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"|WQ@ pv=B C}iQ_ |UQQ@ CyH |@=NDv= |=ypOt |Q=Pos=v "8 pmW
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yt u}= |=Q@ "CU= |@=}CUO p@=k ?U=vt |RQt \}=QW <=ve= w |a}@] C=YDNt
CQwYx@ jQw RmQt QO 14 pmW j@=]t � w � O}OH C=YDNt x=oDUO Qw_vt

%CU= xOW h} QaD 7 w 6 \@=wQ
� = x

(b=2)
(6)

� = y
(d=2)

(7)

b=2 =D �b=2 R= ?}DQD x@ jQw RmQt |a}@] C=YDNt x@ C@Uv y w x '=yu; QO xm
1 =D �1 u}@ |Q}O=kt l} Qy R}v � w � ,=@k=aDt w xOw@ Q}eDt d=2 =D �d=2 R= w

"CW=O Ovy=wN
|Q}oQ=Qk |=Q@ 1 |x]@=Q R= (D=b) Ctw=kt Ci= u} QDW}@ uDiQoQ_vQO =@
'(� = � = 0) xOW h} QaD C=YDNt RmQt QO |DQ=@ax@ =} w jQw RmQt QO wWR=@
uwO@ pOt x@ C@Uv wWR=@ =@ =ypOt Ctw=kt Vy=m OYQO u}@t |�=yv |x]@=Q

%CU= xOW pY=L 8 |x]@=Q CQwYx@ wWR=@
�Vy =

���(1� �4)(1� �2)(1� 4�4)
���(Db )� 100 (8)

Ci= OYQO |=Q@ xOWx�=Q= |x]@=Q CLY pQDvm "6
|UQQ@ OQwt |=ypv=B Ctw=kt

|O=yvW}B |x]@=Q R= |W=v =ypOt Ctw=kt Ci= OYQO |xU}=kt w pQDvm CyH
GQOvt Q}O=kt R= xO=iDU= =@ 'OwOLt <=RH= |R=UpOt R= pY=L Q_=vDt Q}O=kt =@ 8
uwO@ |xvwtv x@ C@Uv |UQQ@ OQwt |=ypOt Ctw=kt Vy=m OYQO '2 pwOH QO

"CU= xOW x@U=Lt 3 pwOH j@=]t wWR=@
�12 71 Q@=Q@ 5 pOt Ctw=kt Ci= OYQO p=Ft u=wvax@ '3 pwOH j@=]t
w � = 0 w � = (�100 250) = �0 4 =@ QwmPt Q=Okt "CU= xOW pY=L
C}=mL xm 'CU= xOt; CUOx@ �13 99 =@ Q@=Q@ 8 |O=yvW}B |x]@=Q QO |Q=Po}=H
pQDvm CyH "OQ=O Ctw=kt Vy=m OYQO u}tND QO 8 |x]@=Q ?U=vt CkO R=

"wWR=@ uwO@ |xvwtv x@ C@Uv =ypOt Ctw=kt Ci= OYQO "3 pwOH
5 4 3 2 1 �Vy (�)

1 17 4 60 6 18 5 84 0 34 1
3 02 11 61 14 08 12 71 2 4 2
1 31 8 38 6 94 5 29 0 54 3

|]N wO u=mtQ}}eD � wQ}v |vLvt R= pY=L =ypOt u=UWm OLCtw=kt Q}O=kt
xO=O u=Wv 8 pmW j@=]t =ypOt |Q=Pos=v ?}DQD T=U=Q@ 2 pwOH QO 'pO=at

"Ov=xOW
wWR=@ pLt uOWQwO =@ xm CU= Qt= u}= O} -wt R}v 2 pwOH Q}O=kt |xOy=Wt
p}rO x@ =ypOt Ctw=kt Ci= 'jQw RmQt R= s�=k CQwYx@ xJ w |ki= CQwYx@ xJ
pmWQ}}eD "OwW|t QDtm |Q]k VWm u=O}t |Q}opmW QO wWR=@ Cr=NO Vy=m
11 pmW QO =ypOt |x}rm Qw)=VwB R}r=v; s=Hv= R= pY=L =yxvwtv |xLiY R= GQ=N
Q}}eD 'wWR=@ pLt |UQQ@ OvwQ QO xHwD p@=k C=mv Qo}O R= "CU= xOW xO=O u=Wv
|}=ypOt QO xmv=vJ 'CU= (�) |Q]k VWm u=O}t |Q}opmW |x} w=R TwULt
VWm u=O}t |Q}opmW |x} w=R x@ l}ORv Q=}U@ x} w=R u}= '15 w 1 |=ypOt Ovv=t
|=ypOt Q}_v |v=}t |=ypOt QO xm |DQwY QO &CU= wWR=@ uwO@ |xvwtv |Q]k
'OyO|t u=Wv =Q pw= |rY= VvD `} RwD xm '12 pmW j@=]t � |x} w=R '11 w 9 '5
|D=LiYQ} R x@ =Q jQw |rm |xLiY 'wWR=@ OwHw ,=a]k "CU= xOW CUmW Q=JO
|DNU x@ xHwD =@ xLiYQ} R Qy QO |Q]k VWm u=O}t |Q}opmW xm 'Ovm|t s}UkD

"CiQo Oy=wN CQwY 4 |x]@=Q j@=]t xtWJ u=ty x@ jraDt |]}Lt <=[a=

=ypOt Ctw=kt OQw;Q@ |@ QHDxt}v |x]@=Q u}}aD "2"5
Ctw=kt Vy=m OYQO u}@ |@ QHDxt}v |}x]@=Q u=wD|t '2 pwOH G}=Dv x@ xHwD =@
Q}O=kt =OD@= T=U= u}= Q@ "OQm u}}aD wWR=@ uwO@ pOt x@ C@Uv wWR=@ =@ =ypOt
MATLAB Q=Ri=sQv ltm x@ w =]N w |aU =@ TBU w xOQ@ Q=Owtv |wQ =Q 2 pwOH
13 pmW j@=]t Q_vOQwt |=yCtw=kt R= xOvQPo |Oa)@ xU |x} wQ u} QDy@ VR=Q@ x@

"CU= xOW xDN=OQB
=Q =yxvwtv l}=m} |WQ@ |=yCtw=kt jr]t Q=Okt 'xOWQmP |x} wQ |xrO=at
|}x]@=Q |x�=Q= um}r "Ovm|t x�=Q= Q=w}O jQw |xLiY QO wWR=@ C=YDNt T=U=Q@
OW=@ wWR=@ uwO@ pOt x@ C@Uv wWR=@ =@ |=ypOt Ctw=kt Vy=m OYQO u}@t xm
?wr]t hOy ,=YNWt xm 'OW=@ Oa)@|@ wWR=@ pLt C=YDNt x@ C@Uv |iQ] R= w
x=oDUO swyit R= xO=iDU= =@ w pY=L |x} wQ Twmat R= |DL=Q x@ 'CU= VywSB u}=

"|UQQ@ OQwt |=ypOt u=UWm OL Ctw=kt "2 pwOH
5 4 3 2 1 Vy (ton)

143 9 138 9 136 6 137 1 145 1 1
141 2 128 7 125 1 127 1 142 1 2
143 7 133 4 135 5 137 9 144 8 3

"=yxvwtv pmWQ}}eD QO wWR=@ pLt Cr=NO |xwLv w xLiY R= GQ=N Vv=tm "11 pmW
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Ctw=kt Vy=m OYQO u}tND QO 8 |x]@=Q ?U=vt CkO R= |m =L xm 'CU= xOt;
"CU=

8 |O=yvW}B |x]@=Q |HvUQ=@Da= "7
1 Q@=Q@ `=iDQ= x@ xv=yO C@Uv =@ |WQ@ |=ypv=B "1"7

C@Uv =@ |a@ Qt |WQ@ |=ypv=B XwYNQO 8 |O=yvW}B |x]@=QCLY pQDvm |=Q@
b = 300 ZQa x@ pv=B |=Q@ VywSB u}= QO xOW|] OvwQ '1 Q@=Q@ `=iDQ= x@ xv=yO
jQw Ct=N[ "CU= xOW Q=QmD 17 pmW j@=]t QDt|Dv=U d = 300 w QDt|Dv=U
|x]@=Q QO jQwCt=N[ QF=|UQQ@CyH x@ XwYN u}= QO xO=iDU= OQwt |=ypOt
"CU= xOWQ=}DN= QDt|Dv=U90 =ywWR=@ Q]k w?=NDv= QDt|r}t3 5 Q@=Q@ '8|O=yvW}B

"=yxvwtv |WQ@ |=yCtw=kt R= =QPo |x} wQ u} QDy@ VR=Q@ "13 pmW

O}OH C=YDNt QO wWR=@ C}akwt =@ 16 |xQ=tW =@ |O}OH pOt '8 |x]@=Q |}=yv
j@=]t QDt|Dv=U 80 x@=Wt Q]k w QDt|Dv=U y = 45 'QDt|Dv=U x = �150
pOt u=UWm OL Ctw=kt "CU= xDiQo Q=Qk |Q=PoQ=@ CLD w ?=NDv= '15 pmW
x@U=Lt uD 132 94 Q@=Q@ 16 pmW j@=]t pOt VwB R}r=v; R= pY=L |UQQ@ OQwt

"CU= wWR=@ uwO@ |xvwtv R= QDtm �8 7 Q=Okt u}= xm 'CU= xOW
� = w � = (�150 250) = �0 6 =@ 16 pOt Ctw=kt Ci= OYQO
CUOx@ �6 1 =@ Q@=Q@ 8 |O=yvW}B |x]@=Q QO |Q=Po}=H w (45 150) = 0 3
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yt "�=ypOt R}r=v;� wWR=@ uwO@ |xvwtv x@ C@Uv =y pOt Ctw=kt Ci= OYQO "4 pwOH
3 2 1 �Vy (�)

9 2 17 43 7 2 1
13 6 28 6 14 7 2
9 9 14 60 8 4 3

"�8 |x]@=Q� wWR=@ uwO@ |xvwtv x@ C@Uv =ypOt Ctw=kt Ci= OYQO "5 pwOH
3 2 1 �Vy (�)

2 81 16 67 2 81 1
5 05 30 5 05 2
2 81 16 67 2 81 3

"|a@ Qt pv=B |=Q@ 12 |x]@=Q CLY pQDvm CyH O}OH pOt "18 pmW

|v=wNsy 1 |rY= |x]@=Q R= Q=_Dv= OQwt Q=Okt =@ |@U=vt Qw]x@ '�28 6 Ctw=kt
'8 |O=yvW}B |x]@=Q R= xO=iDU= =@ =ypOt Ctw=kt Ci= OYQO u}tND =@ "OQ=O
|x]@=Q xm OwW|t xOy=Wt 4 pwOH Q_=vDt Q}O=kt =@ u; |xU}=kt w 5 pwOH j@=]t
|=ypv=B R= QDtm |DkO =@ =D@Uv =Q |a@ Qt |=ypv=B Ctw=kt Ci= '8 |O=yvW}B
Q=Okt u} QDW}@ "OvR|t u}tND �1 R= V}@ `=iDQ= x@ ZQa C@Uv =@� |r}]DUt
|UQQ@ OQwt |a@ Qt w |r}]DUt pv=B |=Q@ Ctw=kt Ci= u}tND QO 8 |x]@=Q |=]N

"CU= xOt; CUOx@ �9 65 w �3 63 ?}DQD x@ VywSB u}= QO
|=yC}akwt R= Cw=iDt |rLt =@ wWR=@ |=Q@ 8 |x]@=Q |}=yv pQDvm CyH
x = �50 O}OH C=YDNt QO wWR=@ C}akwt =@ |O}OH pOt '17 pmW QO GQOvt
w ?=NDv= '18 pmW j@=]t QDt|Dv=U 90 Q]k w QDt|Dv=U y = 75 'QDt|Dv=U
R= pY=L |UQQ@ OQwt pOt u=UWm OL Ctw=kt "CU= xDiQo Q=Qk |Q=PoQ=@ CLD
Q=Okt u}= xm 'CU= xOW x@U=Lt uD 96 43 Q@=Q@ 19 pmW j@=]t 'pOt VwB R}r=v;
w jQw |xLiY R= GQ=N u=mtQ}}eD "CU= wWR=@ uwO@ |xvwtv R= QDtm �21 08

"CU= xOW x�=Q= 20 pmW QO |}=yv |Q@ Q=@ |x_Lr QO |rY= VvD `} RwD
w � = (�50 150) = �0 33 =@ QwmPt pOt Ctw=kt Ci= OYQO
21 12 =@ Q@=Q@ 8 |O=yvW}B |x]@=Q QO |Q=Po}=H w � = (75 150) = 0 5
OYQO u}tND QO 8 |x]@=Q ?U=vt Q=}U@ CkO R= |m =L xm 'CU= xOt; CUOx@

"CU= |a@ Qt |=ypv=B Ctw=kt Vy=m

2 Q@=Q@ `=iDQ= x@ xv=yO C@Uv =@ |=ypv=B "2"7
QDt 3 `=iDQ= w QDt 6 ZQa =@ |WQ@ pv=B Q=DiQ |UQQ@ hOy =@ '17 |xQ=tW pOt

u}twO `} RwD '8 |x]@=Q CLY OOHt pQDvm CyH 16 |xQ=tW pOt "15 pmW
"|rY= VvD

"pO=at |]NwO |vLvt =@ 16 pOt u=UWm OL Ctw=kt "16 pmW

"|a@ Qt pv=B |=Q@ 12 |x]@=Q CLY pQDvm CyH O}OH |=ypOt "17 pmW
'17 pmW QO OwHwt C=YNWt =@ wWR=@ uwO@|a@ Qt pv=B R}r=v; R= pY=L G}=Dv
\@=wQ R= uD 124 Q=_Dv= OQwt Q=Okt =@ xm 'CU= xOW x@U=Lt uD 122 2 Q@=Q@
|=]N u=wvax@ xm 'CU= xDW=O hqDN= �1 5 R= QDtm '�5 |x]@=Q� OwHwt |Qw�D
?r=k QO wWR=@ =@ =ypOt R}r=v; R= pY=L G}=Dv "CU= |vDiQ}PB |R=UpOt pw@k p@=k
xOy=Wt p@=k 4 pwOH QO wWR=@ uwO@ pOt x@ C@Uv =ypOt Ctw=kt Vy=m OYQO

"CU=
Ci= =@ xm 'CU= jQw RmQt QO wWR=@ x@ \w@ Qt Ci= OYQO u} QDW}@ R}v =Hv}= QO
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|x]@=Q QO D QDt=Q=B 'CU= xOW u=wva Q[=L Q=DWwv |xtOkt QO xm Qw]u=ty
h} QaD Q_vOQwt wWR=@ |]}Lt |xQ}=O Q]k =@ Q@=Q@ |ar[ 4 |wWR=@ |=Q@ 1 |rY=
pOt 'xOWQmP ẁ[wt XwYNQO 8 |x]@=Q CLY |UQQ@ CyH "CU= xOW
Ct=N[ w 'QDt 3 `=iDQ= 'QDt 6 ZQa '2 `=iDQ= x@ xv=yO C@Uv =@ 18 |xQ=tW
22 pmW j@=]t QDt 1 2 `r[ pw] =@ pmW|a@ Qt |wWR=@ =@ QDt|r}t 3 jQw
pOt |xv} Qk '18 |xQ=tW pOt QO |a@ Qt |wWR=@ C}akwt "CU= xOW ?=NDv=

"CU= xOW ?=NDv= |}xQ}=O |wWR=@ =@ 17 |xQ=tW
Cw=iD \ki w CU= 17 pOt x@=Wt 18 pOt C=YNWt |x}rm xm =Hv; R=
pw] =@ |a@ Qt wWR=@ xmv}= x@ xHwD =@ w CU= wWR=@ pmW QO pOt wO u}@ OwHwt
C@Uv xm 'CU= QDt 1 7 |@} QkD Q]k =@ |}xQ}=O wWR=@ pO=at QDt 1 2 `r[
|v}@V}B 8 |x]@=Q R= xO=iDU= =@ =Pr 'OQ=O |Q@=Q@ 1 7 Q]k xi=[= 17 pOt x@
wWR=@ uwO@ |xvwtv x@ C@Uv 18 pOt QO �4 8 Ctw=kt Ci= xm CU= xOW
85 2 Q@=Q@ R}r=v; G}=Dv R= pY=L 18 pOt u=UWm OL Ctw=kt "OwW xOy=Wt
|xvwtv x@ C@Uv �14 1 Ctw=kt Ci= xm '�23 pmW� CU= xOW x@U=Lt uD
w OwOLt <=RH= R}r=v; G}=Dv u}@ �9 3 hqDN= "OyO|t u=Wv =Q wWR=@ uwO@

"18 |xQ=tW pOt |xUOvy "22 pmW

"18 |xQ=tW pOt pmWQ}}eD w pw= |rY= VvD `} RwD "23 pmW

"pO=at |]NwO |vLvt =@ O}OH pOt u=UWm OL Ctw=kt "19 pmW

"|}=yv |Q@ Q=@ |x_Lr QO pOt pmWQ}}eD w |rY= VvD `} RwD "20 pmW

"17 |xQ=tW pOt pmWQ}}eD w VvD `} RwD "21 pmW

2 Q@=Q@ `=iDQ= x@ xv=yO C@Uv |=Q@ 8 |O=yvW}B |x]@=Q pQDvm w 21 pmW j@=]t
"CU= xDiQo Q=Qk Q_v Ot VywSB u}= QO |UQQ@ OQwt 1 67 w 1 |=yC@Uv Q@ xwqa
x = �200 C}akwt w QDt 1 wWR=@ Q]k w QDt|r}t 3 jQw Ct=N[ uDiQoQ_vQO =@
<=RH= R}r=v; R= pOt u=UWm OL Ctw=kt 'jQw RmQt x@ C@Uv y = 0 w QDt|Dv=U
Ci= 'Q}_v wWR=@ uwO@ pOt x@ C@Uv xm 'CU= xOt; CUOx@ uD 195 2 Q@=Q@ OwOLt
x@U=Lt �2 81 Q@=Q@ '8 |x]@=Q R= xO=iDU= =@ Ci= Q=Okt u}= "OQ=O �9 46 Ctw=kt
|=Q@ |O=yvW}B x]@=Q CLY Qov=Wv 'xrY=L G}=Dv u}@ �6 65 hqDN= "CU= xOW

"CU= |UQQ@ OQwt |WQ@ |=ypv=B
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xm CU= xO=O u=Wv G}=Dv "OQw; CUOx@ =Q pOt |ak=w Ctw=kt Ci= u=R}t ?U=vt
Q@Dat jQw RmQt QO wWR=@ |=Q@ \ki pv=B Ctw=kt Vy=m |=Q@ 1 |x]@=Q R= xO=iDU=
Q=Okt R= QDW}@ Q=}U@ =Q Ctw=kt Ci= w xOw@ xv=Q=mx_i=Lt =ywWR=@ Q}=U |=Q@ w CU=

"CU= xO=O u=Wv |k}kL
QHvt '1 pOt Ctw=kt Ci= |=Q@ 1 |x]@=Q |Q}oQ=mx@ QF= QO 'Q[=L VywSB QO
O=OaD |R=UpOt R= xm '8 |O=yvW}B |x]@=Q "CU= xOW �15 OwOL |=]N RwQ@ x@
u}tND QO O}it |}x]@=Q 'CU= xOW pY=L Q[=L VywSB |=yxvwtv R= |OwOLt
jQw R= x=wNrO u=mt Qy QO RmQtDt |wWR=@ =@ |WQ@ |=ypv=B Ctw=kt Ci= OYQO
|r}]DUt |=ypv=B |x}rm |=Q@ 8 |x]@=Q R= xO=iDU= '|R=UpOt G}=Dv T=U=Q@ "CU=
Ci= u=R}t w CU= Q@Dat |a@ Qt |=ypv=B w 1 R= V}@ `=iDQ= x@ xv=yO C@Uv =@
|O=yvW}B |x]@=Q =@ |@ wr]t wLv x@ 'jQw R= u=mt Qy QO wWR=@ =@ =ypOt Ctw=kt

"OW Oy=wN OQw;Q@ 8

hrDNt |=ypmW =@ wWR=@ |=Q@ 8 |x]@=Q OQmrta CLY Qou=Wv '8 |x]@=Q
"CU=

|Q}oxH}Dv "8
wWR=@ OwHw QF= QO |Oqwi |WQ@ Q=w}O |WQ@ C}iQ_ Vy=m OYQO 'Q=DWwv u}= QO
u=Wv G}=Dv w xDiQo Q=Qk |UQQ@ OQwt OwOLt <=RH= VwQ ltm x@ 'hrDNt \=kv QO
Ctw=kt Ci= u=R}t j}kO |x@U=Lt |=Q@ xO=U \@=wQ x@ |@=}CUO xm CU= xO=O
"CU= Q}PBu=mt= wWR=@ uwO@ pv=B x@ C@Uv 'x=wNrO |x]kv Qy QO wWR=@ =@ pv=B l}
"CU= xOW x�=Q= XwYN u}= QO 8 |xOWOa)@|@ w |@ QHDxt}v |x]@=Q 'C}=yvQO

-=O@t u=wvax@ =Q jQw K]U RmQt CU= |i=m \ki 8 |x]@=Q R= xO=iDU= CyH
xOW|iQat � w � Oa)@|@ |=yQDt=Q=B T=U=Q@ =Q wWR=@ QyC}akwt w O=O Q=Qk C=YDNt

=yCWwv=B
1. reduced beam section
2. drift
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