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wHDUH =Q |L=Q] |=[i 'O}OWD w ẁvD pwY= T=U=Q@ 'hrDNt |=yQ=my=Q w \@=wQ
'l}DvS sD} Qwor= %Ovv=t 'hrDNt |Q=mD@==Qi |=ysD} Qwor= |UQQ@ =@ syt u}= "Ovm|t
`=tDH= sD} Qwor= 'CNB R=@ |R=Ux}@W sD} Qwor= 'xawvtt |wHwCUH sD} Qwor=
xOW xOy=Wt Q=OQ=@ C=QP |wHwCUH VwQ w |vwtQ=y |wHwCUH VwQ 'C=QP

[20�17]"CU=
QO CkO w QwmPt |=ysD} Qwor= |UQQ@ C=}@ QHD x@ xHwD =@ 'Q[=L Q=DWwv QO
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|}=yKQ] ?}DQDu}O@ "CW=O Oy=wN |QDW}@ |oDU}=W 'OW=@ xDW=O |QDtm '(X)

T=U= u}= Q@ "OvwW|t xDiQo Q_v QO QDxDU}=W |=yKQ] u=wvax@ QDlJwm '(X) =@
'KQ] u} QDxDU}=W Qw_vt u}= |=Q@ "OvwW|t ?DQt |oDU}=W j@] C}atH <=[a=
|=yKQ] O=OaD NP "OQ}o|t Q=Qk NP x=o}=H QO KQ] u} QDxDU}=W=v w 1 |x@DQ
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new k = 1; � � �NP (3)
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p@k C}atH |=yQDt=Q=B Q@ |vD@t O}OH C}atH QO KQ] Qy O}OH C}akwt w
x@ |O=yvW}B sD} Qwor= Q@ sm =L |x]@=Q |rm Cr=L QO u}=Q@=v@ "OwW|t XNWt

%OwW|t x@U=Lt 16 |x]@=Q KQW
Xk
new = Xk

old + r0�Xk
old

+ r1

24 rand1[ '1
'Avg

(XAvg �Xk
old)]

+rand2[ '1
'Avg�cp (XAvg�cp �Xk

old)]

35
+ r3

NcpX
j=1

['1
'j

(Xj �Xk
old)] k = 1; :::; NP (16)

p@=k O}OH C}atH 'Q[=L C}atH |=yKQ] |t=tD |=Q@Xk
new |x@U=Lt =@

"O@=}|t xt=O= xtD=N \QW |Q=QkQ@ =D |@=}xv}y@ Ov}=Qi 'u; p}mWD =@ w CU= p}mWD
|iQat xv}y@ KQ] u=wvax@ =Q KQ] u} QDy@ sD} Qwor= 'OwW jkLt xtD=N \QW xm |v=tR
xtD=N \QW |=Q@ =ypLx=Q u} QDxO=U R= 'XNWt Q=QmD C=aiO O=OaD u}}aD "Ovm|t
O=OaD x@ =Q Q=QmD pL=Qt sD} Qwor= Qw_vtu}O@ "CU= |Q=mD@= =Qi |=ysD} Qwor= QO
"Ovm|t |iQat xv}y@ KQ] u=wvax@ =Q KQ] u} QDy@ C}=yvQO w s=Hv= XNWt C=aiO

"OyO|t u=Wv =Q |O=yvW}B sD} Qwor= pL=Qt '1 pmW
P=ND= 'OyO|t V}=Ri= =Q |O=yvW}B sD} Qwor= |};Q=m xm |}xS} w C=O}ytD R=
=@ 'Qo}O CQ=@a x@ "CU= C}atH Qy QO ?NDvt \=kv CmQL |=Q@ |]QW Ov}=Qi
?NDvt \=kv CmQL |=Q@ |k]vt \QW Qo = xm OW XNWt xOWs=Hv= |=y|UQQ@
Qw_vt u}= |=Q@ "O@=}|t V}=Ri= sD} Qwor= |};Q=m 'OW=@ xDW=O OwHw C}atH Qy QO

"|O=yvW}B sD} Qwor= \UwD =yxR=U |@=}xv}y@ sD} Qwor= pL=Qt C=}rm "1 pmW
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"""|
L=Q]

|=Q@
|Q=

mD@=
=Qi|

@}mQD
sD}Q

wor=

"|}xr}t 52 |=B QN |=Q@ |@=}xv}y@ Ov}=Qi |}=Qosy Q}U "3 pmW

"|}xr}t 72 |=B QN "4 pmW

|=QH= Q=@l} =@?}DQDu}O@ "OyO|t u=WvhrDNt |=y=QH= QO =Q sD} Qwor= |Q=O}=B w
"Ci=} CUO pw@k p@=k w ?U=vt |LQ] x@ u=wD|t |O=yvW}B sD} Qwor=

=@ T=}k QO =Q |O=yvW}B sD} Qwor= T=U=Q@ pY=L KQ] u} QDy@ '2 pwOH
u} QDy@ uRw Q=Okt u}@ |}xU}=kt R}v QwmPt pwOH QO "OyO|t u=Wv `H=Qt Qo}O
xOy=Wt xm Qw]u=ty "CU= xOW s=Hv= =QH= 40 |xv}y@ uRw Q}O=kt u}ov=}t w =QH=
Q=}U@ |O=yvW}B sD} Qwor= T=U=Q@ KQ] u} QDy@ w Q}O=kt u}ov=}t hqDN= 'OwW|t
<=R= x@ xv}y@ KQ] xm =QH= u} QDy@ QO =yR}r=v; O=OaD xm CU= QmP x@ sRq "CU= lOv=
x@ Q=QmD Qy QO x]kv 20 OwHw x@ xHwD =@ 'CU= xOW pY=L 189 Q=QmD QO u;

"CU= x@U=Lt p@=k |DL=Q

|}xr}t 72 |=B QN "2"3
"CU= xOW xDN=OQB 4 pmW j@=]t |}xr}t 72 |=B QN |@=}xv}y@ x@ Q[=L p=Ft QO
10000Ksi(68947 6MPa) Q@=Q@ ?}DQD x@ � w E 'QwmPt |=B QN |=Q@
|=Q@ VvD |xOwOLt "Ov=xOW xDiQo Q_v QO 0 1 lb=in3(2767 99 kg=m3)
|}xQo u=mtQ}}eD |xv}W}@ w �25Ksi(�172 369MPa) Q@=Q@ =B QN <=[a=
|Ov@xDUO xwQo 16 QO xR=U w[a72 "CU= xOWZQi�25 in (0 635 cm) Q@=Q@
"CU= |@=}xv}y@ Ov}=Qi |=Q@ OwHwt `]=kt CUQyi pt=W '1 pwOH "CU= xOW
Q_v QO 3 pwOH KQW x@ C}a[w wO QO |}xr}t 72 |}=[i |=B QN QO QF-wt |=yQ=@

"CU= xOW xDiQo

"|}xr}t 52 |=B QN "2 pmW

|=Q@ u}ov=}t |}=Qosy Q}U TBU "CU= xOW s=Hv= x}rw= |=yQDt=Q=B |=Q@ hrDNt
u}vJty "CU= xOW xU}=kt =QH= 40 u}@ QO |}=Qosy Q}U u} QDy@ =@ w sUQ =QH= 40
|xv}y@ |=yKQ] u}ov=}t w xv}y@ KQ] u} QDy@ Q=Okt 'sD} Qwor= |};Q=m uOwtR; |=Q@
u}ov=}t |}=Qosy Q}U w u} QDy@ |}=Qosy Q}U |m}ORv "CU= xOW xU}=kt R}v =QH= 40
|Q=O}=B w C=@F Qov=}@ '=QH= 40 |}=yv KQ] u}ov=}t Q=Okt w KQ] u} QDy@ Q}O=kt R}v w
w CU= x}rw= |=yQDt=Q=B Q}O=kt x@ C@Uv pqkDU= w hrDNt |=y=QH= QO sD} Qwor=
?U=vt |LQ] x@ |@=}CUO |=Q@ sD} Qwor= Q=@ l} |=QH= x@ u=wD|t ?}DQDu}O@
|O=yvW}B sD} Qwor= uOw@ |iO=YD sOa Qov=}@ QwmPt G}=Dv 'Qo}O |wU R= "OQm O=tDa=

"CU= xv}y@ |x]kv x@ p}v QO

|}xr}t 52 |=B QN "1"3
|=B QN '2 pmW "CU= xOW xDN=OQB |}xr}t 52 |=B QN |@=} RQ= x@ p=Ft u}rw= QO
uDw}vwr}m 200 w 100 Q@=Q@?}DQD x@Py wPx Q}O=kt u; QO xm OyO|t u=Wv =Q Q_vOQwt
2 07�105 MPa Q@=Q@ ?}DQD x@ � w E 'QwmPt |xR=U QO "Ov=xOW xDiQo Q_v QO
xwQo 12 QO =B QN <=[a= 'Qo}O |wU R= "CU= xOW ZQi 7860 kg=m3 w
=B QN <=[a= |=Q@ �180MPa R=Ht |xOwOLt =@ VvD O}k \ki w |Ov@xDUO
x@ Q[=L |=B QN |xv}y@ |L=Q] |=Q@ OwHwt `]=kt CUQyi "CU= xOW ^=Lr

"CU= xOW ZQi 1 pwOH KQW
|@=}xv}y@ OvwQ '|O=yvW}B sD} Qwor= T=U=Q@ xv}y@ |L=Q] Ov}=Qi s=Hv= R= TB
|=QH= 40 u}ov=}t Q=Owtv 'QwmPt pmW QO "CU= xOW pY=L 3 pmW CQwYx@
<=R= x@ �u}ov=}t� |O=yvW}B sD} Qwor= T=U=Q@ |@=}xv}y@ C=}rta |r=wDt w pkDUt
|@=}xv}y@ Ov}=Qi |=Q@ OvwQ u} QDy@ x=Qty x@ 'VwQ |=yQDt=Q=B |=Q@ hrDNt Q}O=kt
'OwW|t xOy=Wt xm Qw]u=ty "CU= xOW sUQ �=QH= u} QDy@� |r=wDt |=y=QH= QO
syt u}= "OvDUy l}ORv Qo}Om} x@ |r=wDt |=y=QH= u}ov=}t w Cr=L u} QDy@ Q=Owtv
C=@F w CU= |O=yvW}B sD} Qwor= T=U=Q@ |@=}xv}y@ Ov}=Qi uOw@ |iO=YD sOa Qov=}@
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2/
2|

xQ=t
W'

34
�2

|xQ
wO'

�13
97

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt "|}xr}t 72 w 52 |=y=B QN |=Q@ `]=kt CUQyi "1 pwOH

A�mm2(in2) xQ=tW A�mm2(in2) xQ=tW A�mm2(in2) xQ=tW A�mm2(in2) xQ=tW
741943 �11 5� 49 2477 414 �3 84� 33 1008 385 �1 563� 17 71 613 �0 111� 1
8709 66 �13 5� 50 2496 769 �3 87� 34 1045 159 �1 62� 18 90 968 �0 141� 2
8967 724 �13 9� 51 2503 221 �3 88� 35 1161 288 �1 8� 19 126 451 �0 196� 3
9161 272 �14 2� 52 2696 769 �4 18� 36 1283 868 �1 99� 20 161 29 �0 25� 4
9999 98 �15 5� 53 2722 575 �4 22� 37 1374 191 �2 13� 21 198 064 �0 307� 5
10322 56 �16� 54 2896 768 �4 49� 38 1535 481 �2 38� 22 252 258 �0 391� 6

10903 204 �16 9� 55 2961 284 �4 59� 39 1690 319 �2 62� 23 285 161 �0 442� 7
12129 008 �18 8� 56 3096 768 �4 8� 40 1696 771 �2 63� 24 363 225 �0 563� 8
12838 684 �19 9� 57 3206 445 �4 97� 41 1858 061 �2 88� 25 388 386 �0 602� 9

14193 52 �22� 58 3303 219 �5 12� 42 1890 319 �2 93� 26 494 193 �0 766� 10
14774 164 �22 9� 59 3703 218 �5 74� 43 1993 544 �3 09� 27 506 451 �0 785� 11
1580 42 �24 5� 60 4658 055 �7 22� 44 729 031 �1 13� 28 641 289 �0 994� 12
17096 74 �26 5� 61 5141 925 �7 97� 45 2180 641 �3 38� 29 645 16 �1 0� 13
18064 48 �28� 62 5503 215 �8 53� 46 2238 705 �3 47� 30 792 256 �1 228� 14
19354 8 �30� 63 5999 988 �9 3� 47 2290 318 �3 55� 31 816 773 �1 266� 15

21612 86 �33 5� 64 6999 986 �10 85� 48 2341 931 �3 63� 32 940 000 �1 457� 16
"(mm2) |}xr}t 52 =B QN <=[a= `]kt K]U |=Q@ xv}y@ KQ] G}=Dv "2 pwOH

Q[=L Q=DWwv [27] [26] [25] [24] [23] =[a=
4658 055 4658 055 4658 055 4658 055 4658 055 4658 055 A1 �A4
1161 288 1161 288 1161 288 1161 288 1161 288 1161 288 A5 �A10
494 193 388 386 506 451 494 193 363 225 494 193 A11 �A13
3303 219 3303 219 3303 219 3303 219 3303 219 3303 219 A14 �A17
940 000 940 000 940 000 1008 385 940 000 940 000 A18 �A23
494 193 494 193 506 451 285 161 494 193 641 289 A24 �A26
2238 705 2238 705 2238 705 2290 318 2238 705 2238 705 A27 �A30
1008 35 1008 35 1008 385 1008 385 1008 385 1008 385 A31 �A36
494 193 494 193 388 386 388 386 388 386 363 225 A37 �A39
1283 868 1283 868 1283 868 1283 868 1283 868 1283 868 A40 �A43
1161 288 1161 288 1161 288 1161 288 1161 288 1161 288 A44 �A49
494 193 494 193 506 451 506 451 792 256 494 193 A50 �A52

� 0 001143 0 000116 0 002725 � � O}k Xkv
1902 605 1897 62 1899 35 1904 83 1905 495 1903 36 kg � uRw
1946 641 � � � � � u}ov=}t

"|}xr}t 72 |=B QN x@ |r=ta= |=yQ=@ CyH w Q}O=kt "3 pwOH
PZ �Kips(kN) PY �Kips(kN) PX �Kips(kN) xQo |xQ=tW |Q=PoQ=@ C}a[w

�5 ��22 241� 5 �22 241� 5 �22 241� 17
1� � � 18

� � � 19
� � � 20

�5 ��22 241� � � 17
2�5 ��22 241� � � 18

�5 ��22 241� � � 19
�5 ��22 241� � � 20
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"""|
L=Q]

|=Q@
|Q=

mD@=
=Qi|

@}mQD
sD}Q

wor="in2(mm2) |}xr}t 72 |=B QN =[a= `]kt K]U |=Q@ xv}y@ KQ] G}=Dv "4 pwOH
Q[=L Q=DWwv [29] [20] [17] [28] [25] =[a=

2 31 �1374 191� 1 8 �1161 288� 1 563 �1008 385� 1 99 �1283 868� 1 99 �1283 868� 1 8 �1161 288� A1 �A4
0 563 �363 225� 0 563 �363 225� 0 563 �363 225� 0 602 �388 386� 0 442 �285 161� 0 442 �285 161� A5 �A12
0 111 �71 613� 0 111 �71 613� 0 111 �71 613� 0 111 �71 613� 0 111 �71 613� 0 141 �90 968� A13 �A16
0 111 �71 613� 0 111 �71 613� 0 111 �71 613� 0 111 �71 613� 0 141 �90 968� 0 111 �71 613� A17 �A18
1 228 �792 256� 1 266 �816 773� 1 266 �816 773� 1 266 �816 773� 1 228 �792 256� 1 228 �792 256� A19 �A22
0 442 �285 161� 0 563 �363 225� 0 563 �363 225� 0 442 �285 161� 0 602 �388 386� 0 563 �363 225� A23 �A30
0 111 �71 613� 0 111 �71 613� 0 111 �71 613� 0 111 �71 613� 0 111 �71 613� 0 111 �71 613� A31 �A34
0 111 �71 613� 0 111 �71 613� 0 111 �71 613� 0 111 �71 613� 0 141 �90 968� 0 111 �71 613� A35 �A36
0 442 �285 161� 0 563 �363 225� 0 391 �252 25� 0 442 �285 161� 0 563 �363 225� 0 563 �363 225� A37 �A40
0 563 �363 225� 0 442 �285 161� 0 536 �363 225� 0 602 �388 386� 0 563 �363 225� 0 563 �363 225� A41 �A48
0 111 �71 613� 0 111 �71 613� 0 111 �71 613� 0 111 �71 613� 0 111 �71 613� 0 111 �71 613� A49 �A52
0 111 �71 613� 0 111 �71 613� 0 111 �71 613� 0 111 �71 613� 0 111 �71 613� 0 25 �161 29� A53 �A54
0 196 �126 451� 0 196 �126 451� 0 196 �126 451� 0 196 �126 451� 0 196 �126 451� 0 196 �126 451� A55 �A58
0 563 �363 225� 0 602 �388 386� 0 563 �363 225� 0 563 �363 225� 0 563 �363 225� 0 563 �363 225� A59 �A66
0 391 �252 25� 0 391 �252 25� 0 391 �252 25� 0 391 �252 25� 0 307 �198 064� 0 442 �285 161� A67 �A70
0 563 �363 225� 0 563 �363 225� 0 602 �388 386� 0 442 �285 161� 0 602 �388 386� 0 563 �363 225� A71 �A72
389 79 �176 806� 389 87 �176 84� 390 18 �176 983� 391 607 �177 63� 392 84 �178 189� 393 38 �178 434� lb(kg) � uRw
395 84 �179 552� � � � � � u}ov=}t

"|}xr}t 72 |=B QN |=Q@ |@=}xv}y@ Ov}=Qi |}=Qosy Q}U "5 pmW

Q_v QO QN; |xk@] |=yxQo |=Q@ 5 08 cm R=Ht Q=Okt =@ u=mtQ}}eD O}k \ki w
<=[a= "CU= xOW ZQi 6 pmW CQwYx@ xR=U QO QF-wt |=yQ=@ "CU= xOW xDiQo
W `]=kt |}=D268 CUQyi R= w |Ov@xDUO 6 pmW Ovv=ty xwQo 8 QO QwmPt ?=k

"Ov=xOW ?=NDv= 5 pwOH KQWx@
|r=wDt |=QH= 40 '|O=yvW}B sD} Qwor= |};Q=m |@=} RQ= |=Q@ R}v Q[=L p=Ft QO
CQwY xOWQmP VwQ |x}rw= |=yQDt=Q=B |=Q@ hrDNt Q}O=kt <=R= x@ |@=}xv}y@ Ov}=Qi
u}ov=}t |}=Qosy Q}U R}v wCr=L u} QDO@ w u} QDy@ |}=Qosy Q}UTBU "CU= xDiQ}PB
'OwW|t xOy=Wt xm Qw]u=ty "CU= xOW sUQ 7 pmW QO Q=Owtv CQwYx@ =QH= 40

u}ov=}t |wor= R}v w �=QH= u} QDy@� Cr=L u} QDy@ <=R= x@ |}=Qosy Q}U '5 pmW
VwQ |x}rw= |=yQDt=Q=B |=Q@ Cw=iDt Q}O=kt T=U=Q@ hrDNt |=QH= �u}ov=}t� 40
xOy=Wt xm Qw]u=ty "OyO|t u=Wv |}xr}t 72 |}=[i |=B QN |=Q@ =Q xOWQmP
CiQo xH}Dv u=wD|t u}=Q@=v@ "OvDUy l}ORv Qo}Om} x@ Q=}U@ Q=Owtv wO u}= 'OwW|t
|@U=vt KQ] w OQ=O |rw@k p@=k OQmrta 'hrDNt |=y=QH= QO |O=yvW}B sD} Qwor= xm
w C=@F Q@ CrqO QwmPt |}=Qosy Q}U wO |m}ORv 'Qo}O |wU R= "OyO|t x�=Q= =Q
w OQ=O |}=OD@= hrDNt |=yQDt=Q=B x@ C@Uv |O=yvW}B sD} Qwor= |@Uv pqkDU=
|O=yvW}B sD} Qwor= T=U=Q@ |L=Q] |=[i |wHwCUH C}y=t xm CU= u; Qou=}@
sD} Qwor= T=U=Q@ =Q pY=L |xv}y@ KQ] G}=Dv '4 pwOH "CU}v |iO=YD CQwYx@
u} QDy@ |xH}Dv 'QwmPt pwOH QO "OyO|t u=Wv `H=Qt Qo}O =@ T=}k QO |O=yvW}B
|O=yvW}B sD} Qwor= |=Q@ pkDUt |=QH= 40 |}=yv |xH}Dv u}ov=}t x=Qty x@ =QH=
l}ORv Q=}U@ Qo}Om} x@ Q=Okt wO u}= 'OwW|t xOy=Wt xm Qw]u=ty "CU= xOW x�=Q=
w xv}y@ ,=D@Uv KQ] x@ |O=yvW}B sD} Qwor= |=QH= Q=@ l} =@ u=wD|t u}=Q@=v@ "OvDUy
u} QDy@ <=R= x@ KQ] u} QDy@ R}v |vwvm p=Ft |=Q@ 'Qo}O |wU R= "Ci=} CUO |@U=vt
'Q=QmD Qy QO R}r=v; 20 OwHw x@ xHwD =@ xm 'CU= xOW pY=L 276 Q=QmD QO =QH=
xOw@ 5520 Q@=Q@ xv}y@ KQ] x@ |@=}CUO CyH Cr=L u} QDy@ QO =yR}r=v; pm O=OaD

"CU=

xv=yO 1 w xk@] 8 ?=k "3"3
xOW xDN=OQB 6 pmW KQW x@ xv=yO 1 w xk@] 8 =@ |@=k |UQQ@ x@ Q[=L p=Ft QO

"CU=
76 8 kN=m3 w 200GPa Q@=Q@ ?}DQDx@ � w E '?=k <=[a= |x}rm |=Q@
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2|

xQ=t
W'

34
�2

|xQ
wO'

�13
97

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt [30]"xv=yO 1 'xk@] 8 ?=k |=Q@ `]=kt CUQyi "5 pwOH

Sy � cm3 Iy � cm4 Sx � cm3 Ix � cm4 A� cm2 `]kt s=v `]kt |xQ=tW
2458 059 29947 771 23105 76 1294479 734 634 1923 W44� 335 1
2179 479 43704 299 20319 959 1127987 163 553 5473 W44� 290 2

...
...

...
...

...
...

...

20 811 312 589 139 454 886 573 30 1934 W5� 16 267
16 387 160 665 89 473 470 341 24 7096 W4� 13 268

"xv=yO 1 'xk@] 8 ?=k |=Q@ |@=}xv}y@ Ov}=Qi Q}U "7 pmW

"xv=yO 2 'xk@] 5 ?=k "8 pmW

(WL) O=@ Q=@ w (LL) xOvR '(DL) xOQt |=yQ=@ "CU= xOW xDiQo Q_v QO xv=yO
|=yQ=@ CyH w Q}O=kt� CU= xOW p=ta= xR=U x@ =y?}mQD u}= KQW x@ Cr=L 3 QO

"�CU= xOW h} QaD 7 pwOH QO QwmPt
i)DL+ 0 9(LL+ +WL) ii)DL+WL iii)DL+ LL

78 kN=m3w 205GN=m2 Q@=Q@ ?}DQDx@ � w E 'xR=U <=[a= |x}rm |=Q@
ZQi T=U=Q@ xR=U <=[a= |x}rm |=Q@ R=Ht VvD Q=Okt "CU= xOW xDiQo Q_v QO

"xv=yO 1 'xk@] 8 ?=k "6 pmW

"OvDUy l}ORv Qo}Om} x@ Q=}U@ u}ov=}t R}v w =QH= u} QDy@ w u} QDO@ |}=Qosy Q}U
|x]kv x@ p}v QO sD} Qwor= |Q=O}=B w C=@F Qov=}@ R}v Q[=L p=Ft QO syt u}=
7 pmW |=yQ=Owtv |m}ORv "CU= wHwCUH Ov}=Qi uOw@ |iO=YD sOa R}v w xv}tm
<=[a= O=OaD T=U=Q@ Q[=L |xR=U xm =QJ "OQ=O |}xS} w C}ty= 'Q[=L p=Ft QO
sD} Qwor= xm CiQo xH}Dv u=wD|t u}=Q@=v@ "OQ=O |oQR@ |L=Q] |=[i '`]=kt CUQyi
|wHDUH |}=v=wD w CU= jiwt R}v nQR@ |L=Q] |=[i =@ |}=yp=Ft QO |O=yvW}B
u=wD|t |@=}xv}y@ Ov}=Qi |=QH= Q=@ l} =@ w OQ=O Ot;Q=m |}xw}W x@ =Q |L=Q] |=[i
Qy |=Q@ xmv; x@ xHwD =@ 'Qo}O |wU R= "Ci=} CUO ?U=vt w pw@k p@=k |LQ] x@
Q=QmD QO =QH= u} QDy@ QO sD} Qwor= w xOW ZQi x]kv 20 |O=yvW}B VwQ R= xrLQt
9780 Q@=Q@ =QH= u} QDy@ QO =yR}r=v; pm O=OaD 'CU= xDi=} CUO xv}y@ KQ] x@ 489

"CU= xOw@
Qo}O =@ T=}k QO =Q |O=yvW}B sD} Qwor= T=U=Q@ xv}y@ KQ] |xH}Dv '6 pwOH
hqDN= '|L=Q] |=[i |oQR@ seQ|ra R}v Q[=L p=Ft QO "OyO|t u=Wv `H=Qt
�4 6 Q@=Q@ w lOv= |r=wDt |=y=QH= u}@ QO xH}Dv u} QDy@ w =QH= 40 u}ov=}t Q=Okt
x@ u=wD|t w CU= pw@k p@=k |Q=Okt '|L=Q] |=[i x@ xHwD =@ Q=Okt u}= "CU= xOw@
"OQm O=tDa=nQR@|L=Q]|=[i =@hrDNt|=yxR=U|@=}xv}y@ QO |O=yvW}B sD} Qwor=

xv=yO 2 'xk@] 5 ?=k "4"3
2 w xk@] 5 =@ |@=k '�8 pmW� |O=yvW}B sD} Qwor= |@=} RQ= CyH Q[=L p=Ft QO

53



"""|
L=Q]

|=Q@
|Q=

mD@=
=Qi|

@}mQD
sD}Q

wor="xv=yO 1 'xk@] 8 ?=k <=[a= `]kt K]U |=Q@ xv}y@ KQ] G}=Dv "6 pwOH
Q[=L Q=DWwv [35] [34] [33] [32] [31] `]kt |xQ=tW
W18� 40 W18� 35 W21� 44 W18� 35 W21� 50 W18� 46 1
W18� 35 W16� 31 W18� 35 W18� 35 W16� 26 W16� 31 2
W14� 22 W16� 26 W18� 35 W14� 22 W16� 26 W16� 26 3
W12� 16 W14� 22 W12� 22 W12� 16 W12� 14 W12� 16 4
W18� 35 W16� 31 W18� 40 W16� 31 W16� 26 W18� 35 5
W18� 35 W18� 40 W16� 26 W21� 44 W18� 40 W18� 35 6
W16� 26 W16� 26 W16� 26 W18� 35 W18� 35 W18� 35 7
W16� 26 W14� 22 W12� 14 W16� 26 W14� 22 W16� 26 8

30 89 30 91 31 05 31 243 31 68 32 83 (kN) uRw
32 34 � � � � � u}ov=}t

"xk@] 5 'xv=yO 2 ?=k |=Q@ `]=kt CUQyi "7 pwOH
Sx Ix Sy Iy A `]kt |xQ=tW

211 7 1439 282 83 2545 5 51 38 1
256 4 1872 356 08 3560 8 57 66 2
300 3 2313 435 25 4787 7 63 67 3
339 4 2647 537 46 6710 2 69 81 4
408 9 3272 579 13 7239 1 79 81 5
417 1 3420 678 13 9505 1 80 04 6
499 1 4192 731 20 10236 8 91 24 7
5444 4757 938 83 15021 3 97 00 8
644 5 5801 1007 1 16113 5 109 8 9
744 5 7147 1319 35 23748 2 121 78 10
867 8 8502 1405 75 25303 4 136 18 11
964 6 9646 1757 77 35155 4 150 09 12
1105 7 11278 1864 44 37288 7 166 09 13
1247 62 12975 1971 10 39422 1 182 09 14

"xk@] 5 'xv=yO 2 ?=k x@ |r=ta= |=yQ=@ "8 pwOH
Q=@ C}akwt Q=@ |oQR@ Q=@ ẁv
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1. particle swarm optimization (PSO)
2. colliding bodies optimization (CBO)
3. ant lion optimization (ALO)
4. genetic algorithm
5. harmony Search
6. charged system search (CSS)
7. tabu Search
8. ant colony optimization (ACO)
9. simulated annealing
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