@ |R=UpOt xvwou}= OwW|t xOy=Wt =ypmW

"Ovm |R=Ux}@W xiQ]l} |Q=PoQ=@ QO =Q
|@ w=vD |Q=PoQ=@ QO |@v=H u=mt Q}}eD � Q=@ Q=DiQ |xU}=kt "2"3"4

'|@ w=vD |Q=PoQ=@ QO =yxvwtv |@v=H u=mt Q}}eD � Q=@ |vLvt 17 =D 15 |=ypmW QO
OwW|t xOy=Wt xm u=vJ "CU= xOW xO=O u=Wv =yu; |OOa pOt G}=Dv x=Qtyx@
|y=oW}=tR; G}=Dv =@ |@ wNx@ |i=}r= |=yu=tr= R= xO=iDU= =@ =yxvwtv |R=UpOt G}=Dv

"OQ=O Ck@=]t
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"�kgm� |UQQ@ OQwt ?=k |wQ |rkF |Q=PoQ=@ "19 pmW

VwQ OvJ x@ |Oa@ wO CQwYx@ 'CU= xOW KrUt xO=U QwD=tQ; =@ xm OwHwt |t}Ok
|W}=Ri= |]NQ}e |m}t=v}O w |]NQ}e |m}D=DU= p}rLD CLD w xOW |R=UpOt

%CU= Q} R KQW x@ QwmPt |=ypOt C=YNWt "CU= xDiQo Q=Qk
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|Q}tN pYit pOt x@ \w@ Qt |=yQDt=Q=B |=Q@ [14]|Q=Q][= C} Q}Ot |=yTv=S;
xOW O=yvW}B Q=Okt \@ Q|P `H=Qt QO p=Ft u=wvax@ �� OvDUy xv=Q=mx_i=Lt RmQtDt
Q@=Q@ uwDU w Q}D `]=kt QO nQR@ |=ypmW Q}}eD R=i QO xOv=t|k=@ Ctw=kt |=Q@
Q@ |vD@t |=ypOt QO xm CiQo xH}Dv u=wD|t �� CU= xv}W}@ Ctw=kt OYQO20
G=QNDU= xOWO=} `H=Qt R= u; |R=UpOt |=yQDt=Q=B xm RmQtDt |Q}tN pYit VwQ
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