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Analysis of Seismic Capacity for Abutments Scoured

Bridge using Artificial Neural Network

Student : Chen-You Hua Advisor : Dr. Shih-Lin Hung

Department of Civil Engineering, College Engineering

National Chaio Tung University
Abstract

In Taiwan, the rivers originate in the central part mountains of the
island, they have short.courses and rapid streams due to the fact of that
the terrain is precipitous-and the climate is generally marine. The
annual typhoons always bring intensive rain, therefore, the
problem of abutment scouring of bridges is one of major damages
to bridges in Taiwan. Another natural hazard is from earthquakes,
when they occur to the bridges that foundation have been seoured,
current situation of bridges could not withstand this violent force.
This work presents the results of an analytical study on the seismic
response of simply supported bridges. The main goal of the work is
to predict the seismic capacity for four variables, scouring depth,
upper load, diameter of pillar and steel area, in order to investigate
the nonlinear behavior of bridges under predefined earthquake
force by artificial neural network (ANN) model, especially, the
abutment scoured bridge. Furthermore, the modeling approach
and appropriateness of analyses, like pushover analysis and
capacity spectrum method are also concerned in this work. Finally,
the simulated results show that a well-trained artificial neural
network can simulate the relations between the seismic responses



of bridges and the scoured depth effectively.

Keywords : Abutment scoured, Reinforced concrete bridge, Nonlinear

static pushover analysis, Capacity spectrum method, Artificial neural
network (ANN).
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% B g I ATC-40 ; B2 g £ & 12 (FEMA273&274) [19]); = #4~
%24 B ¢ (BSSC) «-7NEHRP ; & #ic" .4 (Eurocode-8); p
»cnPPESS 4k #5024 2 AR R e F o

LR R e S A EL AN SN (& R U Sl - e TR ek
AP E S RFEAP DR RN EFTR O AT 2 R 8
mga?uﬁﬁé%@ﬁ@ﬁowﬁbﬁ%u%ﬁsaﬁﬁﬁwéJ
F AN R z%*# N ,Iﬁ-ﬂjia%n Bl 4 o Ef']’%fﬁé‘
A HAGE R E 0 AT BRI S ko 23 R HE
GBS RN KT Bl o ST K o) & p
T o skt A R SR e

N

=y

e

o

R AT | s

Rl

HEHAE (7 RlAA T 2 @ BT A B e 3% 2 A 1975

£ d Freeman % A S A 4% 010 12 PR ek S A (KT

5

v ¢,
—

Ty

&
' ie

Wi
F_

KT E F RTRS § fra it s IR ¢ TR AITEIE R S o

<
Saiidi Mehdi % %38 1981 ##H 7 * Z»cH pd R R KB 2EMME

N

= E' ‘J-‘f#J\:L” m% —lﬂﬁyrﬁg/‘f %)Q’E,{%_géd}iggl%@#j%q\
~Ep D RWK o BHEERPIEA T 2 O EART (XE & iR o

\\

e

1988 # % 4 EH frd R AR € R o Peter Fajfar 4% 1) 7 2t
bRE AT N2 2 AR L EHEHY A B bt H
Al F2had a4 0 N Edp2hat (nonlinear) » 2 & 4 & B3+ 5 40
A - Miranda ** 1991 &5~ P &% F= & & G RN 2 KT Rw 4 8

fastr o2 B A at R 4 =% 22 o Lawson »t 1994
EFEALFTIEERF BRIRERIF 2247 B4 32

qﬁi@']\,} P ’M”" T f—,bl;-}‘l ‘J--'E?? Kﬂp‘, %1%’}} 3 ?—&Ea}?ﬁa 4 K }%?E,Eljﬁ”
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Brppi:e 70 ~ 4787 7 - Fajfar - Gaspersic *t 1996 & < ® &%)

B2 A RHGE 0 REP RS R T R 4 A0 R

FELHEHTRERZRMI 64 > U N2 2 28 R o 4

55 R g 4 aE %#LJ}E%’ AR G- 3R o3 BREAEA 173 29 T ok
A

B L AR 4 IR e RIS I e

1997 # > % B ATC-40 {e FEMA273 ~ 274 ¢ i 11 {5 > $58 % |4
AT 2t WY B i R ERE R 2 5 ol
SPRTHC A P 2 i 4e 1 Push-over 4 47 537 ie 0 4o NCEER 9 IDARC ~
SAP2000 ~ ETABS ~ MIDAS % = -

241 RELS Y722 RE

RAEA G S 2 @R 4 e ool & S G B
KPP ZxEERpe S F T E KA TR E ARt o HA R R
ARl h T R e i WK T Rl 4
b b e 4 RS E IRLER TN BB S A R
(PR~ PIREDE) F AR REAF KT [ o § o &
G (25 2 RS LT PR
) T EIEASFHEE Y @ (Capacity Curve ) » £ 7] p &1
# év’m%éfﬁp\ P eV 0TS Bk S oA R R RldeEAe Y
DR A S
it Bfdie o Mgz FEA

ES

\

/ﬂ}

AR 2TF It T

SAESE S g U S TE R E S
2

M2 EARTTFEZ G AU E 4 RldE A 4T

K



25 AR R

251 M e B

20 AFES FRIEMEI E A gdpinaFt iy o op 1940 42
FEFIF L E P G ] P A R S AT LN (F12-1)
B 4eiE 2 B R de s A g ek (Artificial Neural Network, ANN) o @ 5
B SEA SRk g B ] 0 ¥ 9~ Anderson fo Rosenfeld % 1989 # &

* e “Neurocomputing: Foundations of Research * [24) - 2 - ™
F

NEE R

1943 & > = 1@ & 7 McCulloch {rﬁs;%f 7Pitts » /i 23 % - B4
FE#kF 53 aemt g mmﬁﬂ GHL e B frs [ E PR T
HE~XF %J Do d PR AZ AR AH Y o F - AH L R
ThEfE Y Fe b PP O H o ST U E RS e
iR Sdor B PR PR A Gk S SlicE #5555 (TMP )
A Podl SRR AP ) o 31958 & Rosenblatt 5 <L 51 *
BAOBmi kR AR oS ¥ A A4 o F Z R PR
AR AT EEd BRI S S ke v B FY
e o 1969 # > Minsky f- Papert & % 11 “Perceptron” > - & %]
Pk enE T 0 e 30 P ARGE TR RE Y B MR
R o AT AT R R s T £ 2 R 4
SUPRT PR oo ;}]E] dd SR R ‘*ﬂ}# Fer'4] > BT 72 e A2 47

ﬁmwﬁﬁ{ﬁgféuﬁaﬁ B A L A e



T & 1962 & Widrow #% 41 #73) i s~ & (Adaline) - d
R 52 EF RREFY w0 ALY kAR

W EARE R DR L E AR oY o ¥ b Gt JATE (1967 # ~1982
E) o RGO E LA G RES 5 S8 F > Bl4e - Kohonen
F# P e sipt BB (SOM) ikt - Grossberg # 17 i it & 4=3L

HART)chpere $% > BF w5 A FXent by o 240 SRR
VS B E T R FH A e 3501980 £ KA 0 F L g
FHopfield #& 1} 7 "HNN e i o svgt e e @y 51 % 5 50 § S o
A0 R R aE R %0 ik o Hopfield s 3k~ dads 7 44
ERPL Oty o s ERFP O DARPA L 1 Lk A dad 0 5F
A gt 7 foig g o5 1986 £ - Rumelhart 4= McClelland =
4 % & “Parallel Distributed Processing: Explorations in the
Microstructure of Cognition” [25] = 2 # % {6 » { &34 5 et
ST R N T RTH T AR L P AR g B e { 4D R R S
R o B AGmY P URER Y Dl o 3 o XA SR e 2N T
EPF R

252 | @i B R

e A4 5 e iz (Artificial Neural Network )2 - f@fidg 2 47 5 e
BarhT 738 kAo @ A EApdz A AW G AFET AL o m H P
BAAGELE A5 A 14 gA(Neuron) 2 3 &8 2= B4 (1)
BE— i &AW A A G AR g 5555 - (2) ) g
‘e ﬁ—ﬁ?] FAELEE A B E SR f o At BITAME e o(3)
$#& #% 3 #ic ( Transfer Function ) — < 2% 4 §_% iﬁﬁxl’@]/\ 24 b 15 eh
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B E o AJLE o (v e A Re L E - 3R g Bika
A ATEE RRLE RS 2 A G (TS - 30 e

A 0 B A AL S A 5 (] 2-2) -

B A ® (Perceptron) (B 2-3)% - B & H 5 5 %Il k4 5
REECA] o B AT ER S AR - B EPEH- BARROREE E
Wy o 9T i BEREHERLE ;%H%%c LR - BRE
ErA o b REE 2~y - Rimr SEEBES 1DRiEE b » RE
HARia fﬁ@»;@ﬁ%&&fi@ v B ¥ J@frﬂgmﬁl - B
Bl 2R A A R A AR -

hEFA IR SRR 0 AT EY G AR R
( Multilayer perceptron > MLP) (8] 2-4) > - %&,{%”5 [0 1a8= 0T = e
— 42 m A — B Sl R ES ﬂi%] » =18 12 @ A (feedforward ) <
e @?]Hé;ﬂ R Ll S R R E R R S
o Ry gk GaR A EREEL Y RS R PRAUE PR AT o

-~

SRR ACEY AR Y R BN A B R g
( Back-Propagation Network, BPN) [26]) > & *>t % enfi B 4 > » §_p
R A i EA SRS Wit o0 1992 3] 1998 &£ 2 FF L b0 9

T 789 e HE A S e o 4T AR B @I SR o

BPN e i 2 H£.(F 2-4)¢ 3 7~ Kdig » § ~ — & 5 A
R LR BRI EALS Rl b Rk SRR R
B TR @O A SR B SRR B L RER
R Bz B AEAF R R ) — BB 4o Dok o @ A G B p REEE AT
PR ARG AR TR AR R L o B I R R e

Ba R (s e TR X M- R BP0 G oo il ¥R 2 B IEEP 4% 5 L
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AN > BT R AL EL ] FACE - TP (S 2 *‘34“ 0 44 7%
SRR Mg Fes s v OE SR 4o 34 17 P o Hecht-Nielsen[27]
EAFT YRR - KRR R R R L AL
Bl o 3 AR A P 2 A SRR AT R - K arERE o A SRR
2w v EAGE Y REAE - {1 BPE Y FE 2 AR
WAT - e 7= BRFE % - FEERfEZ 5 7w 4k (data feedforward )

&

\3

BRI A LA FEGAEE B LA E

ESET 3 FR KRR =3l SR E T

;= : : | == 2, ...
y g{ [ l].g(zk 1 ]ka + 917]) i ng]} l 1,2 No
(2-1)

Bl Wi R 2 R B i R E S VE
AR SR W R R B 0,50, 5 8 gL P X,
BUOR B K By~ e @ NG s Ny B N RIS O
CER RS TR R S SRS £ SR 2 SN
AR ZEAR o

o FFE A B wiE B L R4 F @ f(error back-propagation) o A

DR AREALT 0 - KSR SR T PlERE Y Ao A L Sk
5 AT

._L" =
%%

3&\4

EW) = %Z;ﬂ(?f; - Yp)(?ﬂ; - Ygﬂ)T (2-2)

He PLFY ORGEY =Y.Y5-In 'Y =V1,Y20.Yn, Vi %

ﬁ;:]ﬂ'.:‘tnif—?;é 2 E D
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w
= (Vi1iViz -« Vik . Vi, 001602 - Ouny Wi i Wag . Wij .. Wiy v, O41 64 .. Oy, )

(2-3)

PIRPB LR S EDE T R BP FE 2 GANERRHAR
;2 (gradient descent method ) i * & z_sfx # +§ (step length) =

¥y i 5 (learningratio) %' gUseps o H g @B T b
wEtD = & 4 A (2-4)
" 9E
AW ) = N 55w (2-5)

HA e gy 3w AR 0-1 2 o r (KA TEAEK %
7 e kR S Y o BP jgE iR A M IEE S Bd g
£ e B -0 SRR 2 ) E A 5 T Y

"FREREYV 2 JRFAT REME R Y R RSN T o

A G R e p m’ﬁ‘q:gw LNl ey IASHRAT P R E -
7T AR e il SENE] R A SR R T iy e Tt & A e
A SRR A PR B SR SRR e A
MR RE it T G AR BT B R I BAR A S R iy ) A
FAARKAR ] o A FARFEL BT AL g A PR A SRR
e s (convergence) PUPEREA SRR PR N o i ¥ AP T
#- T % & 3% (costfunction) 1% 3 A0 B e acdp ik 0§ B S

B T F PRI R BAR AR B BT A L g o

&3 % (learningrate) » A4l S i g YiEsaey ¥ - B2y
gdce BV ST GREKTE R FEYVFERR



%ﬁ#@%%?_Nﬁﬁ#“ﬁ*ﬁ“’ﬁﬁﬁﬁﬁﬁﬁﬁﬂi
N

EAEANP TR FanficE BT T Hd TR A AT mﬁ;’]
ﬂmgz%ﬁg@ﬂ@ﬁﬁmoﬂ&’ﬁWMﬁﬁyE—LK#@%
FLE K Lt A8~ Bagad SR P o PlE H 8 B 4 (generalization ).
5 —g T EATE RDERIT > A 0 ARIFEZ 5 RE R~ (testing

pattern ) o 4& B fE77 E S T g P - TR IREL > A S R EEDTR
%o 18 o *ﬁ‘“"t”’"éﬁﬁﬂ\ﬁh’?mﬁiﬂ ool S TR B - B AR

o e R e b AR A S R R L B A R R L
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¥ B33

3146 B3
RS ke Pl = S (RN p RO (- N =R i F S

Mot s RC L » iR 2 FURSER 3 210kgf/cm? » 4% 55 ' R3% B 4
4200kgf/cm? » A FES/E 5 30m » BERKARAL AT S LHkE 0 £

B 12 FI5 B R IFHA SRR AARBHF AR
e s Fad A e I SRR R LAt B 4 R B
Hene B 5 8ABM > o2 N1 B A RY 5L 2 i
SAP2000¥ £4f; % #F & (Bridge Wizard) » ¢l 17 = {5 £ 3& {7 w03
e g AN E S - B oo MRIER MR RAT LR & Rt
Lt ar et phlFER cEEin BB LB LG
{10,14,12,13,14,15,16,17,18,19} » %= B S oI F N2 P £ >
B Atfe e B2 S
{556.94,533.74, 545.34,568.55,580.15,591.75,603.36} > % = i % #&
AptLE £ EEan 4@%1E4’§‘_i;& £54{2,21,22Y v v B %
B ARl SR F L B SRR Fi L R G ER AR e
EE I 5’”){‘%’}3_1;—'_%5@ Ui g 85 B 1 W ﬁaAgﬁw“ A NS

& 5 {#11x44,#11 x 48,#11 x 53} » #7riaE = 3| B & 3
10X 7 X3 =210BH7T » & Fmehfe st > 7 4% §3-1

32# A4 2530

&

* g i

\\\?{r

TARAL SN ES D QAP F SRR AR R
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e ? hE R HFS SRR R AL F 78 5 R AT R
v BRI AGRARRIZAFF  EF A AT R
FFFA R EREAS B MR RS B Do

BoA Al s R ERE A AT
32.14H ¥ <

Pt H A it R4 AR ARG - WIREDE 0 2 S
Ko dRE hE A (R 3-2) o wardanE ([ 3-3) > A% 1 & K
(75 (17 B )A 47> T F15 A 472 03] 5 3 R B anjf il > &
T H RER s A BB P R o AR R R TR LR
M) e s E F ¥ N R .

fﬁ?\;{jﬁ%ﬁ‘ f‘l;‘;'l;},ﬁ"" @%@%E$\§_ W(X)Eﬁé_i H,:»%@;:J = ré'—i%’j’_
e

w2 = R IR PR R R R R u(x D) £

u(x t) = ux) x u(t) (3-1)

Bk b W) B kA o Rl TR Wt B R AR T 2

B U T RT P

Wy = %fOLW(x)u(x)dx = g (3-2)

20



B = [, wx)u(x)dx (3-3)

B2k o 4 W(X);“\.fggs’fg%’{ v AZRIER TR T o ;y];}%fgu L =
BAfa@e MRS io- HREFD THEEERF 2300k
i)

SR 0 PR R LTSN AT

Tax = 2 Jy w0 w2 (¥)dx = 24 (3-4)
(3-5)

(3-6)

(3-7)

P B AR 4

n= Lwiuj (3-8)
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Vp=——(22) w (3-9)

=% ik i @uﬁgmigwn e s 1% @‘JQ;IT%?&L Ktk B A Ak
£

ME e kA 3-1 2R o

o, =ASdetE ki R4 Rk Bl RS - BETH F KT B R
By MR R4 Pg s A 33 2 R e

Vo =R ERTLRERE B e @l ——(S2) W

1.2ay FuD m

(O.4-SD5) % ;\-‘ (3_10);_]._;@; 5 _,1:‘_1 v SaD',y 0-4SDSB&TX‘ o

uD m

qu

Sab ; 22 <03
uD uD
Sap\ Sap . Sap _
(Fub)m = {02072 +0.24 ; 03<72<08 (3-10)
| 05032 ; 22> 08
Fup Fup
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'&L"%} 3_4 t:Li‘T‘r\ ° '_}dlll'b 2 ’g ,l, U § IJ‘;II‘ ré Hb 73’\)\ R lp—\/l V‘étﬁ}i—% EE

Wi A MG RBE = R, LR RGeS b

Sap trEF IR 5 = Koo ER T HEFH AT ORTH AR
% WcSps s ¥ I AGETPE - BISE 1/T % 4858 0 3ol T 4@
ek A dRFE B (F)) - e (T < 021P) SieRlp %3
KT AR R GHS, B Y E AP RN G A By e %
g s BTP 3N (B-11)32 8 o Spp B Fupit 52 84e ™

TP = i:%s (3-11)
Sps (0.4 + %) ; T < 0.2TP
Sap = Sps ;o 02T, <T<TP  (3-12)
| o : T>TP
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( R, ;T =Ty
_ D
J2R, — 1+ (Ry — /2R, — 1) X T()j;? ;0.6TP <T <TP
F,
up | J2R, —1 ;0.2TP < T < 0.6TP

J2Re =1+ (2R —1- 1) x =22 .7 <021

0.21P

\
(3-13)

324 B AT E P %’r M2 kT %”

Bt SR RTE KT R Ay 5 6 50 £ 20424348 5 2

ot R RANTH T BHEE Ry 52500 £ 0 B E e

I (Sam
U = 5t (G2) W (3-14)
120y \Fum/
H ¢
) ! < » 1 E Ve 2 S I 045
Vy =ter T 8 2T 2 kT 24 5 lE%f.E'fJ~*>?—(—m) W e
a 1.2a, \ Fuy /.,

(Sa_M) %5 (3-10);‘[‘-73# " BSap B S Sau 0 Fup B 4% S Fy T e

(B2M5) s BRI #Say 1 0.4SysB 1 -

Fym m

Sam2- 3-8 #-38(3-12) ¢ Spg 4 2 Sy > Spp N A Sy, Té) N 3

ST Fuy2- 358 P E 38 (3-13) 7 Ry N4 3 RO TO A3 2T -

M _ SM1
Ty = 5
MS

(3-15)
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Ty =#* 4 B 5 Bk T it B GECRED R RGP na f oo
Sus =1 htEitr 2 k3 E L-I Ao B ThEc o

Sy1 =3 At - f’}ﬁﬁﬁ&ﬁ»"‘%ﬁ% Zok T AeiE B TRl o

##%z‘ 7 [

¥ - R RETG > Hop i Stippent Gl EARETG AR A B 0 A

=1
%‘«
i
F}.
oy
W
3
e

o PRETEE BTl E 1.2 0 FRRHE R e LR G
# 7 (B 3-6) » RI*Hd AP T St B L x ¥ B
w2 E R 5 Au/Ay > B AL R B AR TR A 2 T#,: St
GER" > R FEREGRIALE TGN o7 d £ 3-2

E’fro

=

(R-1)

Ry =1+ 1.5

(3-16)

(2) r'/ /‘I’/J—ﬁ SP%

R, =1+%&2

(3-17)
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326 RHERP - HRPRKTHFLER B

CERTRED Y - P 2 KR T e B GE(SP - SP)
AEHR A IR TR RR Y - (R )b TR R R
BEHBHE - HF DR SWILAF R REES d R g2 1t
B Ad 50 & 10%A2A%4s 5 cad 2 F R 447 RE > B %\?ﬂ&r’fﬁ}; z
475 # > @ 3% BT R AT K1 u ¥ B 200 22 N iES F A
23 BRRPEREERRAFRIE Z4 “L‘f#_ £k 8- FiEE kT

Fhoig BAIREE B BARRC L RRETRAL BT HEETR

AR R RS A 7 A (7 e

ARFEIHEEENE - RN L RATE SRR T
B GHEESM SRS R A1 RER LY - 8 () HaT X
hAZdb RIERE S BEH S - /W 5L SWILAGE it
B d high gz b iE o d 50 & 20%A4s i 2 o BT R AT

TE R Y S 2500 & o

#ﬁa%ﬂ %‘g;:g‘l'7j(—l€-‘§-4tfﬁi}il ﬁ{lZ:_T h_hl.r}%, j’ ‘g‘—‘ﬁ ‘?P fi
BB B avlaS) 5P S5 ST R34S N

z,

SAERT PIX HIA S A BASHBRT U SN LSBT

=t

235 84FF 0 F— B5oMr2HE 320§ Hmp .

328 F Rl nbi B0 ik
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Fhed RO B I R BBEH AR ORI A B TR

FEFE7d £ 36824 3-TEM > ad*fipebhe- 5%
Wik T B Gc(Sps ~Sp) 1B E - i AT
E
.

KT i R B (Sys > Syn)PERRE * T
3291 ntER HE- HR R R T4 R BEK

S LRI @%wf&xlﬁﬂﬁ&ﬁﬁﬁ*

fu

A 5 - el PN TR TR A S B R SRR ¢ 1

W~ R P Bt B R BRI A B G HA A e

(1) =41 uk:
Sps= F, X SP (3-18)
Sy, = F, X SP (3-19)
Sys = F, x S¥ (3-20)
Sys = E, x SM (3-21)

F,=F B#E e RE2Z 1 A B3t Dl o

E,=F R#%3 B2 108 4k i

=N

Bigg 1 hRwSH ¢ E2 2P - FY
B £ 7 8T @ Bz 3 g g B2 ok T pEdg
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EREERREERET RIS R RS kB mE R
AR R o Y B RN R SR S BT 2 A4
TR TR T NNy o 0 S 2 AR AT
kg2 af AR o v & 3-8 W -

Sps = Fu (55 X Ny) (3-22)
Spr =E,(ST.X Ny) (3-23)
Sus = Fy (55" % Np) (3-24)
Sm1 = F (ST X Ny) (3-25)

Ny =F & 4o if REZET R T DET]S -

(B) sd Ft® w2z St 28
Sps = 0.6 (3-26)
Sus = 0.8 (3-27)

1.60 #5( & # ~ %)
TO ~ T = {130 5o = &) (3-28)
1.05 (&84 = %)

SDl == SDS X TOD (3'29)
SMl == SMS X TéVI (3'30)
B LA 2 - BRFINAE 3D &3V (3-16)1 (3-19)3 & F
EIJ o
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e )J_ 5 g - =21l 5.
LR 2T Uy R

HFEREE A2
IxSg
Vimin = 3.2502/ (3-31)
H ¢ . RN 0-41XSps
F ¥ Vinin 2 W] 3.25ay, w
3211 &3V KA 2 4 %
EF AR i E R L 2R R TR L F p ()T 5
__ weu) )
B e (3-32)
33 3R R
R A G RKTE RS L VAR UL RN 2R
7ﬁ§— B’.f?lu\‘%'ﬁ‘ )y 1H _ﬁfl 'J-v}:%{_;}'ﬂé '6 24 zﬁ %L-E‘

o Y
'JA':E}%.F‘&"’ Mo Bfs A '1$ﬁ'm”’ﬁ}&‘”\*%q
S ek R R

ARA

%1 ADRS # 3% 1 @#

Wb m R4
“L_)EF)‘*” 3)’\%% :‘4 -L;P\-/EO

Btk ATC-40 %47 &

Vel
=

‘\_l’ N2 S - l’L
ER A ] = =

A

i feh

33.1% ZHLMF
2 2 WAL T 3N Thik P FEMA 356 #7iE 3k cndp 55 R 58 4 2
BB E AT E Hf&u%d’ TR

RMELSITER] > B
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AR 2 e R ‘“f#iﬁ BE BB BT AR T
B 5 Bl g LR Rlw 4 ik (R 3-T) - £ $HB LT s i
%A d £ 3-84 4 @3] & SAP2000 ¢ £ A-E £ T 1 B bk 2 (H)
3

._\

-8) ABEzZME A M F S cBERZME A LM T E 0
R e & 2 B B BCRZFAFH 7 X & = Bt
2k & B §_* 2 44 (Immediate Occupancy’10)~ 2 ¢ % 2 (Life Safety -
LS)fr# 2t # 3% (Collapse Prevention » CP) °

3328 H4F s LA

P38 % 7 ;= (Pushover Analysis) > {%ﬁ“ Eagho— WAL p B
2R R L 4 R e T AR R s
2 g oo R BT ) BB SH A )
4% - BIERETG CBE N B2 FRE i (S F 4 BN & F g
ﬁ%ﬁ%@%iﬁ%’ﬁﬁﬁgﬁﬁﬁﬁﬁ&ﬁ@f&gWl@"
B3R ‘*T#«fﬂ":if%‘f}" Rk S v <er L AR PIEs N TSR

FARA = 50k 5 B 4 btaz;zq erfd 4 ,_rzp_b':ﬁ'ﬁnzl;;t_gg%@]g]g\,
1o &3 % £ R (Capacity Curve) > 4igh i A KT 4 (Base Shear) >

B #h & %, TR A (Displacement) [;" *{iﬂ« % T 2 ﬂ%‘}t—p EN R %
LA 5 (F3-9) -
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333RHFFERFY R

% £ ¥ d M (Capacity Spectrum Curve) % #- 447 2 K& 7
SR RS PR GE RS - REPH GO REF BEF ol pd R
ARBERE S E - R kAT (B 3-10) > D 2 5
ADRS(Acceleration-Displacement Response Spectrum)# ;¢ » #-% &
WA KT A B R4l h e w4 ik R (Spectrum
Acceleration) 2 3 i> # (Spectrum Displacement) c7k# % (8] 3-11) » 4
oo e

Vi
Sai T e (3-33)
_ Aroof,l _
Sdi p PF1 X1 ro0f (3 34)
b g
a, =% = &t § »zdk i F £ (Effective modal mass) -
PF, =% — ¥= f& -2 %)= (Participation factor) °
¢1,roof:§/;‘;f)‘“:‘ﬁc€é'; ES ‘J-’f#-}t"”j—gﬂg’ g e
M BPF 2 35 2 e
B [ZN (W1¢11)] (3 35)
! [Z?’=1V:][Zl 1 Widin?]
ZN (W1¢11)
PF, = |——& _ (3-36)
v (witi®)
Yic g

g
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THEBNES AT BRSO - BT L BERL
334 BHI M T B2 BHHER W

ATC-40 #7iZ 3k e ap BE R B~ 2 > )% 3 & B+ E weh-
S5 H At i BE AT S R 2 R R G A s S e B
Flg g L RGHER - Bk B B AR g re A & T v p[29]
S R E - BN B R £ R AR K et & o

B RE #RTE RS G NEEA R4 o

PERBY R T Mg BYT;F d T AL
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BB\ RS RSP SP s Y TRiT 2 $Tk
=485 | 0.8 | 0.4 | 1.0 | 0.55 A |
=4 | 0.7 0.4 0.9 0.5
= | 0.7 0.4 0.9 0.5 RN
A | 0.7 | 0.4 ] 0.9 | 0.5 37 Bk
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AB® [ 0.8 ] 0.4 | 1.0 | 0.55 37 BTk
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Modeling Parameters?

Acceptance Criteria

4

Plastic Rotation Angle, radians

Performance Level

Residual Component Type
Plastic Rotation Strength
Angle, radians Ratio Primary Secondary
Conditions a b [ 10 LS cP LS cpP
i. Columns controlled by flexure!
P Trans. I
Reinf? | —
A
ge bd ffe
=01 C =3 0.02 0.03 0.2 0.005 0.015 0.02 0.0z 0.03
=01 C =6 0.016 0.024 0.2 0.005 0.012 0.016 0.016 0.024
=04 C =3 0.015 0.025 0.2 0.003 0.012 0.015 0.018 0.025
=04 C =6 0.012 0.02 0.2 0.003 0.01 0.012 0.013 0.02
=01 NC =3 0.006 0.015 0.2 0.005 0.005 0.006 0.0 0.015
=01 NC =6 0.005 0.012 0.2 0.005 0.004 0.005 0.008 0.012
=04 NC =3 0.003 0.01 0.2 0.002 0.002 0.003 0.006 0.01
=04 NC =6 0.002 0.008 0.2 0.002 0.002 0.002 0.005 0.008
ii. Columns controlled by shear?: 3
All cases 5 — — — — — — 0030 20040
iii. Columns controlled by inadequate development or splicing along the clear height!-3
Hoop spacing < d/2 0.01 0.02 0.4 0.005 0.005 0.01 0.0 0.02
Hoop spacing > d/2 0.0 0.01 0.2 0.0 0.0 0.0 0.005 0.01
iv. Columns with axial loads exceeding 0.70P, " *
Conforming hoops over the entire 0.015 0.025 0.02 0.0 0.005 0.01 0.01 0.02
length
All other cases 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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3-10 ATC-40 re & 37 7 #icx

s B By (%) K
<16.25 1.0
Type A
ype 0.51(a,d, ~d,a,,)
>16.25 1.13—
G_pidpi
<25 0.67
Type B
ype 0.446(a,d,, —d,a,)
>25 0.845—
ap?.a’pr.
Type C e ] 0.33

31 - FEY el At B0 BB B (SR

&R E) [28])

FoactE R E (%) Bs #
9 0..80 0.80

5 1. 00 1.00

10 1.33 1.25

>90 1.60 | 1.50
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2 B i TRAINSCG(Scaled Conjugate Gradient)
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wd0cc

~ Longitudinal Bars - Rectangular Configuration

Clear Cover for Confinement Bars .
Number of Longitudinal Bars 53
Longitudinal Bar Size ﬂ #11 LI

~ Longitudinal Bars - Circular Configuration

Confinement Bar Size ﬂ #5 LI

Longitudinal Spacing of Confinement Bars |25

B 3-1 Aptrpe 557 & Bl (kef, cm, ©)
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+ K (Seismic Load)

R$

RFE

U (displacement)

UE = UE!

Bl 3-4 B kBB LA HE BR(EEBRE) [28])

+ R (Seismic Load)

R*

R**

|
|
: U (displacement)

L
-

B 3-5 sEf+ i sdsEy M c e pE R(GEBEARS D) [28)
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a=purelin(n)
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— Restraintz in Joint Lacal Directions

[¥ Translation 1 W Rotation about 1
[v Translation 2 v Rotation about 2
[¥ Translation 3 [ Fotation about 3

— Fast Restraintz

L

Lls

k. ] Cancel ]

B 4-1 Joint Restraint

Constraint Mame JEEID‘T"I

Coordinate Spstem jGLEI BaL ﬂ

— Conzstrained DOFs

[¥ Translation = [T Ratation =
[¥ Translation' [T Ratation'y
[¥ Translation Z [ RatationZ

_. ........ DK ......... -. Cancel ]

B 4-2 Joint Constraint(Hinge Support)
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Constraint Hame ]EDD‘T’E

Coordinate System jGLEI BaAL ‘1]

— Congtrained DOFz

[ Translation = [ Rotation =
[¥ Translation ' [ Rotation'y
¥ Translation 2 [T Ratation 2

_. ........ DK ......... .. Cerce] ]

B 4-3 Joint Constraint(Roller Support)

kM azs Definition
£ From Element and &dditional Masses

= From Loads
& {Fram Element and &dditional Maszses and Loads

— Defing Mazs Multipher for Loads
Load Fultiplier

DEAD x|

Add

ke cdify

i

Delete

k. | Cancel |

B 4-4 Mass Source(From Element and Additional Masses and Load)
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;_T_ABLE:___ Asgsembled Joint Masses

 Joint | Ul | U2 | U3 | BRI | R2 | R3 |
Text | Egf-s2im | Kef-s2m | Eefs2im | Kgf—m432| Kef-m-s2 | Egf-m-s2 wikef)  toatal welght um) wu sgma Wi p

5 4651.529768 4651.529768  4651.529768 0 0 0 4563151 1306197.83 000696 -317.571) -10536.2 39370.03

6 4651.529768 4651.529768 4651.529768 0 0 0 4563151 000343 -158.716 1967646

7 4651.529768| 4651.529758 4651.529768 0 0 9] 45631.51 000099 450915 55590.096

8 2325764884 2325764884 2325704884 0 0 9] 22815.75 9] 0 9]

9 4651.529768 4651.529768 4651.529768 0 0 9] 45631.51 2.84E-13) 1.29E08 -1.BE06

10| 4651.529768| 4651.529768 4651.520768 0 0 0 4563151 -1A4E-13 H4E09 TO4E07

11| 4651.529768| 4651.529768 4651.520768 0 0 0 4563151 4.1E-13 -1.9E08 2.3E06

12| 23257645884 2325764684 2325764884 0 0 0 2281575 0 0 0

153 1346025374 1346025374 1346025374 0 0 9] 13204.51 001092 -144.137 17836899
154 1346025374 1346.025374 1346025374 0 0 9] 13204.51 001092 -144.137 17868.99
156 3341400539 33414.00539 3341400539 0 0 9] 3277914 001092 357788 443558.5
160] 1346.025374) 1346.025374 1346025374 0 0 0 13204.51 S5BE-13 T4E09 9.17E07
161] 1346.025374) 1346.025374 1346025374 0 0 0 13204.51 4.23E-13| 5.59E09 69807
163 5017815632 5017.815632 5017.815632 0 0 9] 4922477 -0.0E-14) 2. 7EN9 3.33E07
173 283664977  2838.64977 283854977 0 0 9] 2784715 001092 -303.955 3768202
174 5677.299539 5677.209539 5677299539 0 0 9] 55694.31 001095 H09.699 75585.79
175 5677.299539 5677.299539  5677.299539 0 0 0 55694.31 001098 £11.3584 757945
176 5677.299539 5677.299539 5677299539 0 0 0 55694.31 001101 612953 75989.29
177 5677299539 5677.299539  S677.299539 0 0 0 55694.31 001103 614,384 T6166.7
178 5677299539 5077299539 5OT7.299539 0 0 9] 25694.31 001105 £15.654 7632404
179) 5677299539 5677299539 5G6T7.299539 0 0 8] 55694.31 001107 6167735 T6458.17

>1 5 £%5 5 o | B
B 4-5 P H & &g xe g4 p
 Analyziz Caze Mame Mates
IF'D Set Def Mame I ’7 MaodifyShow,

r Initial Conditions

Iﬂ' Zero [nitial Conditions - Start from Unstrezzed State

= Continue from State at End of Nonlinear Case I

current case

=]

Important Mote;  Loads from thiz previous case are included in the

r Modal Analysis Case

Al Modal Loads Applied Usze Modes from Case IMDDAL vl

r Loads Applied
Load Type Load Mame Scale Factar

Load s ~|f1

HEE

&dd |
_ Modiy_|

klodify

Delete |

r Other Parameters

Load &pplication | Full Load Modifu /S haw. . |
Results Saved | Final State Only b adify/S how... |
Maonlinear Parameters I Default M odifyS how. .. |

Bl 4-6 SHdr p £4F4 A7
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[Fo Set Def Name | Modity/Shaw. . |

—Analyziz Caze MName " M otes

— Initial Conditionz

= ZeroInitial Conditions - Start from Unstressed State

{* Continue from State at End of Nonlinear Case FD A I
Irmportant Mate:  Loads from thiz previous caze are included in the
cument caze

— kodal Analysiz Case

All todal Loads Applied Use Modes from Caze IMEID.-“-‘-.L A I

— Loads Applied
Load Type Load Mame Scale Factor

Load rlfEmx =~

add I
kd odify I
Delete I

— Other Parameters

Load Application I Dizpl Contral Modifp/Show... I
Results Saved I Multiple States b odify/S hiow, .. I
Monlinear Parameters | Drefault M odify/Shov... I

B 4-T S 44 R4~ 47
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Model 001~010

0.3357 0.3309 0.3184 0 20K

0.3388 0.3242 0.314 0.3071

o—[ERPGAMH
0.1528 TU% 00778 0647 [ii:ﬁi {
: = FRiHPGAH

0.086

0.0/70/7 0.0593

100 11 12 13 14 15 16 17 18 19

#E(m)

Bl 4-8 #3155 001~010 & & ac 4 A 47
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75.2

80

«
70 6.85
60
o 4.021
N 34.81

0 e e
30 189
WQR

BREAIEEE(t/cm)

20

10
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05 07 09 11 13 15 17 19 21
&R A HA(sec)

Bl 4-9 #3155 001~010 4% 2% % 24k e = A B 1%
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Model 011~020

0.3816
' ' - 0.3062
o) 0.367
N . .
g : 01546 0.1271 0.0981 —o—[F{RPGAH
=¥ M —m— {IEPGAI
0.1111 0.0874 ~2
10 11 12 13 14 15 16 17 18 19
HS(m)
B 4-10 #3552 011~020 W’WTE—;EE ST o
Model 011~020
%0 75.274

= |

g 70 !{{;5

< 60

;L:(} 50 4.071

34.853

% . \ 28'0232 874

o 30 16.92

% 20 \ bl5'83213.38‘11.41-:

'lmE 10 N

~ 0 T T T T T T T 1

0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.1
B3R EHA(sec)
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Model 021~030

0.3784
0.3335 0.3336 0.321 03036
0.3637
G 0.2981
E‘éo. 556 0.1533
0.1259 "
O PGA
8 0.1542 G 0.0972 0.0779 [iiiﬁi =
0.1101 S - fREPGAE
* 0.0703
10 11 12 13 14 15 16 17 18 19
HS(m)
B 4-12 #3550 021~030 & 2 5t # » 45
Model 021~030
%0 75.236
= |
g 70 V{Z
< 60
)
= 4.045
iy 50
34.831
? i 28'0032 857
o 30 16.91
% 20 \ J15'81913.36811.Anl:
E 10
~ 0 T T T T T T T 1
0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.1
SRR HA(sec)
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Model 031~040

0.372 .
Y350 0.3282 0.316 o
03577 0 62 U.2367
— 0.3216
9 0.3079 0.2937
M 0.1529—0:1509
0.1238 .
g 0.0956 —[ZRPGAH
4 0.1516  0.1433 0.0766 HRPGA
0.1082 0.0851 0.0692 h
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HS(m)
B 4-14 #3)%%5. 031~040 & 2 5 4 » 45
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%0 75.166
e X
§ 70 S{‘S\ZJ
S 60
)
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Model 041~050

0-369 0.3433
’ 0.3257 0.3136 5663
03532 = r—
— 0333653192
) 0.3056 02911
g 0.1517 01498 0.1227
g : 0.0948 0.076 —[FERPGAE
0:0845——0 0686
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HS(m)
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Model 041~050
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Model 051~060

0.366
0.3406 0.3233 0.3113
0.3474 -

5 0.331 0.3168 0.3034 0.289

o

g 0.1506  0.1486

X 01217 —[ERPGA(H

o e 01008 . 0.0754 I_Lri.l=| PGA E

0.1064 0.0238 . 1

. 0.0681

100 11 12 13 14 15 16 17 18 19

#E(m)

Bl 4-18 #-Alsm%e 051~060 @t & 4 4 A 47
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60
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BREAIEEE(t/cm)

0.5 0.7 0.9 11 13 1.5 1.7 19

&R A HA(sec)

2.1

Bl 4-19 #3550 051-060 4% % % & 2 Af 4 fl» 2 R B 0%

83




Model 061~070

0.3632
0.3381 0.3208 0 2001
0.2917
S 03144 03017 g
hj
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o 0.1481 01397 0.0748 EPGA(
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HS(m)
B 4-20 #3550 061~070 & 2 5t 4 » 45
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Model 071~080

0 AL

0.3281 0.3118

0.3184 0.319 0.3058

2 0:292 0:2784
i
< 0.1455 0.1439
O 01134 e o— [#{RPGA(H
a : 0.0703 RPGAL
00993 T —o— =R
0.0782—0.0636
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HS(m)
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Model 071~080
70 62.424
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40 :
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Model 081~090

0.35

o]
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m —a o 0.2893
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S o—e 01155 w3 e —[#RPGAH
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Model 091~100

0.355
03309 03143 ;2099
— 0.324 0.3217 0.3083
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Model 091~100
70 62.45
’é\ 60
& 7.19
L 50 6.52
L ;
'!'?( 28.87
B30 23.21
=} 18.9315 66
= 06939 ..
m 20 1106927
H—K—-I 10 M
E 0
0.5 1 1.5 2 2.5
&R A HA(sec)

87



Model 101~110

03254  anga
U.Z2375 0.2826
o) 03166 03034 ~ 0.3079
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Model 111~120

0.3459
03228 1 ancq
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Model 131~140
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Model 161~170
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Model 171~180
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Model 181~190
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Best Validation Performance is 1.147e-005 at epoch 99

Mean Squared Error (mse)
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