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Q=@l} u; R= Oa@ w OwW|t p}rLD x]kv u}= QO xR=U TBU "OwW|t xDiQo Q_v
"OyO|t CUO x@ |O}OH |x]kv xOW xDiQo Q_v QO sD} Qwor= =@ |R=Uxv}y@ |xNQJ
OwW|t Q=QmD xQ=@ wO OvwQ u}= w OwW|t p}rLD O}OH |x]kv u}= QO xR=U TBU
xOW xO=iDU= xt} QH `@=D VwQ R= j}kLD u}= QO "O}; pY=L ?wr]t |}=Qoty =D
u}= Q=m T=U= "Ovm|t p}O@D O}kt=v x@ =Q O}kt |xr�Ut pY= QO xt} QH `@=D "CU=
`@=D x@ xt} QH u=wvax@ |Q=Okt 'O}k Zkv CQwY QO xm CU= CQwY u}= x@ `@=D

"Ovm|t xi=[= hOy
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"""w
Q}vV

wQR
=xO

=iDU
==@

=BQN
|xR

=U|
R=Ux

v}y@

[2]"|w[a 10 |=B QN "3 pmW

"pw= Cr=L %|w[a 10 |=B QN G}=Dv "1 pwOH
(in2) xv}y@ x]kv QO <=[a= `]kt K]U w[a xQ=tWj}kLD u}= [15]`HQt [2]`HQt

7 939 7 9379 7 938 1
0 1000 0 1000 0 1 2
8 062 8 0621 8 062 3
3 9388 3 9379 3 938 4
0 1000 0 1000 0 1 5
0 1000 0 1000 0 1 6
5 7458 5 7447 5 745 7
5 5670 5 5690 5 569 8
5 690 5 5690 5 569 9
0 1000 0 1000 0 1 10
1593 2 1593 2 1593 2 (lb) uRw

"swO Cr=L %|w[a 10 |=B QN Q=QmD O=OaD ?ULQ@ uRw Q=Owtv "4 pmW

QO "OwW|t xU}=kt |r@k \=kv QO hOy `@=D Q}O=kt =@ w x@U=Lt O}OH C}atH
Q_=vDt |x]kv u} Ro}=H O}OH Q=Okt OW=@ xOW QDy@ x]kv Qy QO ?=wH xm |DQwY
QO x}rw= |x]kv u=ty 'OW=@ xOWv QDy@ hOy `@=D Q=Okt Qo = "OwW|t C}atH QO
Qy QO pta u}= "OW Oy=wNv xDiQ}PB O}OH Q=Okt w OwW|t xDW=O xov C}atH
=D w OwW|t |v=UQRwQx@ |L=Q] \=kv C}atH xNQJ Qy QO w OwW|t Q=QmD xNQJ

"O@=}|t xt=O= xv}y@ ?=wH CtU x@ Q_v OQwt |}=Qoty uOt; CUO x@

|OOa p=Ft "5
Qo}O u=kkLt Q=m =@ w pL pw=ODt p=Ft OvJ xOW x�=Q= VwQ |}=Q=m uO=O u=Wv |=Q@
|=Q@ "|w[a 200 w 72 '25 '10 |=B QN R= Ov=CQ=@a =yp=Ft "OwW|t xU}=kt
nQR@ ,=D@Uv |}xR=Ov= x@ xm CU= |i=m w OQ=Ov OwHw |D}OwOLt u} R=e; \=kv ?=NDv=
|xR=U x@ xHwD =@ xm OvQ}o Q=Qk |L=Q] pw@k p@=k |=[i xOwOLt QO \=kv =D OvW=@
|=}=Rt R= |m} OwN C}YwYN u}= "CU= pwYL p@=k |oO=U x@ Qt= u}= =B QN
u} R=e; \=kv ?=NDv= |=Q@ X=N |=yVwQ x@ |R=}v xm O};|t ?=UL x@ VwQ

"OQ=Ov

|w[a 10 |=B QN p=Ft "1"5
w 2 u; |m}D=DU= u}at=v |xHQO [2]"OyO|t u=Wv =Q |w[a 10 |=B QN 3 pmW
'E = 68947MPa(107Psi) xD}U}DUq= pwOt "CU= 8 Q@=Q@ u; |O=R; xHQO
u; VvD OL Q=Okt w � = 2768Kg:m3(0 1Pci) =@ Q@=Q@ |tHL sQH
QO "OwW|t |UQQ@ Cr=L 2 QO p=Ft u}= "CU= �0 � 172MPa(2500Psi)
CLD w p1 = 444 82KN(100KpSi) |Q=PoQ=@ l} CLD xR=U pw= Cr=L
pt=W xm |Q=PoQ=@ Cr=L l} CLD xR=U swO Cr=L QO "OwW|t |UQQ@ VvD O}k
|UQQ@ 'CU= |}=Hx@=H w VvD O}k CLD P2 = 222 41KN(50Kpsi)
Q=Qk �5 08cm(2in) |xOwOLt QO O}=@ =yxQo s=tD |Owta |}=Hx@=H "OwW|t
R= u=Wv w CU= xOW x�=Q= 2 w 1 |=ypwOH QO xOt; CUO x@ G}=Dv "OW=@ xDW=O
?UL Q@ uRw Q=Owtv 4 pmW QO "OQ=O `H=Qt Q}=U =@ xOt; CUO x@ |=y?=wH jk=wD
nQR@ ,=D@Uv u} R=e; \=kv xDUO xU "CU= xOW sUQ swO Cr=L |=Q@ 'Q=QmD O=OaD
QO uRw O}OW Vy=m w Ov=xOW =Qoty ?=wH CtU x@ |oty xm CU= xOW ?=NDv=

"CU= OwyWt x}rw= |xNQJ OvJ

|w[a 25 |=B QN p=Ft "2"5
|xHQO [15]"CU= xOW xO=O u=Wv 5 pmW QO |w[a 25 |}=[i |=B QN |xR=U
?} Q[ "CU= 18 =@ Q@=Q@ u; |O=R; xHQO w 7 xR=U u}= |m}D=DU= u}at=v
Q@=Q@ u; |tHL sQH w E = 68947MPa(107Psi) =@ Q@=Q@ xD}U}DUq=
|Q=PoQ=@ Cr=L 6 CLD |rm Cr=L QO "CU= � = 2768Kg=m3(0 1Pci)
Vy=m Cr=L 2 x@ |Q=PoQ=@ 'uQ=kD C}Y=N R= xO=iDU= CQwY QO "OQ=O Q=Qk pkDUt
x@ xR=U |=[a= `]kt K]U Cr=L u}= QO "CU= xOW x�=Q= 3 pwOH QO xm O@=}|t

"OvwW|t s}UkD xwQo CWy x@ xm|Qw]x@ OvwW|t \@DQt Qo}Om}
�u0 = 275 8MPa(4� =@CU= Q@=Q@ =[a= s=tDVvD|WWm OLCtw=kt
`]kt K]U O}k "CU= 4 pwOH =@ j@=]t =[a= |Q=Wi OL Ctw=kt w 104Psi)
s=tD QO =yxQo s=tD |}=Hx@=H w CU= 0 06452cm2(0 01in2) CQwYx@ =[a=
QO xOt; CUO x@ G}=Dv "OW=@ �0 889cm(0 35in) xOwOLt QO O}=@ C=yH
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|U
Ovyt "�(in2) xv}y@ x]kv QO <=[a= `]kt K]U� swO Cr=L %|w[a 10 |=B QN G}=Dv "2 pwOH

u}=
[14]`HQt [6]`HQt [32]`HQt [31]`HQt [30]`HQt [29]`HQt [28]`HQt [2]`HQt <=[a= xQ=tWj}kLD

23 25 23 5270 23 25 23 59 24 72 23 53 25 81 25 19 24 29 1
0 10 0 1000 0 102 0 10 0 100 0 100 0 100 0 363 0 100 2
25 54 25 2941 25 73 25 25 26 54 25 29 27 23 25 42 23 35 3
14 37 14 3760 14 51 14 37 13 22 14 37 16 65 14 33 13 66 4
0 10 0 1000 0 100 0 10 0 108 0 100 0 100 0 417 0 100 5
1 96 1 9698 1 977 1 97 4 835 1 970 2 024 3 144 1 969 6
12 39 12 4041 12 21 12 39 12 66 12 39 12 78 12 08 12 67 7
13 56 12 8245 12 61 12 80 13 78 12 83 14 22 14 61 12 54 8
20 37 20 3304 20 36 20 37 18 44 20 33 22 14 20 26 21 97 9
0 10 0 1000 0 100 0 10 0 100 0 100 0 100 0 513 0 100 10

4677 9 4677 8 4668 81 4676 93 4792 52 4676 92 5059 7 4895 60 4691 84 (lb) uRw

"|w[a 25 |=B QN QO Q=QmD O=OaD ?ULQ@ uRw Q=Owtv "6 pmW

[14]"|w[a 72 |=B QN "7 pmW

[15]"|w[a 25 |=B QN "5 pmW
[15]"|w[a 25 |=B QN |Q=PoQ=@ "3 pwOH

(lb) swO |Q=PoQ=@ (lb) pw= |Q=PoQ=@ xQ=tW
PZ PY PX PZ PY PX xQo

�5000 20000 0 �5000 10000 1000 1
�5000 �20000 0 �5000 10000 0 2

0 0 0 0 0 500 3
0 0 0 0 0 500 6

uRw Vy=m OvwQ Q=Owtv "CU= xOW xU}=kt u=kkLt Q}=U G}=Dv =@ w x�=Q= 4 pwOH
6 pmW QO hrDNt u} R=e; |x]kv 3 |=Q@ '|L=Q] |xNQJ Q=QmD O=OaD ?ULQ@

"Ov=xOW =Qoty xv}y@ ?=wH CtU x@ |oty xm CU= xOW x�=Q=

|w[a 72 |=B QN p=Ft "3"5
|m}D=DU= u}at=v |xHQO [2]"CU= xOW xO=O u=Wv |w[a 72 |=B QN 7 pmW QO
=@ sw}v}twr; xOW xDiQo Q=m x@ |xO=t "CU= 48 u; |O=R; xHQO w 24 p=Ft u}=
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"""w
Q}vV

wQR
=xO

=iDU
==@

=BQN
|xR

=U|
R=Ux

v}y@"�(in2) xv}y@ |x]kv QO <=[a= `]kt K]U� |w[a 25 |=B QN G}=Dv "4 pwOH
u}= `HQt |Q=Wi OL xQ=tW xQ=tW
j}kLD [30] [14] [2] VvD <=[a= xwQo
0 01 0 0100 0 0100 0 010 �35 092 A1 1
1 98 1 9870 1 9981 1 964 �11 590 A2 : A5 2
2 98 2 9935 2 9828 3 033 �17 350 A6 : A9 3
0 01 0 100 0 0100 0 010 �35 092 A10 : A11 4
0 01 0 100 0 0100 0 010 �35 092 A12 : A13 5
0 68 0 6840 0 6837 0 670 �67 59 A14 : A17 6
1 67 1 6769 1 6750 1 680 �67 59 A18 : A21 7
2 67 2 6621 2 6668 2 670 �11 082 A22 : A25 8

545 16 545 16 545 37 545 22 (lb) uRw

QO uRw O}OW Vy=m xm OyO|t u=Wv =Q hrDNt u} R=e; |x]kv 3 =@ |R=Uxv}y@
"CU= OwyWt =yCr=L xty QO xv}y@ ?=wH CtU x@ |}=Qoty w x}rw= |xNQJ OvJ

|w[a 200 |=B QN p=Ft "4"5
|m}D=DU=u}at=v|xHQO|=Q=O xm [33w14]OyO|tu=Wv =Q|w[a200|=B QN9pmW
E = 206842MPa(3� Q@=Q@ xD}U}DUq=?} Q["CU= 150|O=R; xHQO w 50
u} QDtm "CU= � = 7833Kg:m3(0 283Pci) u; |tHL sQH w 107Psi)
OL Ctw=kt "CU= 0 6451cm2(0 1in2) <=[a= `]kt K]U |=Q@ R=Ht Q=Okt
uQ=kD x@ xHwD =@ " �0 = �68 95MPa(1� 104Psi) =@ CU= Q@=Q@ u; VvD
K]U xwQo 29 x@ =y`]kt K]U u}@ \=@DQ= O}k R= xO=iDU= =@ '|Q=PoQ=@ w xUOvy QO

"O@=}|t p}rkD `]kt
CW=O xHwD O}=@ "CU= pkDUt Cr=L GvB pt=W xR=U u}= Q@ |r=ta= |Q=PoQ=@
"O@=}|t Vy=m Cr=L xU x@ |Q=PoQ=@ =y`]kt K]U u}@ \=@DQ= O}k R= xO=iDU= =@ xm

%R= Ov=CQ=@a |Q=PoQ=@ Cr=L GvB u}=

'20 '15 '6 '1 |=yxQo Q@ x CyH QO 4450N(10Kpsi) =@ Q@=Q@ |wQ}v "1
&OwW|t p=ta= 71 '62 '57 '48 '43 '34 '29

'28 '19 '14 '5 |=yxQo C@Ft CyH QO 4450N(10Kpsi) =@ Q@=Q@ |} wQ}v "2
&OwW|t p=ta= 75 '70 '61 '56 '47 '42 '33

'4 '3 '2 '1 |=yxQo Q@ y |ivt CyH QO 4450N(10Kpsi) =@ Q@=Q@ |} wQ}v "3
'72 '71 '""" '24 '22 '20 '19 '18 '17 '16 '15 '14 '12 '10 '8 '6 '5

&OwW|t p=ta= 75 '74 '73

&OwW|t OQ=w u=tRsy 3 w 1 |Q=PoQ=@ "4

"OwW|t OQ=w u=tRsy 3 w 2 |Q=PoQ=@ "5

Q}=U G}=Dv =@ w CU= xOW x�=Q= 7 pwOH QO p=Ft u}= |=Q@ xOt; CUO x@ G}=Dv
|xNQJ O=OaD ?ULQ@ uRw C=Q}}eD Q=Owtv 10 pmW "CU= xOW xU}=kt u=kkLt
CtU x@ |oty xm OyO|t u=Wv =Q Cw=iDt ẁQW |x]kv 3 |=R= QO |R=Uxv}y@

"Ov=xOW =Qoty xv}y@ ?=wH

[2]"|w[a 72 |=B QN |Q=PoQ=@ "5 pwOH
(lb) swO |Q=PoQ=@ (lb) pw= |Q=PoQ=@ xQ=tW
PZ PY PX PZ PY PX xQo

�5000 0 0 �5000 5000 5000 1
�5000 0 0 0 0 0 2
�5000 0 0 0 0 0 3
�5000 0 0 0 0 0 4

"|w[a 72 |=B QN QO Q=QmD O=OaD ?ULQ@ uRw Q=Owtv "8 pmW

=@ Q@=Q@ |tHL sQH w E = 68947MPa(107Psi) |xD}U}DUq= ?} Q[
CU= Q@=Q@ =[a= s=tD VvD u}}=B w q=@ OL "CU= � = 2768Kg:m3(0 1Pci)
=[a= `]kt K]U |wQ Q@ xR=Ov= O}k "�0 = �172 4MPa(25�103Psi) =@
C=yH s=tD QO =yxQo s=tD |}=Hx@=H w CU= 0 6452 cm2(0 1in2) CQwYx@
5 CLD |rm Cr=L QO xR=U u}= "OW=@ �0 635cm(0 25in) |xOwOLt QO O}=@
|=[a= `]kt K]U '=yQ}eDt u}@ \=@DQ= O}k R= xO=iDU= =@ xm CU= |Q=PoQ=@ Cr=L
w OwW|t s}UkD xwQo xORv=W x@ xm |Qw]x@ OQm \@DQt Qo}Om} x@ u=wD|t =Q xR=U
O}k Cr=L u}= QO "�5 pwOH� O=O Vy=m Cr=L wO x@ =Q |Q=PoQ=@ u=wD|t xH}Dv QO
=y`]kt K]U u}@ \=@DQ= O}k w `]kt K]U |wQ xR=Ov= O}k '|}=Hx@=H O}k 'VvD
G}=Dv =@ w CU= xOW x�=Q= 6 pwOH QO xOt; CUO x@ G}=Dv "OwW|t xDiQo Q_v QO
|xNQJ O=OaD?ULQ@ uRw C=Q}}eD Q=Owtv 8 pmW "CU= xOW xU}=kt u=kkLt Q}=U
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|U
Ovyt "�(in2) xv}y@ x]kv QO <=[a= `]kt K]U� |w[a 72 |=B QN G}=Dv "6 pwOH

j}kLD u}= [14]`HQt [32]`HQt [31]`HQt [25]`HQt [2]`HQt <=[a= xwQo xQ=tW
0 156 0 1565 0 161 0 1564 0 161 0 158 A1 : A4 1
0 544 0 5457 0 544 0 5464 0 557 0 594 A5 : A12 2
0 454 0 4106 0 379 0 4110 0 377 0 341 A13 : A16 3
0 5695 0 5697 0 521 0 5712 0 506 0 608 A17 : A18 4
0 524 0 5237 0 535 0 5263 0 611 0 264 A19 : A22 5
0 516 0 5171 0 535 0 5178 0 532 0 548 A23 : A30 6
0 100 0 1000 0 103 0 1000 0 100 0 100 A31 : A34 7
0 100 0 1000 0 111 0 1000 0 100 0 151 A35 : A36 8
1 270 1 2685 1 310 1 2702 1 246 1 107 A37 : A40 9
0 512 0 5118 0 498 0 5124 0 524 0 579 A41 : A48 10
0 100 0 1000 0 110 0 1000 0 100 0 100 A49 : A52 11
0 100 0 1000 0 103 0 1000 0 100 0 100 A53 : A54 12
1 890 1 8864 1 910 1 8656 1 818 2 078 A55 : A58 13
0 526 0 5122 0 525 0 5131 0 524 0 503 A59 : A60 14
0 100 0 1000 0 122 0 1000 0 100 0 100 A67 : A70 15
0 100 0 1000 0 103 0 1000 0 100 0 100 A71 : A72 16
379=7 379 6536 383 12 379 62 381 2 388 63 (lb) uRw

"|w[a 200 |=B QN QO Q=QmD O=OaD ?ULQ@ uRw Q=Owtv "10 pmW

|Q}oxH}Dv "6
Ow}k CLD =B QN |xR=U uRw Q=Okt u} QDtm uDi=} |=Q@ VwQ l} j}kLD u}= QO
|Q=PoQ=@ Cr=L OvJ CLD xm `]kt K]U |xR=Ov= C}OwOLt w |}=Hx@=H 'VvD
Q=R@= u=wvax@ wQ}v VwQ R= |Q}oxQy@ =@ Qt= u}= "OW x�=Q= 'OQ=O Q=Qk hrDNt |m}D=DU=
"Ot; CUO x@ |R=Uxv}y@ Q=R@= u=wvax@ =}=H sD} Qwor= =@ u; ?}mQD w xR=U p}rLD
=@ VwQ u}= R= pY=L G}=Dv w OW |UQQ@ xv}tR u}= QO xDUHQ@ pw=ODt p=Ft Q=yJ
pt=m ji=wD =yp=Ft s=tD QO "OW xU}=kt 'CU= xOW x�=Q= Qo}O |=yVwQ \UwD xJv;

"OQ=O xOW x�=Q= VwQ |}=Q=m R= u=Wv xm CU= OwyWt
CU}v OW=@ |Y=N \}=QW |=Q=O xm x}rw= |x]kv x@ |R=}v |O=yvW}B VwQ QO
xm OvwW ?=NDv= nQR@ |i=m OL x@ =[a= |x}rw= `]kt K]U xm CU= |i=m \ki w
R}v hrDNt |x}rw= \=kv |=Q@ xOt; CUO x@ G}=Dv "OvQ}o Q=Qk pw@k p@=k |xOwOLt QO [33]"|w[a 200 |=B QN "9 pmW
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v}y@"|w[a 200 |=B QN G}=Dv "7 pwOH
(in2) xv}y@ x]kv QO <=[a= `]kt K]U �0 = �68 95MPa(10000Psi) VvD O}k

j}kLD u}=
[14]`HQt [33]`HQt [3]`HQt xwQo <=[a= xQ=tW

xwQo x=}U
0 1464 0 1470 0 1467 0 1253 1; 2; 3; 4 1
0 9402 0 9450 0 9400 1 0157 5; 8; 11; 14; 17 2
0 1065 0 1000 0 1000 0 1069 19; 20; 21; 22; 23; 24 3
0 1000 0 1000 0 1000 0 1069 18; 25; 56; 63; 94; 101; 132; 139; 170; 177 4
1 9423 1 9451 1 9400 1 9369 26; 29; 32; 35; 38 5
0 2963 0 2969 0 2962 0 2686 6; 7; 9; 10; 12; 13; 15; 16; 27; 28; 30; 31; 33; 34; 36; 37 6
0 1000 0 1000 0 1000 0 1024 39; 40; 41; 42 7
3 1059 3 1062 3 1040 2 9731 43; 46; 49; 52; 55 8
0 1000 0 1000 0 1000 0 1309 57; 58; 59; 60; 61; 62 9
4 1055 4 1052 4 1040 4 1831 64; 67; 70; 73; 76 10
0 4040 0 4039 0 4034 0 3967 44; 45; 47; 48; 50; 51; 53; 54; 65; 66; 68; 69; 71; 72; 74; 75 11
0 1929 0 1934 0 1922 0 4416 77; 78; 79; 80 12
5 455 5 4289 5 4282 5 1873 81; 84; 87; 90; 93 13
0 1000 0 1000 0 1000 0 1912 95; 96; 97; 98; 99; 100 14
6 4289 6 4289 6 4282 6 241 102; 105; 108; 111; 114 15
0 5753 0 5745 0 5783 0 6994 82; 83; 85; 86; 88; 89; 91; 92; 103; 104; 106; 107; 109; 110; 112; 113 16
0 1335 0 1339 0 1325 0 1158 115; 116; 117; 118 17
7 9901 7 9737 7 7926 7 7643 119; 122; 125; 128; 131 18
0 1000 0 1000 0 1000 0 1 1; 2; 3; 4 19
8 9722 8 9737 8 9726 8 8279 5; 8; 11; 14; 17 20
0 7050 0 7053 0 7048 0 6986 19; 20; 21; 22; 23; 24 21
0 4210 0 4215 0 4202 1 5563 18; 25; 56; 63; 94; 101; 132; 139; 170; 177 22
10 8671 10 8675 10 8666 10 9806 26; 29; 32; 35; 38 23
0 1000 0 1000 0 1000 0 1317 6; 7; 9; 10; 12; 13; 15; 16; 27; 28; 30; 31; 33; 34; 36; 37 24
11 8662 11 8674 11 8666 12 1492 39; 40; 41; 42 25
1 0347 1 0349 1 0344 1 6373 43; 46; 49; 52; 55 26
6 6842 6 6849 6 6838 5 0032 57; 58; 59; 60; 61; 62 27
10 8201 10 8101 10 8083 9 3545 64; 67; 70; 73; 76 28
13 9569 13 8379 13 8339 15 091 44; 45; 47; 48; 50; 51; 53; 54; 65; 66; 68; 69; 71; 72; 74; 75 29

25; 456 82 25; 456 57 25; 446 76 25; 447 1 (lb) uRw

"CU= C}ty= R�=L xR=U hrDNt KQ] OvJ u=}t R= KQ] u} QDy@ ?=NDv=
Ovv=t xm CiQ|t Q=_Dv= CU= |iO=YD VwQ l} =}=H sD} Qwor= xm|}=Hu; R=
=@ ?}mQD QO xm 'OW=@ ?=wH x@ uO}UQ |=Q@ O=} R Q=QmD O=OaD x@ R=}v '=yVwQ Qo}O
R= xm Qw]u=ty =t= [21]"CU= xOW xO}O O=} R Q=QmD O=OaD x@ R=}v |}=Hx@=H VwQ
w =}=H sD} Qwor= ?}mQD R= CU= OwyWt |@ wN x@ xOt; CUO x@ |=yQ=Owtv G}=Dv
xm CU= R=}v |QDtm ?D=Qt x@ Q=QmD O=OaD x@ xv}y@ ?=wH x@ uO}UQ |=Q@ 'wQ}v VwQ

"CU= xOW x�=Q= VwQ |q=@ |}=Q=m |xOvyOu=Wv u}=

R=e; |=Q@ x}rw= |x]kv ?=NDv= x@ j}kLD u}= VwQ xm CU= ẁ[wt u}= xOvyOu=Wv
"OwW|t?wULt|R=Uxv}y@|=yVwQ QO|tyt|xDmv xmCU}vT=UL|R=Uxv}y@
x}rw= Q=QmD OvJ QO xm OvDUy ẁ[wt u}= |xOvyOu=Wv uRw Vy=m |=yQ=Owtv
|xNQJ OvJ R= Oa@ u}vJty w O@=}|t Vy=m |O=} R u=R}t x@ xR=U uRw Q=Okt
xv}y@ |x]kv QO p=ai Ow}k w OvUQ|t xv}y@ ?=wH |=y|m}ORv x@ ,qt=m u} R=e;
OwHwt |=yVwQ Qo}O R= |}=yDv= |=yxNQJ |=Q@ u=wD|t |DL xm OvwW|tXNWt
w |L=Q] ^=Lr R= uRw Q=Okt QO `} QU Vy=m u}= "CUH xQy@ R}v |R=Uxv}y@
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1. evolutionary algorithm
2. swarm intelligence
3. genetic algorithm
4. evolution programming
5. genetic programming
6. di�erential evolution
7. particle swarm optimization
8. ant colony optimization
9. harmony search
10. gravitational search
11. displacement method
12. force method
13. penalty function
14. integrated force method
15. sequential quadratic method
16. jaya algorithm
17. population
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