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"OQw; CUO x@ =Q |DNU pOt |=yQDt=Q=Bu=wD|t
Q@ 24 |x]@=Q R= xO=iDU= =@ CU= sRq 'pOt QDy@ VRwt; w =]N Vy=m |=Q@
|xvt=O QO w OvwW T=}kt|@ |OwQw |=yQ}eDt =D OwW s=Hv= |R=Up=tQv =yxO=O |wQ

"OvQ}o@ Q=Qk �1 =D 0� |QDx=Dwm
zi = xi � xmin

xmax � xmin
(24)

VwQ wO R= u=wD|t VRwt; |=]N |x@U=Lt w |]N uw}UQoQ OQmrta |@=} RQ= |=Q@
|=yx]@=Q� OQm xO=iDU= R2 w 16 �RMSE� =]N C=a@ Qt u}ov=}t swO |xW} Q

%�26 w 25

RMSE =

vuut 1
m

mX
i=1

(yi � h(xi))2 (25)

"xOvyOp}mWD <=RH= VwQ =@ OwOLt <=RH= w |y=oW}=tR; G}=Dv |xU}=kt "9 pwOH
(kN:m=rad) |Dv=mU |DNU

pOt
� =]N xOvyOp}mWD <=RH= w |y=oW}=tR;

OwOLt <=RH=
11/5 72/868 82/373 [4]u=Q=mty w nv=wy
9/9 7527 6848 [21]u=Q=mty w u=wO
1/8 146/566 144/000 1 pOt
1/5 192/931 190/000 2 pOt

� =

26666664
�0
�1
...

�n

37777775 (21)

y =

26666664
y1

y2
...

yn

37777775 (22)
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"VRwt; |=yxvwtv Vvm =QB s=Qo =}O "17 pmW

"|HvUCLY |=yxvwtv Vvm =QB s=Qo =}O "18 pmW

`tHD "OwW|t xOy=Wt 18 pmW w 17 pmW QO ?}DQD x@ |HvUCLY w VRwt;
?wN OQmrta |xOvyOu=Wv '�y=x�xHQO 45 |x} w=R =@ \N |m}ORv QO G}=Dv
'pkDUt |=yQDt=Q=B ?}=Q[ |xU}=kt =@ 28 |x]@=Q x@ xHwD =@ "CU= u}W=t |Q}oO=}
u=R}t QO =Q C@Ft Q}F-=D u} QDW}@ 'uwDU p=@ x@ |QBU p=@ p=YD= G}B Q]k w Q}D `=iDQ=
u=H =D |QBU p=@ I}B K]U RmQt |ki= |xrY=i u}vJty "OvQ=O p=YD= |DNU
|ivt Q}F-=D u} QDW}@ |QBU u=H =D |QBU p=@ I}B K]U RmQt s�=k |xrY=i w uwDU
=Q |OwQw |=yQ}eDt |x}k@ Q}F-=D u=wD|t CQwY u}ty x@ "OvQ=O p=YD= |DNU QO =Q
'xOvyOp}mWD <=RH= VwQ Ovv=ty =Q 27 |x]@=Q xm CU= QmP x@ sRq "OQm |UQQ@
|Q}tN pYit p}mWD |=Q@ xm '|r=YD= |DNU uOQw; CUO x@ |=Q@ u=wD|t \ki
xO=iDU= 'OQ@|t xQy@ Q}D u=H VQ@ p=kDv= |=Q@ |W@v R= w CU= xOW |L=Q] Q}D QO

"OQm

C}@rY Q_v R= p=YD= |Ov@xk@] "5
O=yvW}B p=YD= |Ov@xk@] |=Q@ =Q kb Oa)@ uwO@C}tm [13]'3 |xQ=tW =B wQ= |xt=vu}};

%OwW|t u}}aD 29 |x]@=Q CQwY x@ xm 'CU= xOQm

kb = Sj;ini
EIb =L b

(29)

"27 |x]@=Q |=yQDt=Q=B |x@U=Lt C=}�RH "10 pwOH
z1 = h2

b�1225
3000 Q}D `=iDQ=

z2 = h c�35
30 uwDU `=iDQ=

z3 = bfc�22
18 uwDU p=@ ZQa

z4 = tfc � 1 =6
0=8 uwDU p=@ Ct=N[

z5 = twc � 0 =7
0=7 uwDU u=H Ct=N[

z6 = tz1 =4 ha=[t jQw Ct=N[
z7 = m� 3 =5

1 =8 uwDU u=H=D I}B RmQt |ki= |xrY=i
z8 = bfT � 17

18 |QBU p=@ ZQa
z9 = tfT � 2 =2

1 =8 |QBU p=@ Ct=N[
z10 = a� 4 =6

1 =9 |QBU p=@ |x@r =D I}B RmQt s�=k |xrY=i
z11 = b� 3 =5

1 =7 |QBU u=H =D I}B RmQt |xrY=i
z12 = db � 2 uwDU p=@ x@ |QBU p=@ p=YD= |=yI}B Q]k
z13 = w� 7 =8

6 =9 |QBU p=@ |=yI}B RmQt =D RmQt |ki= |xrY=i
z14 = q� 3 =3

1 =1 |W@v Ct=N[ hYv � u; j=U Q@ =D |W@v I}B |xrY=i

"|]N uw}UQoQ OQmrta G}=Dv "11 pwOH
Q=Okt ML |@=} RQ= |=yQDt=Q=B

0/015 RMSE VRwt;
0/018 RMSE |HvUCLY
0/993 R2 VRwt;
0/990 R2 |HvUCLY

R2 = 1�
Pm
i=1 (yi � h(xi))2Pm
i=1 (yi � �h(xi))

2 (26)

u}W=t |Q}oO=} R= pY=L `@=D |HwQN Q=Okt Qou=}@ h(xi) `@=D '25 |x]@=Q QO xm
'OW=@ QDl}ORv 1 x@ R2 Q=Okt xJ Qy '26 |x]@=Q QO "CU= i |xvwtv <=R= x@
xOW x�=Q= pOt |Q}PBs}taD u=R}t |UQQ@ Qw_vt x@ "CU= VRwt; QDtm |=]N Qou=}@
=@ TBU w xDiQo CQwY VRwt; '=yxvwtv �60 R= xO=iDU= =@ 'u; |HvUCLY w
R= xOt; CUO x@ pOt "CU= xOW s=Hv= |HvUCLY '=yxvwtv |x}k@ R= xO=iDU=

%CU= xOW x�=Q= 27 |x]@=Q QO p=YD= |DNU |x@U=Lt |=Q@ u}W=t |Q}oO=}
Sj;ini (kg: cm

rad
) = 5 =54 � 109 Zj + 12 =01 � 108 (27)

xOW x�=Q= 10 pwOH QO 28 |x]@=Q QO z14 =D z1 |=yQDt=Q=B |x@U=Lt |xwLv
"�CU= QDt|Dv=U =yQDt=Q=B s=tD OL=w� CU=

Zj = � 0=083 + 0=9 z1 � 0=221 z2 � 0=033z3 +

0=391 z4 + 0=109 z5 + 0=292 z6 � 0=573 z7�
0=033 z8 + 0=137 z9 + 0=088 z10 � 0=312 z11 +

0=776 z12 � 0=161 z13 � 0=034 z14 (28)

QO R2 w RMSE VwQ wO =@ VRwt; |=]N w |]N uw}UQoQ OQmrta G}=Dv
|xOvyOu=Wv xm 'CU= xOW x�=Q= |HvUCLY w VRwt; |=yxvwtv |=Q@ 11 pwOH
|=yxvwtv |=Q@ Vvm =QB Q=Owtv u}vJty "CU= u}W=t |Q}oO=} ?wN Q=}U@ OQmrta
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2|

xQ=t
W'

38
�2

|xQ
wO'

�14
01

u=DU
@=D�

u=Qt
a|

UOv
yt xS} w |WtN ?=k w 17 �IMF� \UwDt |WtN ?=k QO xO=iDU= C}r@=k w CU=

"OQ=O =Q 18 �SMF�
u}= 'u; |wQ |y=oW}=tR; C=ar=]t s=Hv= =@ |O=yvW}B p=YD= OUQ|t Q_v x@
,qt=m |xOW C}LqY O}}-=D V}B R= p=YD= u}rw= u=wva x@ xm OW=@ xDW=O =Q p}Uv=DB
|rt C=QQkt syO EL@t QO uwDU x@ Q}D p=YD= |=Q@ '�VwH uwO@� |}xQyt w I}B

"OwW O=yvW}B u=tDN=U

|Q}oxH}Dv "6
R= xO=iDU= =@ uwDU x@ Q}D Q=OQ}o |J}B ,qt=m p=YD= ẁv l} 'Q[=L VywSB QO
<=RH= |R=UpOt ltm x@ =OD@= "CU= xOW |UQQ@ u=H |W@v w pmW|QBU `]=kt
p=YD= s}rUD Qovr w x}rw= |DNU =D OW |aU xOvyOp}mWD <=RH= VwQ w OwOLt
OQw;Q@ |=Q@ xO=U pwtQi l} 'u}W=t |Q}oO=} VwQ ltm x@ TBU "OwW |UQQ@
xHwD =@ "CU= xOW |UQQ@ u; C}@rY u=R}t '=yDv= QO w x�=Q= QwmPt p=YD= |DNU

%CU= xOt; CUO x@ G}=Dv u}= 'xOW s=Hv= |=yQ=m x@
=@ w x@U=Lt p=YD= |DNU 'xOW x�=Q= |xOvyOp}mWD <=RH= VwQ R= xO=iDU= =@ �
|HvUCLY OwOLt <=RH= w |y=oW}=tR; pOt OvJ =@ QwmPt VwQ |xU}=kt
<=RH= VwQ ?U=vt OQmrta |xOvyOu=Wv 'xOt; CUO x@ G}=Dv "CU= xOW
|R=UpOtVwQ xmu}= x@ xHwD =@ "CU= p=YD= |DNU |v}@V}B QO xOvyOp}mWD
O=} R |xv} Ry hQY x@ OvtR=}v w Q@u=tR |y=oW}=tR; |=yuwtR; w OwOLt <=RH=
x@ |=Q@ |@U=vt |xv} Ro Ov=wD|t pw@k p@=k |=]N =@ xOW x�=Q= VwQ 'OvDUy

"OW=@ p=YD= C=YNWt uOQw; CUO
CLD u; |=yI}B w |QBU p=@ 'Q_v OQwt p=YD= QO 'OwOLt <=RH= pOt x@ xHwD =@ �
QO |oO}Wm w |QBU p=@ QO pmWQ}}eD w OvQ}o|t Q=Qk |O}OW |tQy= |wQ}v

"CU= xHwD p@=k u; |=yI}B
|x@U=Lt |=Q@ xO=U pwtQi l} '=yxO=O |wQ u}W=t |Q}oO=} sD} Qwor= p=ta= =@ �
RMSE VwQ wO R= xO=iDU= =@ VRwt; |=]N "Ot; CUO x@ p=YD= |DNU
|xOvyOu=Wv xm 'OW x@U=Lt |HvUCLY w VRwt; |=yxvwtv |=Q@ R2 w

"CU= p=YD= |DNU |v}@V}B QO xOW x�=Q= pwtQi ?wN Q=}U@ OQmrta
p=YD= 'xOvyOp}mWD <=RH= VwQ R= xOt; CUO x@ |x}rw= |DNU x@ xHwD =@ �
CUO x@ G}=Dv x@ xHwD =@ xm 'OW |Ov@xDUO u; C}@rY T=U= Q@ Q_v OQwt
|WtN ?=k QO xO=iDU= C}r@=k w CU= ?rY CQwY x@ p=YD= OQmrta 'xOt;

"OQ=O =Q �SMF� xS} w |WtN ?=k w �IMF� \UwDt

"C}@rY ?UL Q@ p=YD= |Ov@xk@] G}=Dv "12 pwOH
700 600 500 Lb(cm) p=YD= Q}D pw]
36 23 19 kb Q=Okt |xv}tm

37/1 31/8 26/5 kb u}ov=}t
�100 �97 �61 ?rY p=YD= OYQO
�0 �3 �39 ?rYxt}v p=YD= OYQO
�0 �0 �0 xO=U p=YD= OYQO

|UQv}= u=tt ?}DQD x@ Lb w Ib w p=YD= Q}D Oqwi |v=UWm pwOt E 'u; QO xm
Sj;ini "CU= p=YD= x@ pYDt Q}D C}@rY ?} Q[ EIb=Lb "OvDUy Q}D pw] w

"O};|t CUO x@ 13 |x]@=Q R= xm 'CU= p=YD= |x}rw= |DNU
'�xOWv Q=yt� |@v=H CmQL =@ |}=y?=k |=Q@ [13]'3 |xQ=tW =B wQ= |xt=vu}};
QO w Ovm|t ZQi ?rY =Q p=YD= 'OW=@ 25 R= QDnQR@ kb Q=Okt xm |DQwY QO
xO=U |=yp=YD= xwQo QO 'OW=@ 0/5 |w=Ut =} QDlJwm kb Q=Okt xm |DQwY
|xOWv Q=yt ?=k l} QO |r=YD= |=Q@ kb Q=Okt xJv=vJ "OyO|t Q=Qk �|rYit�
'=yp=YD= |=Q@ "OQ}o|t Q=Qk ?rYxt}v p=YD=xwQo QO 'OW=@ 0/5 w 25 u}@ |OOa
|w=Ut =} QDnQR@ kb xm |DQwY QO '�xOW Q=yt� O}kt |@v=H CmQL =@ |}=y?=k

"OQ}o|t Q=Qk ?rY |=yp=YD= xwQo QO 'OW=@ 8
xOt; CUO x@ p=YD= |DNU R= xO=iDU= =@ w xOW x�=Q= s}y=it x@ xHwD =@
x@ =Hu}= QO 'xOW |L=Q] p=YD= 1115 |=Q@ xOvyOp}mWD <=RH= VwQ R=
C}@rY |Ov@xk@] G}=Dv "CU= xOW xDN=OQB C}@rY Q_v R= p=YD= |Ov@xk@]
x�=Q= 12 pwOH QO Cw=iDt Q}D pw] xU =@ xOWv Q=yt |=y?=k |=Q@ p=YD=
p=YD= Q}D pw] |=Q@ Q}N= p=YD= xm OyO|t u=Wv |Ov@xk@] G}=Dv "CU= xOW
|=yp=YD= R= �60 |q=@ "Ovm|t pta ?rY CQwY x@ QDt 6 |w=Ut =} QDnQR@
=@ xm OvJ Qy "Ov=xDW=O ?rY OQmrta QDt 5 Q}D pw] |=Q@ 'xOW |L=Q]
xH}Dv u=wD|t 'kb Q=Okt |=Q@ xOt; CUO x@ u}ov=}t w xv}tm Q=Okt x@ xHwD
R}v QDt 5 pw] =@ Q}D |=Q@ ?rYxt}v xwQo QO xDiQo Q=Qk |=yp=YD= xm CiQo
Q_vhQY u; |=]N R= u=wD|t w OvQ=O ?rY p=YD= x@ l}ORv Q=}U@ |OQmrta

"OQm
|=yVwQ =@ TBU w |L=Q] |D}iQ_ CQwY x@ =yp=YD= s=tD xmu}= x@ xHwD =@
|Ov@xk@] G}=Dv x@ xHwD =@ =Pr &CU= xOW pQDvm w x@U=Lt =yv; |DNU 'xOW x�=Q=
pt=m Ctw=kt w C}@rY |=Q=O u=tRsy CQwY x@ p=YD= 'Q[=L VN@ QO p=YD=

=yCWwv=B
1. Northridge
2. Huang
3. Weng
4. Fernandez
5. Kong & Kim

6. component method for steel joint
7. Massimo
8. Hantouche & Abboud
9. Abaqus
10. hard contact
11. penalty
12. �nite sliding
13. prying force

109



"""|
J}B

qt=m
CQ

wY
x@u

}wv|
r=Y

D=|
OOa

|xa
r=]t14. Jiang

15. machine learning
16. root mean square error
17. intermediate moment frame
18. special moment frames
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