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x�=Q=

f(x) = h(x)� =
LX
i=1

�ihi(x) (12)

|Oa)@ L |=[i l} x@ =Q |OwQw '|Oa)@ d |=[i `k=w QO h(x) `@=D 'u; QO xm
"OQ=O OwHw uRw R}v |HwQN w u=yv |=yx}q u}@ "Ovm|t CW=ov

24 �PSO� C=QP s=LOR= |R=Uxv}y@ sD} Qwor= "3"3
�1995� 25CQ=yQ@= w |Ovm \UwD Q=@ u}rw= |=Q@ '�PSO� C=QP s=LOR= sD} Qwor=
KQW pYit Qw] x@ '26=m}v} Rq w lQrm Ovv=t |aH=Qt QO u; |[=} Q C=}�RH w x�=Q=
|R=Uxv}y@ sD} Qwor= |awv '�PSO� C=QP s=LOR= sD} Qwor= [54 w 53]"CU= xOW xO=O
R= |Q=}U@ 'Ca}@] QO u=Qwv=H "CU= Ca}@] QO u=Qwv=H |ywQo Q=DiQ Q@ |vD@t
w Qo}Om} ltm =@ w |atHxDUO CQwY x@ =Q =Pe |wHDUH xrtH R= OwN |=yR=}v
|=yVwQ =@ xU}=kt QO PSO sD} Qwor= "OvyO|t s=Hv= |atH OQN R= xO=iDU= =@
R=}v |QDtm `@=D |v=wN=Qi x@ '?U=vt G}=Dv x@ uO}UQ |=Q@ Qo}O x@=Wt |R=Uxv}y@
u; u=U; |}xv=}=Q |R=UxO=}B x@ u=wD|t PSO sD} Qwor= Qo}O |=}=Rt xrtH R= "OQ=O
j@]vt X=N |xr�Ut l} QO =yQ}eDt w Ow}k \}=QW =@ |v=U; x@ xm 'OQm xQ=W=
u=}O=Qo R= xm CU= u}= C=QP s=LOR= sD} Qwor= |=y|oS} w R= Qo}O |m} [55]"OwW|t
'�PSO� C=QP s=LOR= sD} Qwor= QO xmCU= |vat u}O@ Qt= u}= "Ovm|tv xO=iDU= `@=D
|=yVwQ R= |Q=}U@ QO \QW u}= &CU}v hOy `@=D uOw@ Q}PBjDWt x@ |R=}v
|=Q@ sRq |=y\QW <RH |Wy=m u=}O=Qo w uDw}vx@W %Ovv=t '|R=Uxv}y@ l}Uqm
QO |[Qi I}y xm CU= u}= PSO sD} Qwor= |=}=Rt Qo}O R= "CU= xr�Ut pL
R= |a}Uw Q=}U@ |x}L=v Ov=wD|t QwmPt sD} Qwor= w OQ}o|tv CQwY xr�Ut pL
xQP l} 'xr�Ut ?=wH Qy PSO sD} Qwor= QO "Ovm wHDUH =Q |r=tDL= |=y?=wH
xr�Ut |oDU}=W `@=D \UwD xm 'CU= |oDU}=W Q=Okt l} =@ wHDUH |=[i QO

Q=QmD QO w x C}akwt QO s)= i |xQP 'sD} Qwor= |Ov@pwtQi QO "O};|t CUO x@
|x]@=Q QO xm &OWN@|t Ow@y@ =Q OwN C}akwt '13 |x]@=Q j} Q] R= s)= k+1
CUO x@ 14 |x]@=Q R= xm 'CU= s)= i |xQP |xOW KqY= CaQU vik+1 'QwmPt
QO "OwW|t u}}aD 15 |x]@=Q R= xO=iDU= =@ xm CU= |v=tR s=o ' �t w O};|t

[56]"CU= xOW ZQi OL=w Q@=Q@ �t Q=Okt Q[=L VywSB
xik+1 = xik+1 + vik+1�t (13)

vik+1 = wvik + c1r1
(pik � xik)

�t
+ c2r2

(pgk � xik)
�t

(14)

�t = 1
kMax

(15)

u}@ |iO=YD O=Oa= r2 w r1 's)= k Q=QmD QO CaQU Q=OQ@ Q=Okt vik 'Q}N= \@=wQ QO
u} QDy@ C}akwt pgk w s)= i |xQP C}akwt u} QDy@ |xOvyOu=Wv pik w l} w QiY
xr�Ut x@ xDU@=w |=yQDt=Q=B '?}=Q[ Qo}O w CU= s)= k Q=QmD =D xat=H s=tD QO xQP
|DN=vW |=yQDt=Q=B '�|atH ?=DW� c2 w �|}=U=vW ?=DW� c1p=Ft |=Q@ "O�vDUy
CmQL =} w C=QP u=} QH x@ u=v}t]= u=R}t |xOvvmu}}aD w OvwW|t xO}t=v |a=tDH= w
Q=DiQ QO |tyt Vkv xm 'OwW|t xO}t=v |vRw |UQv}= QDt=Q=B w w OvDUy xat=H
V}=Ri= Ea=@ w O=} R |=yQ=Okt xm |Qw] x@ &Ovm|t =i}= PSO sD} Qwor= |}=Qoty
=@ w OW Oy=wN xDW=OQ@ |QDnQR@ |=ys=o 'Q=QmD Qy QO w OvwW|t CaQU Q=OQ@ Q=Okt
QO xv}y@ Cr=L x@ uO}UQ |=Q@ xm OwW|t QDlJwm Q}N= |=ys=o 'w uOW lJwm
|=H 16 |x]@=Q j@=]t x]@=Q l} uO=O Q=Qk =@ 'wQ u}= R= "CU= O}it QN; |=ys=o
?U=vt Q=Okt ?=NDv= [55]"Ci=} CUO syt u}= x@ u=wD|t w |=Q@ C@=F |Q=Okt

C(d) = �0 490 ( d
140 ) + 1 494

f 0cc
f 0co

= 1 + 2 8 ( fl
f 0co

) (10)

xOW xar=]t |awvYt Vwy |=yVwQ "3
18 �MARS� |k}@]D |xQ}eDtOvJ u}qBU= uw}UQoQ "1"3

w |]NQ}e |vw}UQoQ VwQ '�MARS� |k}@]D |xQ}eDtOvJ u}qBU= uw}UQoQ
'MARS "CU= xOW |iQat 19utO} Qi \UwD Q=@ u}rw= xm 'CU= l} QDt=Q=B Q}e
|}xawtHt |xr}Uw x@ sDU}U l} |HwQN w =y|OwQw u}@ =Q |]NQ}e |=yMU=B
|}=yDv= \=kv "Ovm|t |R=UpOt Cw=iDt |=yu=}O=Qo =@ 20|}xa]kOvJ |]N `@=wD R=
=yxO=O R= x}L=v l} |=yDv= 'xQo [50]"OvwW|t xO}t=v xQo 'QwmPt |}xa]kOvJ `@=wD
'|]N |}xa]kOvJ `@=wD "Ovm|t XNWt =Q =yxO=O R= Qo}O |}x}L=v |=OD@= w
|=yh=QLv= Qo}O w =yxv=DU; '=y=vLv= w OvyO|t pOt x@ =Q |QDW}@ |Q}PBh=]av=
|D=@U=Lt `@=wD 'MARS VwQ [51]"OvQ}o|t Q_v QO R}v =Q |]N `@=wD R= pY=L

%Ovm|t O=H}= |}xrLQt wO |wHDUH =@ =Q
|=yxQo w OvwW|t xDU@ `tH |}xa]kOvJ |D=@U=Lt `@=wD 'pw= |xrLQt QO
swO |xrLQt "OvwW|t XNWt QDpt=m VR=Q@ w pOt OQmrta Ow@y@ |=Q@ |r=tDL=
<=kDQ= w O�=R `@=wD uOQm =OH CyH |k}kL |=yxrtH u} QDtm hPL |xOvQ}oQ@ QO R}v

"CU= pOt CaQU w C}i}m
x@ w O=H}= =yv; p@=kDt \@=wQ w `@=wD |]N ?}mQD u=wva x@ 'MARS pOt

%OwW|t u=}@ 11 |x]@=Q CQwY

f(x) = �0 +
MX
m=1

�m�m(x) (11)

|D=@U=Lt `@=D l} '�m(x) Qy "OwW|t xO}t=v |R=UQ=wty QDt=Q=B '�m u; QO xm
|xawtHt "OwW p}mWD hrDNt |=yu=}O=Qo R= Ov=wD|t xm 'CU= |}xa]kOvJ
=]N C=a@ Qt u} QDtm VwQ R= xO=iDU= =@ xm 'OvDUy `@=wD ?}=Q[ '� |=yQDt=Q=B

[50]"OvwW|t OQw;Q@

21 �ELM� `} QU |Q}oO=} u}W=t "2"3
|Q=t; |Ov@xk@] |=Q@ QwNV}B|@Ya |xm@Wl} '�ELM� `} QU |Q}oO=} u}W=t
|=yQDt=Q=B s}_vD x@ |R=}v xm CU= |DQwY x@ u=yvB |x}q l} =@ uw}UQoQ p}rLD w
xO=O X}YND |iO=YD CQwY x@ Ovv=wD|t u=yvB |=yxQo "OW=@v u=yvB |=yxQo
'OQ=wt ?re= QO "OvwW OQw;Q@ |R=UpOt Ov}=Qi |=Q@ '=yv; =@ ?U=vDt =yuRw w OvwW
x@ ,=U=U= xm 'OwW|t xOv=Hvo xrLQt l} QO ,qwtat 'u=yvB |=yxQo |HwQN uRw
\UwD `} QU |Q}oO=} u}W=t VwQ "OR=OQB|t |]N CQwY x@ pOt l} |Q}oO=}
|@Ya |xm@W |=Q@ =OD@= QO ELM pOt "CU= xOW x�=Q= w |iQat 22nv=wy
VQDUo xDi=}s}taD QwNV}B |@Ya |xm@W |=Q@ TBU w xOW O=yvW}B QwNV}B
Ovm|t |aU\ki xv ELM pOt '|Q}oO=} pwtat |=yVwQ hqNQ@ [52]"CU= xDi=}
|=yuRw Q}O=kt |R=Uxv}tm QO |aU xmr@ 'OR=U xv}tm =Q VRwt; |=yxO=O |=]N
'QwNV}B |@Ya |=yxm@W |=Q@ '23CrQ=@ |Qw�D x@ xHwD =@ "OQ=O R}v |HwQN
"OUQ|t |QDy@ |Q}PBs}taD x@ VRwt; |=]N Vy=m Q=vm QO =yuRw Q}O=kt Vy=m

%OwW|t u=}@ 12 |x]@=Q CQwY x@ xDi=}s}taD |=y|HwQN `@=D
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1|

xQ=t
W'

38
�2

|xQ
wO'

�14
01

u=DU
@=D�

u=Qt
a|

UOv
yt "|HwQN w |OwQw |=yQDt=Q=B "1 pwOH

h} QaD QDt=Q=B ẁv
|vD@ |xv=wDU= Q]k d(mm)

|OwQw

|vD@ |xv=wDU= pw] L(mm)

xOWv QwYLt uD@ |}=yv |Q=Wi Ctw=kt f 0co(MPa)

FRP |x}q Ct=N[ t(mm)

xOW QwYLt |}=yv Q=Wi fl(MPa)

FRP jQw |}=yv |WWm Ctw=kt ff (MPa)

xOW QwYLt uD@ |}=yv |Q=Wi Ctw=kt f 0cc(MPa) |HwQN

C=ar=]t|NQ@ R= xOW |Qw;`tH|@ QHD |=yxO=O |=Q@ |Q=t; C=}YwYN "2 pwOH
[40�24]"u}W}B

Q=}at h=QLv= xv}tm u}ov=}t xv}W}@ Q}eDt
27/283 51 133/854 219 d(mm)

58/250 102 272/014 438 L(mm)

1/133 0/089 0/835 5/9 t(mm)

17/110 19/4 42/642 103 f 0co(MPa)

12/463 2/33 15/857 94/57 fl(MPa)

1112/343 229/762 2123/174 3820/359 ff (MPa)

29/173 33/8 80/448 303/6 f 0cc(MPa)

|NQ@ R= |Dtw=kt Q=DiQ p}rLD |D=@U=Lt |=ypOt |x�=Q=CyH |y=oW}=tR; |xO=O
|Qw;`tH |=yxO=O TBU "CU= xOW |Qw;`tH [40�24]'|y=oW}=tR; |=yVywSB

"Ov=xOW x�=Q= 1 pwOH QO w s}UkD |HwQN w |OwQw |=yQDt=Q=B x@ xOW
pwOH QO xOW |Qw;`tH |=yxO=O Q=}at h=QLv= w u}ov=}t 'xv}W}@ 'xv}tm Q}O=kt
VRwt; |xrLQt |=Q@ �xO=O 197� �70 ?}DQD x@ =yxO=O pm R= "CU= xOW x�=Q= 2

"CU= xOW xO=iDU= V}=tR; |xrLQt |=Q@ �xO=O 84� �30 w

|R=UpOt "2"4
MARS pOt "1"2"4

u=}O=Qo Q=Okt u} QDW}@�MARS VwQ |=yQDt=Q=B 'uOw@ Q=PoQF= |@=} RQ= Qw_vt x@
��`@=wD ?}=Q[ |R=Uxv}y@ CyH� 32xt} QH QDt=Q=B w 31`@=wD Q=Okt u} QDW}@ '30`@=wD
`@=wD u=}O=Qo w 200�10 `@=wD O=OaD "Ov=xOW |UQQ@ =]N w |aU VwQ R= xO=iDU= =@
R}r=v; Q=@ Qy =@ xm 'Ov=xOW |@=} RQ= pOt 65 C}=yv QO w ?=NDv= 3 w 2 |=yxHQO R=
x�=Q= Cw=iDt |=y?=wH =@ |irDNt G}=Dv '33?rDt Q=Ri=sQv QO QwmPt pOt R= uDiQo
pmW QO 'OvDW=O V}=tR; |xrLQt QO =Q OQmrta u} QDy@ xm pOt 10 "CU= xOW
|xv}y@ `@=D Q=Okt =@ 6 |xQ=tW MARS pOt 'u; j@=]t xm 'OvwW|t xOy=Wt 4
|xrLQt QO 0/9554 |oDU@ty ?} Q[ w 2 |xHQO R= xv}y@ `@=D u=}O=Qo '31

"CU= xOW ?=NDv= |}=yv pOt u=wva x@ w xDW=O =Q OQmrta u} QDy@ 'V}=tR;
CQwY xv=o =OH CQwY x@ x}=B `@=D Qy QO VR=Q@ 'MARS VwQ |R=UpOt QO
Qy |=Q@ xQo |=ypLt w =yQ}eDt "OwW|t x�=Q= VR=Q@ x@ \@DQt |x]@=Q w OQ}PB|t
?=NDv= u}vJty "OvwW|t u}}aD 'RmQtDt =t= `} QU |wHDUH VwQ j} Q] R= 'Q}eDt

|}=Qoty R= |Q}owrH w sD} Qwor= |}=Qoty `} QUD x@ QHvt xOW QmP |=yQDt=Q=B |=Q@
[57]"OwW|t |rLt |=yxv}y@ QO TQOwR

Wk+1 = Wmax � Wmax �Wmin

kmax
k (16)

?}DQD x@Wmax wWmin Q}O=kt 'CU= xOW u=wva Q}N= C=ar=]t QO xm Qw]u=ty
Q@=Q@ c2 w c1 |=yQDt=Q=B |=Q@ Q}O=kt u} QDy@ u}vJty "OvDUy 0/4 w 0/9 =@ Q@=Q@
|iO=YD CQwY x@ u=oOvQB |x}rw= C}akwt 'PSO sD} Qwor= QO "CU= 2 w 1 =@
u=oOvQB |x}rw= CaQU TBU "OwW|t ?=NDv= �XuX1� |L=Q] R=Ht |=[i QO
T} QD=t QO "OwW|t |yOQ=Okt |iO=YD Qw] x@ [vmin; vmax] |xR=@ QO (V1)
=@ V1 w vmaz 'vmin &CU= |L=Q] |=yQ}eDt O=OaD n w C=QP O=OaD p 'xOW QmP

[56]"OvwW|t u}}aD 18 w 17 \@=wQ R= xO=iDU=

vmin = �1
2 (xu � xl) ; vmax = 1

2 (xu � xl) (17)

V1 = vmin

26664
1 : : : 1
...

. . .
...

1 � � � 1

37775+

26664
r1;1 : : : r1;i : : : r1;n

...
. . .

...

rp;1 : : : rp;i : : : rp;n

37775
p�n

:(vmax � vmin) (18)

"CU= l} w QiY u}@ |iO=YD Q}O=kt rp;n 'Q}N= |x]@=Q QO u}vJty

=ypOt |@=} RQ= pt=wa "4"3
|=yXN=W R= 'V}=tR; wVRwt;pL=Qt QO xOW x�=Q= |=ypOt OQmrta|xU}=kt|=Q@
u}ov=}t |xW} Q '27 �R�|oDU@ty?} Q[ pt=W '21|r= 19\@=wQ j@=]t |Q=t;
xO=iDU= 29 �MAPE� =]N OYQO jr]t u}ov=}t w 28 �RMSE� =]N C=a@ Qt

[59 w 58]"CU= xOW
R =

PN
i=1 (qi � �q)(q̂i ��̂q)qPN

i=1 (qi � �q)2PN
i=1 (q̂i ��̂q)

2 (19)

RMSE =

vuut 1
N

NX
i=1

(qi � q̂i)2 (20)

MAPE = 100
N

NX
I=1

jqi � q̂ij
qi

(21)

\UwD xOW OQw;Q@ Q=Okt q̂i w |D=Oy=Wt Q=Okt qi '=yxO=O O=OaD N 'Q}N= \@=wQ QO
"CU= pOt

G}=Dv w EL@ "4
|y=oW}=tR; |=yxO=O "1"4

"CU= xOW s=Hv= FRP =@ xOW QwYLt uD@ |wQ Q@ |Q=}U@ |y=oW}=tR; C=ar=]t
Vwy |=ypOt R= xO=iDU= =@ FRP =@ xOW QwYLt uD@ |Dtw=kt Q=DiQ |UQQ@
281 'Qw_vt u}O@ "CU= `t=H |y=oW}=tR; |xO=O x=o}=B l} OvtR=}v '|awvYt
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x�=Q="|R=Uxv}y@ CyH C=QP s=LOR= |Q=mD@==Qi sD} Qwor= |=yQDt=Q=B "3 pwOH
QDt=Q=B

1�100 Q=QmD O=OaD
10�50 C=QP O=OaD
0/99 |UQv}= uRw |}=Q}t C@Uv

1 |}=U=vW ?=DW
2 |atH ?=DW
1 x}rw= |UQv}= uRw

"G}=Dv |}=Qoty OvwQ "6 pmW

xO=iDU= |awvYt Vwy |=ypOt CkO V}=Ri= CyH 'Q[=L VywSB QO "O@=}@ =Q
xO=iDU= =ypOt |xm@W R=Uxv}y@ u=wva x@ C=QP s=LOR= |Q=mD@==Qi sD} Qwor= 'xOW
Q=}U@ pt=wa R= |m} 'pOt |t}_vD |=yQDt=Q=B Q}O=�kt X=�YDN= "CU= xOW
O=OaD %pt=W 'MARS pOt QO xQP Qy "CU= VRwt; OQmrta u=R}t QO Q=PoQ}F-=D
w uRw 'ELM pOt QO xm |r=L QO &CU= `@=wD ?}=Q[ w `@=wD |xHQO '`@=wD
s}_vD w |UQQ@ CyH x@ "OQ}o|t Q=Qk |R=Uxv}y@ Ov}=Qi QO xQP Qy QO T=}=@
Q}O=kt |t}_vD |xwOLt |UQQ@ R= TB 'C=QP s=LOR= sD} Qwor= |=yQDt=Q=B Q}O=kt
Q}O=kt u}}aD CyH =]N w |aU VwQ R= [63�60 '57]'x@=Wt C=ar=]t |NQ@ R= QwmPt
Q=Ri=sQv QO |}xt=vQ@ '?}DQD u}O@ "CU= xOW xO=iDU= sD} Qwor= |=yQDt=Q=B |xv}y@
u}}aD hOy =@ w Q=mOwN CQwY x@ =Q =]N w |aU Ov}=Qi xm 'OW |R=Ov=x=Q ?rDt
|=yQDt=Q=B hrDNt O=OaD |@=�} RQ= =�@ QwmPt |x�t=vQ@ "Ovm =QH= |Q=tat u} QDy@
|=yxO=O QO hOy `@=D u=wva x@ =]N |R=Uxv}tm \QW =@ =Q ?U=vt |Q=tat 'pOt
=D 10 |xOwOLt QO C}atH O=OaD 'Qw_vt u}= |=Q@ "Ovm|t =O}B V}=tR; |xrLQt
pwOH QO "CU= xOW |@=} RQ= w |UQQ@ 100�1 |xOwOLt QO Q=QmD O=OaD w 50
QO |UQQ@ R= TB C=QP s=LOR= sD} Qwor= |t}_vD |=yQDt=Q=B |UQQ@ |xOwOLt '3
Qw] u=ty "�6 pmW� CU= xOW x�=Q= =]N w |aU w u}W}B |xOW xQ=W= C=ar=]t
uO}UQ xv}tm x@ Cra x@ 30 C}atH O=OaD QO =]N |Wy=m OvwQ 'CU= XNWt xm
xOy=Wt C}=yv QO "CU= |UQQ@ p@=k 'QDW}@ ?}W =@ u; |rwRv OvwQ w =]N u=R}t
=y|@=} RQ= "CU= xOW C@=F 0/061 |=]N =@ 54 Q=QmD QO sD} Qwor= xm OwW|t
`@=D u=}O=Qo w 43 |xv}y@ `@=D Q=Okt =@ MARS-PSO pOt xm OvyO|t u=Wv
pY=L =Q xH}Dv u} QDy@ uwQwv 13 O=OaD =@ ELM-PSO pOt w 2 |xHQO R= xv}y@

"Ov=xOQm
|}xQ}=O `]=kt =@ |vD@ |=yuwDU |Q=Wi Ctw=kt u}tND OvwQ |UQQ@ CyH

"MARS VwQ |xOW |@=} RQ= |=ypOt ?NDvt "4 pmW

"ELM VwQ hrDNt |=yuwQwv QO =]N OYQO Q}O=kt "5 pmW

xO=O X}NWD xv}y@ pOt |xOvvmu}t[D u=wva x@ 'QN-wt |iPL VwQ w sOkt
u=tR QO xm 'CU= u; |}=Qoty CaQU MARS VwQ |=yC} Rt R= |m} "OwW|t
uOw@v Ot;Q=m 'sD} Qwor= Q=DN=U ^=Lr x@ |@Ya |=yxm@W "CU= OwyWt u; VR=OQB
O=kDv= 'xv}y@ |xm@W |Ov@ Qm}B u}}aD |vqw] Ov}=Qi w C=@U=Lt `} QU s=Hv= QO
OQm} wQ j} Q] R= xmr@ 'OwW|tv xDN=vW T=}k x=Q R= QwmPt sD} Qwor= xm =QJ &Ov=xOW

[50]"OwW|t u}}aD =]N w uwtR;
ELM pOt "2"2"4

|Q}oO=} CaQU w CUq=@ |Q}oO=} CaQU =@ 'xO=U Q=}U@ |OQm} wQ 'ELM VwQ
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C=ar=]t Q}=U =@ xU}=kt w G}=Dv Q}UiD "5
CLY |UQQ@ w OwHwt |=yVwQ =@ |O=yvW}B |=ypOt OQmrta |xU}=kt Qw_vt x@
|=ypOt |oDU@ty ?} Q[ Q}O=kt '|@ QHD G}=Dv |v}@V}B QO xOW QmP |=ypOt
w |UQQ@ "CU= xOW x�=Q= 6 pwOH QO |v}@V}B Qy |=]N |xOwOLt w Q}N=
'u}W}B C=ar=]t |NQ@ =@ Q[=L VywSB QO xOW s=Hv= C=ar=]t OQmrta |xU}=kt
uD@ |Q=WiCtw=kt |v}@V}B |=Q@ |O=yvW}B |=yVwQ R= xO=iDU= xm OyO|t u=Wv
x@ QO=k 'u}W}B C=ar=]t |NQ@ QO OwHwt |=yVwQ Q}=U =@ xU}=kt QO 'xOW QwYLt
XNq=@ '|O=yvW}B |=yVwQ R= xO=iDU= '?}DQD u}O@ "CU= xOw@|k}kO G}=Dv |x�=Q=
w |oDU@ty ?} Q[ V}=Ri= Ea=@ 'MARS-PSO |k}irD |xOW xv}y@ VwQ
|=yVwQ QO =]N OYQO w |oDU@ty ?} Q[ u}ov=}t x@ C@Uv =]N u=R}t Vy=m

"CU= xOW u}W}B |@ QHD

|Q}oxH}Dv "6
QwYLt |}xQ}=O |vD@ |=yuwDU |Q=Wi Ctw=kt u}tND |=Q@ 'Q[=L VywSB QO
|vw}UQoQ u}qBU= |=yVwQ pt=W xm |awvYt Vwy |=yVwQ R= 'FRP=@ xOW
CyH x@ "CU= xOW xO=iDU= 'OvDUy `} QU |Q}oO=} u}W=t w |k=@]v= |xQ}eDtOvJ
sD} Qwor= R= =yuRw w ?}=Q[ |@=}xv}y@ w =ypOt QO xOW xOy=Wt |=yha[ Ow@y@
OvtWwy |D=@U=Lt\@=wQ |x�=Q= w =ypOt =@ j}irDCyH QO C=QP s=LOR= |Q=mD@==Qi

=yCWwv=B
1. �ber reinforced polymer
2. Topcu & Saridemir
3. arti�cial neural network

4. fuzzy logic
5. Altun
6. Cascardi
7. con�ned concrete �lled tubular short columns
8. reinforced concrete beam
9. adaptive network-based fuzzy inference system
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10. calcium inosilicate minerals
11. carbon �ber reinforced polymer
12. glass�ber reinforced polymer
13. Sun
14. Asteris
15. DeRousseau
16. Feng
17. Sevim
18. multivariate adaptive regression splines
19. Friedman
20. splines
21. extreme learning machine
22. Huang
23. Barlet's theory
24. particle swarm optimization
25. Kennedy and Eberhart
26. Clerc and Lazinica
27. correlation coe�cient
28. root mean square error
29. mean absolute percentage error
30. max interaction
31. max BF
32. C parameter
33. Matlab
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