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ABSTRACT

Nowadays, earthquake events occur both inside and outside Thailand. The
earthquake that occurred affected Thailand both directly and indirectly. When the
great earthquake in 2014 in Chiang Rai, many buildings were damaged. This affects
the government realize the importance of designing earthquake resistant buildings for
the safety of the public. The calculation of the building structure to withstand the
vibration of the earthquake causes buildings in many areas to have demands, which

consider design more earthquake-resistant buildings

This research aims to give the readers a detailed understanding of the seismic
reinforcement by reinforcement with buckling-restrained braces (BRBs) and a design
method for quantifying the number of BRBs that must be reinforced in each floor.
which was analyzed by ETABS program using a 36-story sample building as the study
building. The aforementioned example buildings are representative buildings in
Bangkok. and comparing it with the reinforced building without retrofit. It is found
that the displacement of retrofitted building was decreased when compared to the

non-retrofit building.

In addition, this research has been retrofitted the example building with BRBs

for a total of 6 cases, selecting locations according to the possibility of installation. In



v

addition, the BRB’s locations were chosen to install in the area that causes less
torsion to the building. This study found that reinforcement with BRBs near the shear
wall resulted in the lowest displacement values when compared to other case

studies

KEYWORDS: Medium-rise RC Building, Seismic Retrofit and Buckling Restrained Braces
(BRB)
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A13°97 2.1 AN UALDUTIAUNASNAINSUNITORNILUY MeTowamans damsuiunlulyusig o

yosiuTilungngamns wedu ndu (g)

Tou | §,00.15) | §,025) | S,(19) | 5,25 | §,B5 | §,@ds)| 5,59 | 5,65)
1 0.154 0.297 0.284 0.174 0.083 0.062 0.050 0.041
2 0.116 0.199 0.274 0.205 0.107 0.080 0.064 0.054
3 0.097 0.192 0.198 0.154 0.071 0.053 0.043 0.036
4 0.089 0.154 0.211 0.170 0.077 0.058 0.046 0.039
5 0.079 0.126 0.158 0.174 0.078 0.058 0.047 0.039
6 0.062 0.113 0.144 0.149 0.067 0.050 0.040 0.034
7 0.111 0.217 0.147 0.149 0.068 0.051 0.041 0.034
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2.2.3. faUsEnauANUdALaTUILNNYDIBIATT

o1msligniuunaudnuaznsiinu wazmnudifguosomsiidseasisavuiay s
ussinfenduinmaeandu 4 Uszuan ( Occupancy Category ) fio Ussian |, 11, Ill, uag IV Inge1a1s
wiarUssinniiAndausenaunuddsy ( Importance Factor ) i aldlunis esnuuueiarsdiuniu

WAUAULMILANAAY FaLARILUANTIN 2.2
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2.2.4. MIIUNITTUUTATIES 1Az I0I11A

sruufuusaduiauarsruuuhninus kA weddasadeasenduszuulassuy
wilafitnualilunnsed 2.3 veduszuunaniildannissinsyuulasiadianaswuy SPUU
Tassadaiiannsadenldldasdutuussanniseanuuudumuusuulm sudiszylilumsed 2.3
AAIUTENaUUSUNARDUAUDY ( Response Modification Factor, R ) waz@aUsznautenaa1n1sinesa (
System Over strength Factor, Q, ) vasszuu Tassadraudazuuulndulumudidvualunised 2.3
dlseneumaiasi Ul lung Aumumieusadeuiigiu ( Base Shear) ussluasforns lonis
9anuuy ( Element Design Force ) waznsinaeuiduimssusnessminetu ( Story Drift ) S2UU
Tseadeil Fenlazdedldfuniseenuuunasivunseazidonvaslasasns ( Detailing ) Toaduly
pa Formusluinesgrudadsiifendewuasdormuafinfunuiissyluinasgatul

A aa v v

Tunsalidmnsgfoonuuudosmnisidenidszutlassaiuuuduiiflifissylilunsnsil 2.3 awdeq
AduNTigatnenTiaseilasiasuasmMsnagauiiegelasasluiosUfunis

Weuansliiiuinssuulassadrodu 9 SngRnssudmamaniaruanansalunisiumuusyaudig
wazAnuansalunIsaatendsuisuinsruulassaianuulauuunddunsed 2.3 Aflad

Usenau R, way Cd wilguiunussuundenly
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A13°97 2.3 AndIUTENoUUSUNanaUaNes ( Response ModificationFactor, R ) fiusznaumdsadiuiiu

( System Over strength Factor, L0 ) uag fuszneuvengaIN1singa ( Deflection

AmplificationFactor, Cy )

dAlAlsznaU Usznnms
szuulnsaing DANWUY
Tesau FEUUATULSIA TN R Q, | Armuuss
eyl
UG
&, TRUUMMMTY | ATURITULTIEaURVUETTUA 1 (Ordinary IS oe | [
&lvﬁﬂtﬁ’:ﬂﬂ Reinforced Concrete Shear Wall)
IR (Bearing Aunsunsudaunuuiisin sl eas B & e | "u'l 'ur
Wall System) (Special Reinforced Concrete Shear Wall)
Arunaivusudaundad nIILYUETIURD @ o A x| x
(Ordinary Precast Shear Wall)
Aunadvusadauvaadnianuuiiinisli = we |y | ] x
swazidoar s una (ntermediate
Precaset Shear Wall)
b 52 UUATIEIAT3 IFiaLLNLma'.'f.i\‘ﬂ'.mu.E‘Taaquﬂ'ﬁi-ﬁqﬂ'imvuﬁu o & o 'u" 'ur
(Building Frame | W53ARLA (Steel Eccentrically Braced Frame
System) with Moment-Resistine Connections)
'l;ﬁﬁa'.l,raiu‘uauﬁi?ﬂ.L1Juﬂmquﬁﬁ-hmﬁawu%’u ol ) N A
usaEau
(Steel Eccentrically Braced Frame with Non-
Moment-Resistine Connections)
"Lﬁm.na.meﬁnl.mw.ﬂquﬂ'ut ylwseazidum o o N "u'l '\f
il
(Spedial Steel Concentric Braced Frame)
IATIUAIMUAVANLUUATIAUILUUGTTUAT | o o N A x
(Ordinary Steel Concentric Braced Frame)
MunsSunsadouuuuifims e Boa i o e & N "u'l "J
(Spedial Reinforced Concrete Shear Wall)
ATRAHATULTUEDURUUETIUA T (Ordinary & e o "u'l "
Reinforced Concrete Shear Wall)
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A13°97 2.3 AndIUTENoUUSUNanaUaNes ( Response ModificationFactor, R ) fiusznaumdsadiuiiu

( System Over strength Factor, L0 ) uag fuszneuvengaIN1singa ( Deflection

AmplificationFactor, Cy ) (519)

A IUsznau UszLnms
seuvlAsaine FanLuy
TResu FEUURATULSIATL TN R 0, ATUN UL
wruAulun
1| A4
. EUUlAT Aunddvesadoundadniauuvaisuan & e || x| x
81713 (Building [ (Ordinary Precast Shear Wall)
Frame System) | fensduusudauvdedniauvuiiinasls o “n‘" “u‘" ®
(#iE) Teasidsanaviie N (Intermediate
Precast Shear Wall)
o sevulpsed | TAssfiunsadamdniidianumiionfias = m N A
W349FR (Moment | { Ductile/ Special Steel Moment-Resisting
Resisting Frame) | Frame)
TAssindunsadadiinisldreazdonainu i m “-,'I "u"l "u'l
widnantunies  (Specal Truss Moment
Frame)
Trssfimuusdamdniianuwiounan | «e m MR
( Intermediate Steel Moment Resistine
Frame)
AT ULTIRAMANTTTUA (Ordinary Steel | o m 1." m" X
Moment Resisting Frame)
TASNuUS BRRBUN ISV NTILAT I w o “n‘" m" '\JI
fiaw (Wuuvdaludl w3e uuundadia)
{ Precast or Cast-in-Place Ductile/ Spedal
Reinforced  Concrete Moment  Resisting
Frame)
TATnuLSPRRBUNS A IMENTIAT AT & o m" m" -
UUunes
1ASIATULSIAARBEUNS ALESLIMANLUUETTUAT m m “n"l ¥ | X
{ Ordinary Reinforced Concrete  Moment
Resisting Frame)
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A13°97 2.3 AndIUTENoUUSUNanaUaNes ( Response ModificationFactor, R ) fiusznaumdsadiuiiu
( System Over strength Factor, L0 ) uag fuszneuvengaIN1singa ( Deflection

AmplificationFactor, Cd ) (#19)

AmUsznau Uszunmnis
szuulATIas DINWUU
Taesou FEUUATMULTIRTUTEN R Q, ATUNIU
W34
weudylng
v A4
& ssulanain | fudulasunuuavinuuursiguinu i e we ||V
WuLsaiiElaT (Special Steel Concentrically Braced Frame)
Fruussaiiinm | $rudulAssunauuamannuu Lﬁﬂ«iﬁutﬁ (Steal @ o.d “'.,'I “'.,,'I N
Wil o Eccentrically Braced Frame)
AUNTULT faufudunsdvusudounvuiiina sl o wa ||V
fdhdlsiieend |svazi8uafiiAnwe (Spedal Reinforced
J00f nd TBILTY | Concrete Shear Wall)
ﬁﬂﬁ-‘iﬁ’ﬁ‘tlﬂﬂm’a TIAUAAITULT I o UBUUETTuAT (Ordinary D ol 1." "nJ' -
Yiavium (Dual Reinforced Concrete Shear Wall)
System with
Ductile/Spedial
Moment Resisting
Frame)
& seuulATiaing i"mﬁ’u‘lﬂ?quﬂaL.mmL*ﬂuwmar;w‘l.mtﬁl,m 5 o “'q'l “u'l ¥
WUsEiiEilATIATY | (Spedial Steel Concentrically Braced Frame)
widdafiiiaain | frufudunsfuusudsunvuiiinisld| ve e (A
willounanaiie |s1eaz1d A fi LAY (Spedal Reinforced
AruwiinEiai | Concrete Shear wall)
anNIAMAIULE | Saufuiwnsvusadiaunuusssuan (Ordinary & o “n." “n"' =
fidieliiiannda | Reinforced Concrete Shear Wall)
00z o TBIUTH
N3Evi1AUBIAIS
Vv
(Dual System
with Moment
Resisting Frame
with Limited
Ductility / Dual
System with
Intermecdiate
Moment Resisting
Frame)
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A13°97 2.3 AndIUTENoUUSUNanaUaNes ( Response ModificationFactor, R ) fiusznaumdsadiuiiu
( System Over strength Factor, L0 ) uag fuszneuvengaIN1singa ( Deflection

AmplificationFactor, Cd ) (#19)

AdIUszNaU Usztan
szuUlATaasg n1s
Tresau TEUURTULT AU R 0, 2ANUUL
ATUNTU
w3
wruAulin
LUEEGEE
b, EUUUfdG | ssuulfduiussewiaiuniivesndounas | e me |4 | x| x
(Shear Wall TasafuussdAuuuassuniilafinisle
Frame Interactive | 5186zi80RRTLWELY
System) (Shear Wall Frame Interactive System with
Ordinary Reinforced Concrete Moment
Frame and Ordinary Concrete Shear Wall)
o, sruulRssat | szuulAssasiavinitliiinasidseaziios m m “r," m" ¥
widnitliiinnsld | dwdviuusausiuauln
WAL EIRETMIY
FunTausuFulmn
(Steel Systems
Mot Spedifically
Detailed for
Seismic
Resistance)

wneg @) V=188 X = Fnild
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2.2.5. ANSLARDUNAIFUNNS TZUINTURALANITINIAIVD9LATIa319
2.2.5.1. MstAdpumMANNUSsSErInaTung oyl

nsidoumMdNNusTEnINTuliAnanuEuAulmdmsusaniuy (Design Story Drift, A)

a1

PAnlaanISussadaisuwinns e naransazdesilenlaiiuane oyl (Allowable
Story Drift) lunsdifilenansiinsdadiseunnuiseg1atniau legnuse uruiulninseinnig
ANLIUAINITLARDUFIAUNUSTEUINTUT 92ABITIUNAVBINTUARIVBY BIANTIURA Y

TunsaiNne1A158U 2L ANNITODARUUATUNIULHUAWLMILUU A %50 9 wazdianuly

1 v 6

auENeveIgUnIlaseEseluiuITIuLUY 10 w30 19 A1 A asdurinisiadeudiduiven

1 ]

WAATU A VaUMUIAAUNTIU991ANT Al FUNRANTUINTAILNTAER

9

93AD1A13VRITTULTATIeIAsABUNIREsLmANTId [vdunilavesszuulasiadediiu use
wuRulmazdsldsuniseonuuulmiulumudenivun vesasgiu ACI1318

L AMISN19)

1 '

o
v A

1. Hy, FiRANgesenIaduieglaiiuguy

Y]

2. 91A15T UL e TN IN1eTU 210N Uee H1waNu wazntanteuaniianaanwuuli

Y

annsanuemMImaeuiaduIssEretuldinn wiinisedeusaduimssraretunilailal
170 WAGIAIADINDITAUINITIUTZEZINTENINLATIAT

3. Tnssaiaumsdgnefunsadounuuduaingiusessu vanedls eransfignesnuuuly
Ttundgrosuusadonduiudilasiailunnfdeduiunangiusesiu uasgnieaidly
NYTULLUARALAZUTURDUTEWINATUWITI9LABY (WUU Coupling Beam)tiaasnn
2.2.5.2.m3indousivesennsilosunsauniuiulm
ANLNATHIUNNTEBNKULDIAATIF B TeTadennuaninsnlunsfuusivesenans

lngflormstuagaealinsafiaudi kitesnitANeeuliuinsgiu Nen. 1302-52 58Y31AINIS

WwaBUMFTnSIusaztuveta1as O, ausamlaainaunisunaansdl
0,=C, 0,/ (aumsi 2.1)

e Cy Ao MIUTETNBUVLIYAINISLNIAIALEASIUANTIN 2.3

a

d.. fin Ansiedausigagudnaaidu x eswnusaing

WeUINARa1NN1TIATIZALASIAS19E1 NS USTUUDANERN
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| Ao MUTENaUANEAIAYTDI9IAT
2.3. Madsumasduuswsiuiuluadeasiaransinddlgnislianns

2.3.1. daulsznaunazngAnssuvaaidenaisiasslinisinannz

US04 Buckling-Restrained Brace: History, Design and Applications 1ag
Toru Takeuchi (2015)
2.3.1.1. drudsznauvetesrorasiaislénsinanie

BRB #3® Buckling-restrained Braces (9115598 alEn1sTA wang) Lﬂuﬁ'aqﬁ
Usznaumiey

1. Core Wi ununanswan P msusumuusdusuiuny Ssthsaununaisaziiawin
Ennmsuuniialy wnunansutsesnidu 2 dufensinaiildsuns yield wazUanesiaosly
dnsuin

2. Unbonding layer iJudauiuen core fu casing sanviniiu welimmdnnelusuigs
Ihognasiui

3. Casing Fretlosiulilitudrunmeluinmsiaaae aunseld concrete, composite

members #38 steel members

Concrete
(Mortar) >

=
R

sUfl 2.2 asdUsyneuves BRB [11]
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2.3.1.2. WeANI3UUDI09ADIA15EATI1TN5lAwAY
SEMINTOUNSAILALTOUNITIN BIABIAITIATINSNISINLANE TAINUFUNUSTENINIWT

= . Ao al' Y o &
wagn15idu3U (force-deformation curve) Afliadiesnm luragfinisAdunuunssuIudves

Fudrulasaadainnulafseninesaunsie LATEnINeseUnTonazlne waAnssutisenin 8
Awo3a (Hysteresis)
a [ I~ < I v v [
ngAnssulun1sfunsaves BRB Aswnuwdnaztiudmanlunissunsduiuinnu oy
unbonding layer azdnuasulinanaeluwadousliognsdase wazildoniunieusnaaeiu

fulnauniz BRB Jspsidsvesianlile

600
3400 =t
E 0
5-200 :
400f. 3=

-600L 1 ez W B Y,
-40 -20 0 20 40
Axial deformation (mm)

Hysteresis of well-designed BRB

UM 2.3 Anuduiusseninauswazn1sidesy (force-deformation curve)[17]

2.3.2. M3sENUUVBIREIMISBaIEnsiduanz
mmm%m’%‘laq SEISMIC RETROFITTING OF LOW-RISE NONDUCTILE REINFORCED
CONCRETE BUILDINGS BY BUCKLING-RESTRAINED BRACES %84 E.Yooprasertchai Lag
P.Warnitchai (2008)
wnundnastafumsosnuuulfdumuusimunuasnutsualumrdnamdy usamy

LLmLmuﬁﬁ;mmm (The yield axial load), P, aunsaAualaaInaunis
Ima‘ﬁ F, = actual yield stress waig A, = net area of steel core

n13lAeRaveNNaNIzgNIIAnIY grout mortar Tudasnman AaslneseveIns

HENKAIUTEWING grout mortar LagUasnuan P, @wisariadlaanauns

_ TTZEICS
P, = RD? (2.3)
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Tnedi kL = effective length e El. = the rigidity of the steel casing
nslassvesuaendesnnni P, iteviunisliaseves BRB

NI 0 Seismic retrofit design method for RC buildings using buckling-
restrained braces and steel frames 989 Kazuhiro FUJISHITA , Fatih Sutcu , Toru Takeuchi

Ryota Matsui (2015)

2.5.2.1 RC Building Lumped Mass Model
noRnssulastaiavesensisieglasunisussliulagldnmslinssiuuunandiusuuly
\FaLduU (nonlinear push-over analysis) A%3lA5U push-over curves Qmmuﬁé’wé’uﬁw@;mms

ananaTaLEU (Tri-linear degrading) Yedwuudnaes Takeda Aauandluzun 2.10

5 - K PK:,
Q;. ot ak; :
0'=1n0’ [k /K'
oo O 3L wo
4 mo,
(a)Before yielding (b)After yielding

g‘tﬁi 2.4 Assum5d Hysteresis loop of RC frame[16]

Ke: Initial stiffness, O&;Kz: Second stiffness (&;=0.22), W: Ductility factor of RC structure on

target displacement

e post-yielding gnauyfgnuindunatafnegauysaiuuu The initial stiffness, K/

, horizontal yielding strength, Qy,f, cracking displacements, 6./ way yielding

1% 1 ¥
) v o v A ]

displacements, 6,/ vosudazdulagnivuauwdd Weauiteveisnig 6,/ vedumasdugn

ARl AUy
2.3.2.2. Defining an equivalent Single Degree-of-freedom Model
WUU91a84 Single degree-of-freedom (SDOF) gniviualaguudaed multi degree-

of-freedom (MDOF) LLaﬂﬂugﬂﬁ 2.11
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S

(4) MDOF Model () SDOF Model (c) SDOF Model
(RC Frame)  (Retrofit Model)

31117; 2.5 Conversion of SDOF model[18]

Equivalent height H,, Wag equivalent mass M,, anlagiiansanianizlmani 1 Wiy

N
2 — Z,-_]mr"sur' -H;

(2.4)

Meq 3 N

(2.5)

e .u; Ao elastic mode %38 mode shape 147U | 143U mode shape 7 s
secant stiffness YaIMUUTIAOY SDOF @195V target displacement, Ky, wldainaunis

Ki=M, (27T}

Equivalent period T/ mlganaunis

T =fule -T.
M ‘H/ vy J (27)

laely natural period Yok UUI1@BY MDOF Trand U

2.3.2.3. Evaluation of Damping of Structural System
WANWY hysteresis vadlasanaunInEWaN £ gnussanailaan1siiansan hysteresis

loop dmsunisimaeusiMdudninevesn1shnaaiuis
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2K,(y5;f)2—"’ﬁf(+l;j) (. <u<1) (2.83)
E/ = ‘
P e Y14 ) u?
s B NP

WeANSTYU hysteresis Y09 damper wag sy elastic gnRAITUIPILIMTDUTY

WS99 hysteresis ¥83 damper BE19LA87 £,7 Wag AU hysteresis 89 damper Laginsy

elastic £,°% Ay axnsominainaunis

add d d\2
Ep = Ep = 4Kd' (lun‘ - 1)(51 ) (29)
Tuaun1seduy Ky, 5;’, Uy A stiffness, yielding displacement and ductility factor

of dampers AMUENU DNIIAIUTLNIN stiffness V89 1N5H elastic kag stiffness Yo damper

¥
o o)

Vs=Ksf/Kd Aon151inesnd1Agyesunaatuid Equivalent elastic strain energy 10458UU

>4

Tasasaiaviun £ +£.7 anunsamuwialalagaunis

¥

1 2 K 5‘d
EKf(ﬂr?_f) ((lw.;)?“p} [ﬂc <’”SE7J (2.10a)
El+E%= i

Lk, (o) |0 K. 5
3K (u8)) (/Pd+?s)g+ﬂ S K (2.10b)
91378 equivalent damping YBIYARRALNALANLUUTIARY RC ¥ANARINaNnI3

[ d
) ES+E,

h'=——PB "2 _Lpt
. 4;r(E;+E;’)

0

(2.11)
dlo hf fie shmiisveslaseadnesssuwd inherent structural dampine auudlidu 0.03

' [ % a aAa ° A a [ |
agalsnny lassaiuuansdamigaguituiuuniiueundalaiviueulusenitenis
sz ukHuAulnILUUEL Newmark wag Rosenbluth lalausuuiAnnisuuluadedauseiiy
ANRRY NMINUNEUTUY NN ATEUAUAILA 0 DILBUNAAFIFA INHANITANYUTIFILAY

reduction factor fivasnse R=0.6

9n31d7U equivalent damping vadlasa RC h mleannaunis

g (2.12)
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9131d7U equivalent damping UBIYARARLALLANLUUTIABY RC AN ARINANNTS

v d
Ep+EP

- . f
h“_4z(£;+E:) h

0

(2.13)

2.3.2.4. Evaluation of Max Displacement by Response Spectrum

uunAd euiduimssznindugsaavoslase RC 9 maldlag displacement
response spectrum

313001 damping ratio h/ wag secant natural period dmsunsindeusadmung
T/, AduUsEANSMOUAUDY reduction D, wansluauns

z s
T, [1+ah,

8, ars2 |1 S8
!
T\ 1+ah,

(2.14)

\le 7,2 Ao secant natural period v8syaRad L iuAnlAss RC Feanunsaldunain
aun1si 11, AmduUseans a gniauelviiian a=25 (AaulHuALlmINNITELNR) , a=75 (AAY
wrufulvadien) Tuunarudagldiluniuuiviuluiion agslsinu a gniealmdu 25

dmsunisfiansannisnevauesikitafisvedlasasny RC Weisuiulassadiundn yuns

indeufiduimssenitugigauesszuulassaiaiomn O,.2 wldan

0, =0,D,
(2.15)

T; K/ - - 1
F - = —_— = r ¥ o
T}:" K:: P p d f,\ )ud

2.3.2.5. Evaluation of the Amount of Damper

(2.16)

Damper stiffness vil4ilel target displacement muAINABINITNALIMRNURBULY
59 2
l9eq :19tor

AUN15N 2.17 1AU191nNNSUNUANNISA 2.16 adluaun1si 2.14 wag 2.15

N2
p(l+ah;f)[sf] ={p+r‘,(}g+l—n(l+ahm)
Ha (2.17)
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Vnefian ry 3ednsIEIU 5EMIN stiffness Y89 damper wag WS RC, ry =Ky/K; @131150

AlRNENNIST 2.18 FelAannnsunuannsi 2.12 wag 2.13 Tuaunisi 2.17

A% +u,—put(1+
, [g_,,z,) o|[1saf a4 LoPEF B PR (1+n)
ftar }r py+ﬂ(

Fy =
(1+ ah{)(yj +1]+ 2aR (llj
d

H T Hy

(2.18)

2.3.2.6. Damper Distribution for Multi Story RC Buildings
A1N15VINNINTEALAIMUNEMTUDIANT RC et ileaunsigniiviug secant
stiffness @113 displacement wWhnune vesyaRaduiaiugniiansadu stiffness vosusas

FUVB91ANT RC anetu uazouludeluilgnduliugusme

a) 9M31d7U equivalent damping U935z UUIATIAT IV INUALAZLNTN RC d115U

displacement LU mnaziiouiusEnikUUINass SDOF Way kuudnass MDOF

b) luldnuruaulnivesdgiiu usadauny stiffness distribution method #3871 A

method lagnilenudu meldReulunisnszaneusawes Al gunsiedeuiiduinsseninatugagn

YosuaaztuniuiugLnsedeus duinssznIntuewuudIass SDOF Mt 0.2

c) Ductility factor ¥93A7%UN Uy, Ductility factor 904lA59 RC W, 8n51d7U stiffness

VOIMINLazIVTY elastic Ysi Ulusaztumiiouiu (i<N)

fnsaneuly a) agleaunisn 2.19

N

d
Z £, E¢
i=1 P

i(EhE:i-): El+E!

=l (2.19)

Wokgnwsimasuiazdlluaunisi 2.19 azlaaunisi 2.20

N

S Ko (s -1)(0h, /1)’ ] K, (s, 1)

i=1

i[(K;{i#d{ + K‘[, + ya,‘Kfﬁydl)(gjhi)zJ . (K!{ﬂd + K.:[ + y.\'Kt!ﬂf'r)'udz
i=1

i

(2.20)
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fsaudeuly b) o

YUNISAAoURIFNINS sEni Nt ugegavesuaasty Ui fie U, Ductility factor v
WU Uy A Uy wazDuctility factor waslass RC U, An U unuaAauduiusivaidluannisi

2.20 al@aumsi 2.21

i(Km”f)/i(Kihf)=Kd/K§

A A (2.21)

Nsadeuly b)

AUNNSN 2.22 auysal LN YUNITAFUMIFUTMSTEnINTuasgavesiarTunele

A . A [
IAABUANUNITATENY Al LAUBUNUY

Y (0h,)
[ — Q. - A

T (K Y )KAAE S (KL (41 ) K,

pii

[ (2.22)

¥

Ne¥gn stiffness YDIFINUI Ky VBITY | ¥8981A15 RC vianetu wansluaunisii

2.23 FlPNNISUNUANNTRANNIIN 2.22 Wieaun1sA 2.21 @un1si 2.23 Ao damper

stiffness VLT | enauaues displacement Winunalunisfesiuuainieauaulm

}/s + l/lud
= (2.23)

N
f1.2
Qr Z(K!ﬂ'hj )( 1 f! . J_ K:;
d
Vs

€

IMNNAITRUleNan1sNadauRatl
Max story drift angle

o Y, (8nT1dUTEnIN stiffness 109 Wsu elastic uag stiffness 189 damper) LTy

max story drift angle 3zanas waz max story drift angle vugufgouazlanIsLAd OUM?



22

wWhvneyszana 1/150 e Y, dauszanad 0.05 waziila), daiu 0.1 Msann1sneuauaslill

-@--.=01 —— 7 ,=0.125 |

0004008 0.012 0016 %005 0012 0016 “000% ~0:008 0012 0016 0006008 001z 0016 0 00010008 0.012 0DI6
Max Story Drift Angle (rad)  Max btor) Drift Angle (rad)  Max Story Drift Angle (rad) \ia\ Story Drift Angle (rad)  Max Story Drift Angle (rad)
(a)S model (b)1L model (¢)2L model - (d)3L model (e)4L model

g‘dﬁ 2.6 Max Story Drift Angle[12]

Residual story drift angle

dle p. fiduiu 0.05~0.075, residual story drift angle a6n31 1/1000 SUs04A97Y

AolllowwesAsTld wazdunalainde Y. ifisdu residual story drift angle aganas

171000 * | “. | )/1000

Story
- &

5]

Sg---- O ox-T0T
=

) 003 X )OT 0.002 0.003 ! 0 001 S 0.002 0.003 0 0 002 0.003 L 0.002 0.003
Residual Story Dnﬂ Angh.(md) Residual Story Drift Angle(rad) Residual §mry Drift Angle(rad) Residual Slor\ Drift Angle(rad) Residual Smrv Drift Angle(rad)
(a)S model (b)1L model (¢)2L model (d)3L mode (e)4L model

g‘dﬁ 2.7 Residual Story Drift Angle[12]

o v A 9«

PNMINUMUNYITel ivedrinasiiuisnsesnuuunvangandmsussuueIATge 5 9u
waeld mode shape wissua 1 lnua wisprsivhunldlulusaavens WWue1n1sge 36 Tudieraasd
1NN 1 e wnsRsdnitsinyssendliivenmsgaiegindanumansauuaziusednsam

el dbiudagiauivseusuuslaegisls
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uni 3

ASn1sAiunng

3.1. SULUUNITITENIDUUULNUNTTIRY

v
av A

nasetifumsiengitaziUioufisungAnssuvedlasadieimsaouninesumanidanang
gauuImnaNnaukazrauasuiadlngasre1A1sBnselinislnune (Buckling Restrained Brace)
\ienazyilvii LR sgunsulesBnswariadles lnefinwUSeuliieuann ssegmsiafeudiivesennis

Wesanusawiulm NYNIENINAMUANITFULINTN AUFAIUNIY AIUAIILTBIBATS LasiuRuT

5995U1ANS UNNTAUNIULSIAUAL D UYBILNUAULA N.A. 2564

= = I a a aal | ]
e EQfe usausudulmiluianisuny x lngdBussadiniiieuiin
EQ, fio usturuAullufiamaunu y Inedfussadinieuiin

3.2. M359UTIUNYBYA
o k4 a a s v A ! P ¥ N 4 a ¥
IMMITIuTndeyaanIveninus vilsde uwasienansene q Nietedaenlalineazideall
waaluuni 2
3.3. 1A394938733Y
AN ANTTUVDILATIATDIAITAOUESNAAT wazraaasumaseIdusiadaiioumi 1ng

TNSLEBUAAIPIEBIABIANTENSILSNIT NN

3.4, Jumaulunsendiuanuds
1) FEnvmgeiuesnmAdeiifetertumaduhddeenslieromtadilsnmsinumg
2) ﬁﬂmmwﬁlﬁmﬁ’uﬂgﬂixmwﬁmuﬂmﬁ%’uﬁ;’mﬁfﬂ AINUATUNIY A UAINUYBIBIATT
LasfiuAuTisessUaAsluNSFumMuLs sduaziouveuiuAulm w.e. 2564
3) @AnwIanistdaulusunsy ETABS
4) @5LUUTIRDIeNANTEeTBIAR g9 36 #u Tnel4Tusunsy ETABS
5) eenuuULitems I Buckling Restrained Brace fifasldluusazdu
6) UIUUIIABIDIANTHNESTUAISIA UL TIHUAULAY

7) asunanisAnw
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3.5. NM5E319UUUIIAD991ATS

3.5.1. TUABUMMTATIUUUTIARR8TUIUNTH ETABS
nsasanuuTIasaialusunsy ETABS a8vn15391aedlassaseensaounInasuiangs 38

(%
[

FU haTTULARY 3 YU (91AN5DDIBAN)

1) Gusulusunsy ETABS lnensaku Grid line 311udulasantg wesusiasdunaiuy

Grid Dimensicns (Plan) Story Dimensions

O Uniform Grid Spacing O Simple Story Data
|' N LY 1 W
r"e/,vw 77 T ot A W

& |

| 2

@ Custom Grid Spacing @ Custom Story Data

Specify Data for Grid Lines Edit Grid Data... Specify Custom Story Data Edit Story Data...

Add Structural Objects

F T e

1 T T T

il Il || e

i = EECgEEEL

ﬂ] i e

Lo 1 I

¥ [ WEssarmess

Blank Grid Only Steel Deck Staggered Truss Flat Slab Flat Slab with Waffle Slab Two Way or
Perimeter Beams Ribbed Slab

oK Cancel

5UM 3.1 29U Grid line wagdwiuduvasiuudnges

AvuaAuandfveInaunIn 600, 450, war 320 Alansusionsiauwusiuns aua1au tngly

dd‘dowv

ABUNIANI AT ULTISR (fc)) Wiy 600, 450, uay 320 Alansudenisnawuduns auasu (U

visansrUeniieny28 $u vuim 0.15x0.30 m. lugdadangu vesnoundn ( E') wihiu 15,200,/ f



Material Property Data
|
General Data

‘ Waterial Name

Material Type

Directional Symmetry Type
| Material Display Color
| WMaterial Notes

Material Weight and Mass
© Speciy Weight Density
Weight per Unit Volume

Mass per Untt Volume

Mechanical Property Data
Modulus of Hasticity, E
Poisson’s Ratio, U
Coefficient of Thermal Expansion, A
Shear Modulus, G

i Design Property Data

25

2C320

Concrete v
Isotropic ~
Change...
Modify/Show Notes..

() Specify Mass Densty

240277 kgf/m?
[220277 kg/m?
3024 ke /mm?
02

o0 1
|1260 kgf/mm?

‘ Modfy/Show Matenial Property Design Data...

Advanced Matenal Property Data

Nonlinear Material Data.

Material Damping Properties

Time Dependent Properties

oK Cancel

UM 3.2 AmuanuaudRvesnaunin

2) MvuavwanthinkasauauUAvedasaiaing 4 Tueims laud i A ndesuusedeu

waziiy Post tension tHudu Inaiifnagenssalidl

General Data

Property Name

Material 5C450 A
Notional Size Data
Display Color

Notes

Frame Section Property Data X
Modify/Show Notional Size.

= - I,

Modify/Show Notes. .. .

Change

Shape . . .

Section Shape

Concrete Rectangular ~

Section Property Source

Source: User Defined

Section Dimensions
Depth
Width

800

800

Property Modfiers
Modify/Show Modifiers.
Curently User Specified

Reinforcement

mm
Modfy/Show Rebar.

OK

Show Section Properties

[ Include Automatic Rigid Zone Area Over Column

Cancel

5UN 3.3 AmuevunavntinwazaauUaia



Wall Property Data

General Data
Propety Name
Propetty Type
Wall Material
Notional Size Data
Modeling Type
Modiiers (Cuently User Specified)
Display Color
Property Notes

Property Data
Thickness

Frame Section Property Data

General Data
Property Name
Material
Notional Size Data
Display Color
Notes

Shape
Section Shape

Section Property Source
Source: User Defined

Section Dimensions
Depth
Width

Modify/Show Netional Size..

ol

3
Change... <
Modify/Show Notes...
Conerete Rectangular v
Property Modifiers
Modify/Show Moddiers...
Curently User Specified
1600 mm
Reinforcement
800 mm

Show Section Properties...

([ Include Automatic: Rigd Zone Area Over Column

Modfy/Show Rebar..

OK

Cancel

‘:l' o Y o wa
E‘UVI 3.4 NUUATUIANUIAALDZ AEUFNUAATU

w2s
Specfied v
5C450 v

Modfy/Show Notional Size...
Shell-Thin ~
Modfy/Show...

. o

Modfy/Show...

(O Include Automatic Rigid Zone Area Over Wall

OK

Cancel

X (B Wall Property Data

General Data
Property Name
Propetty Type
Wall Material
Notional Size Data
Modeling Type
Modfiers (Curently User Specfied)
Display Color
Property Notes

Propery Data
Thickness

SW40
Specfied ¥
5C450 v
Modfy/Show Notional Size..
ShelThin v
WModfy/Show..

~_

Modfy/Show..

Change...

400

O Include Automatic Rigid Zone Area Over Wall

OK

Cancel

5UN 3.5 AmuavuantdauazauatdRmiTuLsudeu

mm

26
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Wall Property Data X

General Data
Property Name 25P25
Property Type Specified 4
Wall Material 2C320 V...
Notional Size Data Modify/Show Notional Size..
Modeling Type Shel-Thin e
Modifiers (Curently User Specified) Modify/Show...
oot - o
Property Notes Modify/Show...

Property Data
Thickness 250 mm

[ Include Automatic Rigid Zone Area Over Wall

oK _ Cancel

5UN 3.6 AmunvnantdauazauauUATeUNLIY Post-Tension

aINMvUATIAnAnLazANENTRR19 9 Wi ntuininisasanuudnges lngasfimunge

o/ o [ = A a (87 Ay v [ [ N 1
iax‘lﬁU‘U@QLLUU’i}’]a@\‘iL‘UULLUUEJWVB.!U L‘W@'JLﬂi?%%‘ﬂ@ﬂﬁﬂlﬂﬁ]’]ﬂﬂ?iﬂ?ﬂ'}mLlﬁ\'iLLNUG‘I‘I,JIWWIEJ"LU

Y

* * x * * * * *
- - * - "“ * -

- ox

* x

*tio

* - - - *;t’ * *
* * * * * * * *
<
|
—X * * * * * *

' ¥

UM 3.7 wlauuuuiaeswedaseasne e ndeuusudeunasiutui2
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L
D

i
|

X
S
5
*

3
3
S
3
3
o
"
)
3
3
)
2
3
%

E X006
(e

R NN
HHEX
T

v

UM 3.8 Amuengnsessuvetiuuaesduluudayuy

vihmsldminussmn (Load) Nuvaausaeu e wiinussynasiiissnTaganussuagsiia (SDL)

wiriu 300 AlanSusionsnasns waedwiinussnas (LL) winiu 200 Alansusionses

Shell Load Assignment - Uniform n
Load Pattem Name o ~
Uniform Load Options
Load 200! kd.-’ﬂ'lz O Add to Eﬂ!ﬁnﬂ Loads
© Replace Existing Loads
Direction ~ Gravity - (O Delete Existing Loads
OK Close Apply

3UM 3.9 Muuawidnussyn (LL) wiriu 200 Alansusienisnauns
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e ligaaudnalavessau tower Lulaozuisu (Diaphragm) D1 Liedeineusinud

wazivualy D1 Wulnovunsuuds (Rigid Diaphragm)

Define Diaphragm X

Diaphragms Click to:

Add New Diaphragm

Modify/Show Diaphragm

DNalaia Dianbheanm

| Diaphragm Data

Ui 3.10 fvun D1 1Wulaezuvisuuds (Rigid Diaphragm)

AvueAmdnans (Mass Source) Ingldumtinussvnaan minlaseadne) 100% Wmtin
U59N95 100% WnnUsINNesn (Fananuaauasnia) 100% wsauiunulnilufianiuwnuy X lngdguss

ADPLBULYIN 100% wazusakauaulmluianiwnuy Y InedSussadsiiauyin 100%

| Mass Source Data

Mass Muttipliers for Load Patterns
Mass Source Name MsSrc1 Load Pattern Muttiplier
EQY static v

Dead

SDL

L

EQX static

lEov static |
1

Mass Source Add
() Element Self Mass

@ Addttional Mass. Delete

‘ Modify

||

@ Specified Load Patterns

O Adjust Diaphragm Lateral Mass to Move Mass Centroid by: Mass Options

@ include Lateral Mass

‘ () Include Vertical Mass

@ Lump Lateral Mass at Story Levels

oK Cancel

5UM 3.11 Muuaddmiingms (Mass Source)
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nuagUuuunsduiiugiueesenasn 12 nua Weiwuauazoudeyannegiuasaseusos

W2 IAYINNNSAILATIETLUUINAD

Active Degrees of Freedom X

Building Active Degrees of Freedom

Full 2D XZ Plane YZ Plane Ne Z Rotation

il e

-

B Buw BuvzZ B @R @R

OK Cancel

JUN 3.12 MuruagUuuunsaunugIuYedeIns

3.5.2. NM1sAUILSItHUAUlnlne T aania Ui
TudIurINIFIA I NlASIAT 1T ULIHHUALNIAINLINTFIUNITOONUUUBIADIATTATIUNIUNTT
FuaziiouvawiuAulm 1nefiansannLuUIIaadtulusensy ETABS N1SANUIMLSIbEUAULAISUNN

NILIHRIUNFIU FeeusamLaINauns

V=CW (3.1)

. Syl
loeft Cg 2a’
R

Sq Ao ArpnuswevaustdsaUnasuuuiuAuamsSuNITRRNLUUIATUN1 A

8 Ardulszavsausmavaues muwinldain Cg =

o))

4

=)

ugnuvenans Tanfisududadiuresainanusannnussliuassedlan

I A FUTENOUAINAIAEUDIIANT
R Ao APUTENBUUSUNAnDUALDY

W feo uwminiesvunvesenans (ke)
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PAINTUMILTINTEYN I ULFAETUINNAUNIS

Wy HE

= = (3.2)
X
Zliv=1 WiHik

1%

e W, @e dwinvosiudu x (ke)

[
a v

H, #o anugaainiufurestu x (m)
k

A ArfauanidadaAwiiy 1 o T<055s

T-0.5
2 '

2 Mo T>25s

P o 05<T<255

n AB INUIUTUNINLA
E,  fo ussiinszvirluusiazau x (kg)

V  fe ussleoungiu (ke)

mruaksaEuaulmlufanany Y (EQy) wazisuiunulmlufianiany X (EQy) lneviinns

@onydaussuruAulmidunuuimunes (User Loads) wazvinislaaiwseiinszyiilunmazdu x (F,) 9

muadlalula

Define Load Patterns X
Loads Click To:
Seff Weight Auto
Load Type Multiplier Lateral Load Add New Load
= W™ £, N AN 2 Mody Load
Dead || Dead 1 I
SDL Super Dead 0
EQY static User load Seismic 0 User Loads [
EQX static User load Seismic 0 || User Loads |
N e Delte Load
H
[ .
oK | Cancel

gﬂﬁ 3.13 MAUANTULALANWULYDILITILNUAU LI
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User Seismic Loads on Diaphragms X
Number of Load Sets 1
Load Set 1 of 1
Story Diaphragm Fx Fy Mz
tonf torf tonf-m
DI . 0 64626 0
Story35 D1 0 47.9042 0
Story34. D1 0 28.6357 0
Story33 D1 0 286357 0
Story32 D1 | 0 28 6357 0
Story31 D1 0 28,6357 0
Story30 D1 0 28.6357 0
Story29 D1 0 286357 0
Story28 D1 0 286357 0
|
Story27 D1 0 | 28.6357 0
Story26 D1 ‘ 0 | 286357 0
Story25 | D1 0 Baw | 0
Story24 | D1 0 29.4158 0
Sloy23 D1 0 ‘ 24158 | 0
Story22 D1 ‘ 0 ‘ 29.4158 0
Stane?1 01 ] 0 294158 0
1
@ “oply Load at Diaphragm Center of Mass Additional Ex Ratio (2l Diapk 0.05
_ Sort Rows  Add Row Delete Rowls)
0K Cancel
a 1 X o v ' ]
JUN 3.14 ldewuseninszianu Y Tuusiasdu
User Seismic Loads on Diaphragms X
Number of Load Sets 1
Load Set 1 of 1
Story Diaphragm Fx Fy Mz
L A N\ __tur[ W ___»turf_ torf-m
o\ 24 | ags [[SV AV vy N A
Story35 D1 47.9042 | 0 0
Story34 D1 ‘ 28,6357 1 0 0 \
_ Sty3 D1 7jr 28637 [} A VP4
_ Stoy32 D1 | 286357 [P & 4
Story31 D1 286357 [ 0
Story30 D1 286357 0 | 0
Soy28 | o) Qi 1 %50 . [ > 0
Story28 D1 286357 0 (]
= +— — o— —
Story27 D1 | 286357 | 0 0
Story26 D1 ‘ 286357 | 0 0
Story25 D1 [ 294158 0 0
Story24 D1 294158 0 ]
Story23 D1 29.4158 0 0
Story22 D1 294158 0 0
Stan21 ni 29 4158 n (1]
1
@ Apply Load at Diaphragm Center of Mass Additional E ity Ratio (all Diapt 0.05
Sort Rows Add Row Delete Rowis)
oK Cancel

3UM 3.15 Tdausainsgvienu X Tuusiasdu

o
Y
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PNUUAINUAAT Stiffness NEOAARDINUFNINAIININAIFS Property Modification Factor lag
f91Us Moment of Inertia YaINTNAALET WINAU 0.7 AMUWINAU 0.35 Nasuksadau windu@lunnnidn)

0.7 wazunuiuliau wiriu 0.25 Awanslugy

Property/Stiffness Modffiers for Analysis

Cross-section (axial) Area

Shear Area in 2 direction

Shear Area in 3 direction

Torsional Constant

Moment of Inertia about 2 axis

Momert of Inertia about 3 axis
Cancel

5UN 3.16 Mviuad Stiffness Use@nSravatian

Fropstty/Stiffress Modifiers for Analysis

Cross-section (axial) Area
Sheet Iren R e
Shear Area in 3 direction
Torsional Constant
Moment of Inetia aboit 2 axis D
Moment of Inertia about 3 axis
Mass
Weigh
Cancel

5UN 3.17 Mviuad Stiffness UseAnSnavesnu
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Property/Stiffness Modffiers for Analysis

Membrane f11 Direction

Membrane f22 Dirsction

Membrane f12 Direction

Bending m11 Direction

Bending m22 Direction

Bending m12 Direction

Shear v13 Direction

Shear v23 Direction

Mass

=1 =1r=1r=l =l ===
==

Weight

==

5UN 3.18 uiuadn Stiffness UseAnSnavemdaiuusaiou

E Property/Stiffness Modification Factors s

Property/Stiffness Modifiers for Analysis
Membrane f11 Direction
Membrane f22 Direction
Membrane 12 Direction
Bending m11 Direction
Bending m22 Direction
Bending m12 Direction
Shear v13 Direction
Shear v23 Direction
Mass

Weight

=== = el =17r=17=
b | |k b
en | || e

Carel

JUN 3.19 Mvuad Stiffness UseanSravesuniunuliniu

3.6. NMstasNA1aUelATIEIe
3.6.1. 35n1599NLUU BRB
1) Simplification of RC building to single degree of freedom (aAAIINT UL D UVD I
9IANIABUNSALESLUAN I TULUUTA90E199)
lagA1uIal Equivalent height (Heq) , Equivalent mass (M,,) Wag Elastic lateral stiffness (Ky)

1NFUNTT



TneA
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N
_ Xj= mjuj-Hj

H,, = (3.3)
q SiL miw
N
M, = Zizmit) (3.9)
ed Z{V=1 miu;
2T
f
H,, A9 Equivalent height (m)
eq A® Equivalent mass (kg)
K, 7o Elastic lateral stiffness (kN/mm)
m; Ao uaaﬁqw%uuﬁaz%ﬁi“’(kg
U A9 Fundamental modal displacement dmduustazdu 1 (m)
H, Ao esgedwiduusiassu 1 (m)
T @8 Fundamental period (sec)

2) A1 p (Stiffness reduction factor) Tagaun13A1 p TUIUAUANUAIINFUNUS VD

Base shear — roof displacement 484 RC frame @ 4la1191011571A512% LUU Nonlinear modal

pushover

Taen

Me Ao Drift ductility at the target roof displacement

o o 5
AuIallaan 2
5fy

8, B Lateral target displacement Aulndlaan Otar *Hegq

8¢y fAa Lateral yield deformation of the SDOFgc
Awnllaan 6y, - H,,
FAFTANTIMUAAT By = 1/250 Haw 05, =15/3200

W, A9 The ratio of the crack-to-yield displacements fAL1fiu 0.1

ATUIUAT p INAUNTT

Tnen

p = Hc+a1i;‘f—MC) for (.uc < Iy < 1) (3.6)

p Ao Stiffness reduction factor



a1 A8 Pre-yield stiffness ratio fiA1Lvinfiy 0.22

3) ™A1 Hysteretic energy of the SDOFgc (E))

AuIalANNANNIT

1ng

Tnen

2 (A-p)uc
Ef = szf(ﬂf5fy) : lic+—pllf for (,U.c < U = 1) (3.7)

Ef A Hysteretic energy of the SDOFgc (kN-mm)

A Ao ANldan stiffness Y99 Takeda HAWINAU 0.4

4) MEnTIEIANULTITENING dampers U RC frame (T'g) Aailaainaunis

Ko, p((%)z—1)-(1+a(5f0+§-Af1))

ry =—2= for (e <pp < 1) (3.8)
K L) 2eR(, 1
f (1+ahf0)(ys+ud)+wd(1 #d)
Ty Ao dnsnduANLTesEIINg dampers U RC frame
S o v S
0,  f® Story drift of the SDOFg: model fmailaan H—d (rad)
eq
a A Default calibration coefficient Ay 25
R fAa Safe reduction factor #A1MIAU 0.6

5)’0 A9 Intrinsic damping of the existing RC frame dAL¥AY 0.025

Afl A Introduce two factors AualaaIN

(1-p)-Uc
A = ———— for <ur<li (3.9)
T (e <pp=1)
Y, AD ONTIEIUTEIIN stiffness o9 1T elastic Wy stiffness Y89 damper
ty A9 Ductility factor of dampers

5) M stiffness of dampers (K » Auiadlaainauns

36



37

V(e 2
K, = &Zil(KfM,lHl)( 11 N Ky ™ '7”d> — K, for (uc < u, < 1) (3.10)

o H N (0uH) Vota aq (yn,
d

Tl K,, 8 Stiffness of dampers (kN/mm)
Q, Ao usadouluudartu (ko)
Ky A8 The story secant stiffness of RC frame
Aundlean K, op - (kN/mm)
3.6 %1 Required lateral slip force of friction dampers at it story (Fg,)

INAUNTT

Kgi
F, =—= (3.11)
d,i x
BRB

Towil Fg; A9 Required lateral slip force of friction dampers g ith (kN)

A o

v 2
Xprp A9 AWINULAIN % (mm)

Lgrg  A® ANNB1IUS BRB (mm)
3.6.1.7 ¥131u BRB luwsaztulaain

Fai

31w BRB = (3.12)

FBRB

1067l Fgrg 8 Strensth 283 BRB (kN)



3.6.2. SN sia@sumasvadlasaasalaglaluswnsy ETABS

Link Properties Click ta:
BREB for story 1-15 Add Mew Pro
BRE far story 20-30 ety
BRB for story 31-35
NLPR1 Add Copy of Property...

Modify/Show Property...

{ Delete Property

Cancel

31117; 3.20 NuuA Link Properties @113U BRB

E Link Property Data

General

Link Property Mame
Link Type

Link Property Motes

Total Mass and Weight

Mass

[BRB for story 1-19]

lr‘IllliLiﬂEa:Pl_ﬁ;ﬁc 4 __- WA

|— Mnd'rfy}‘:Show Notes ;

——

P-Delta Parameters | Modify/Show.. I
MAcceptance Criteria L e i\ﬂ;:d?yfshowf il
None s;necth;d X

Rotational Inertia 1

Weight l:l kN Rotational Inertia 2

Rotational Inertia 3

Factors for Line and Area Springs
Link#Support Property is Defined for This Length When Used in a Line Spring Property
Link/Support Property is Defined for This Area When Used in an Area Spring Property

Directional Properties

Direction  Fixed MNonlinear Properties Direction Fixed MonLinear
0O [0 | Modfy/Showforut.. O R 0
w2 O Madiy. for U2... O R2 O
Ow O 3 Om O
Fix All Clear All
Stiffness Options

m?

Properties

Stiffness Used for Linear and Modal Load Cases |

Stiffness Used for Stffness-propertional Viscous Damping |

Stiffness-proportional Viscous Damping Coefficient Modffication Factor

Cancel

sUT 3.21 fwiun Link Property DATA &Sy BRB usiazdu
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Identification

Property Name | BRB far story 1-19
Direction | 1
Type | MultiLinear Plastic
MonLinear | Mo

Linear Properties

Effective Stffness 4264721 kN/m
Effective Damping I:l kM-=/m

;s‘l.l‘ﬁ 3.22 Amua Link Directional Properties @113U BRB

JUT 3.23 uuvanuiifveawuuinaedasiasiaaaasu BRB Al 1



5UN 3.24 wuuauiiivewuudnaedlasiasnanaauaiy BRB A 2
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uni 4

NEN1INMaBN

v

AM3ERNLUVBIABIANSERsaldnnsinanns (Buckling Restrained Brace) 1l owaSumaadiuuss
wiuAnlmdmiueiasgatiunans Tasldlumaemsaounin 36 4u Wuerasiaesn daduluna
psfigniaestuliiidnunylndifestuoimsaduiiuiingaummamuas deldsuusadesanusdli
faLazusuNuALlmInuIAIswYeInsulesisnisuaziaiies defiarsandinisadeuia (Story
Displacement) AdnTETBINSIAR DU dUTMSsEMInsTu (Story Drift Ratio) wavAsvaznIsAAeN
faduinsseninetu (Story Drift) Wikuinmwives uew. Tdhensindousdusinsfivesly 0.015h ves
utazdu wuhAnsedeuiaduivsiisenlviogii 0.045 w1 derugs 3.00 ws (1 4u)

NNMTRATIERLTIAuTsinseyideermsnelFusausuAulm Unnguaiimsiiuunu x &
Mstadeudidaunngaegd 0.507 1. Tuvaigiidiuunu Y dnnsindeusiduivduingnegil 0451 . Tng
sweznsedouinsaeuieiniuniAasyuitvenly

Hled1edetoyaain [12] Faldseuares Gy e IWnAY 1/250 w38 0.004 rad uaziiieliireuinig

wanana NEIATINNAT T, e wladliiagluguvasnmsindiousilagnisiidgauiuen (Cd / 1) 1y

AauelvllAfiguriiuannasinInsgIwedine Usingraiinisindeumduimsilatiaviiu 0.015

LY s

4. Wo lUWTs UM uiuNIs AR ouAIFUINS NN X FINUT NsAGBudNTNSININgneY

Y
o’do

0.1408 . mmmLﬂummimaaumamﬁwﬁwmmm AIUNIAIULAY y mmimaaumamwmﬁmnwamas

1 v ed o 0 A v =
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max story drift
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max story displacement
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max story drift
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max story drift
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4.1. wanlAanNn1savnLUU

AN5199 4.1 A1519LEAR9IIUIY BRB NLRINN1T90NLUULAEANERNLUAYD BRB

$7u3u BRB i
97U7U BRB (F2) daunsaasula Fire
Story SN (kN) Kgrp (kN/m)
X-Dir Y-dir Y-dir

STORY36 - - - - -

STORY35 1 1 1 1000 85294.42
STORY34 1 1 1 1000 85294.42
STORY33 1 1 1 1000 85294.42
STORY32 1 1 I 1000 85294.42
STORY31 1 1 1 1000 85294.42
STORY30 1 1 1 1000 85294.42
STORY29 1 1 1 1000 85294.42
STORY28 1 1 1 1500 126395.94
STORY27 1 1 1 1500 126395.94
STORY26 L 1 1 1500 126395.94
STORY25 1 1 1 1500 126395.94
STORY24 1 1 1 3000 255883.26
STORY23 1 1 i 3000 255883.26
STORY22 1! 1 1 3000 255883.26
STORY21 1 1 1 3000 255883.26
STORY20 1 1 1 3000 255883.26
STORY19 1 1 1 5000 426472.10
STORY18 1 1 1 5000 426472.10
STORY17 1 1 1 5000 426472.10
STORY16 1 1 1 5000 426472.10




$1u9u BRB (f2/%u) T BRE 7 Fgrp
Story drunsatasula (kN) K grp (KN/m)
939 (A1)

X-Dir Y-dir Y-dir
STORY15 1 1 1 5000 426472.10
STORY14 1 1 1 5000 426472.10
STORY13 1 1 1 5000 426472.10
STORY12 1 1 1 5000 426472.10
STORY11 1 1 1 5000 426472.10
STORY10 1 2 2 3000 255883.26
STORY9 2 2 2 3000 255883.26
STORY8 1 2 2 5000 426472.10
STORYT7 1 2 2 5000 426472.10
STORY6 2 2 2 5000 426472.10
STORY5 3 4 4 3000 255883.26
STORY4 2 4 4 4000 341177.68
STORY3 3 4 4 5000 426472.10
STORY2 4 6 6 5000 426472.10
STORY1 7 12 12 5000 426472.10

4.2. HaNntAIINNISTIATIEN

4.2.1. navaIN1IARBURA (Story Displacement)

48

1NNTIATIENLATIATIIV040IAITNAININTIINTLATUAIR6IE BRB a1 1delad1uia

DONUUU NUINTALARDUTULLILAY X LagLAY y amay Imaamammqm 0.05663 4.



STORY

STORY

EQX USER STATIC LOAD

= \Without BRB == With BRB case 1

50 100 150 200 250 300 350 400 450 500
DISPLACEMENT (MM)

Case 1 L@3UYIAIUUBNLAU X VBIIULAE

EQX USER STATIC LOAD

——Without BRB ———With BRB Case 3

50 100 150 200 250 300 350 400 450 500

DISPLACEMENT (MM)

Case 3 LE3UYIAIUUBNLAY Y VBIlULAa

EQX USER STATIC LOAD

=——Without BRB ———With BRB

50 100 150 200 250 300 350 400 450 500
DISPLACEMENT (MM)

Case 5 iasug29a1ulunny X valuna

STORY
=
3

STORY
o

~

36
34
32
30
28
26
24
22
20
18
16
14
12
10

STORY

oN B O

=]
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EQX USER STATIC LOAD

m—Without BRB === With BRB Case 2

50 100 150 200 250 300 350 400 450 500
DISPLACEMENT (MM)

Case 2 L@3u%2491na Shear Wall

EQX USER STATIC LOAD

———Without BRB =——With BRB Cased

50 100 150 200 250 300 350 400 450 500
DISPLACEMENT (MM)

Case 4 L&31929%19310 Shear Wall

EQX USER STATIC LOAD

= Without BRB == With BRB Case &

100 200 300 400 500 600 700 800
DISPLACEMENT (MM)

Case 6 &@3uv29nuluwnu Y vasluna
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EQX STATIC

e WithOUU BRB === With BRB Case 1 = With BRB Case 3 With BRB Case 2 =====With BRB Case 4 === \With BRBCase 5 wmm=\\ith BRB Case 6

STORY

0 50 100 150 200 250 300 350 400 450 500
DISPLACEMENT (MM)

5U 4.5 N9LERIANUAITUETENINITEAUTURAL N TARBUAIEIAR MUY X VBIDIANTNAUATUANRINY

6 NSEY

EQY USER STATIC LOAD EQY USER STATIC LOAD
e Withut BRB == With BRB Case1 = Without BRB =—=With BRB Case 2
36 36
34 34
32 32
30 30
28 28
26 26
24 24
22 22
z 20 z 20
g 18 g 18
16 16
14 14
12 12
10 10
8 8
3 6
4 4
2 2
o 0
o 50 100 150 200 250 300 350 400 450 500 [ 50 100 150 200 250 300 350 400 450 500
DISPLACEMENT (MM) DISPLACEMENT (MM)

Case 1 L#3UY29AUUBNLNY X VBILULAA Case 2 L@3u%429Ina Shear Wall



STORY

STORY

EQY USER STATIC LOAD EQY USER STATIC

= Without BRB === \With BRE Case 3 e Without BRB ~ =———With BRB Case4

STORY
5

50 100 150 200 250 300 350 400 450 500 1] 50 100 150 200 250 300 350 400
DISPLACEMENT (MM} DISPLACEMENT (MM)

Case 3 LE3UYIAIUUBNLAY Y VBILULAa Case 4 L&31929%19210 Shear Wall

EQY USER STATIC LOAD EQY USER STATIC LOAD

e Without BRB == With BRB Case 5 —Without BRB ~——With BRB Case 6

AXISTITLE

100 200 300 400 500 o 50 100 150 200 250 300 350 400
DISPLACEMENT (MM) AXISTITLE

Case 5 asuga9auluwnu X vasluwna Case 6 wasug29auluwny Y vadluna

450

o1
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EQY USER STATIC LOAD

e Without BRB == With BRBCase 1 =—With BRB Case 2 With BRBCase 3 == With BRB Case 4 =————With BRBCase 5 ====\ith BRB Case 6

36
34
32

30

STORY
=

(1] 50 100 150 200 250 300 350 400 450 500
DISPLACEMENT (MM)

5U 4.6 NI NLANIANNFURUTIENINTEAUTULAZNISIATOUMIGIAALULNU ¥ VBIDIANTNAAETUMAIA
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4.2.2. HAUBIDNTIAIUVDINTITLARDUAIAUNNSIZ1IN9TU (Story Drift Ratio)
ANNITAATIZALATIFS19YDIDIAITARIDNYIINITLESUAEIR2E BRB WUINDATIAIUNITLARDUA?

FUNNSaNaINNNSARRUFFURNSADUYINNSLESUANAY

EQX USER STATIC LOAD EQX USER STATIC LOAD
= Without BRB  ——— With BRB Case 1 target o \Nithout BRB === \Nith BRB target
36 36
3 \ 34 \
2 32
30 [ 30
3 | 28
26 26
% 24
2 2
.20 | 20
é 18 | E 13 |
16 16
M { 18 {
2 12
10 | 10
8 8
6 6
4 | 4
2 2 |
0 0
0 0.001 0.002 0.003 0.004 0.005 0.006 0 0.001 0.002 0.003 0.004 0.005 0.006
STORY DRIFT (MM) STORY DRIFT (MM)
a 1 % a 1 v
Case 1 L@Sua9muuenuU x vadluna Case 2 Lﬂilﬁj’lﬂﬂa Shear Wall
EQX USER STATIC LOAD EQY USER STATIC LOAD
——Without BRB ———With BRB —— target —— Without BRB  ——— With BRB target
36 l 36
34 34
32 32
30 30
28 28 |
2% 2 {
24 1 24 {
2 2
L0 L2
S § 18
“ 16 | “ 16
14 14
12 12
10 10
8 | 8
6 } 6
4 4
2 | 2
0 1 0
0 0.001 0.002 0.003 0.004 0.005 0.006 0 0.001 0.002 0.003 0.004 0.005 0.006
STORY DRIFT (MM) STORY DRIFT (MM)

Case 3 W@SUYPUUBNWLIYL Y UBIlaLna Case 4 L@5U%739%119910 Shear Wall
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EQX STATIC EQX USER STATIC LOAD
——Without8RE  ——WithBRBCase 5 ——target ——Without BRE = With BRB Case 6 ——target
36 36
34 \ N \
32 32
30 0
28 b
26 26
24 24
22 2
. 20 L 20
518 S 18
¥ 16 “ 16
12 14
12 12
10 10
& 8
6 6
4 a
2 2
o 0
o 0.001 0.002 0.003 0.004 0.005 0.006 o 0.001 0.002 0.003 0.004 0.005 0.006
STORY DRIFT

STORY DRIFT

Case 5 @suv9mulukny X vadluna Case 6 @3u9eUluUwIY Y U8aliina

EQX STATIC LOAD

e \W/ithQUL BRB s With BRB Case 1 s With BRB Case 2 s With BRB Case 3 === With BRB Case 4 s With BRB Case 5 == With BRB Case &

STORY

0 0.001 0.002 0.003 0.004 0.005 0.006
STORY DRIFT (MM)

U 4.7 nemllansmuduius sevrinsiutulagdnsdumaiefousidiing sewinstumluin x Sues

MR UUN 10496



EQY STATIC USER LOAD

= Without BRB == With BRB

* 5
32

target

STORY
%

0 0.001 0.002 0.003 0.004 0.005 0.006
STORY DRIFT (MM)

Case 1 W@SUYMNATUUBNLNY X VOILULAA

EQY STATIC USER LOAD

= Without BRB == With BRB

u N
32

target

STORY
&

0 0.001 0.002 0.003 0.004 0.005 0.006
STORY DRIFT (MM)

Case 3 L@SUTAUUDNWIYL Y VBIluLna

EQY USER STATIC LOAD

——WithoutBRE  ———With BRE Case & ——target
S
31
E
30
28
%
2
2
- 20
g
1
12
10
8
6
4
2
o
0 0.001 0.002 0.003 0.004 0.005 0.006

STORY DRIFT

Case 5 @suvmulunny X vadluna

STORY

sToRY

Case 6 @3u9eUlUWIY Y UBalina

EQY USER STATIC LOAD

= Without BRB == With BRB

0 0.001 0.002 0.003 0.004
STORY DRIFT (MM)

target

0.005

0.006

Case 2 W@S5ua9lna Shear Wall

EQY USER STATIC LOAD

= Vithout BRB == With BRB

0 0.001 0.002 0.003 0.004
STORY DRIFT (MM)

target

0.005

0.006

Case 4 L@319739%1193977 Shear Wall

EQY USER STATIC LOAD

—— WIthout BRE  ——WWith BRB Case 6 ——target

0 0.001 0.002 0.003 0.004
STORY DRIFT

0.005

0.008
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EQY USER STATIC LOAD

e WithOUt BRB === With BRB Case 1 == With BRB Case 2 With BRB Case 3 === With BRB Case 4 === \With BRB Case 5 =====With BRB Case 6

STORY

0 0.001 0.002 0.003 0.004 0.005 0.006
STORY DRIFT (MM)

U 4.8 nymllianmudius s NsziuTuegdn @M o d S sz 1tululn Y rdaesuig
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4.2.3. HavaUseansnIwnNI15NeIuYae BRB

57

S8aYAINLLARBUTDINSHESUANGILAY BRB LWaA1WINaankuun1y [6], [8] kay [12] wanINand

A9 ReTUNIlA1SpYasNdARnaUABTUN A BINSTTUSEANS A 1NY8Y BRB LAY 98 u15ananitaan

UszdnSnmues BRB Tutuiiuldgnldegnafiud

A9 4.2 WARINSUS BUMBUAINNSPR DUFALNTIS haLS D8aYIBIUsTANS NN BRB 1M an1SLNasRal

4w L | maefeusaduing | UszAusamaas
N13LARBUATUNNS o e 4.
Elevation NAWEATUNTAY BRB 7160184013
Story ANUNINTFIU -
(m) (case 2) LN
(m)

(m) (%)
STORY36 106 0.045 0.003749 0.0408
STORY35 103 0.045 0.003734 0.0408
STORY34 100 0.045 0.00379392 0.0407
STORY33 97 0.045 0.003819386 0.0407
STORY32 94 0.045 0.003855725 0.0406
STORY31 91 0.045 0.003865424 0.04068
STORY30 88 0.045 0.003894415 0.04066
STORY29 85 0.045 0.00388746 0.04066
STORY28 82 0.045 0.003869595 0.04068
STORY27 79 0.045 0.003883453 0.04067
STORY26 76 0.045 0.003879617 0.04067
STORY25 73 0.045 0.003807194 0.04074
STORY24 70 0.045 0.003807501 0.04074
STORY23 67 0.045 0.004014901 0.04054
STORY22 64 0.045 0.00394727 0.0406
STORY21 61 0.045 0.003725554 0.04082
STORY20 58 0.045 0.003699496 0.04085
STORY19 55 0.045 0.003670709 0.04088
STORY18 52 0.045 0.003627278 0.04092
STORY17 49 0.045 0.003488031 0.04106
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STORY16 a6 0.045 0.003441599 0.04111
STORY15 43 0.045 0.00336439 0.04119
STORY14 40 0.045 0.003286036 0.04126
STORY13 37 0.045 0.0032042 0.04135
STORY12 34 0.045 0.003142118 0.04141
STORY11 31 0.045 0.003062242 0.04149
STORY10 28 0.045 0.003076346 0.04147
STORY9 25 0.045 0.002930515 0.04162
STORY8 22 0.045 0.002646638 0.0419
STORYT 19 0.045 0.002504293 0.04205
STORY6 16 0.045 0.002385632 0.04216
STORY5 13 0.045 0.002078879 0.04247
STORY4 10 0.045 0.00169279 0.04286
STORY3 7 0.045 0.001190164 0.04336
STORYZ 4 0.045 0.000640236 0.04391
STORY1 1 0.045 0.000441804 0.04411
BASE 0 0.045 0 0.04455
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5.1. @gunan1inaaes

o o a

lumsifeasadl lavihnsfnwinginssuvedassaiiaiensusuunisiasumasimngauves
99A81A158A5915n151ANANE (Buckling Restrain Braces) d@usunista@sumasiofuusauiunulniues

v

91A15F78819 36 Tu MNNSANwIENNsaazUlafall

5.1.1 MIESUM&I91AIABUNS ALESULNANAI8DIABIATEASILSN1SIAANE (Buckling Restrain
Braces) viln1sARauIveslaaztu (Story displacement) wag N1SLARDUAIFLIVSTENINNTY (Story
Drift Ratio) ¥84lASIA51991ANSADUNIALESLNANARAY TedsnalriaudsmeniAnanwaufulnlIves

BIANTANN

5.1.2 MIESUM&I91AIABUNS ALESILWANIE 8IABIANTEASILSNSIAAANE (Buckling Restrain
Braces) AanSalfnegnd 6 NSa WU NSARAID9RDIASIRSISN1sTNLAIzUSnalnadunse Shear Wall

IS a a a = a1 A Ao v 6 4 ! aa o =
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