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Design for Earthquake
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uwudulrowaiaduawsalnalanniAamMv wa
suusvua:lNaAUSLULUISDELEDU (fault) SaAd
suusvlasaunsainga3i seismograph S5amsugu
OydVYWUGU (ground motion) cwudan (t)
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2) 381owamaas Hnv3saunasumsaduaudv
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unudulrooAgranmMsmvaad lagmswoisaun
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Considered Earthquake) U AYIUSUUSVHSD
magnitude Klv @ lagrmndayaniauvdsuouun A
v:MmilAAWgndavluNsUs:LITULBYanaLIwuTU

vl 4 mssanuuuTasssdedaeifidmadadad 73

- 38usntdu38Aa:aon soai$ owlidavldindoviio T s =
51AS1:RNBUGDU Uci3sN 2 Snduddvldinsaviio ; ‘
31AsK uazdpyaunudulHd seismic wave NtHU:aU




N1SDDNLUU
lasvasiv
LWDADU

Jaoaqny

#WelLoveSteelConstruction

Strength Design
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Bending Stresses in a Beam

. ﬁc‘ﬁumsaanuuutnsoa§10 Hanauad 2 0a A
(1M aaﬂuumwammUaaoﬂu Strength design ok
(2) aanuumwanmusandaaona Serviceability
design

+ Strength design LUuN1SWo1stuN@onUUUIR ——_ A
favlAsvasio (resistance UdUU 159031
available strength) UIAAIINAINUSOMBUDANA
ns:M (load UdUULS8NI1 required strength)

* MSWoIsaUN MAUUUAUIUS:HI10MISIIAS1EH M, = PL/4
Tasvasiv IWDHIWaIN load NY moment, shear M, = FyZ,
H3D axial La:mMsAIUDUAIAY NV moment
capacity, shear capacity H3d axial capacity

Seismic Design
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* KINWDISEUNIEMISILASIHUSVUWUAUTHD ADu35usv
aaauisuui AOWBUFaUUDYMSPRNLUUIASVASIY
WWadumuusoWuGulHD Ad MsKI load H3D Wadn
usvurudulsdNAaduAulasvasvans

mnuaa‘mmtdu_}wsv (1) seismic load Iua1u1sn
ArualduAiAvA dotdu live load tws: OUdSuA .
1AedUDvLNA (2) structural system wacio load o
u2a1A1S mass (m) A IWawIsadumunsidgsy
stiffness (k) ua: (3) AWIKGYOUDVS:UUGIUNMULSY
uWudulHd ductility (R)

MSWINSAUN UDNDIND:=CDVNSTU localized
parameter ¢iv 132 uo19AVNMS “auud” Udde
(m, k, R) No191A81UDVAU seismic load

Forces to move an object
attached to spring V() =

F = Stif fness. Displacement

F =k.s = k. Asin(wt)

Simple Harmonic Motion

s(t) = Asin(wt)

wAcos(wt)

a(t) = d%: —w?Asin(wt)

F =m.a=mw?Asin(wt)

Wi

Displacement

wugiuwammaasnu
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Natural Frequency
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« S:UUHKV 9 21910U structure KD non structure d:HaYUGNTY
wamaas (dynamic property) law:dd wu argiasngndociv
TywiiAu Duuaargluiinnu a:Rdgvn (A0WA) chonu

+ 2ImsAULdedAU KInauuadiGaniduriv awdnnulasvasio
91A1s udddatdnnusnain .. MINUUMINIsaINGpoIAIsdUivQ
KUV uddrins “datdon” >>> p1Msd:AaMsau udlude drg
Wum dhra Awa (Kudesaudaduii) Ksomumsaudolludiu
NAauUPVALA (HUDB3UTTdDSDU) AVA LLGULNA (amplitude)
ADY A DzaqavdINMSaaIwWaAVVIU AIYWAYDVEUUGIUNISHLIY
(damping) SUAS:MVHYAFU AOWAYDVMSTUAVNEID 159N,
AMWASssUBIa H3D natural frequency, f,, luuruzNATUNISAU
Advndid 159n31 AUAISAUSSSUBIa H3D natural period, T,

Ground Motion (Pulse)
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Waliamsduns:sinuoowudu

et

Mass wenguljindoun

et

1ioMsduuDdY Mass denvdas:

et

Hgady damper aalgwaoviu

« wndnssud awsalhlUds:gndldnunisnaaosua:wiusuuuu (b) Oscilation of bulking on cutting the rope
dynamic load test LWd31AS1zH{IV dussautunmisaiunNiuNs Figuune15 Fres vibition redisonis af a buiiding:
1Josu (stiffness) NDWLIUAYULUAVINMISIEDUANMWUDVAWIU  \_the back-and-forth motion is periodic. /

Ground Motion (Wave)
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* MSAUYDVWU (LWUGUTHD) Danueu:lawT: DAIPAMSAUYDOWULAWIECT d:donacionanauausy
ydv system A mass ua: stiffness H3DAUNSJUSSSUBIG natural period [T, = 2tV(m/k)] u2o
MpIMsAlUiAU KudeviurAuSonWUNaWUAQSUNaNDUaUDVIRRDDALUUISAIUITUHIUSD
lusUuov alvaasuAILISVODUAUDY acceleration response spectrum

Response Maximum Response Maximum Pseudo Response Velocity
o Displacement Displacement Spectrum & Acceleration Spectrum

T, =05 sec I &
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T, =10sec I U}’NWWHW
e
= _ 10 5.97 in.

10
T“:z.Osch 0 UUV’ \vapqucv
E=2% -10 7.47 in.
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Time, sec Ty, sec

AT

V.inssee

Response

acceleration
Ifan

Deformation u, in.

V=w,D
A= w,%D

Building Response to Ground Motion
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+ AWAlUMSEuUDIWU (LWUAUTKD) A

s:AUADIUSULSY (magnitude) KUV
duwaciamoimsuancivnul

* D1MSJV v:iJ lateral stiffness Uoe (8

usoups{unis displace 21A7s 1KLdE)
HInAduuWuGUIHODAIWAG AMuUMS
dugv ([Bawunulunsau 1sou) o=
dowalRp1A1s adUAUDVDEIVSULSY

+ 91MsLAY =i lateral stiffness U1n

HINAUUWUGUTHODAWAGY D:dowa
tHo1A1s BUaUDVDEIVSULSY

+ nol demonstration NVKUA WULWEY

SDOF nfhHualRaulu pattern LGgd uci
pimsawsaduldsanHatesvuuy
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Seismic Design Philosophy
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DoALlUUDIAIS tRdaqdvagluyov elastic DD %D s
i - + ucdmsAvaniw elastic Aovorins:uusu
twoaauniaunNIs usoMudlRD stiffness gouin Elastic Immediate  Life Safety Collapse
Occupancy
S1'TA i - Ua1du (1) duwdov (2) aanewdooula o'
3UC10'1ﬂllNUOUIH3 Up® ... WaYvIU = Usv * mistdesy ®
Iasvasdon elastic d:1dasulauny Al o
¢ v
- + WWoaanewavvuldlos o1Asa:lukga s >
#WelovesSteelConstruction duldve dreirawadudunuAfsasIv x =2
wa:aussauztunisaalgwavviu Uoauu g a
SvunoanuuulRaImMsdwganssulugdo g g
inelastic No1wdvwacio damage UV o
21A1s uciliiAanas collapse Deformation

EQ Load vs. System Ductility (R)
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* HIAWDISTUN acceleration response spectrum N From MCE to DBE
s:AuAUMISAUsSSUBIGUDVAIDIAIS (T,) cva -
Wansu T, Av:ld AxWIsY (uaaylusy AAviAgU and finally .. EQ load
U g = 9.81 m/s?) lagKIANSIU “UKUN W Upv
21A1S” AV:EWSAKI UsvNAS:AAU mass AtMAu
base shear [a 910 F = ma = (W/g)*(A1Avn*g)

nstngusounwuaulsoiug

Acceleration

S=UUSULLSYNIVUIVUDVDIAIS

#WelLoveSteelConstruction

* A2IWLSVAVNAET WUADIWISVASIAUAIIUSULLSVUDY
urudulHd su Maximum Considered Earthquake
(MCE) N 2,475 U H3awo1stunlamaiiaunudulxd
tAuAIdon&1R AWDUIUIG 2% u 50 U

+ tumsoanuuu aanauusvuWudulson MCE av
IH&D 2/3*MCE 1590 Design Basis Earthquake
(DBE) ua:mMenga thauHisdudvs:uudu
uWudulko (R) bikistwalhluAudeulasvasio




Lateral Load Transfer
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usvNv (lateral load) Han a udd Us:nauluddy
usvau (wind load, W) ua:usounudulHd (earthquake
load, EQ) usvnv 2 siaanyeuzlaw:zadd Ao 10u dynamic
load GAANVAAUTUNAULT dowadomsdulkouaodd
21A1s ua:luns:rdatdooubdo (transient load)

¢ usvauns: ananana‘lms ﬂ'lﬂlU'\aClDE)'\F]']SN']UIFIS\)
lFlS'lSE)\)SUluaaﬂEnFnS AGQAVITIAUAIUKSDWU Uom
KUALOU diaphragm eeuson1vdodng s:uusuusono
v (lateral system)

usvouwuaulxo lﬁC\O'lﬂﬂ'lSéfUJUE)\)WUIUlHl_.I'UDLhIﬁUDa
91Ms (mass) 1AAUSVASN Bv mass YDVCDIAIS Han
d:uWuuazau udvuda:zdu ns:=ri gu center of mass
uadeneru diaphragm wWhds:uusuusonioino

Earthquake Load Transfer
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i 5-bays at 8m

usvurudulHd (EQ) Ans:ri tu
chuKUv center of mass (CM) o=
fheludo lateral system WU
diaphragm (unuwu) lag lateral
system n stiffness gv tu ANV
HUv a nO SUEQ U'lnﬂ31 lateral
system A stiffness dn3n

Gravity Steel Frame.

2RC Walls

2RE Walls

Unanswo1saul U WoIsSeuInvo
unu x (E- W) ua: unu y (N-S) uov
do1ms Fudavwanseun Advsu
usvuov lateral system fuucia:
ANV MUS=AUYDVLSVALAACD
Umu stiffness upv lateral
system ucia=cd

Ref: www.researchgate.net

Cantilevered Beam or Truss
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* 3A2NSAPDALUUAMIULKEAN (steel beam) KSalASY
an (truss) [d gouaiuisaoonuuuyuIQ member
udv lateral system 1a lagwonsaun internal
force Bvo1owu shear/normal stress (u beam
element H3p axial load Tu truss member

* s:uU lateral system LulaiiouniswaiseuiAu /
H3olAsvaindu cantilevered beam or truss
coAuLWgY usvuWudulkov:ns:MnauAAllu
uci cantilevered beam/truss nd:ns=riu
nAnMvumuusvltuaovuavlanfiAnulGed dona
tAMIsDPNUUU tension/compression zone /
anueuznnauvnAlUula

Tension

Tension

_@_

Lateral System Arrangement |
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Unstable System

« MmsdacditHuvydvY lateral system I I
doomdu RC shear wall H3D Steel R R
moment or braced frame Jdou [ . &
dArydpladissmwuavlasvasio Y ﬂ EQ, ﬁ
) Stable System '$
* Yagudnarnusvurudulons:i I
Ad CM ucdaAUINAIVYDVSIUU I | |
unuusvtWuGulKdAD Center of o 1 Y
Rigidity, CR Hn CM ua: CR o BQ, 2 IL=0 o =0
churuoRTiasou Av:AlFIAQ usv 1 I % &>
T etsosouuuoad frorsonal d 1® -0 M-EQ@
S orsional R I y X
mode) KnJachukruvla 219 < | CR
donadomsiduiadosniw ua:ms @U”UD”U L __ _ _x === Bracing
Suduavaimsiunga
LE
-
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Building Control Act & Ministerial Regulations
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* NOA. 1304 LFQVS1ga:FIQI5MS
AUDTUS:UUSULSVAUTIVSULUU
» CBF (Concentric Brace Frame)
* EBF (Eccentric Brace Frame)
* MRF (Moment Resisting Frame)
wSpus:y protected zone tJuuSU
“RIUILa:Ap0” FIULDN:S RULEDU YaY

+ MSsAUdTULAMSIga: 13yanvHuQ
U we. 1304 AtWalRanandoviu
Woululu uew. 1301/1302 Sudvna
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NoAWLHGED (ductility, R) i
t0u designer's assumption RS R u
mMsaanauusvunudulko
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« drsusmnspponuuungldUs:aumsaioanuuulasvasiolkan
SuusvuruGutho Sududoorhanugtsluloranmsuazuudfa
fidu31 concept (UUDIUU LDV LTHLBTuNIsDDALUUAD D1A1S
liwoaduaowun uummsawnausu fosU UnGavs a4 lasAliAa
A1SANUIQUDY member ua: connectlon nlUuocmauao member

Ussamvaswiidaman wan. R, R,

sssao,smsmo | 11 | 11

. 0\)UUH1ﬂ member umaooe_lpnaomnn:n maon_,s UCI1UUJCISU1U
18U SS400 st UF, 245 NPa U_})lUUlHCIﬂ'ISanUﬂCI nmmaons UILI )
U1C|SU1U0 lUU "maocnan" FBOKUIEDY ma_gmnmsmunaaal'lo ‘tu wingUnssamihianana (hollow structural sections, HSS)

o ASTM ASO0/ASOOM (GrBor O, ASTMASOL | MSeL S50 | 1a | 13

SM 520 12 | 12

Uunaumsns:)on:ugur}_iumw (Iosumﬂmnusaoaauumsmu Vonaat Gipe
WaONLUA 1BU aus. tuaAu) 1¥u SS400 Moty kG v} F, $13280-3Q0 R ‘ waws |
MPa (FoGdHSunisoaniuuaIASAIUY) mmaomnunms.uu o

winusiu (plates, strips and sheets)
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smaoo,ssao0 | 13

. IcnuUnqmaanuuumaosu[utuuuuao connection {Hgonimav
sululuduav beam wckin beam umaoaona'nmaos yun beam
finlinsin (ws: expected yield gon31 nominal) ud connection e
:30aUrDU lumswsauSoldinisFrua R, = Expected R it
yield/Nominal yield ua: R, = Expected tens1le/Nom1nal tensile o ASTH AS15, ASTIATOS 125 [ 15

M 490 13

Expected material strength - 2
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[ Hodldumariu e violFunssdusununtsie R F,Z, § w333 LRFD wia R F,Z,/1.5 dwiuds AsD lavil Z, Ae quﬂ"nwnmﬁmawﬂw"ﬂ
@ W R S AR e g0 Real souunu x YoudiinuaEnad AdiuussFouiideinisvainsiamuenandadliitaunin
strength, M,) Zu H dmivis LRFD wis 3 M, /(1.5H) dwiuiG ASD Tneil 3 M, Ae wasauvas
deulusdiavaBnsryreaisgmiisuazaglfeuromuid
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Protected Zone
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+ waunUlov protected zone UUSLIAA "dpuKanIds” Ms
15DU NSL1:s MsAauTn Yad IHunRgatino:Mila wsi:
WS sensitive doMs3UGLUUAUWEU

4.3 waunlas ——+

wwauntes (protected zone) wauiia U%nmﬁuﬁmmﬁmﬂ‘s‘umuUhiﬁwaju':‘l,a 1 dumia

4c2 + b2

R = Radius of cut =gz
'Lh" =

runaraRniulassiuusein udlisaneaumssesdeiauazau (column - beam panel) Fan
Undesdomdniduadeiideliiinn1snszqndavaamiianuss (stress concentration) 141
msifenuuuliderios mawdsuulamiidnssornsogiedundu saudsanuunniesdy
iloswinnsdeaine uenani wantesfeatuluaudermunail

1) ‘lunimwumﬁmwg mimaud‘]m}ﬂ (tack weld) n131¥1z 30968 57UVAY (air-arc gouging)

T A A

uaznsadsmuieulusandes dedldfunmsdeuusunmduunivedimnigeonuuu

(2) dmdunisBawiuinluaundes annsalimaideunuuga (arc spot weld) ¢ udlaioygy el

davmyamannialiddauduiundasiadililulinaudegnsluealnlas sndunsdlbu
ndulumunudeimualuumi 12

(3) adlueaunttes suililidamis vie wietudwdu q doseaien adnindius ieang Ref:

Protected zone

https://www.ideastatica.com/de/support-
center/capacity-design-aisc
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Ordinary Moment Frame

(OMF)
*R=35 *R=45 *R=8
* Min inelastic deformation * Limit inelastic deformation * Wasduudv Column plastic
« lus:u protected zone « filHUQ protected zone moment “GioOLINN3T" WASIU
« 1@auln 1@/mu davillu CIP « TifhKuQ requirement USLO8U W B e e e e

* FR & PR permitted

e FR:M, =11R M,

* FR:V, aaanaaviu M, lag
Epnn = 25 (LIR,M) L s

* WO1Stu1 Overstrength factor

panel zone ua: 1wauln 1/
AU dovtdu CIP saLdus:u
Wuaghodutu AISC358
* Connection: Story drift >
0.02 1s1G8u ua:= M, > 0.8M,
« Connection: V,, @0Adpvfiu
M, Tae E = 25 (IR M,) L

+ fiTHUQ requirement USLOEU
panel zoneua: Bauln L/
Au davollu CJP

« Connection: Story drift >
0.04 1s108U ua: M, > 0.8M,

+ Connection: V,, @andpvfiu
M, 108 E,\, = 2* (IR M) L

Steel Moment Frame
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UR 2 dathansraBnuiudursmn i

Ref: www.pacosteel.com/smart-moment-frames/

*R=8

¢ Wasduyov Column plastic
moment “GDoUNINA3" NaSOU
Yov Beam plastic moment

« fMHUQ requirement USLOEU
panel zoneua: 1#oulin 1a1/
AU Gollu CIP

« Connection: Story drift >
0.04 1s108u ua: M, > 0.8M,

+ Connection: V,, @90Aapviu
M, 108 E,\, = 2* (IR M,) L

Usdgon
uduaulHondona
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I Ref: https://engineeringdiscoveries.com/
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magnitude) Godvowasulsudadoms (high SULLSY LU DIAMSDWBWRIAY AUSUTIBINTS Ya4 o i
seismic force to buildings) o‘mmmsmods tnAoAaUKUGUTHOS: qqusuuso o
I . o AW03Ua (Uvadu) ﬂIUH\)NalaUH’]UC‘IBH“IS’]Sf\J- 1wy g
* ANWAUDYMSAUUDVWUAU (ground vibration) IsuiSoutnuas 91A1sE3AS1 WUdU Us:nAnS:NsIvY
Uwaciooimsuin Mnludonalr Adwamsau SoldmruandudhAnumuudaus:innuavoinis 3o
u?ot'i:)a'lms (building vibration frequency) donadousvwiudulioidavldoanuuuims
“Wdv (resonate)” Aiu AWAISSSUBAGUDVED
91m1s (building natural frequency) Godunu V=CSW o R L
Stiffl‘less (k) lla: mass (m) UEgJﬁDEﬂFﬂS sTa B oo FOUNAY bod 3 IFNINYUNET e WOAINEY edog
_ . B =GV o oo ArsnaUATIdRyTaeIs (0 WY Awialudl
» mMsAUdULSVLWUAUTHD TagHanMISISUDA i _ — _
msuihwAanN1AIsAvoe TUaSIDapuAIADILLSY O~ o, ik temnnniyidifag Ll L
aauauy twathlugeunu mass (m) udod>d iy i R SR P A A N ety LUk - ‘“f;"“ﬁm“ acs ,; : e “r*”flgz, i
21A1s lUMSH base shear ud>ns:018 base 1522 j — Yenmwermustly g foh) “le}ﬂ ‘;‘;7;u:‘i:'lfi“;?;fl;;bi o
shearIUZ—j story force = S Usziamanuddy m (n) ood
nsdl T, a0 7 (Flexible)  nsdi T, tfas 1 (Rigid) Usgimarmdidny IV (Gn) ado
= — d. B il B b )
HavINndaMwiuaunsosvsuo1IAS HAaYINAIULIHUEDUDVSIUUSUILSOYANUUTIY
#WeLoveSteelConstruction #WeLoveSteelConstruction
+ anmwduduiwacdausoifiadunudaAs NMsau : + s:uusuusv wollu (1) s:uusuusolunuddv (gravity o e
upvWudunAaAUDIMSNAVBEUSIDUQUSDU (1lGu | Ve | ioumesdio i ey i ok w0 system) LU L& AU WU SU DL LL MuAAmMousoliy e 2 la, | g | o
AN, La:USyruna) d:domalll wavountian - 5 e dovuavlan (LUDAY) ua: (2) s:uusSuusoduTo b - DK
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duo:dvnauldlna (Ad1wAUAAUSNY FM AM AAAU \HU8D (ductility, R) ucddHsu (2) szuusuusodiudno e
AM dvldlnan31 FM uc FM n:zan:zasoldanin AM) drganueuzupvusvniianisilagunAluul usons:m N
vezamos | e Suanniog sl infony o.0 i WIGORUNAD szuuSuusod@uT SociDviANUIKTYD S| o
» misAudauLSVURUAUDSVGRYhAEUUS:ANE RV By | sisos Smom | S-owo | Szoso - P el e |
F, ua: F, lUwosaunFudeu 1Wo “aq” Ko “LWu” n - o 2 + AWK (R) AMudrudigaumsiyla daonaaau o | el
USVALAATUAUGIDIAMS audnueu: Budunsovsu c : SULUU detail Kliva 3nnonisnaasulAtsego ‘ NN
M21MS (d1NWadIsI0GU) Jwunds:Lan Sudu A . = o o douu vasgudoimsmruadanueu: lawﬂumsm IBENEE
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anuau=Astdoiu amwdudu

21A1S

« HI(HUS:NdU
A>WUapanY
Importance

factor

« KIADUISY
S, (short)

« K1IA2WLSY

S, (1sec)

« K1ADATU 9N

anurussudu
F, (83U S) ua:
F, @@ru s,

sJuuu lateral
system

« KIAULHGED
(R) 1tWdaanau
usouwuaulHd

s o i i £,
T i
frudsneumion & [ ssove | eme [ weom
o sume s £ o e
S, S, 0 b iU e s () W Al = - = - =

wiason e e | clos . . = I

Vraih ot | oo Usaniniy 1 (fo0) =

v acex | o vsnana i 1 Wi aco

[ ostoo | oler iy M G bt o

wrion ] - s IV (qunn) wto .

usetion odalo | cost <

sua oo | olon :

amdgrvomsHiusounuaulsd 1
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k]

sJuuu lateral
system

Sws =F.|5/=1019g S, =min (Sp/T, Sps)
Sw =F,|5/=0.269g = min (0.179g/0.36, 0.679g)
-0.498g

Sps = 2/3* Syg =0.679%
Sp=2/3*S,, =0179g

Vg =1/R*S_*Building Weight
=1.0/35 * 0.498g * 500,000/g
T=0.03H=0.03*12= 0.36 sec =71164 kg

) Vo764 ke

aagromsHiusvunuaulsy 1
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anuau=Astdoiu amwdudu

21A1S

« 21MsAslU
1=10

« KIADWILSY

S, =1019g
« K1IA2ULSY
S,=0.269g

Cya= (12*W/A)[3*W/4 + 6*W/4 + 9*W/4+12*w/4] = (12/4)/(30/4)
C.4=04 04V,
C,3=9/30=03 03V
C,,=6/30=02 02V *
\
A
Cy=01 01vg

Bending Moment Shear Force
Diagram Diagram

sJuuu lateral
system

+« O-MRF,R=35

‘ Vg =T71164 kg

amdgromsHiusvunuaulsd 2
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k]

sJuuu lateral
system

Sws =Fa|5/=0372¢ S, =min (Sp/T, Sps)
Sw =F,|5/=0167¢g = min (0.M1g/0.27, 0.248g)
-0.248¢g

Sps = 2/3* Syg =0.248¢g
Spi=2/3*S,, =0.llg

Vg =1/R*S_*Building Weight
=1.0/55 * 0.248g * 375,000/g
T=0.03H=0.03*9 =0.27 sec =16,909 kg

) Vo=16909 kg
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sJuuu lateral
system

anuruzmisigoiu
21A1s

+«S-CBF,R=55

« 21MsAslU
1=10

« KIADUISY

S, =0310g
« K1IA2WLSY
S,=0.098g

Cy5= (9*W/3)/[3*W/3 + 6*w/3 + 9*w/3] =9/18 = 050 050V
C,p=6/18=033 033V, *
Cy=3/18=017 017V,

- Vg = 16,909 kg

Bending Moment Shear Force
Diagram Diagram

s:uulasvasiviiandiuniuusvuriudaulsd
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sJuuu lateral
system

« HIADULHGED
(R) tWoaanau
usouruaulHd

S-MRF (R=8)

I-MRF (R =4.5)

O-MRF (R=35)

race

Cross-braced Inverted V-braced Diagonal braced Cross-braced Eccentrically braced Eccentrically braced et 3 2| e
(lnverted U) (Diagonal)
Tension and compression -t
Tension-only Eccentric
O-CBF (R=35) S-CBF (R=6) EBF + MRF (R=8) EBF no MRF (R=7)

mlasvasiv
iHanoevls
({13 {T{3})
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Moment Connections
Seismic and Wind Applications
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Seismic Applications
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Steel Buildings
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CHAPTER 5

REDUCED BEAM SECTION (RBS)
MOMENT CONNECTION

51. GENERAL

o of thebeam.

53. PREQUALIFICATION LIMITS
L Beam Limitations

Boam shal sstisy the following limitations:

=R = 45522

T e

Fig.5.1. Reduced beam secron connceron.

CHAPTER 6

BOLTED UNSTIFFENED AND STIFFENED EXTENDED
END-PLATE MOMENT CONNECTIONS

ANSUAISC 35510

61 GENERAL Prequalified Connections for
Special and Intermediate
Steel Moment Frames for

Seismic Applications

Including Supplement No. |

(includos 2011 suppleme
62. SYSTEMS

Supercdes ANSVAISC 355-05 and ANSUAISC 3585109

: prequalied for
frame (SMP)and itrmedie moment e (IMF) sysems. o

fcw Pancl
of Dirctors:

connectons in SME systems with concrete
i

63, the nominal beam depth s not lss

AMERICAN INSTITUTE OF STEEL
One East Wacker Driv, S
Chicago, lincs 60601-1502

NSTRUCTION
o0

Fig. 6.2, Extended end-ple configoctions: a)for-bol nstifiencd, 45
(o) our it siffoncd,4ES; (c)eight-blt s, SES.
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CHAPTER 7

BOLTED FLANGE PLATE (BFP)
MOMENT CONNECTION

71. GENERAL

2. SYSTEMS

Boled flnge plst connections see prequalified for use in special moment frame.
i fihese

provisions.

o

Fig. 7. Boled funge pate moment comnectin.

CHAPTER 8

WELDED UNREINFORCED FLANGE-WELDED WEB
(WUF-W) MOMENT CONNECTION

ANSUAISC 35510

Prequalified Connections for
Special and Intermediate
Steel Moment Frames for
Seismic Applications

Including Supplement No.

52 SYSTEMS
0

(inchudes 2011 supplement)

WUE-W moment connections are prequalified for use in special moment frame

(SME) and intermeiate momen frame (IMF) systems within the limits of these
provisions. Supsrscdes ANSUAISC 358-05 snd ANSVAISC 35
3. PREQUALIFICATION LIVIITS Rpprmedty e i G

1. Beam Limitations

Beams

AMERICAN INSTITUTE OF STEEL CONSTRUCTION
One East Wacker Driv, Site 700
Chicago, lincs 60601-1502

__Protectedzone__
£l

Fig. .. WOFW moment comectin.
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Iasvduusvda

How do we
know which one
isOorlorS?

Source: AISC

Inasvaiuusvaa (MRF)
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Source: AISC

Iasvduusvda
M
R

F
(MRF)

Iasvaruusvaa (MRF)
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H Increase of Section of Flange->Reduction of Stress at Weld

Cover plate

On-site

weld Partial penetration

Iasvduusvda
M
R

Cover plate method

F
d (horizontal haunch] (MRF)
H Loss of Section at Flange Base Metal->Expected Plascitization of Base Metal

Side-plate

RBS method (notch)

Source: Shimizu
RBS method (drilling)




Inasvaiuusvaa (MRF)
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Non - proprietary

Reduced Beam Section (RBS) Moment Connection

Lejons 0

Colema imations 555

e

SidePlate

Iasvduusvda

Kaiser M

F
(MRF)

Iasvaruusvaa (MRF)

#WelLoveSteelConstruction

S:UU§UI|SO“'I\R‘J-'I\)5U Q

#WeLoveSteelConstruction

Source: AISC N

R
Ordinary Steel Concentrically Braced Frame 35
Special Steel Concentrically Braced Frame (CBF) 6.0
Steel Eccentrically Braced Frame + Moment Connection 80
Steel Eccentrically Braced Frame (EBF) 70
Steel Plate Shear Wall (SPSW) 70

Source: AISC

Innovative System: (1) BRB
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Steel Casing

I
+

Buckling Restrained Braces (BRB)

Steel Casing Steel Core
Steel Core Debonding material
Source: AISC
Mortar
Fule’ r Buckle Tension

N/ =

(a) Conventional stee brace

Compression

S-BRBZ

Source: www.shellbuckling.com

(b) Bucking restrained brace




Innovative System: (2) SPSW
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Innovative System: (3) Base Isolation
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Elastomeric Isolator
NRB : Natural rubber LRB: Lead plug Damper
bearing rubber bearing SD: Steel damper

P oo

8 dampertyps

Slider with elastomer
o NSR:Slider with elastomer

Source: Kitamura, “Control of Vibrations in Steel-structure Buildings”, Tokyo University of Science

Sidngnatrd (°T7E)
Lead plug-type laminated Natural rubber-laminated
rubber isolator (LRB) isolator (NRB)

Fig. 1 Sructure o slider with sastomer

Innovative System: (3) Base Isolation

#WeLoveSteelConstruction

* Reduction of acceleration due to longer period: 1/2~1/5

+ Reduction of response by use of damper: 1/2 max.
Acceleration

Period
Acceleration Response Spectrum

Source: Kitamura, “Control of Vibrations in Steel-structure Buildings”, TUS

sual Building
Damping: Small
High-rise building
—1/5
1 eismic isolated building
Damping: {arge ”

S(-I\mlc'-&linulnetrlng [\ ICCE 2 JCSD

COMPARATIVE SHAKE TABLE
MODELS WITH (RIGHT]

Video clip: T

December 6, 2006

Innovative JP Steel Material & Product
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Seismic e
Stud, secondary = Weldability ) —y [=
member (Grade A) resistance nﬂj 5 é‘ £ g.g é‘
Baol|=5c0
Small beam YR Y| B, c P s ceq |85 (EGag
(GrEdEay Upper | Upper | Lower | Upper | Upper [ Upper | Upper [ ‘Z:= 35 (= GES
limit limit limit limit limit Llimit limit = =
SS400 = = = = 0.050 | 0.050 = = =
SM400A 0.23
SM490A 0.20 20353100023
SM400B 0.20
SM490B 27) 018 0.035 | 0.035
SM400C
— i 47) 018 0.035 | 0.035 s - —
Through-diaphragm __SM490C
pltE{eEet) SN400A - - - 024 [o0050 [00s0 | - - [¢)
Splice plate BCR.BCP SN400B o 0.20 0.36 _
(Grade B) SN490B i o e 018 S.0308| 0015 044 o
Beam (Grade B)
SN400C = 0.20 036
[ snoradea snagoc | 80% o 24 | 01s | %R2EEMECESS| \aaay QS o
SN Grade B
: SN Grade C <B> Deformation capacity and weldability - Major framing members such as column and beam
Source: Sumitomo Metal BCR, BCP <C> Grade B + Thickness-direction property - Weld built-up box column, through-diaphragm plate




Innovative JP Steel Material & Product Japan Building Standard Law
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Sress () B Primary design; Elastic design for Medium earthquake,
Buckling- 1000 seismic intensity up to 5

restraint brace

Damage does not occur in the structure (deformation does not remain).
type

Eoy e
Football stadium International conference hall

B Secondary design; Plastic design for Major earthquake,
seismic intensity up to 6 or less to 6 or more:
Although damage occurs in the structure, collapse is prevented and
human life is safely secured (deformation remains in the building
structure even after earthquake).

Brace-supporting|

type shear panel

Urban building complex

Strain (%)

*Recently, seismic-isolation & vibration-control structures have made progress.
It has become possible to design that causes nearly no damage even during major
earthquake.

Wall panel type

4

Local government joint building

Source: Sumitomo Metal
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