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ABSTRACT

ABSTRACT

Keywords: seismic design code for buildings, examples of seismic design, recommendations

of modified provisions

1. Background

Recent two decades where several earthquakes hit densely populated areas in America,
Japan, China, New Zealand and Taiwan and caused heavy loss of life and wide-spread damage.
Contrary to what a layman may perceive, the nature of damage observed is not a strong
function of geographical location or socio-political environment of the affected areas, while
the extent of damage may be. Basically, we see the same handful of issues and problems being
responsible for most of the devastation, whether the earthquake occurs in Taiwan or Japan,
southern California, or New Zealand. This project is to summarize the key earthquake
engineering principles, learned once and forgotten or ignored many times, observance of
which could result in the saving of many thousands of lives, the avoidance of untold injuries,
and significant damage reduction every year.

The current Taiwan seismic design code for buildings in Taiwan was issued on December
14, 2004 and applied from July 1, 2005. Compared with the last version of seismic design code
that was issued in 1997 and little modified in 1999, the differences on the requirements and
formats of provision can be observed significantly. Therefore, it is necessary to indicate the
items which should be taken care while designing buildings using the current seismic design
provision, and to demonstrate how to apply the current seismic design code in detail by
examples. In 2010, CGS bulletins the revised active fault distribution according to the new
evidences of paleo-seismology investigations. It is a summary that there are total 33 active
faults (Type I and II) in Taiwan. This plan also aims at developing the near-fault factors of the
9 additional Type I active faults in order to consider the near-fault effect at the seismic

demands specified in the design specifications.
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2. Research Method and Procedure

The objective of this project is to survey the seismic hazards and loss in recent decades
for the improvement for the current seismic design of buildings in Taiwan. In order to upgrade
the applicability of the current seismic design code, some revised drafts corresponding to
nonstructural components, nonbuilding structures, near fault effect, and energy-disspating
device testing procedures in the current issued seismic design codes are proposed. Finally,

some revised recommendations are referenced for the future modification.

3. Important Discoveries

In this study, some inconsistent or unclear requirements that are specified by the current
seismic design code are pointed out, such as the lateral design force for nonstructural
components, nonbuilding structures , near fault effect, and the testing procedures for
energy-disspating devices, etc. In addition, the associated revisions are recommended

specifically by the modified provisions.

4. Main Suggestions

The research related to the seismic design code is indeed a long-tern research effort, and
hence, the research projects including microzonation, select of input ground motions in time
history analysis, seismic isolation and/or energy dissipation systems, seismic design force for
equipments, design requirement for foundation, and potential of liquefaction..., are expected

to be supported continually by the organizer to achieve the final solution thoroughly.
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BREEOEAI R PR G R A RR IR ESNY - £ R
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SHEMEAFENDLET HELARERTEF RN BT BRERLE R RE
T AR R OF R ERRPERS L -

L 2 RRFRFH R FLE RBEFUEELFRAL 0T

(1) 1927 & UBC : # = #-# R 4 3-8 b d
V=CW>C=0.075~0.01>W=D+L

(2) 1933 & LABC : S5 #3080 B4 2 54122 1 8%SHE 2+ B4 K3 o

V=CW » C=0.08

3) 1943 # LABC | #-H3 L » £ 8
(3) % PN

0.6
N +4.5

V=CW > C = ' N<I13: #3

(4) 1949 & UBC :

015
TN 445

Ni : Number of stories above
Z . Zone Factor

Wi : Dead and Live loads at level i
(5) 1952 # ASCE-SEAONC : # & 4 B fi-‘:’i’f‘:ﬁ#i’fﬁ? T 7 B
V=CW » C=K1/T1 » K1=0.015~0.025

(6) 1959 & SEAOC :

V=KCW > C=0.05/(T1/3) >

K=1.33 for buildings with box system

(7) 1976 # UBC : 73 * & % #ch 2

(8) 1978 & ATC 3-06 :
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1.24,8
RT2/3
Av © F T M ig B AP B 2 4v i@ B (effective peak velocity-related acceleration)

V=

St 3 & ¥k soil profile coefficient (1.0 for hard soil, 1.2 for intermediate soil, and 1.5 for
soft soil)

R F &2 it F]3 (response modification factor)

T @ %4 & R# ¥ ¥ (fundamental period of the building)

(9) 1997 & UBC Code :

0.11C IW <V < Z'SRC"I w

Ca~ Cv : F Ji3# 12 #(The Seismic Response Coefficient)
[ €& ik

T: BHpdEd

Rttty i

W g R »cE £ (The Effective Seismic Weight of Structure)

(10) IBC-2000 L * #~ % £ 3 E(MCE)% % 3*# 2 (DBE=2/3MCE)3

V=CW ;C, = SIZS
(IJ
0.01<C, <Cy™5
So_ for T<T,
)
Clsnax _ E
Soll_ for T>T,
| &
IE

Cs : # 2 F J& 7% #(The Seismic Response Coefficient)
&7

S

e
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(11) IBC-2006(ASCE 7-05)
B AL IR B R

B3tk BT RA ® B RK M4 9 (Seismic Design

Category) ~ ] R AR R TS R R BR

C, 2001 2 413373 C, >0.044S,.1>0.01 °
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i Moo g ik 151512510 B £ 8 W=D -

(6) 1999 # 12 7 : Fld gk ssd > 54 21 BB R F39 M2 SR FE
T BAGANEA PR 1999 E 12 0 REBTRFHIA 26 &I BRNS R
AR RRLT A FoX BRSO 2E R R HT

LA SRS R

LR RARF D25

REokT i B GRS Y e 2 % 0 2=023,033
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BI'RE ~ ROCESRECT 2 2 A RGP P

FIE RPAARERTH RS G

b a R ke 2T E AL A RRGIREZ R (P FIR 2010)

g T ARE AR E Y B EE2 T (WA E > 2000) 0 % EF LR G RS

AR EERG o d TERAP A RUGIRPE R B TERRE AR

PHRR AT 2 AT B B4 IR R0 B 40 # B 1994 & % UBC (ICC,

1994) ~ 2000 +# %< IBC (ICC, 2000)2? FEMA273 (ATC, 1997)37 %_o & & 1 & 4 217 # %

ﬁk_=4*#%ﬁﬁ»»~ :u;{Lra,,TfJ.d.ﬁk J—af#_ g #"F"; R A 5 27 3N R
20

RASE o PR ARAR A AR TS RS LR
% il: u—f#_mﬁa )‘L*Brﬁg"‘:ﬁ;iﬂ‘-y
FRARKFAPLAR ZFEIFLEARLLLAPM © 5 9 F R HERF

2 g8 0y Ae M B E 3R L 3 (7 2 Uniform Building Code (ff 2 UBC) 5 A i » 4t ¢ i

3 B % B ¥ % % * 2 Standard Building Code (# #2 SBC) » ™ % > Rtz ¥ B R fu
# 4.# (BOCA National Building Code) « & = 2000 £ 2_ {5 » % R A Rfd £ p =

SRFEE G 2 W (72 B - 4 International Building Code(f§ & IBC) » @ 7 %~ 2

2000 # % IBC #f B3k 3+ % (> 712 1997 & % NEHRP(BSSC» 1997)4 4% 4 A# > ¥ g &

A 1997 £ % UBC(ICC, 1997) « P # (& = 2014 & 12 7 31 p #)#rif * 2 2012 # %
IBC(ICC, 2012)#] 2 ASCE/SEI 7-10(ASCE, 2010) 5 % 4% » @ ASCE/SEI 7-10 37 % A #_
T % 2003 & 5% NEHRP (BSSC » 2003) = ™ % k4 % B £ & % 1 & chonf B4 22 8

4 i UBC ~ NEHRP £ ASCE % 52 2higfi it Rk s 4p M AR 2o

1. Uniform Building Code (UBC)

UBC* 1927 # A% -4k & = F337— =t 8 3 1997 £4% - UBC ¥ ¥zt
HFHA R T A2 F] 5 1906 # San Francisco ¥ & £ 1925 # Santa Barbara ¥ & 2. R iF
B FRLBIAEH IHhE R RASE . TR AE < G- o UBC 224
PR € B AR T2 FFAT

(1) 1927 & % UBC(ICBO, 1927)ei4r? » 11~ 3 &cit - B2 o B %

AR B R 2 UBCH sy = 2L b Hlahaf g & £ o

(2) 1935 & % UBC(PCBOC, 1935)F = 11 TF=CW | 4 77 2L 24 4f 1 o | 3035k T B

4 o
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(3) 1961 4 % UBC (ICBO, 1961)43 1 3% #-2L 5 45 i if B2 » Rfpif 2 29 o &
e AR AR ol R

(4) 1964 & Alaska % £2 1971 & San Fernando 3 2 @ -2 454 2 B s LI 150 1
(8w A  UBC FE 9~ 2h i 2 ad R oD * g Bl Aot iir ~ R p st < 1
TR RE R E

(5) & oG FHE R FEEPBRLT D50% 2 T A FIHE A S B 0 1967
# % UBC (ICBO, 1967);1’&#%“’ PR H SRR R e L E D
= 1, %] F’& : _‘é,; °

(6) 1976 & % UBC(ICBO, 1976)#7# * ¢ i #c4.%_-
(7) 1979 & % UBC(ICBO, 1979)4% = 2L fif 1% 50%:mt -0 B4

®) &% B F Mgt 2 $ 4 2~ 2njk - 1988 # %< UBC(ICBO, 1988)% =& 4} R4+ %f
22K 4 2 (non-rigid) & & o

(9) 1991 # 5 UBC(ICBO, 1991732 > 4 £ BT T ApH =8 H30 K § 4y Ted

vy

(10)1997 & 5= UBC #-L v sk & 2_ F 3F Ji 4 /£ (ASD)#x L 58 & 3% 25 % (strength design)
A T x5 NEHRP #% 1 2. FEMA 30238 & (7™ < f§ #1997 & 5% NEHRP;BSSC, 1997)

-

" NEHRP 2 b3k 3t R4 25N A A AP~ UBC R A2 R s R4 o5t o

95 1997 # %< NEHRP 2 2t 4538353 R4 258 2 1997 # 5% UBC 2 22554k
N RIPHES S BE S SRLI RS LIRSS SRS ¥ Rl ¥ 2L
BE o R AR B B bt A G R B e et
AT ERFRAE 2L R R Ko » SRR o R4 K e

2. National Earthquake Hazards Reduction Program (NEHRP) % j]

NEHRP(National Earthquake Hazards Reduction Program)s & 3% 3 2 R d 55 2% 52 iy
Fetoi = &5 d BSSC(Building Seismic Safety Council)i3 374 701993 1 1994 & & >
% W= ~ 2 BOCA/National Building Code £ SBCCI/SBC - 34 * 1991 &%
NEHRP (BSSC, 1991)i% 5 @t B3k 34304 ehLfe > F]a #% 2 NEHRP # 44> % Mot 2
e *FL% 19254 - NEHRP 7 "<(BSSC, 1986) & &4 1978 £ ATC3-06 (ATC, 1978).%
B HAEBERPENGE D 1991 4K 0 £ A (PP R L o % # ANEHRP 2541
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ARG R AR AR AP TR

EF kTR 4 5 1395 UBC & California Administrative Code > £ 33 5 5 #& "5 & K 3+
E o T AR SRS RA e 0 ERALBRAUTZ R B4 GE(Cp E)b: i x

5% USRS 4R A e - 1994
# % NEHRP(BSSC, 1994)#7 ~ 5 & 33 & &% RS £ (Wp)s g Tli(Ip)
ot R4 e A SR il R RE(Ap) ~ R RIS Bak(ap)E B RF
RedTift e die(Rp) » P FETT AR H R4 b TIUE @ )8 2003 4 NEHRP 2 3¢
A o HY > M 4rid B Glic(Ap)E £ JR L R #Ec(ap)iT @244 T. T. Soong 2

2z 4 i #ie(Equipment Amplification Factor) » % £ K # &

\v

“Assessment of the 1991 NEHRP Provisions for Nonstructural Components and

Recommended Revisions” (T. T. Soong, 1993) ° # B 4vik & (: Hc(Ap)H#-& WA K 3 4vid
B a® o REEERT A L@ A% 3 B o £R3% 4 B #k(ap)©

%%ﬁ@ﬁ%%ﬁﬁﬁé%ﬁww@%an@é%ﬂ&#wNHmP%Mﬁw%ﬁw

30 0.06 F)e A 1A g 2 ap RS A FE 1.0 250 f TRPFE R
4o AR Y BT A & SR of B

1997 & %= NEHRP(BSSC, 1997) i 4} 1997 & = UBC(ICC, 1997)# £ i 4p b = & 3%

FE o BEEGERRTRR A ¥ RF AT B8 Rp BE(FFY 1.5~6.0 3% X
125~35) T A EBRAE RGP 2 HFERZ 2B - BRARIDPALT AT ETEE
HERBRBT AR ANERRA I B R ERBRF ARG BB O0.1g B R R
SR EEA SRR AE LA HER B AREE2ZFRE - 3¢ NEHRP 2ti54f
A EK TR R BB E RL KA T 2000 # 5% NEHRP(BSSC, 2000)2 2003 +# 4%
NEHRP(BSSC, 2003)R ¥4 j#c3d £ © 2000 # % NEHRP ' 7 374 gL 3 +1 215 44 © ot
BRFFEA TR RLFALGE RGBS L FEP § e R B
Beoo 15 2Rkt R4 2 BIRR S 0 2003 # 5 NEHRP 3 e 52573 17 0K 5 &
fo2 2R 2 I ey R R H O EATH ALk 2 A R

3. American Society of Civil Engineers / Structural Engineering Institute (ASCE/SEI)

2006 # 5= IBC(ICC, 2006)£ £ B+ L+ € NFPAS5000-2006 (NFPA, 2006) 7 7 3%
33k 5351020 “ASCE/SEI 7-05 : Standard, Minimum Design Loads for Buildings and Other
Structures”  (ASCE, 2005) & i 4% » ASCE/SEI 7-05 37 % # 8] 5 2003 & % NEHRP -
B B ATIRA(F 2014 & 12 7 31 p )2 2012 4 %K IBC(ICC, 2012)ft B2k 3+ 28 i -
P 5 #2351 ASCE/SEI 7-10(ASCE, 2010) - 12 * f2& 4 % ASCE7-05 £2 ASCE7-10 2. L%
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(1) ASCE/SEI 7-05

ASCE/SEI7-05 % 13 % 5 #£ %f?mﬂ'% It H ¥ 2003 #5%< NEHRP 355 % B

%3+ > ASCE/SEI 7-05 z 2L 43k 34 B4 238 7 §.4231 2003 & % NEHRP 2 #.%_-
24 2003 # 5% NEHRP Ap #ic » ASCE/SEI 7-05 # 4 %5 a2t b fimf Bk 2 F FR T 4
WHAREEFTES 2 R R 28 Rz £ GE(Ip) i 152 K& $had B
PSR EARTE -

R4 SN iRk B¥c(ap)® & ° ASCE/SEI 7-05 £ 2003 # %= NEHRP
2 kR Bidc(ap)# BT 1.0 2 252 B 0 Rap Ei 2.5 —%‘ » ASCE/SEI 7-05 7o3F
R g edpde 4 24T % 0 AR L ap B o ¥ RF BATH BERp) > 5
ASCE/SEI 7-05 lﬁ%?h,‘%‘ﬁ_#ﬂi BB LM ¥ *‘FL%(&\?ASME B31)e %>

Ry 2 RpfeR¥p 103 12027 - EF 2 % en&_> ASCE/SEI 7-05 £ 2003 #

\

S~ NEHRP 2 3K & &2 & 5 s 552 387 b B LR Bifi(ap) & & R F BITH ik
(Rp)7= % 4p I o 4+ #b » ASCE/SEI 7-05 51 * 2003 & %< NEHRP ¥ [ 4R 3% # 47 2 22
A E A A KR RGP 2 e BAZE 0.25 in. (9 6 mm) 0 RIS IR

AR

ASCE/SEL 7-05 # » 3% 4 45 T30 R 5 S T3 SR 0 F 250 G TR

R L H AR > & R ACT 355.2(ACI, 2001)p)34 8 % & mfg ACI 318-05(ACI,
2005) 4 D KB %A VR ERE 2 # RFBITE GE®Rp) > a4 XL Rp B
$ap- 1.5 0

s ?b > ASCE/SEI 7-05 & £ ¢ & hdic(Ip) 3 1.5 22U A S B E LGP T2 5
® o i RS AR R TR A WS R R 0 L BN G
Fh DRk o m R RES A L2

a. ¥ AC-156(ICC-ES > 2000)%. % it (745 [ 2%
b, AR E A RSk
C. HEFBEAITEFMRT FH LB BRAER)

(2) ASCE/SEI7-10
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FEE -~ RUGSHET 2 E2AMBRTRFEFIRZFE

ASCE/SEI 7-10 z_ 2t ﬁémﬂ‘)a P oo e R4 o540 % ASCE/SEL 7-05
ﬁéﬁ’%%ﬁ%#%ﬁﬂﬁﬁmm% BF AT A BRp)E % % TERED S
¥ 2 fiH% (Cabinets) L A 5 k1 - B3 %~ FHZRA T DR NP
¥z ap 2 Rp & o A& gy T & ¥ (attachments)@ & 3K 3> & > ASCE/SEI 7-10 #7344 45

THER WP H R A DRp B A FAE 6.0 chR T

w

¥ ASCE/SEI 7-05 4 # > ASCE/SEI 7-10 3 4v % 38 3K & 4= &2 4y T fd R FEHP > 4o
F1 M ASTM E580 152 (ASTM, 2008) 373 55 & T 2 & o 3% % {548 A it Bk - R T 18

EKEF o PlE-HAFEXRGFHAPM I E *FL%#E % 4k ASME BPVC(ASME,
2004)% 32 3R E BHRE VAL LG B S > T % i3 B(seismic switches) #
& ASME Al17.1 (ASME, 2007)R % 2 & T4 e cnaf Rkt if 2 % o R 4y Tk
% > ASCE/SEI 7-10 373 B 23" /8 % i¢ 2 45 T & + & TMS 402/ACI committee 503/ASCE
5(MSJC, 2008)2. #Lz_» & 3z 5 L & # & (power actuated fasteners)£? B2 & E (friction

clips) & * >t B " 2 R T o

FOARABEAAR P RPISE

B R ZILE > MRF BHES L EER R AR e RIS R et
BRTELESHESAFA R 2EH RSN 2R EER AR R o 4rT A T
F e RSB AFA A PRRE A ARBI 0 Fa R R ES LR

?&&ﬂu’ﬁiﬁaﬂm4éaﬁéiiiof—%a’pfé”%ﬁMtay;
RFPH LB B F BT i racE o REPRE SRR H B L R R

GRS P RESASHEHBER R 2 I PR TRELAKRE N - B A AR
B AR ALEAF BHBFEER T2 RSB ER RUPBA SR BT
EREHA KT LR PR VO RK 0 B RFEIE 0 7 Lig A RRE g
AMEA BB RRY F o mRFREANPEARR G AR L L E P o B B (2014
£ 127 31 pan)Fp gt Rk L ke TSRS A RRGRE R R (P
FeR 0 2011) 8 TaE AR R IE T R RE2 AT (WA E 0 2000) 0 & K
Pl iy T2 1451 &R -

AR A RRKTRP D VE S - EEAERRN(SF 1976 £ 35% UBC)0 E 1
AR AN A EERTRKRE(FT 1994 & 9% UBC) b4t R AR 300> 01 T 30
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ASTM-ES80 1 # 4 fb2 R > #7H 't BT RPN EMZE X FHEa R s 14s
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2002 £ A2 ¢ g FA R 2 BBEFUENLDE BT S R RE T
Renp BB AARRY 22009 #A2 " FEH B EREEBARELF T - K AD
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B REBATAM AL FIL20 - HEBETE LK RER AN S d H TR
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ok 6 ¢ @ A 2 3E % (Durability Test)
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P& 7 'R 5% (Displacement Stability Test to Failure)
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2. %% 4 B € (European Committee for Standardization, CEN)

w4 B ¢ (European Committee for Standardization, CEN)efjis % B €
(Technical Committee CEN/TC 340)>* 2009 & 9 " £-4F3Lg ~ & #73& 11 eh EN 15129:
2009[EN 15129] > £ ¢ > % 7 FRT@ A3 0 ~ BAPM K ERREwE > E R T
Wae e e ia g (D)2 L5 2R 2% B4R & B(Fluid Viscous Damper,

FVD) ; (2)& 3 &5 & & 2% & 385 12 & % (Fluid Spring Damper, FSD) ©

BRI F P T oA (1)F WiE%k(Type Testing) 5 (2)14+ i %3 &5 (Factory
Production Control Testing) o #4 {7 F #:82k pF » & — J| N8 2 2 L2 ¥ JFRIE S i
Eipgkz BRI EF - AR A A2 AR YRR B YRR AR

&%@ﬁ@ﬁ%”ﬁiﬁﬁﬁé—ﬁ’i—@&%%@%%mi’j%ﬁﬁﬂ%—

AR AN RERk o M T M RRE N BBk FRFZREAR 0 U2
BRIE P TN FE & A uded 6-4 874 651 & 20130 R RALE 2013]# 7%

F06-4 i RANY A R0 P MRk R A BT R (T2 3R P
P P 7 HE% Hie 3R
ek RS R
Bk 2 MiE R
B3 ERE
e Y
B RS
Bk 6 R Y Rk
EL N s F Ry
(FH R e % 5 2013 ~ 36 F4EE - 2013)

ANENENEN
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% 6-5 EBRIEP 2 N B E L F(EN 15129)

ok 11 R4 25 (Pressure Test)

" EERGEE P VRS 125%B 4 03 L3 0 7 bRk 125%B % 311 Z B4 B4
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ok 2 1 Ma# 2% (Low Velocity Test)

% AR E(FVD)

= fen %3—%&/3_& 53R 45 %‘*‘25—"‘ 2.4 4 .

= REEEE(])FE R(S0.1 mm/sec)2 1 BREFER S mHd B E IR L(>10
mm) o

" ¥i(l) %NW&;S I 2 S 4 R BT

" EERIE 1~(2) 0% DA o mwES B RS Y B R0
mm) °

" % 15(2) ¢ T3 R >0.01 mm/sec °

it i & fe L E(FSD)

. Bﬁiﬁﬁﬁﬁﬁﬁﬁﬁfiwﬁ&ﬁ%%17HJ%mo

" REERIEE D Fi R(S0.1 mm/sec)z 1 B REREE A S d B E IR (210
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#E 6 1 k ¥ ;75 (Seal Wear Test)

" P EFRRFEARSHILT T L FEF T
. ’éEéEM @
o MEF I R EIfREFITE o
e M IERIRZ KA
o i Bl 10,000 B % EF TR o
" kP A EAL R
" SR AL ERIR G FHMPINT 2 L WA AR .

Pk T ek ’;ﬁ’;ﬁ % (Stroke Verification Test)
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(FH kiR e % 5 2013 ~ 36 F4EE » 2013)

3. M2 A1 A2FF & ¢ (American Society of Civil Engineers, ASCE )
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(cyclic tests for qualification of buckling-restrained braces) | P| ¥+ BRB #2% & ;4 ~ ¢ FA
Frpe g g AR R T enjp oy P AE[AISC 2010] - £4F BRB £ Rt €% ¢ 7 2%
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RUEBET R ER TEP AR ERERTELBFF L - R AR
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AR o FIEA 2 P DA 3 0 RPRA RIS RS LT 001 B2 kR R H
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BIPRE + ROCESRFT 2 E RS R AR FUEL A ]

-8 WP\ /ﬂ Rt /?'Jpé‘fiﬁk#i TR

i BARAUFRAB(URGRFIER E2 REPEL EL )

BIP R f7 e e f Rk R 2 [ p et g 2 F 2011 % S 1 T g ad
B A REZER R P 0 R AT R Rk AR M P AR
FHREHR2Z P DL mRERFE AR W AAY A flEG 2 A a~ta
FEGB AR F RFF T2 R REFLERIAE > UE AR AT ER RIFY T2
% %’i]’i s R P PR FEN Y A AR SR OTREE K9 0 L
HAERPHREY TS BPFPERTAPR L AT FELPR R RIEFL P S
(National Center for Research on Earthquake Engineering, NCREE) = B} & = 13 4 2. [
FEA A B HRE[RRS R REA RS R 7 7w 2003] 0 R RFIREILE
ISO 9001 2 SO 17025 & i€ i > L@ 4 £ € TAF & %% 5 2 2 SGS =830
R FIRRP RS T AR RIET R0 2 32004 EEE - B R A ERIEE
SULBO6-2) B~ 4 Hiried £ 4 W7 i 200tf 24500 mm > &1 4 100 tf ek it
To xR E20mmsec e MR RAARAT P wiEd ik T2 AR RR
B E R —10.7 i w A E g R AP MR RPN st 2 ¥ 2011]  porenE f
Pyl Ada BRI RR 2 FARB W SRR B R AT F PR
2 APMRIFEEE 2013 & THHIER RHATEY 6 (Lo X 2013]% Ta AR
ot g [RREE 2013]2 4p B RIEE R~ W °H A M A4 22 2 P [California Department
of Transportation 1995, EN 15129, ASCE 7-10] ~ ™2 % £ 32 p|i8H = & £ HiF2 PIET F
T REAHE AT A B RERRE R ke 7 AR E e
MR EARF IR B s AR R B s AR RIEL ER o
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(FH &R Afd Ry v o)

2.5 2 VI F R/ AN R

AR RS PR R R AR RS RRET L R
SR T R LT A A

(1) - 45T A7 FRET 28 7R

WEBRKA D FEFIS BEERAIER > U RIEL B2 PR IR SIS
Bl LA 670 d WERRAIL P ERF P H - BA L R - BREAE R :
M BS B R PIFR R Ft o A Y BREE RS GBI AR oW
BRIER Bixfperdid 2 B AR v g WAcT B 64 #77 (MHEF 03 Hz > $R 17 45 mm 3
) e

F 6-7 W BIEL iRk IE A
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R Pk ik S B AR BB | .
P ¥ s TR B (mm/sec) (sec) s
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0.30 20 5+1 37.70 20.0
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0.30 55 5+1 103.67 20.0

(FRXR: BRe R1aAT Y <)

115



RS E AR LG 2 2 A RN RPE TR

600

400

T
SRR

i 7 (kKN)

=200

-400

-600
-60 -40 =20 0 20 40 60
43 #% mm)
B 6-4 0 BRI R B2 g3 4 B )

(FHR KR AP RLAEFE Y Q)

Q) k- JRIET > bR AT T 2 e 7RI

WEBRHKIEP FRFAD S B A ER S R EAF IR B2 ARG
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L FRIRNE QA M R R K &ﬁﬁﬂ[mﬁw 2% 2011 » i % 20091574
FREAMITE R A2 047 s KPP 2 RIRHFEE f357 R - AR B1 Mg
e i e i AP M EREHET IR i e E R Ra o
CEFARBIE L2 0P FHE > N2 RFEAAHNSA BRSO LLEL R
Wi B AR & KA eRS > R AR CWTE I RTAER R 2PN
P AL A T E RF I ER DR I RAHE Y 2L B S0 HK
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FZRB AT EFF AR o - QT HIRVPEXZEZFHRFTEFRE 4o
F WA < B B 7 # & & (University of California, San Diego, UCSD)sh= p d & %
ﬂ}%‘;ﬁ i+ # 5 P 3R 19 %2 (Seismic Response Modification Device, SRMD)[Shortreed et al.
2001, UC San Diego 1960] > 14 % i3t % + 4] EUCENTRE TREES(European Centre for
Training and Research in Earthquake Engineering){ 2% % e[E £ BT ¥ 5% K *& (Damper
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E @RS AP ERFEERERE - GEFETE LI AF AL KA F2 BRB
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F4 BRB R # i@ B b 42 34 RPN 1 ARFF A & g E WA TERZ AP RER
(B 6-13) &i738 5% » B 7P Ay, 2R3 HLAE Rl T 2 AR E - 2 #3030 E
App 2o B i 2 0 R E RIH R )3 001 B2 EBR - - a3 > FP 148
P (T Rk PR BEN P E TR 1T LdopF, RATFKH R4 EFHEME
A5 ZATREAR R Y E W%#E} 6-13 7 2 B 4 37 F]3 (response modification
factor) R E[ASCE 7-10] » F1 #* d7p8 {8 enslifd e B 4 #7182 R 245 5 B 6-13 » 2. A,
AZREA T AL F R TR BB BRI R RS 2R
HgpE R * B 6-13 ¢ = s F]F (deflection amplification factor) Cy &3+ Ay >
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faf‘i’; e T2 R A R TRt ¥ “L’h&“ %2 & BRB “T¥ R 2 fhe 3,8
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%{_;}: pE s A1 * 1.4aF, j\i‘ﬁ'/ﬁk‘w{;‘l’%ﬁﬂ; T m%fﬁ_}n\%%
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=
BRB #7¥ 2 $he 758 Ay ©
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v %8 €14 BRB i e BRI E 5 RE 0 644 BRB &K %?‘ﬁ_"‘ 2l eI
fa g o

AR

plehs b IR 1 42 fF ¢ BRB :L}'@i/ﬁ%ﬁé Bl € sn e i g s sk > P38
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E ) R S R R N RS

=8 X6P3

AEFPNTE R 10 BRI AAIEY REY < RATFE S R R A & F

* ¥ % b] (welded end-slot buckling-restrained brace, WES-BRB ) » 4 2 R} 1 427 ¥+ H

W E TR TR RS B R E& S o2 ] 2 Y 10 2 WES-BRB £ '€
HEPFRERHP BRB g x4 #5575 & & RARE -

i OB Es

d %" WES-BRB © d RR? < aFHFFEEFT < £hF ¢ FHEAERLFR
7% F A +5[Linetal. 2012, 35 4% 2012, Tsaietal. 2014, Hi%3o% 2014,] 5%
BHEEAEE AR N B BEERRFZ LAELE R T AR PR
MR RE TN SY > F1m%k Y @ * WES-BRB PF > 1271 7 § #u & Kik
¥+ sk 0 4N WES-BRB flig & 32 17 & [ Aol 2 32% o & & 974k o
10 midtth 2 3 H b1 42k 0¥ 3 & 1 4247 & WES-BRB shil i 427 > g4 1%
EPch WES-BRB 2% 1+ 5 & wid M e 4 2976 widerd 6-10 % 6-11 2 §] 6-14
“Tn e B¢ i WES-01 2 WES-02 iafr s B 241 * AS72 GRS0 4+ i » 7 H @
HERR* CNSSN49OB 411 5 L @Mt 2 B A E ~d 3 A58 1254k 8 B %
B 5 S6MPa 2 -kik )& f RHREL B S o

% 6-10 WES-BRB #%8 & ~F 22470 4+ 7% R 4

. . F P 1 L L 4  La
Member — Material " vpey GN)  (mmd) (mm) (mm) () (mm)
WES-01 30 362 5175 14280 5043 160 23820 378
WES-02 APT2ORS0 5o 391 6720 17185 6956 166 28875 495
WES-03 19 421 2250 5339 3300 65 7809 235
WES-04 45 343 7300 21285 3049 159 33885 261
WES-05 55 342 8300 24255 3100 106 35915 244
WES-06  (\g0p 25 368 2510 6825 1860 130 12875 585
WES-07 30 351 3200 9120 1870 191 19770 510
WES-08 36 367 3750 10224 2710 210 20304 200
WES-09 50 347 6940 20000 2265 2625 37500 200
WES-10 45 363 8800 24255 1637 147 37485 174

(74 k& : Tsaietal., 2014)

# 6-11 WES-BRB % F & ¥ ~ 32352 :85% DCR &

Member Lpre Ly, Steel casing

E
(mm) (mm) (mm) PC,max/Pcr PC,maX /PCF
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O S SSEEET SRR LT TN 1) TR F

WES-01 7013 5867 Tube 449%x449x8 0.31 0.28
WES-02 9198 7948 Tube 465%x465%8 0.52 0.44
WES-03 4500 3900 Tube 250%250%6 0.47 0.42
WES-04 4773 3715 Pipe 500%9 0.19 0.18
WES-05 4700 3620 Tube 390%x390x8 0.29 0.28
WES-06 3700 3170 Pipe 318.5%6 0.28 0.25
WES-07 3708 3152 Pipe 406.4x9 0.11 0.11
WES-08 4250 3350 Pipe 406.4x6 0.22 0.21
WES-09 4110 3010 Pipe 500%9 0.12 0.12
WES-10 3285 2163 Tube 485%485x10 0.05 0.04

(F 4L kR : Tsaietal., 2014)

LBRB
1 |
Work Lo | - —-- oo oI 1 > | work
Point JL_L ,LL_L Point
Tt Le L L
] 11 DET 11 ‘
S Il ]
. SE==sgf=3z3zzzssszzIzaoIs e e e B
. —__ 1
Al B] C| .
Be . 30 R e=0.1Bc
J |‘| N — 1 w=0.5Bc
[ ] E R=O.ZBC
F |_| U L e
A-A B-B c-C " DET

B 6-14 H A dHI2 Féro v LB (RESEALHIZFL )
(F# kR : Tsaietal, 2014)

F OBRERRCPRERET

ﬁi’- % WES-06 2 WES-07 4 * W& ¥ < EF 5 4m 2 4900kN F i 2%k 8 (73:8% -
H 8 ,fé_ﬁ_*}]%i-_fi PR P JTIRE BT AT 15m & § 120,000kN § it A IE T o
Yo Bl 6-15 975 o R R A Hehd L Il B d R o Bl BRE A0 N
Hghe e U RTE B phd R FERWBOPEZFEER A e ¥
AR AN R AR A B2 R o dof) 6-15 AT 0 RERTER Y L RE FA
REPE 9% % B AISC 341-10 2_ 22 3% [AISC 2010] > & %] & 7 {5 fr pF 4o ?“ R F A ﬁ“ °
R D BRB 3 2 4748 RATE GO 2 fhro SREER AR Ay Bdp e ' B F RS
B BT A 320 BeRHA RIA & (design story drift) 7% i 2. 1 i b =4 2L
A58 2.0Ap, & A B9 G i B2 Ao m S HREEF 2 718 1 WES-06
I OWES-10 Mt 1.5 SR Rl 42 858 L5A,, &% 1 a5
WES-01 & WES-05 B2 1.5Ap, 2. 7, & 4c§\‘- 10 Bie Blis » £ ¥R 24 2R
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$ AR e i R AR A TR R 2

Bl iAs &2 58 24Ap, FH P L IEHEE LB G L o 2 WES-06 3

WES-10 2 4c U RERE U797 7 2 K- A RIB & d gk efrorfi e B2 8
ol SRR AT T R R b L 2 B Rl E
[ASCE 7-10] » & d Biptafrd: 4 o475 % P08 o £ 14 g =0sin20/20, = ¥ 3+ 5 K

@éﬁf%%%ﬁﬁﬁ@iﬁu@%ia(%GuﬂﬁmmﬂQMQ;ﬂﬁﬁwmﬂl

3 WES-05 2 SHRF1IRFRERTRE AP RUBEATHBZ P CREE 0
PO ARERA Dl 4 U SRR BRB L R e 0t b sk A et
Bige FBP i B R b B R A 6-12 ¢ P %R
st po i B o BE - i R RRPEHE KRR PR o AP e
P SRR R Ay, FEOTRR T 2RI RIS & 2 183 1LO%[AISC 2010] 5 14 i

# BRB af B1hic F 2 B K& f o

&

# 6-12 WES-BRB #4 F H ' € 2% 4 L PF

Core strains at various deformation targets

Member Standard Fatigue
0.5Ap, 1.0Ap,, 1.5A, 2.0A,, 1.5Apm 2.4Ap,

WES-01

WES-02

WES-03 0.63% 1.25% 1.88% 2.50% 1.88% 3.00%

WES-04

WES-05

WES-06 0.45% 0.90% 1.35% 1.80% 1.35%

WES-07 0.52% 1.04% 1.56% 2.09% 1.56%

WES-08 0.56% 1.11% 1.67% 2.23% 1.67% -

WES-09 0.67% 1.33% 2.00% 2.66% 2.00%

WES-10 0.72% 1.43% 2.15% 2.86% 2.15%

(74 kR : Tsaietal., 2014)
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Bl 6-15 1= WES-02 2 WES-07 3% & 7 & Bl
(F#L kR : Tsaietal., 2014)

% BEELEEEH
1. #HEhe%

W Ar W 6-16 Bt (1 WES-02 & i) & 2 WES-BRB #3848 % 5
R4 82,75 > BiFeEER > 27 BREXRRFE DR LGFOFRE L R
BRIBAZY 0 LA AR A TR A RN f AR £ AR 2 ) 1 WES-01
s R e 5 1.88% (HHEST L5Ay,) 2 R ¥ s Lenh 9 e BIpF > 4 s
X P 2 4R i WES-02 2 WES-05 357k % 10 B Blbos % 5 1.88% (#H >
L5Ap,) 2o 4e 18 0 A B 3 4 U Pos 5% 3 3.0% (FHB 24A,,) 5% 2
1% 102 5 8 @i B > 42w 284 o 2 WES-06 2 WES-10 7.« ¥ =
RIA B S B (HB 15Ap,) # 0 % 53~ % 30 % 24 % 222 § 28 B
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24

S fipEE R ETH o dod 6-13 ST 0 10 AR R E et R AR R
(cumulative plastic deformation, CPD) % 453 & 3 1105 & 2 ﬁfi R E Ay iR
2B % FALH 200 i 2 & R[AISC2010] - 41 & RFAF2 2 P4 R EF FER
BRIV ERE0pE XERA BRELNER A R E%RELricBl6-17 2 B 6-18 #7o7 o
HEERM TR AP R ATE 286% PR T o &R RR T 2 B kAL
112 foigo] 3¢ % B & Rz 1.3[AISC2010] B 2 & 4 22 %k »c%k » 7 4 5%
AR RAF B2 L3 >~ FiarFpd Qd 2 H3[FE8S 2012, Tsaietal. 2014] -
LR R A R R R E Ko &Y B 1 BN i BT 2 B T
R A 0 ded 613 477 0 & B F R E D BRI & Ky 5% Koy 2
LB WA 1.0%3 47%F » % & RPN RF 15%2 & K[} sen g = 5 2011] -

% 6-13 WES-BRB M A2 #% & 22 CPD &

K. K; Kj Kejf Kexp (Keﬁ“_Kexp)/Kexp

Member ) (kNimm)  (Nimm)  (kNimm)  (kNJmm) (%) CPD
WES- 0l 566 11906 6302 408 483 31 470
WES-02 494 13873 5833 441 425 3.7 600
WES-03 324 10114 3323 287 281 2.0 453
WES-04 1396 17349 12983 1175 1163 11 1036
WES-05 1565 28382 14719 1347 1306 32 952
WES-06 734 7577 2201 513 490 47 965
WES-07 975 7563 3876 707 700 1.0 771
WES-08 755 7269 10152 640 619 3.5 790
WES-09 1766 10952 18750 1407 1344 47 898
WES-10 2963 21000 21543 2318 2246 32 1105

(F#L &R : Tsaietal., 2014)

129

A i R R R



S

R«
s

"

|23
n
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Bl 6-16 WES-BRB %5 % #icid g2 £ 4 2 %2500 48 (324 WES-02 % &)
(FA4L % & © Tsaietal., 2014)

1.5
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3 | * WES-05 DACY v m
1.2 DA:&D 2 =
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Core Strain (%)
B 6-17 WES-BRB ;248 & & %o ¥ FE L2 oF &
(FA4L % & © Tsaietal., 2014)

1.3

© WES-06
o WES-07
| ~ WES-08
> WES-09
« WES-10

1.2
w
Q

O o

1 2
Core Strain (%)

B 6-18 WES-BRB ## v & 2w ¥ 182 BE &
(F#L kR : Tsaietal, 2014)
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RIFpA2& 10 2FF1RFTHELF R ERFERRS 52 #0041 HF
M F RZ PR E Y oo AR AP A ORI R FREE S B L 2 K
POARFEE R A R R TIPS R > T R AR R R RS
AR ES e PR ik gy 0 BT A & AT

FRERAHE LR LA E A2t Ea B A AL
FRIARLRY P ¥ PR S ehi % n § A4 F @R ke &
%’¥%%%ﬁ$%wwﬁﬁéﬁ’ﬁ%$@ﬁﬂé&

WA S AR2F RRR A EBEAF A ST ERRITY TR g (e -
O AREE R R ST R FRHER  HW A TR R R T A ehin
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BRAIAFEFDEL BB 522 2F RAERSE  EOTE RRP TE R

i
AR SR - B AR E e sV A R

BRB * X B2 53 R F s Flec § < WX P2 5 RF g wiple nf b 07 B R
P4 2 W E LR BRB R hE B4R T L I AREF AR R L A AP AR E
& Sl Ao BP R SRPIREI T A E o

BRI SRR PIRE Y % 5B $ BRB A A2 Tk < s o] 4 2 RF
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BI'R € 2 R OUGERALT 2 A Rk B AT

Fu & EPPRACRELRBERERS %

PARY EFFZ A A RRRFATH O T ZARB N AR 2 & 0 4
%é%@?%?i§%ﬁ£§ﬁ§°W?ﬁﬁlﬁpfﬂué%WWSE#jF%%P
THEELR G AR IR FIRAMRRERFHRIFLF RS FE FYLREAS
ARRF AP EFREFRFEFE > TRFFERANFFE o AR 2 ApH A
FPWM AL 58 nrAipl RSk e MR R1IRFLY w7 5587 ¢
AY §2EP e 2013 E TR RSTEY § ) 1w ¥ 2013]% Tat Rk R
PR E  [RREE 2013] FNEHE R R A E AN BRI D R R L2
E

R A A LR MR R B R RRZ P P AETIER SRR RE
Rk et 2@ RAN R A ) FEE(DF MRS AR Y RS R
L R AR R R Q)M R hET KT TR @

A a 2 4 BT o B R M Rk il 4 B R
mﬁi@ﬁ%ﬁ’ﬁﬁﬁﬁﬁﬁﬁﬁi?i%%{ﬁﬁﬁﬁ?i%ﬁﬁﬂ,ﬁ%%ﬁ
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R AL
assek | 110 | 1.05 1.00 1.00 N.C, N.C
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A
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Z BT 1.20 1.10 1.05 1.00 N.C. N.C.
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