Zoom Meeting

wse

nisAmusaoanivulasvasivikan
IWaSunsvuwudulns (Juwugiu)

N1SAY LDtUooNILUU

lasvasolkaniwosu
usvunwuaulrd

(Juwugu)

We Steel Construction
15t Mini Course
February 15, 2024

15 auaIwus 2567

t2a1 10.00 12.00 u.

uau""’oa1 ‘@

12a115.00-17.00 u.

Photo Credit By: Michael D. Engelhardt from University of Texas at Austin

Yanonstdun 13 Quarius 2567
6281 12,00 %o !!!

PDU 2 wise
-
WI9KINSUSSEE:

« mMwsoulAgdAULWUGUlkduazms |

WDISEUIADIUIEED |

« wans:nunAulasvadvermsiijo

iAauWudulko

o uudMLlumMsWauuns:ligu3sals

mudauusvurudulkonas:mAau
Iasvasiaims

« msagusvuWuaulkolugosuu

Tasvaswsuusvunudulkouaved
21A1s

« KanluMSWIISEUIPDALIUUSEUUSU

UsLAuTI

« asuLazAKUIENIAEITDVAU

A1S99ALUUDIASINDADIY
UasangdamsiAaunuaulkd

NINLLUYU
SCAN way

¥3o toa task @060tlizi

CONTACT USs: f WE  STEEL CONSTRUCTION ©® LINEID: @060TLIZI &% SSISTEELCONSTRUCTION@GMAIL.COM



Earthquake
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« uWudulHd INaMnUsINgMsainuWUWEanlan Subduction Lateral sliding Spreading
LAaDun (plate tectonic) Nouuuyaadd LAadUDDN

N1VUIV HSDLAADUDDDNVINAU QDgLHONlaK:HaDU
a:anglaldaonlangv active ogjciolliov

Source: www.byjus.com

« uWudulroanatuasatnalannnAniv 1A
suusvua:lnaausSLULUISDELaDU (fault) 3andU
suusvlQugunsadndoi seismograph Jansugu
CHDUDVWUQU (ground motion) aludan (t)

¢ MSAUDEUDDNUUUDIATISAaIUISASUDciDNISLAQ
urWudulHIIAgRaNNISNIVana lagnIswoISTUN , il -
lomatnadde Amunsnau (return period) MRI B e -y . iStock,
(Maximum Recurrence Interval) HSo MCE A SSSES
(Maximum Considered Earthquake) tu AJIUSULSY
HSD magnitude KUY Ioamnuauanmuumu:u
uIn Av:MiBANUgNdovlumsUs:LouLBvanatwudu




Design for Earthquake
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1) SSusvanawiguinn (Static Equivalent) lOums
“wdav” usvunudulgodndanuau: dynamic (K
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Strength Design
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« JalunmsoonuuulAsoasiv Han a uad b 2 Ua Ao
(1) ponuuuIWoAIWUananNe Strength design
(2) D2nUUUIWDADIUSaNUananNe Serviceability
design

« Strength design LUUNSWY1SEUND2NUUULH
ANavlAsvasv (resistance UJoyUu 15900
avallable strength) pINAFINANNUSVAYUDNN
ns:N (load UdUuLS8NIN required strength)

« AMSWIISEU MAYUIUAUlUS:HIIVNISILASIER
Ilasvasiv IWoHIWaY N load NV moment, shear
HSD axial ua:misAludauAIaY NV moment
capacity, shear capacity HSo axial capacity

Bending Stresses in a Beam

Naimum compresson n —

||t.f:1|[ "
7 l[l': I”
i

B =N

M, = PL/4
M, = F,Z,
M, < M,/Q




Seismic
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¢ KIAWIISTUNISANISILASI:KUSVULWUAQUIRD QDa3Susy
anawnsuin A>WIUFdUUDVNISDDNLUULASLASID
lwamumuusouwuouIHJ AD NISK load KSD Wav 1N
usvunuaulsoAtAadunulasvasvoAls

« IHQWadATYLOULWS): (1) seismic load liawisa
ﬂ'lHUOlUUFﬂF]\)n dolyu live load tws:0Udd9R
L1N8IUDVLNN (2) structural system Iwaco load Nv
JJa1A1S mass (m) AduawisacuniuMstagsy
stiffness (k) ua: (3) AULKTYIUDVS=UUAIUNIULSY

wWudulrd ductility (R)

'I-

 MSWINISAUT UDNVINV:0DVNSIU localized
parameter i1V 9 UAD HVD1VCADVYNINS “auud” Uovy
(m, k, R) No191A8UovAU seismic load

Simple Harmonic Motion

Forces to move an object s(t) = Asin(wt)

attached to spring v(t) = ds9— 4 cos(wt)
dr

F = Stiffness. Displacement a(t) = d% = —w*Asin(wt)

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

Force
A
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Natural Frequency
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« s:UUHOY 9 219U structure K3 non structure v:Uayuainio
warmaas (dynamic property) law1:Cd 13U a1gAsSnntudiv
(inaAu Duunaangluinnu :=(Hdgon (A21WA) divau

33 - ) ]
P e e Pty P13 2o

\\\-\'s"\' ‘-'\-\\\V\\‘."’- "\-

T J L 4

\ \ '-\‘\ \ \\\ o \\ﬂ\"\ AL N SV\,\, '5\'\. SRRt "I\ \"‘-\\’\"\g

- oIMIsAULGeIAU Kinauuddidoniduriv dadiAulasoasiv " (a) Building pulled with a rope tied at its roof
21A1S uéiacialﬁﬁusnam . D1AUUMMsa1NGua1AISOUGivYQ
KUv wa>mns “aatdon” >>> o1Asv:lianmsau udlUsy d1g Displacomont
[Uuo1 dco Aadwd (Kudesauda3unn) HsamumsaumlUuaau
nauvovAIUD (KUd83uINdasou) Avn wcuula (amplitude)
ADE € D:aQAVINNMISAANYWAVVIU QDINAUDVAUUAIUNISHLDD
(damping) duAS:NVHEYATU AIUAYDVNSTUAVNAT L1SSNIT
ADWASSSUBIA HSD natural frequency, f, (uutu:NAUNISAU
AvuNaId 1SN AMUMSAUSSSUBIA HSD natural period, T,

Inverted ;"ondu!u‘m' ﬁ;dodal
. S - - - (b) Oscilfation of building on cutting the rope
dynamic load test IWD31AS1:KOV aussau=lunisaiunuMs Flotes1: Fide vibiillon resbosbe of e bulldhig:

ldgsuy (stiffness) No1vwaguudavonMistdaouanIwudua:zwil the back-and-forth motion is periodic.

« wgdnssuld awnsauhluds:gndldnunisnadaua:wiusuuuu




Ground Motion (Pulse)
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Waliansduns:=s1nUDVWUAU

& ®

Mass wanguluindoun

¢

LAQNISIUUDY Mass Dgvdas:

N o

HgQADY damper da1gwavviu



https://www.youtube.com/shorts/g65lN4xI85c

Ground Motion (Wave)
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¢ MSAUUDVWU (LWUQUIHD) Danuru:zlawI: DADIUANSTUUDVWULAWIECD d:doWacidwacduaudv
UDv system N mass la: stiffness HSoAUNISAUSSSUBIC natural period [T, = 2nvV(m/k)] uov
Mo1misAluniifiu KudgviumAuSuunwasunatdnasSunanauauavlENooNLUUIBATUIEUHILSY
(usUuov awWAasSUAIIUISVODUAUDY acceleration response spectrum
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Building Response to Ground Motion
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« A WAluMsduyovwu (UWUduUlHD) A
S:QUADIUSULSY (magnitude) KUV a
duwaciocmomsuancvaulu

« D1A1SJV D:i lateral stiffness Uog (I3
usvuosluns displace 21A1S 1 HUDY)
HinAduuWudulHdDA WA ATUMS
daugv (([Fuaunutunisdau 1sou) o:
dunWalHD1AS ODUAUDVDEIVSULSY

« 21MsLAe v:0 lateral stiffness 1N
HINAGUUWUQUIHIDAIWAFV D:doWa
(HD1A1S ODUAUDVDEIVSULSY

. nod demonstration AVKUQ LWOULWeV
SDOF ArKualidulu pattern 1&g uc
mmsmmsnau[oﬁamHawsUuuu
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Seismic Design Philosophy
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. msoanuuulasvasvrkInludovnisii — ﬂﬂ o IDHDI
— — T L
member tAaNstdgsun1ds AovoonllUU \m
— —_ X M v - I:ll:l / I:l
(HYaqgvoeiluydv elastic
e uanIsAvanNIw elastic GovN1s:UUSU ]
WSVAUUTIVIHKU stiffness gouin Elastic Immediate  Life Safety Collapse
Force Occupancy

- Jo1ds (1) Fulddov (2) aarewavviuld \
UDg ... Wavuvlu = USv * NMstagsy °
lAsvasivn elastic d:1dgsulauny

« paargwavoulaloy p1Aso: (¥ 13]a
Juldvne dretquadudunurifioasvy
Lazaussau:lunisaaigwavoiu Uouu
YonNoaALUUlHDIMSIWaNSSUlUEIY
inelastic No1vdvuwacio damage UdvAD
91A1s ucluinanas collapse Deformation

»
»

Rare (10% 50 Yrs)
MCE (2% 50 Yrs)




EQ Load vs. System Ductility (R)
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* KINWYISTUN acceleration response spectrum N From MCE to DBE
St OUFl‘lUﬂ‘lSE—IUSSSUU'\C‘IUD\)C‘DD‘m‘lS (T ) C‘I‘l\)q -
and finally ... EQ load
LJoNsu T Av:[a ADWLSY (llaO\)ZUSU mnonnfu y Q
Aug=9. 81 m/s?) lagHnAnsiu "U'lHUﬂ W udv
D1A1S” NY=3IUISOK USVNAS:NNIAU mass nlmnu
base shear [d 910 F = ma = (W/g)*(AAvn*g)

Acceleration

* ADWILSVAVNATD WUADIUISVAS:AUADIUSULSOUDYD
wWuAulHd fu Maximum Considered Earthquake
(MCE) 1 2,475 U HSoWo1saunlomatdauWwuaulid
lAuAGVNE1DN AWOUIUIA 2% u50 U

+ unspdNUUU aanduusvurWudulron MCE av
IHaD 2/3*MCE |5un Design Basis Earthquake
(DBE) ua:mMenga thaNuHbgIuUDvs:uuau
uWuaulHd (R) LIKIsWaLhlUAudtulAsVasy Period
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Lateral Load Transfer
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¢ UsSVNMVYY (lateral load) Han a uad Us:nouluady
usvau (wind load, W) ua:zusvunudulrd (earthquake
load, EQ) usvnv 2 staidanuruzt1aw1=Ad fio 10U dynamic
load UAANvAaulunauu dowacanisaulHouoodd
21A1s uazlins:NcatloousAv (transient load)

¢ usvauns:NMAauWasnoins a1engadninisniulAsy
LAS1SDVSULUADNDIATS NAQAVIUIAUATURSDWU Fun
HUNNLWU diaphragm ahgusvnNIvdoIdNg s:uusuLsvNv
U1V (lateral system)

* usvunudulHd tnavnMsauyovwulUiklgouilRuoa
21A1S (Mass) LAausvNS:N1 8V mass Yovda1A1S Han
2:10uwuLa:zATU YdvUCa:Bu ns:M eu center of mass
Ua>aNgWIU diaphragm LU1ds:uUSUUSONIVUID

et

diliszsirs




Earthquake Load Transfer

H#WelLoveSteelConstruction

B bemminnd Qo ﬁ' "— 5-bays at 8m
= | i

 usvuWuduind (EQ) NAs:=N1 gu
cuHUv center of mass (CM) d:
aelUgv lateral system Wau
diaphragm (uWuwu) lag lateral

e 3-baysat8m ____
D WTa10

T — 3-bays at 8m _—
Gravity Steel Frame
2 RC Wall
-2 RC Walls
— e - i —
Gravity Steel Frame

system N stiffness gv tu NAN1V
KUV a NY:SU EQ AN lateral
system N stiffness cihno

« UNANISWOISEUT €U WOISEUINY
wnu x (E-W) ua: unu y (N-S) uov
(D21A1S BuADVWISTUT ANdVSU
usvuov lateral system (uucia:
NANIY CNUS=QUUDVLSVNLAACY
U stiffness uov lateral
system ucia:c»

Ref: www.researchgate.net

Lianl MR F



Cantilevered Beam or Truss
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V4
(\
Y\
/)
\V_/\

+ SAdnsNoPNULUUAMIULKEAN (steel beam) H3DlASY <
an (truss) [ gouaiuisaponuuUyUIQ member <
Uov lateral system [ lagwo1stun internal

7AW 744 WA VA4

SN/

force Bvo1olUu shear/normal stress (U beam
element KSo axial load (U truss member

e S:UU lateral system tJulaijouniswarseunniu
KHSolAsvandu cantilevered beam or truss
cnuAULWEY usoltWudulrdv:=-As=N1naunAlUu
Ll cantilevered beam/truss Una:=ns=N{u
nANvMULsvlUuuadvudvlannANIVLOYD dona G
(HN1sDDNUUU tension/compression zone iJ
anuau=nnaunAlUula

Tension

Tension



e (D —

Lateral System Arrangement |
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Unstable System

Buo1oLlUu RC shear wall K$D Steel
moment or braced frame Jd>u —_—
dAtydolanusmwuovlAsvasio Y ﬂ EQ, ﬂ

« MSsIQcIUHUVUDY lateral system I I
R

Stable System

« aAgugnavnusvirRudulrdns:M
AD CM UCDOAUINATVUDVSEUU
chunmuusvunWuaulsofnd Center of
Rigidity, CR K1n CM 1a: CR o¢ EQ,
dusuvnluasviu Ad:ADIKLAQ LSV
VINWAUDVMSLEDVAUEL D1IAISLAQ
nstagsyuuuiaad (torsional R
mode) KinvacuKuvlLd 910
doWacaMISLAYLINYSNIW La:zMsS @””””””
SuCiuovoAMsiunga

=== = — — = >
Building
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Building Control Act & Ministerial Regulations

+ AQRUIELIAYIAULIUDNAMS LWUTUMU wsu.
AJUAUDIAIS W.A. 2522 1oy wsu. [ansmKuQ
Jou AsounIsUguand1va

 sSh1ga:zlganmvinAdnUaNgANUIUNNNSENSIVY
Js:A1ANS:NSIvY Lla:unasgiunsulesiy (VOn.)

* InunINaans nMrualblu wsu. AduAuDIAIS
La:NANS:=NSIVY luveuzNtnTuzinvIaan MHua | GERSEE S
[53lu Uszn1Ans:nsovY ua: UYN. (optional)  oevos i

W
J"g S

e UcipgvlsAG ADVASIDADUAIYI NANSENSIVY 6
UN1SD1IVAY US:ANANS:NSIVY KSD UIW. KSolu S NAOUALIBSOPAOUSTTS

LWS :D:[ij’]lﬂﬂ]ﬁﬁ"ﬁnang ﬁa\)u i_] Jﬁ AU nsulgs1BMSIa:WoIboD
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NHNITTNTI
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s UOK. 130171302 [Quaav “35n1s
AUDTURIUSYUWUQUIRD” 1D 2 35
Ad (1) 3Susvanatneuini static
equivalent (2) 3s1owamaans
laguuotdu 2.1) modal analysis
la: 2.2) time history analysis

« 35M1S (2) uonNVINCDYVIJ computer
Ia: software NIWgVWDLUAD VDV
U gavoyanauunwudulHdnsuusolu
oQauovUs:NAlNY + Us:aunisad
3FDNSNJV LHUI:AUDIAISABUGDU

* GuUu 35 (1) Fo1ludsiuu=tin
awnsulasvasrondiu ludusau

o
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 vIasguMsadALUUDIMSIHanlASVASIVSUWSSEULWD
dumsaua:iiauvavunuaulid (VeK. 1304) u1asyu
HannNo1wdvAo AISC 341: Seismic Provisions for
Structural Steel Buildings lagdHSuyaciouivUs:Lnn
WU vacasuluwud drsulasvdoudv (moment frame)
010DV AISC 358: Prequalified Connections for
Special and Intermediate Moment Frames for
Seismic Application

An American National Standard

Prequalified Connections for Seismic Provisions
Special and Intermediate for Structural
Steel Moment Frames for Steel Buildings
Seismic Applications

Including Supplement No. |

U19sgIUNITDRNLUUDIAISIMANTATIaTegUnssaRad 1 uniunisduaziiou
vosusuAulm o, 1304 - 61) avvidaituiielivszneunisdmuimesnuuunmdaiimun
UDINYNTENTIN WATUIATFIUAITEONUUUDIATIFIUNIUATTAUAZ I UYD LR UAULMIRINET7
Tnsszuuiumuntduazniouresuiubniinseusgulunesguatuidldud szuulassiuvmuusedn
wazszuulasaunauus Taswasguatuiifidontsznoude 1) dermuailudmivauantavan
Usziavmtidn auaniRvesainion uazdedmunssdennisuazsossie muiiszyluuni 1 faundl
4 2) fafmuamssBnuUUSTUUIMUMUNsHuAeuvBIuALlMUsEIINEeY anufiszyluundl 5
faumil 10 uaz 3) MsepnuuuyaseszuIEarauliilauminudedmun Fapenuuy
annsalisiazidenniseanuuuyasoniuiiszyluunil 11 vieldisnsmeaausesdaniald
usanszviwuuigdnsauitssyluunit 12 vielidermunaug auiszylusmsgiu AISC 358-10 1¢

Tugugimmthlasmsdavinnasgumssenuuukasmsneaioiasmanlasaiagunssn
mﬂa’:’maman&;mamzﬁﬂ?ﬂmﬂnﬁ’nuﬁlﬁ’huﬁ’usﬁ'ﬂtﬁummuﬁ'ﬂﬁﬂqdad UATUDUDUAMAMENITTUNTT
AfuguanisUiiAnuvasivinmuazinssgaadinsalossnsuaziadiowdeds Usznoudae
ANANTI9158 AT.VINTM TWYAT SD9MEANTITSE AT.MIEY TUNTNA SIMART191580 Asaviml Aamiian

AMEUT UINTEA1N uazAMEasy wouzineas ldbiaduuslunsdavinnasguadul

oulp Lm‘?osju
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HOW to approach U8W.1301/1302-61
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#WelLoveSteelConstruction =

misdua:iiouvaonwuaulisd

Lo

¢ UIASTIU UK. 1304 1dadounisK “ADUAIUNIU” NUAdosu
Iuwumuaoaoma ua: “uuomvoiunisiisiga:ideadadca”
LWDIHS: uuInsoaswolHannsuusouwuouIH:>u 0 “AWLKGYD”
MWaUUaAZIWYDVNISAIUDLU “Usvnns:rcalasvasv”

« luduypvnmismudu “usunns:Mcalasvasiv” U koonuuu
aiunsao1vovlavn veK. 1301/1302-61 ADY3S static
equivalent lun1sns:o18 base shear KGN response
spectrum acceleration U\)lUu “ADIULSY acceleration” AlAQ
JunudIDIMS N "FT]UleSEIUSSSUU']CI natural period” HU\)C'I
la® base shear dvnannns:=018lUg usvnns:=Ntuuca:zsu K3
story force QD835 static equwalent

. TagWugu uWudulkonAaluuda: wunquULmnu Ao vua
magnitude ua: A2WA frequency WotAauWuAUTHD Hn
mmsu frequency RlnanuAMUATDVAAULWUAUTHD Ad:LAQ
Anau (resonance) A 1ULsvUeNeA lagluarunuulala usv
AuUUAUSUUSVUDVLKWUAQUIHINLAQAUAIDIAISIVTUNUNYD
magnitude UovunWudulHd ua: frequency UoVCDD1AIS

nsulssismsna:waliioo
ns:ns>oumalns
W.6l. 2561




Expected material strength -1
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A519f 1 A1 R, way R, veawmdnlassainsgunssn

(42 3.2)

. EI’]HSUDFDﬂSNE)E)ﬂllUUnBOIUUUS aumsaioanuuulasvasiviian

Ussinmvaswihdinman uan. R, R,

Suusouruaulld SdudoornAudUBYRANNISLALUIAQ

wianzunssauzUiou uazmAnuiia (hotrolled structural shapes and baff)

fidud1 concept (uUvUU LDV LWKMBlunISDDNUUUAD DIAIS o ASTM AS6/A36N a0, 5500 | 15 | 12
lwoaauavul unmmsmalausu Wasu UnUdavo 4ad lasnlbiAa ®_ASTM AL043/1043M Gr.36 (250) : i
®  ASTM AST2/572M Gr.50 (345) or 55 (380)
ﬂjsanu—laua\) member l'la ConneCtlon nluuoamaua\) member ASTM A913/A913M Gr.50 (345), 60 (415), or 65 (450) | S5 540, SM 570 1.1 1.1
ASTM ASB8/A588M, ASTM A992/A992M
. GoUuKIA member umaoaaonaomnn:n maons uauIasyIu S e
lUU SS4OO S U F 245 MPa UOLUU[HC‘Iﬂ'lSiUUﬂC‘I nFnﬂ'la\)nS UZU .. ASTM A529 Gr.55 (380) - L1 1.2
UpluShalIE Wu "maomao" BOHU19DY manmﬂmsmumamo (u ingunsannninfanm s (hollow structural sections, HSS)
® ASTM AS500/A500M (Gr.B or C), ASTM A501 HS 41, HS 50 1.4 13
JUCDUMISASIVADUAUATUNIW (Iomammnmsaaaauumsmu Fonest Giper
WaQATUN LU auo. Wudu) 1wu $S400 nolU RE i F,, s12 280-3Q0 o ar A msanwsso, |
MPa (FvdarSunisaonuuualAsnolU) Adavitaundis:ul e s e e o
D1vdvnaluldvaudas:uulasvasivsuusvunuaulsola v STTEYT) BERBEE
®  ASTM A1043/1043M Gr.36 (250) - 1.3 1.1
— o0 = = - . ~ P 0 e e A1011/A1011M HSLAS Gr.55 (380) - L1 11
- logundilsivanuuumansuluuuaua connection (Hgonmav e ——— YT TR,
SUIUlUUC’IUE)\) beam WciK1N beam umaoaonmmaos uun beam ® ASTM AST2/A5T2M Gr.50 (345), Gr.55 (380), T
no:linsIn (lWST: expected yield gondn nominal) Ui connection el
® ASTM 1043/1043M Gr.50 (345) - 1.2 1.1
2:30aUApU lumswaisanSoldimsisua R, = Expected Wi reel reiforcemend

yield/Nominal yield ua: R, = Expected tensile/Nominal tensile o ASTM A615, ASTM ATOS : 125 | 1.5




Expected material strength -2
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e A Ry R, a-nau "awudsusou” uaomao:)an Iosmanmsom a Ad:0 A WuUsUsSOHU mnnmmamﬂsoao
mZHmlaaa AtSATo "Expected" aamomnmmaonujums U HSD “Nominal” LU LNSsa SS400 (A36) M R

Joiiv 15 ua: R, guiiv 1.2 a:Noud1 asiun SS400 {Unaaou fdvasiAnisItino:1a DA1s1D 245x15 = 368 MPa
luytu:A maosuus\mo S1D 400x1.2 = 480 MPa

» AR, ua:R, U aoIUUsmgaaluumsmumsaanuuu UOW. 1304 luKaNHa8 UKL IWBlRLAQAUUUTRN
fMadvsuusvuav a:lsAimunuidaAuYADIMSAMUNIULKUGUTHD seismic-resisting system member d:
lUiAans3UaludanuesuzAdowacia performance vavlasvasivlagsoulu isui member 1YY:LAONISASIA

3w « = =
4.2.1 n1A1gURIAIATTVAAMMYEAUIUNAY

msendudoutulumudormuadsiolli lunisganlsaannasilun1sanIuLE 5890 ln1RIR U ULUHLUARRDE19U BN
(1) eudslsfunisemduislinuuuazlnans wislddunisadudumunisin R F,Z, & wiui5 LRFD w38 R F,Z, /1.5 dwmiuis ASD lawdl Z, fie lugdanarainvaaniinde
@) audedldunsmduliiomeduidfulnauddaidonis (required flexural FaUMNU ¥ vouaMilvuIaannd Mdsfuusudeunideanisvesnisseniuenadedliitiasndn
strength, M) Z—"‘fp..»-"' d1915U75 LRFD w58 Z M, I(1.5H) dmsuis ASD Taeil ZU flg HASIUYDS
MasuliuARANANER N auqﬁnaumwagmumm voglasausioniuian
M,=R,F,Z (35 LRFD) (1)

M,=R,F,Z/1.5 (35 ASD) 2)



MRF column detail
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« avilanaidi wWhHuguovs:uulasvasvaumuunuduldd
ApSNUILangsNwDIAS lilHIAIsIAamsaady uas1As
tnanistdosy Wwasy [a nisnoimistnamisidasdands udain
d:Uddouudv member UV member LAQNTISASIA yield Ju

. As yield GuonoIND: aauIHlﬂouunuInsoaswmumuuso
uWuaulkoIaudd goldu mechanism A¥lg “aargwavoiu” i
tAav1nwavoiuunudulkoMeuDNDUUKIAIA (VU = WSV *
szg:mstdgsy) lagrns:uulasvasivaiuniuusounuaulyd
z-nmsmaasulo “Kangsou” LWS: uwuouIHJLﬂomsau Wu
JUSDU $19-Ud1 KUN-Kav aauluun no:828lR performance
ydVS:UUAIUNULSYULWUAUIKIGUINGVTU

« ADWaWIsaluNis “aargwavviu” NISYN "ANUIKUYD”
avnaldd luawisaAudtusanUIlA davniinisnadou
lasimHuasUuuu (prequalified) upvs:uumiscialiou
Us:znau uasdlunaasuinlansau (A cycle) uas>dvuiva
HudaHoanLlU S:UUIKHTYIWLAY (special) IKTgoUUNATY
(intermediate) KSo IKUgOUNA (ordinary) ciolu

USRI _
{doubler plate)

HEuASLAT ML
(d r_. |Iate1- - (doubler plate)

(n) (1) (G)]

o WHULAS AL

usivansaLiio

" I -
g13uae 150 Naalues

(@) )

5UH 2 A20019N13ABAMHLLESNA UM TUNTIA ALED

(19 7.3.3)

v fh BE
819Uy 150 Uaaluss



Seismic resisting system vs. “R
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- sUnuuyavs:uulasvasivikansuwssaudunuuWudulko Dratgus:tnn udazus:tnni "n:numus::" AlULAIAU
Boluuaavi A1 “R” fuonsio 2.3- 21U UgW. 1301/1302-61 A R U DdoudAnylunis “Kiusv” NNs:NMAUIDIAIS AD
[Uaanou base shear AAUJTUDIN response spectrum Formikusvnns=mlugvoinisuca=su aativvavuin

An3997 231 Ardnlsznevdiunanavauss (Response Modification Factor, R) fusznau

fdadauLiiy (System Overstrength Factor, Q) ua¥ A1Usznauvean

n1slAa (Deflection Amplification Factor, C,)

simlszney Ussimnns fUznou Ustamms i Uszney Usenmmns
[INUUY BOARUY aanwuu
sruvlasea¥na sruuduusednudng . Aumuesa sruulasadalaesiy seuudnusadiudna . c sz szuvlasadulagsiu syvudiuusadudag c Summese
Tnsn R Co | it R QL | Co | wndin RE Q| C whinn
u A a v n 1 v L] Rl
- — - — — - - T = o = FPV- LN Y TTJ1 - P PP IV} - E - - T T
| azUufLa LNITULT A8 UL UUES3HAT (Ordinary Reinforced 1 1 V| V] = 3. sruulasimuussin lassdruusadamdndifatinmfonfiavff 8 3 |55 ||V 5. ssvularadauvunaniifilass | fufulasaunssuandnuvunssqudl ¢ f 25 | 5 VoV X
. . . o da - -
v 2 N ti ( fSpecial Steel A ¥ - . -, . al tricall
inussynunfs | Conerete Shear Wall) (Moment Resisting (Ductile/Specia jEl Moment-Resisting Frame) ‘ ‘ ‘ Aunsianfillaumiiealiu | wuuiee(Specal Steel Concentrically|
; - - = da o PP N Frame] Tessdnsduussdnifinsiiswasdenanumieandu | 7 3 55 |+ || anand dyrd1iad
(Bearing Wall Muwsiuusadounvuifinislisvasduafivey (Special 5 5 VA ) : ' AR NANHIBAUHLLITIIAT | Braced Frame) . ]
R Ay (Special Truss Moment Frame) annsadumuasiiud il | fwdudunaduusnde sl 5 5 / | /
System) Reinforced Concrete Shear Wall) ! p o 1 i 10 - T swfuiumduusadouwuviidnmslil esff 2 NV A
— — - - — — T lassdruussdmndnfifiaiuuisaviunans | a5 3 4 ||V % Yaundrfevar 25 vauTa¥ | s1wasiBunfilAw (Special Reinforced
dunsfuusndoundaduiovvusssua Ordinaryff 3 30| x| x . .
(Intermediate Steel Moment Resisting Frame) nszyifug AR Concrete Shear Wall)
Precast Shear Wall) ++ — — - - 1 ) — ——
5 . ] lasadi s adnmansssuA1 (Ordinary Steel Moment i 3.5 3 3N |V X (Dual System with Moment Fauiumunadunsadauwuusssum 558 25 | 45 VR *
+ SusaSaundadud T . | f
unsfusudsundeduiasuiiinlineasdeneo 4 AR Resisting Frame) Resisting Frame with Limited | (Ordinary Reinforced Concrete Shear
wieunand (Intermediate Precaset Shear Wall++ TaswuundarauninESumdndsiaumivifas | & 3 ss [V Ductility / Dual System with Wall)
5 & s v T T
2 yeuulaniannty lanunsuuamdnuuuidowudldaasanuuivusdinld 8 a A ] (wuuviaslufl wia wuuvasdnda) (Precast or Cast-in- Intermediate Moment
(Building Frame (Steel Eccentrically Braced Frame with Moment- Place Ductile/Special Reinforced Concrete Moment Resisting Frame)
System) Resisting Connections) Resisting Frame) ++ 6. swUUUffmiug ssvvuffuiusrenivduwaduunl a5l 25 4 | x X
P = = T — = — = — —— p - v . ok
1?'5:unmmm5nuwwiqﬁ“uﬂﬂwmauwsuﬁmau 7 4 N RARY Tessdhuussdarauninatumdniifatumienunan | s 3 as [N A % (Shear Wall Frame Interactive | idauuaslasaiunsidnuuusssuaill
(Steel Eccentrically Braced Frame with Non-Moment- wianuumde2d1Ain (Ductle RC Moment-Resisting System) AmilineasiBonemumie
Resisting Connections) Frame with Limited Ductility/ Intermediate RC (Shear Wall Frame Interactive System)
TevunauuamdnuuunnguduuuineavSonfiae 6 s ||V Moment-Resisting Frame) with Ordinary Reinforcad Concrate
(Special Steel Concentric Braced Frame) Tassfnusedinraunimafumdnauusssun Ordinary i 3 3 25 | [ x| x Moment Frame and Ordinary
- - - N - o F Concrete Shear Wall
TATaUnUuIMANLUUNSEUALUUSITURT (Ordinary Steel ll 35 35 | A || % Reinforced Concrete Moment Resisting Frame) _ oncrete Shear Wall) ]
z F = = 5 EEVEEN . st adn il | ssuulasgad FPVTREPE | [
Concentric Braced Frame) 4. syuulassaiawuunand | saufulasunuwuandnuuunsiuduuuiiey (Special i 7 25 55 [N [ [ 7. ssuulpsaframdndilidnsld | ssuulessairamdndiliina <l 3 3 3 Y| W X
- = P = = - = X T flagainuusaiaiisiainy | Steel Concentrically Braced Frame) srvazidradinivivesy [ nuandondmiviusswiuivbn
Munsfuusadauwuuiiinslinvasdontiene 6 N N B - - .
) wilgnfiannsafiuni | saudviasauniuvavdnuuuidedud Gteelf 8 25 a [ NN R
(Special Reinforced Concrete Shear Wall) e N N .
. — ” - T usaiudhilitiesnirier | Eccentrically Braced Frame) (Steel Systems Not
Aunafunsndouduusssuan (Ordinary Reinforced 5 a5 ||V« L. — . S -
Ay 25 sauninIsiy | faufuiunsfunsadounuuiifinnglfearSonfias | 7 B 25 | 55 | |V |4 Specifically Detailed for
Concrete Shear Wall) .
- P P " T 2IATEVIIILA (Special Reinforced Concrete Shear Wall) Seismic Resistance)
dumifuusndoundoduianvustiun Ordinaryff 4 4 | x| x ) — - < e
(Dual System with FIUAUAILNWITULS U UUUUSTTUAT (Ordinary 6 25 5 NV %
Precast Shear Wall) ++ -
- i - Ductile/Special Reinforced Concrete Shear Wall)
funsfuusadaundeduiruvuiinslinessdonay 5 45 |4 |y ] x Moment Resisting
wilsunans (ntermediate Precast Shear Wall) ++ Frame)




Protected Zone
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« waunUov protected zone WuusLUA “ADVKANLAV" MS
13U AISLDI:S NIsAQUIN Yad Runngatino:=Mla tws:
LJuuS1o8un sensitive cioNsJudiuvuiauwau

4.3 wauniad

wnUnles (protected zone) nuef U%LqmﬁLﬁmmmLﬂ%ammulﬂﬁw&juqa ST RTIRTAIE
anyuwanadnlulassinuusein uilisuwnunssesdsiauazaiy (column - beam panel) B
Undeadeandnidesdefidoliiia N19NTEYNAIVRINUIB LT (stress concentration) L4 u
nsWeunvulddeiiios nsdsuulamidaosdorarsodradundy saudnanuuaniasdu

=i ' P & 2 8 2 ¥ o wr ot
LUBDIMINATINEAT T UDNIIN L"tlE]Uﬂﬂm(ﬂmL‘Uulﬂmﬂuﬂaﬂ"mummu

=

(1) ‘[ummﬁ'ﬁmﬂmsg ﬂ’rjﬁjmuﬂuqm (tack weld) n15191239962852UUAY (air-arc gouging)
wazmsdndaufouluanunles dealdiunisvounsunuduusivesimnigeonuuu

@) dwfunsdauduiiuluwatndes annsalimsideunuuga (arc spot weld) 1 uslaioyaali
gﬂﬁ'ﬂ‘ﬂS}IGIL‘Hﬁﬂﬁ%aiﬁﬁjEJ(GILLFJuﬁuﬁﬁGQEJGLGEJI'{LUIUﬂ ﬂmu%éaagjmﬂimwﬂnﬂm sariunsaiay
duluauenadermusluuni 12

@) awlwwsundes ulilvdamia vie Wistududu q desenlion adnindes wieang

:R = Radius of cut =

-

-
Fi_- b -

Reduced beam

section

X | N N N |
I "

J\V

Protected zone

Ref: https://www.ideastatica.com/de/support-
center/capacity-design-aisc

4c® + b2
dc b
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R=35

Min inelastic deformation

R=45

Limit inelastic deformation

[s:u protected zone ANHUQ protected zone

W@ouUn tla1/Amu davlu CJP U Kua requirement USIOTU
FR & PR permitted panel zone ua: Woudn 1a/
FR:M._ = 11R M AU dovtdu CJP gnLdus:y
C TP WOuagihvdulu AISC358
FR: V, @aaanaoviu M, lag _ _
Enn=2*(1LTIR, M) L . Connectjon: Story drift 2
0.02 1s1dgu ua: M, > 0.8M,

« Connection: V_ daandaoviu
M, 18 E,, = 2*(LIR M) L

Wo1stul Overstrength factor

*«R=8
¢ WAasOUUDv Column plastic

moment “A2uUINNIN" WaSIU
Uov Beam plastic moment

« fIIHUQ requirement USLOgU
panel zoneua: [GouUn Lay/
AU Aootdu CJP

e Connection: Story drift >
0.04 1stGau ua: M, > 0.8M,

« Connection: V_ daanaoviu
M, 18 E,, = 2*(LIR M) L
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{doubler plate)

(m

=
ST

(@

RMETHRT [

e /mea%umquvm

4

T

WM
(doubler plats)

(v)

urumdnsioLe

v a_a -1
DE1UeY 150 dadaliay

I

Seismic force *

—

Column
Mp,ml= zx,mle,nol

WA LALLM
(doubler plate)

1l 7

L

t.:mr'm
"

uelulaAg Y
(doubler platel

G)]

— peatiey 150 fiadums

Ref: www.pacosteel.com/smart—moment—frames/ g‘d‘ﬁ' 2 A19819N1TABIALHULASUAMUNUINURLNAALEN

*R=8

WasJouwuov Column plastic
moment “A2uUINNIN" WaSIU
UDv Beam plastic moment

« fIIHUQ requirement USLOgU
panel zoneua: [GouUn Lay/
AU Aootdu CJP

e Connection: Story drift >
0.04 1s1Qgu ua: M, > 0.8M,

« Connection: V, doananvnu
M, 108 E,;, = 2*(LIR,M,) L
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I Ref: https://engineeringdiscoveries.com/
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. EJ\)uNuouTHDUFD‘lusuuso (high earthquake
magnitude) aoaowasuusomammms (high
seismic force to bu1ld1ngs)

* ADIDUDVASTUUDVWUAU (ground vibration)
wacioo1Asun Kinldowall Adwanisau
udvDA1Ss (building vibration frequency)
“Wdv (resonate)” AU ABASSSUBIOUDVAD
91ms (building natural frequency) 8oJunu
stiffness (k) wa: mass (m) uoud21AS

« MsAUDULSVULWUGUTHD TagraNAISISUDIA
nIsuIwnaNa1AISAvog [UasdvaouAInduLSY
aaudauov tWauhluAsuAu mass (m) uovodd
21A1S (UN1SKH1 base shear ua>dns:v18 base
shear [Ug story force

30ﬁ U bl 3
dw Sp1 < Sps
2 -
g
g ®0
©
@
2
&
2
@0
i)
U n-lo A1 unaByeil AU sl 1
dm Wit S, > S
—
V=CS,W
—
Fy =CxV —
1 hk
Coo - Wih
VX ~ X - hk
1 Wik
k=10 o 7<0.5 3w
T-05 ; a . a a
k= I+T e 0.5 9 <7 <2.5 T
k=20 e 7225 %

nsad T, 80 9 (Flexible)

AATILTIADUAUD

Jandn dune daanmdy
S S,
Wedli (sle) W @oms | olede
Wi ocem | ok
iondeslwl oaom | olo
wiuda odee | oloas
WU ol | olobo
w3y owds | olda
Wi o.clano
Wiy ®.060
wigau o.&0el
Feaung @.omo | oo
auidla o.ca olog
Furfuwa ocad | olomo
dunsne ocdn | olda
Futhnoa o.clencd
a5l oo olo
WA 0.&ne Qe
aufae o.ce
a9 o.ce
_________ [R— (S — -

nsol T, uag 9 (Rigid)
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 2Imsucia:zus:tnn JUudiov “Avag” WINaAYWUA
SULLSY LU D1AISDWEWHUANY AUOUTYBINIS Yad Cnv
mnmmsmods tnnAWaauKWuaulsos: aulusuusv
AWVIUG (Uvdou) Aldowaldgrgciaaisiseu: Lu
IsuiSoutnuas 91A1sEIASID WUAU Us:NAAS:NSIVY
dvldamnuannuaArumMBuda:us:1NNUDvDIAIS BV
donaddusvunuaulHonaavisaonuuuanis

1Y ene FOUNAY lbod 1 ’S’Igdﬁ"i‘lil"ligL‘Lli']H’l = 1'1L“|?'|ﬁﬂ’IEL'

= I3 5w @ o ar
AN @ NTVILUMUTLLNATIHEAYTDIDIAT WazATATEENaUATIHEANTDID1ANT

oEloa

g W o i T |
19 e AMIUTZADUATLAEAYTDI1AT () TRl dasialudl

Usznmanudidey AMUsZNauANUEANY
Usziananuddny 1 (ow) @.00
Usziananuann I (Un#) ©.00
UszianAudan I (u7n) @l

Usziomanudfeg IV (gawn) @.E0

Uizian
UIZIANYe901a3 o
AMuEIAY

(@) DTuariasiadnidu q Althivdsdunnedetinueddoutaiay I
dafansiimasvasnimmdedilaseadady 4 1y ewmsilideitas (Fow)
fumsinens mstaasn omsiveendn 4 dlifieuddn Wy

(@) p1suazlasaaiiiu @ Thidaedluemsussianamnuddy 1 (Yos) i
oI (an) waz IV (gawnn) (Un#)

(@) lsauusan waUseyn mlauaniu awiuiwl daduni aadvud Im
ausms wiovinveaa Miluiiaasdausvndosm e stuly an)

(&) wodald Afsdunaniu wioaoiudAnw Aiiuierasduaniioi
ATaAsiuly

() VDEYA fifuiansdussaniumstanstuly

() a1 WaassnauA1 vioaudnnsi iuitonasdaus nilatudes
A anstuly

(@ asufuiisudindou anruliuinisquadgiany wiean uawasish
ftany ififuitanasdudandasnsaunsivly

(5) anmumuaifuihelifeduitbiannsaimsinwnsdaniduld

(o) L‘Sau{]"]m:tm:]mna e

(c3) mmmmmmmmuawma au’mmﬂ WiamisuLesdy iRty
pangIne Tiuilas R iriintun e stuly

(o) omsiiiuiyppluiiuiini ¢ Takwdauiosautuly

(@) 2IMTUTLANDY 9 ﬁmuTm’mqi"uQ’}ﬂ":?j’aﬂ@&‘ﬂﬂﬂ'ﬁl,é’é’iLmﬁ"lﬁ’uﬂu*fﬂ-tl

(@) 91015RTuiusen shsmdsuarussimfondufamansaiusufulm v
uA amumenunaitduditag3daduiiannsavinsdnwnsdanauld | ann)

amilfumds 91msaudussmansisady aimsquddeas Wienmeaeu
Tsalvidh wdolsamdnuazifuthusz

() AFEUATlEIuenuiiuinw ingdunsemungmneindasingduase
Usztandagsuida Jaghl Fagilfiv wioTagiuifunisd
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anmwguduidnaciousvnNQuiuAudIDIAIS NSau
UDoWUQUALAQAUDIAISNAVDEUSIDTUQUDDU (LEU
ANU. ua:usueuna) o: aowaZH wavviuntiaon
ANSAUYDVWUGU anAnLAU liaargoonldvie

NulnaundoWiIudINWUAUNRLAQNISAUIHD 90NV
AAUNDEWIAU La: naunaatcmu uuounaaunaeim
aua:dvnaulalna (nawnunauanu FM AM nAau
AM avlalnan3i FM ud FM n:anzasvladnst AM)

nIsAUDaULSYULWUAQUDSVADVLNAdUUS: ans )
F,ua:=F, [UwoisaunAIuDeU LWD “aq” HSD "lWU"
usonmouunummms auanuau:suQuUNSDVSU
(ho1A1Ss (D1INWad1s2vau) vnunus:zinn 3udu A
WuRuudv IUgvsudu E 1Juauirtsnsou

=i " e & = PTRE - o
115199 - adulseBvsdmiuiuiui w fidenas Fa

Uszinmues Anmpuauawsaanduvaswiuivlynuusgsdaiiiansaniiaiu ole Jui
P
Tuau 5 < oké S;=o.éo Ss= o.md S¢= @.00 5> abé&
A 0. 0.6 ¥~ o6 0.6
B .0 &.0 6.0 6.0 5.0
C o] &l 6.6} .0 5.0
D @.D &.& & ko .5 5.0
E b.& &.e0 & o o o.&
r JudusaemsieszinEnovauesastunsa o I
a159l A-a AndsEBviRdvIUTURY o Fidsenans E
Uszinnuey anuwauauaanaiuvasuiulnsuusasaniinansaniiniu e.o 3uai
Yudiu 5 < oeo 5,=olo S, = o.mo S, =o.co 5> odo
A 0.0 0.0 0.6 .0 0.
B .0 .0 &.0 .0 ®.0
C @.ql @.D @6 @LE @.a
D . b.o G163 &.0 @&
: . ko o b | b«
r JudusaeinmsieszinErouauesasitunsa 9 1
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« szuusulsv uuvldu (1) szuusuusoluuudav (gravity
system) Ll3U La1 AU WU Su DL LL cnuAAniousvoluy
dovyovlan (Luddy) ua: (2) szuusuusoarudno
(lateral system) NSuusvau usvunudulxd

« (1) szuusuusolutudav UNAudio:5uusons:musA1v
lUWagunaArSaldaguyurauInun dvluidaovnisAdu
K& (ductility, R) ucddiksu (2) ssuusSuusoarudno
Acganuauzuovlsvntnanisidasunallul usvns:M
LUIUIVKUNND StUUSUUSVAUTIY JvCDVTADIULKTED

« ANWHTYI (R) AmMudeugdeaunisiula davnaaou anu
sUIUU detail HUva 9nnvNIsnadaauiAMIBINYgo
QuUu biasygiudvidnisniHuaanuauzlawlzlunism
S19A:DYQUDVS:UUSULSVAIUTIV LWDIHS:UUUUA [
ADULKGEI (R) cwnuiasgiumsuald lagaAl R Ualuls
"HIsusv” NlAon acceleration response spectrum

‘ Adindsznau Uszannis
DANLUU
szuulaseading TTUUAMULTIAUTN sumuse
P R QO Cd weiuulug
U ] 4
2. szuulasienms Iﬂimmuuamﬁﬂu.UUtézaa@ué'm’é'imm‘mwuﬁ“mmﬁﬂlﬁ 2 4 VA A
(Building Frame (Steel Eccentrically Braced Frame with Moment-
Systern) Resisting Connections)
Trsaunanus m5ﬁu;uUL@VmQuéﬁlﬁqmmmufmmtaau 2 q NIEEEY
(Steel Eccentrically Braced Frame with Non-Moment-
Resisting Connections)
TnswnauuaniinuuuassguduvuliaeasBentiey 2 5 N
(Special Steel Concentric Braced Frame)
Trsaunanus m5muumaquétmmﬁmw (Ordinary Steel 35 2 35 \.“' \.“' X
Concentric Braced Frame)
‘ AdaUsznay Usmannis
DONUUY
ssuulavafalagyau TEUUATULTIATUTNS . Frumuuse
R Qn C d usudulng
A
3. sruulasainuusna Tasedrunssdaindniifiniiuinidoafitae | 8 3 55 |+ ||+

(Moment Resisting (Ductile/Special Steel Moment-Resisting Frame)

Frame) TasedindruwssdaiiinigiseasBoamnumiondy | 7 3 55 1A A A
Wivdw (Special Truss Moment Frame)
TasaduLsIRAMEnAifiaaumiloauiunans | 45 3 4 VIV %
(Intermediate Steel Moment Resisting Frame)

TAsafuusIdANaNs35uA (Ordinary Steel Moment | 3.5 3 3 1A A ] x
Resisting Frame)
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sUuuu lateral

»

system

* HIADULSY « K1ADUs:NdU « H1ADATU 9N « HIADWLKHUYD
S. (short) A’ WUaDanY anueu:dudu (R) tWpaanau
« KIADWISY Importance F,({3nu S, ua: usounuauind
S, (1sec) factor F, (BAu S))
N J N J \ J - J

fdausznou Uszmns.

) ) ) sensv

M nn Adsedviliiuuiuit o fideens F, sruulaseaine sruuiuussining ¢ s

2 Tagsa R Q| Co | it
J A InpUAUDI A iuAulng FNIIUMAY oo Ui PP
! ! Sudu Ss<ole S=odo = oné S= @00 §> alod 2. seunlasienns dnuuuiBosmudAldgaronuuivusinld | 8 2 e [NV

ANANIALIINBUALDY A 3 = % o P (@ullding Frame | (Steel Eccentrically Braced Frame with Moment-
/:]’QW;‘J’W 5’1 e L%Qa Lﬂﬂﬂ“i‘i.l B 5 o - e P System) Resisting (onne((lon;) . ‘
- T —— . 7
= . . C o ol . a0 o th A Y Y
e 0w Y Steel E ly Braced F h Non-Moment-
S S, W8 lom AWIUsENEUAIMEAIEIIAs () WY daelud ) s - - . - (Steet Eccenticaly Braced Frame with Non-Homent:
v Resisting Connections)
T o 3 bé o ab o o B — PR R R IR BVR Y
" v " A1 — 9 NN
LHgadHa YU odds | olos Uszinmadudfny AfUsznauAudIfny r SduRenhmRTzn Bunvd 4 W0
(Special Steel Concentric Braced Frame)
ke o & T T
RIAEEETE] @.0¢x olbgo Uszananudingy 1 (oe) ®.00 Teswnaumaminuuunssguiuuussum Ordinary steel | 35 | 2 | 35 |+ [V ] x
_— - . P . . Concentric Braced Frame)

LR 8.0 oloboe Uszmmﬂj’mmﬂgu I (Un#) @.00 M n-a A@srAvbdmiviuiu w iR F, po— proesp—
a ' " 3y AT audaBangd; iudulnr FRIUMATY 0.0 Huit -
LUDILTNERU o.blo olbloe Uium‘wmmmam_‘ I (:1n) oo S * spuulaseadlassy szuudusedutng s

uiu S, <oeo S, =oko §,=omo $,= oo S,z o0d0 R Q| G| i
. o
g Usznmenuaiag IV (a30n [oRc(e) n . R . ; vln|e
wianioy ogm | oo i y v (genn) B A od od od od od Eoa—es - = PR T
B 3. szuulaseiuusedn Tasadruusedavdniidiadiuiniloafivdy | 8 3 55 | N AV
@0 0.0 0.0 00 00
' = (Moment Resisting (Ductile/Special Steel Moment-Resisting Frame)
LUFELIEN o.w@mlo O0.exE C o X & 4 X ;
= : - : = == 2= "': Frame) Tesadndnuussiniiinng ooz denmowmdeadu | 7 | 3 | 55 [N | V|V
AULLE O.2me olboe < = m‘t = J - > i (Special Truss Moment Frame)
: : = e B : ae Torsiuersfnmaniinmmdoriunans | 45 | 3 | 4 |V V] x
E L LAl it X (intermediate Steel Moment Resisting Frame)
Tasaduussdiaminsssuan (Ordinary Steel Moment | 35 | 3 3 [N x
Resisting Frame)
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- - sUuuu lateral
system

»

N\ J N\ Y - J N J
Sus =F,|5.|=1019g S, =min (Sy/T, Sps)
Sy; =F,|5,=0.269g = min (0.179g/0.36, 0.727g)
- 0.644g
Sps = 2/3* Sy = 0.727g
Spi=2/3*S,, =0.179g Vg =I/R*S_*Building Weight
= 1.0/3.5 * 0.644g * 500,000/g
T =0.03H = 0.03*12 = 0.36 sec = 92,057 kg

‘ Vg = 92,507 kg
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* H1ADULSY
S. = 1.019g
« KIADULSY
S, =0.269g

-

Bending Moment
Diagram

sUuuu lateral

system

« 21ASA1IU
1=10

* O-MRF,R=35

_ y, N\ J N J

C,a= (12*W/A)/[3*W/4 + 6*W/4 + 9*w/4+12*w/4] = (12/4)/(30/4)
C,,=04 04V,

C,5=9/30=03 03V,

‘ C,,=6/30=02 02V,
C,=01 01V,
Shear Force ‘ Vg = 92,507 kg
Diagram
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- - sUuuu lateral
system

»

N\ J N\ Y, - J N J
Sus =F.|5./=0372g S, =min (Sy/T, Sps)
Su; =F,|5=0167g = min (0.111g/0.27, 0.248g)
- 0.248g
Sps = 2/3* Syc = 0.248g
Sp = 2/3*S,, =0.1ig Vg =I/R*S_*Building Weight
= 1.0/5.5 * 0.248g * 375,000/g
T =0.03H = 0.03*9 = 0.27 sec = 16,909 kg

‘ V, = 16,909 kg
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-

* H1ADULSY
S. = 0.310g
« KIADULSY
S,=0.098g

)

Bending Moment

Diagram

« 21ASA1IU
1=10

C,3=(9*w/3)/[3*w/3 + 6*w/3 + 9*w/3]=9/18 =050 0.50Vy

C,,=6/18=033 033V,
C,,=3/18=017 0.7V,

Shear Force
Diagram

sUuuu lateral

system

*S-CBF,R=55

‘ V, = 16,909 kg
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v _——Chord

Brace

O-MRF (R = 3.5)

Chord

—~Brace

.

Cross-braced Inverted V-braced Diagonal braced

Tension and compression

O-CBF (R=3.5) S-CBF (R=6)

Cross-braced
Tension-only

EBF + MRF (R = 8)

I-MRF (R = 4.5)

Structural
fuse region ™

T

Chord

Brace

S-MRF (R =8)

e KIADUJLKTED

(R) tWoaanau
usvunwudulro

-1{——.—' 'x;*—,.

¢’ ® . . ‘ 2

Eccentrically braced Eccentrically braced
(Inverted U) (Diagonal)

Eccentric

EBF no MRF (R =7)

fdausznau sz
oonuuy

szuulaseaing szuuiuuseiudng , Ll

T R Q| Co| wiintn
R
2. wnlasienms Tns Sosmudillégaiouvuiuaseiald 2 e [N[V]V
(Building Frame (Steel Eccentrically Braced Frame with Moment-
System) Resisting Connections)
Hoag 2 a N AN
(Steel Eccentrically Braced Frame with Non-Moment-
Resisting Connections)
I i 5 2 BRI
(Special Steel Concentric Braced Frame)
Tnswnsuusminuuunsiguisuusssum (Ordinary Steel 2 35 |+ [ N X
Concentric Braced Frame)
ffausznay Uszaanms
ovnuuy
sruulavsaialasnn FzuuiuLIIAutng . Fumuuse
R | Q| Cil i
K
5 sewdmisiwada | Tnsadrussedamdndiinonumieadas | 8 | 3 [ 55 [V V]V

(Moment Resisting (Ductile/Special Steel Moment-Resisting Frame)

Frame) Tnading faftinnsloanBenannumilendu | 7 3 | 55 (NN
fiey (Special Truss Moment Frame)
Tasadruusadamdnainanuniloavaunats | 45 | 3 e [NV«
(intermediate Steel Moment Resisting Frame)

Tasaduusediaminsssuen (Ordinary Steel Moment | 3.5 3 3 ||V x
Resisting Frame)
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CHAPTER 5

REDUCED BEAM SECTION (RBS)
MOMENT CONNECTION

GENERAL

In a reduced beam section (RBS) moment connection (Figure 5.1), portions of the
beam flanges are selectively trimmed in the region adjacent to the beam-to-column
connection. Yielding and hinge formation are intended to occur primarily within the
reduced section of the beam.

SYSTEMS

RBS connections are prequalified for use in special moment frame (SMF) and inter-
mediate moment frame (IMF) systems within the limits of these provisions.

PREQUALIFICATION LIMITS
Beam Limitations

Beams shall satisfy the following limitations:

- _AF+ b
‘l,'— R= Samus of cut = e
———
o
—_—
C\
-z B
—_ Reduced beam
: saction
[}
Q
Q
T T

Protected zone

Fig. 5.1, Reduced beam section connection.

CHAPTER 6

BOLTED UNSTIFFENED AND STIFFENED EXTENDED

6.1.

END-PLATE MOMENT CONNECTIONS

GENERAL

Bolted end-plate connections are made by welding the beam to an end-plate and bolt-
ing the end-plate to a column flange. The three end-plate configurations shown in
Figure 6.1 are covered in this section and are prequalified under the AISC Seismic
Provisions within the limitations of this Standard.

The behavior of this type of connection can be controlled by a number of different
limit states including flexural yielding of the beam section, flexural yielding of the
end-plates, yielding of the column panel zone, tension rupture of the end-plate bolts,
shear rupture of the end-plate bolts, or rupture of various welded joints. The design
criteria provide sufficient strength in the elements of the connections to ensure that
the inelastic deformation of the connection is achieved by beam yielding.

SYSTEMS

Extended end-plate moment connections are prequalified for use in special moment
frame (SMF) and intermediate moment frame (IMF) systems.

Exception: Extended end-plate moment connections in SMF systems with concrete
structural slabs are prequalified only if:

(1} In addition to the limitations of Section 6.3, the nominal beam depth is not less
than 24 in. (610 mm);

(a) (&)

Fig. 6.1. Extended end-plate configurations: (a) four-boit unstiffencd, 4E;
(&) four-boit stiffened, 4ES; (c) eight-boit stiffened, SES.
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CHAPTER 7

BOLTED FLANGE PLATE (BFP)
MOMENT CONNECTION

GENERAL

Bolted flange plate (BFF) moment connections utilize plates welded to column
flanges and bolted to beam flanges. The top and bottom plates must be identical.
Flange plates are welded to the column flange using complete-joint-penetration
(CIP) groove welds and beam flange connections are made with high-strength bolts.
The beam web is connected to the column flange using a bolted shear tab with bolts
in short-slotted holes. Details for this connection type are shown in Figure 7.1. Initial
yielding and plastic hinge formation are intended to occur in the beam in the region
near the end of the flange plates.

SYSTEMS

Bolted flange plate connections are prequalified for use in special moment frame
(SMF) and intermediate moment frame (IMF) systems within the limitations of these
provisions.

Exception: Bolted flange plate connections in SMF systems with concrete structural
slabs are only prequalified if the concrete structural slab is kept at least 1 in. (25 mm)
from both sides of both column flanges. It is permissible to place compressible mate-
rial in the gap between the column flanges and the concrete structural slab.

VT Protected zone = 5, + d

4 | _——&hims, if required

—— Single-plate web
-~ connaction

Continuity and doubler —
plates as requirad

Shims, if required

Fig. 7.1. Bolted flange plate moment connection.

CHAPTER 8

WELDED UNREINFORCED FLANGE-WELDED WEB

8.1.

(WUF-W) MOMENT CONNECTION

GENERAL

In the welded unreinforced flange-welded web (WUF-W) moment connection,
inelastic rotation is developed primarily vielding of the beam in the region adja-
cent to the face of the column. Connection rupture is controlled through special

detailing requirements associated with the welds joining the beam flanges to the
column flange, the welds joining the beam web to the column flange, and the shape
and finish of the weld access holes. An overall view of the connection is shown in
Figure 8.1.

SYSTEMS

WUF-W moment connections are prequalified for use in special moment frame
(SMF) and intermediate moment frame (IMF) systems within the limits of these
provisions.

PREQUALIFICATION LIMITS
Beam Limitations

Beams shall satisfy the following limitations:

Protected zone
d

Fig 8.1. WUF-W moment connection.
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H Increase of Section of Flange-Reduction of Stress at Weld

7~

On-site

Cover plate
weld

Partial penetration
welding (shop)

Cover plate method Side-plate method (horizontal haunch]
\ v

B Loss of Section at Flange Base Metal->Expected Plascitization of Base Metal

Source: Shimizu

RBS method (notch) RBS method (drilling)
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Gage (358-6.9.1)

Groove or Fillet

required strength \ \ g<by

per 358-2.4.4b
c ity Plates

(358-6.7) @
the need for con-

Z,
|

CJP (358-2.4.4b)
Fillet welds allowed per

H#WelLoveSteelConstruction

proprietary

Four-Bolt Unstiffened and Stiffened Extended End-Plate Moment Connections
(Eight-Bolt Stiffened and Unstiffened EEP Connections similar)

the exception in 358-6.7.

/— CJP (358-6.9.7(5))

NI

tinuity plates and
the requirements

End Plate Width

when provided per

358-6.10,

Eqs. 6.9-20 and

6.9-32 =

Column Splice
Demand-critical CJP or
Fillet per 341-9.9 (SMF)

or 341-10.9 (IMF)

Locate fillet-welded
splice per 341-8.4a: min.
4 ft above TOS (or /2
clear height above TOS
if clear height < 8 ft.)

Doubler Plate
If required per 358-6.10

Width > b, (358-6.9.3)

Effective width < by + 1"

traight or curved

Cu2 ko # 12"
k5 Cpsky + 1"
radius if curved » /2

Stiffeners (if provided)
Limitations per 358-6.9.4:

2+ = h,/tan30

e > tou (Fyp/Fy)

Beam Flange to End Plate Weld
per 358-6.9.7. Demand-critical CJP
with root on inside face of flange and
*hs" fillet weld on inside flange. Weld
access holes not allowed. See 358-
6.9.7 (1), (3), and (4) for weld details.

eqs. 6.9(16-18) > 41058
SM;::‘;:&C’ per |7 - CJP or Fillet Beam Limitations (358-6.4)
- with required strength d. t byper 358 Table 6.'1
358.6.9.7(2) clear-span to depth ratio
A" | End Plate Bolts | per -7 =7 for SMF
Panel Zone (358-6.6) per 358 Ch. 4. 5\_ 2 5 for IMF L
Available shear sce 358-6.9.2 End Plate (358-6.3)  SMF: seismically compact ]

strength per 360-J10.6

SMF: required shear
strength per 341-
9.3a; min. thickness
per 341-9.3b

[for pitchand |
spacing limits.

)

| Design per 358- -

plate width, thickness,

per 358,Table 6.1

and bolt spacing limits |MF: compact per 360,

per 341, Table I-8.1

Table B4.1

£, < 50 ksi

IMF: no additional
requirements

beyond 360 F. <50 ksi
S

(341-6.1), if
inelasticity is

T
=T

expected in the
panel zone.

A

Protected Zone
(358-6.4(8))
Unstiffened: min(d,,, 3by)

Column Limitations (358-6.5)

d.<d,

End plate connected to flange

SMF: Seismically compact per 341 Table 1-8-1
IMF: Compact per 360 Table B4.1

Column strength per 341-8.3

Lateral bracing per 341-9.7 (SMF) or 10.7 (IMF)

56 MODERN STEEL CONSTRUCTION JANUARY 2007

iffened: L, + min('/2dj, 3b,)

L Lateral Bracing per 341-9.8 (SMF)

or 10.8 (IMF)
Max. spacing:

SMF: L, = 0.086r,E/F,

IMF: L, = 0.17r,E/F,
All braces must meet provisions
of 360 Appendix 6 Eqs. A-6-7 and
A6.8 with M, = RF,Z,.

Column-Beam Moment Ratio (358-6.6)

SMF IM*,./IM*,, > 1.0

per 341-9.6 SM*,, = S(1.1R F, 7, + M)
IMF: no requirements beyond 360

341 refers 1o ANSIAISC 341.05, Seiseic Provisions for Structural Steel Buildings
358 refers 10 ANSHAISC 35805, Proquaified Connections for Special and Informediate Steel Momert

Framos for Seismic Applications

360 rofers to ANSHAISC 26005, Speciication for Steuctural Stoel Buildings

Reduced Beam Section (RBS) Moment Connection

Groove or Fillet
required strength
per 358-2.4.4b

CJP (358-2.4.4b)

o)

R=(4c + b?)/8c

Parameter Limits
358-5.8
0.5by < a < 0.75by;

Continuity Plates
may be required
per 358.2.4.4

0.65d, = b= 0.85d,
0.1by; = ¢ 2 0.25b;,;

If provided, design ™ ~
per 360-J10 and

358-2.4.4a

Co 2 ke + 172"

Column Splice
Demand-critical CJP or
fillet per 341-9.9 (SMF)
or 341-10.9 (IMF)

Locate fillet-welded (- - HH
splice per 341-8.4a: min.| e} o

4 ft above TOS (or 2 o) [e)
clear height above TOS
if clear height < 8 ft.)

Doubler Plat:
If required per 360-J10
SMF: detailed per

ky £ Ce<kq + 12"
radius if curved = /2"

Corner Clip: straight or curved (341-7.5)

Demand-critical CJP
(top and bottom,
per 358-5.5) and
Weld Access Hole
(top and bottom

per 360-J1.6)

Beam Web Connection
Limitations

Vi = 2Mp /L" + Vgraiy

CJP between access holes;
plate = %" can be used as CJP
backing

Shear Plate (if provided)
Allowed for IMF or as CJP
backing for SMF when t,, = %"
(358-5.6)

(use for temporary erection sup-
port bolt holes are allowed in
beam web)

TO%

341-9.3c
Weld to column flange
is CJP or fillet weld to
develop full strength

of plate. ://

Panel Zone (358-5.4(1)f | |

Available shear I

strength per 360-

J10.6 _ _ _

o

Steel Backing (358-3.3.2)
when used, backing must
be removed and the root
pass must be backgeuged
and back-welded with a
reinforcing fillet.

Beam Limitations
F, <50 ksi (341-6.1)
dy < W36
tyr < 134" (358-5.3.1)
SMF: seismically compact per 341, Table I-8-1
IMF: compact per 360, Table B4.1
weight < 300 Ib/ft
clear-span to depth ratio
=7 for SMF
=5 for IMF

SMF: required shear
strength per 341-
9.3a; min. thickness

\_-Lataral Bracing per 341-9.8

per 341-9.3b F, <50 ksi Protected Zone
IMF: no additional (341-6.1), if a+b dy/2
requirements inelasticity is 358-5.3.1(8)

beyond 360 expected in the

panel zene.

A

Column Limitations (358-5.3.2)

d, < W36

Beam connected to column flange

SMF: Seismically compact per 341, Table 1-8-1
IMF: Compact per 360 Table B4.1

Column strength per 341-8.3

Lateral bracing per 341-9.7 (SMF) or 10.7 (IMF)

Column Beam Moment Ratio (358-5.4)

SMF EM*,./SM*y, > 1.0 per 341-9,6
IM* = 5(M,, + M, per 358-5.4

IMF  no requirements beyond 360

0.086r,E/F,
IMF: L, =0.17r,E/F,

If the exception in 358-

5.3.1(7) is not met, first brace

must be < d,/2 from pro-

tected zone for SMF (358-

5.3.1). All braces must meet

provisions of 360 Appendix &

Egs. A-6-7 and A-6-8 with

M, = RF,Z,

341 refers to ANSI/AISC 341.05, Seismic Pravisians for Structural Steel Buildings
358 refers to ANSAISC 35805, Prequalified Connectians for Special and Interme diate Steel Moment

Frames for Seismic Applications

360 refers to ANSI/AISC 360-05, Specification for Structural Steel Buildings

lasvaiuusvaa

Kaiser

(MRF)

SidePlate



lasvarwuusvaa (MRF)

H#WelLoveSteelConstruction

Backing bars shall be removed after the completion of
| flange-to-column welding of MRF in high seismic zone
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- Ordinary Steel Concentrically Braced Frame
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B Steel Eccentrically Braced Frame + Moment Connection m
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Steel Plate Shear Wall (SPSW)
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Innovative System: (1) BRB

H#WelLoveSteelConstruction

Buckling Restrained Braces (BRB)

Steel Core

Mortar

Force ~Buckle
—

(a) Conventional steel brace

.
| ]
[ Y—— Steel Casing
— Debonding material
\_ )
F Force Yield without buckling 4F —

Tension

D

Compression

(b) Buckling-restrained brace

Steel Casing

e ——————
=

Steel Core

Source: AISC

S-BRB1 S-BRB2 S-BRB3 S-BRB4

Source: www.shellbuckling.com
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Innovative System: (2) SPS
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VBE

Right
W VBE 4
4

—)
Left

VBE 3

Level
HBE 3

—)
Left
VBE
)

Right
y 3 VBE 3
3

Level 2
HBE 2
Right
Lot 2 VBE 2
VBE 2
/ - . evel 1
. ! - TBE 1
- = ! ht
—— RS- ; ‘ f Rig
Ty on - B 7 - R e Left VBE 1
t gy ' ' ' . 1
,,,..,.,,...”.,,‘1[.‘,,,,,m,m,.m,,,,,,,mm,m. g = LS g gy k- e o
: 2 1 g gy
L g et "

HBE 0



https://www.youtube.com/watch?v=IZVNHlWixhg

Innovative System: (3) Base Isolation

H#WelLoveSteelConstruction

Elastomeric Isolator T
NRB : Natural rubber LRB: Lead plug ampe

bearing rubber bearing SD: Steel damper

LRB: which the | ruoer
RB: Laminated nubber bearing with kad-supporting and viratior- vibrationdnsufation perfc e [ead pl.
insuation performarce

{damper) are imegrated.

g nclion

(Flange intogratad type)

Rubber coating
~ Deterioration it preventad by
B rubber coaing.

Rubber coating
Inner stes| Deleriorasien s pn

I
| s prevenled by nubber coaling, Natursl rubber lsminsted rubber by
phis _ Netral ubberfaminated rbber Hadopls rturabber andsffciont Bl e
4 It adopts natural rubber, and sufficient durability is durabilty is confrmed by tensle conl by varicus tests tnat s plug s
Rubber  conlimed by lensle sireng, Farduges, craen, strangth, hardness, c9ep, seculs” ot g
socdar change, ‘aigue and other tasts, _change, faligue and otber leuts, cualecliiah abadis

8 damper type
damping matenal,

Slider with elastomer
o NSR:Slider with elastomer

Laminated A

rubber Sliding plate

s ; . o i " Sliding material (PTFE)
Lead plug-type laminated Natural rubber-laminated : &
rubber isolator (LRB) isolator (NRB)

Fig. 1 Structure of slider with elastomer

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



Innovative System: (3) Base Isolation

H#WelLoveSteelConstruction *

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

» Reduction of response by use of damper: 1/2 max. Seimic 7 Engineering W vees EESBTESD

Acceleration -
sual Building

Research Project NSF-0618183

IESTING OF A NEW LINE OF SEISHMIC BASE [SOLATORS

Damping: Small
High-rise building

Principal Investigator: Valentin Shustov, Ph.D., P.E.

STEP 3

COMPARATIVE SHAKE TABLE EXPERIMENTS ON BUILDING

eismic isolated bwldlng MODELS WITH (ll{,Il:(l)llll)(\l‘\(l))R\::ll:ll()ll)l EARTHQUAKE

Damping:

Video clip: TEST-8

December 6, 2006

Period

Acceleration Response Spectrum

Source: Kitamura, “Control of Vibrations in Steel-structure Buildings”, TUS
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Innovative JP Steel Material & Product

H#WelLoveSteelConstruction

Stud, secondary
member (Grade A)

Small beam
(Grade A)

Splice plate
(Grade B)

Source: Sumitomo Metal

Through-diaphragm
plate (Grace C)

BCR.BCP

Beam (Grade B)

SN Grade A
SN Grade B
SN Grade C

BCR, BCP

Seismic -
. ! c
resistance Weldability WS> |mcoR
V== |COWng
c+ Q = S Q
YR YP oEv C P S Ceq |20 g"gcug-
Upper Upper | Lower | Upper | Upper | Upper | Upper E% 5 |Z un..E a
limit limit limit limit limit limit limit ~ O
SS400 - ¥ - - 0.050 | 0.050 - - -
SM400A 0.23
SM490A 0.20 0.035 | 0035
SM400B 0.20
SM4SOB 27J 018 0.035 | 0.035
SM400C
SMA90C 47) 0.18 0.035 | 0.035
SN400A — — — 0.24 | 0.050 | 0.050 — — O
SN400B o 0.20 0.36 -
SN4SOB 80% O 27) 018 0.030 | 0.015 0.44 O
SN400C o 0.20 0.36
SN490C 80% O 27) 018 0.020 | 0.008 0.44 O O

< B> Deformation capacity and weldability - Major framing members such as column and beam

< C> Grade B + Thickness-direction property — Weld built-up box column, through-diaphragm plate



Innovative JP Steel Material & Product
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Buckling-

restraint brace
type

Brace-supporting
type shear panel

Wall panel type

Source: Sumitomo Metal

ocal government joint buil&ing

Stress (N/mm?)

1,000 f
800 |
600 |

400 |

m\'zzs

200

780 N/mm? steel

590 N/ 2steel
N490

\97)

Strain (%)




Japan Building Standard Law

H#WelLoveSteelConstruction

¥ Primary design; Elastic design for Medium earthquake,
seismic intensity up to 5
Damage does not occur in the structure (deformation does not remain).

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).

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




Be friend with us via ...

LINE ID WeLoveSteelConstruction: @060tlizi

https://www.facebook.com/WeLoveSteelConstruction

https://www.youtube.com/c/WelLoveSteelConstruction

https://construction-forum.ssi-steel.com/

i0S: https://apps.apple.com/th/app/ssi-steel-design/id1474838160
s SI Android:
Steet pEsioN https://play.google.com/store/apps/details?id=com.ssibdt.ssisteeldesign&hl=en&gl=U

S

v @ ULE

SSI BUILDING TECH West Coast Engineering Co.,Ltd.



Steel Connection Design




Materials
and Steel
Construction
Products




Coke Making
| P Rail
I 2 She
‘ » Shape
A\ ] Section Mill ‘ » Bar
Iron ore Sintered Lime Stone N PU—" S— %—%-0 W rod
I ke 4 l Wire rod Mill
' : I I P Plate

T — -8=-
\ f Hot Plate Mill
. Direct
Hot Metal Billet : —— .
> s— Rolling ) :; =§'§ g g :I'O > Hot Rolled Coll

. : (HDR) 0|C O and Sheet
s ; x —> Hot Strip Mill

: ' Basic Oxygen Fumace Bloom 3
B ' (BOF)
' ' TFIFE Cold Rolled Coll and Sheet
: - @ > @3]8l8 €|=0 P (also Weld Plating )
. . . "
: Cold Rolling Tandem Mill

Blast Furnace v 6 __Slab___J > ! it

(8F) f{"ﬁ e Welded Pipe

: > — > =G0 » Butt Welded Pipe

& (=) Welded Pipe Mil
Scrap Electric Arc Furnace .
(EAF) — =
el

Seamless Pipe Mill

p Seamless Pipe

Reheating Furnace

p Steel Castings

Ref: www.forbesmarshall.com



file:///C:/Users/nuttapons/Videos/SSI/SSI Introduction.mp4
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UIZENNVDINANANUNERANTIWNIUIUNDEIY

P wianlaseai1egunssainiou (Hot-Rolled Structural Steel Section)

P wanlAseas193UNIIuAUULEBU (Cold-Formed Structural Steel Section)

4 L‘Viﬁﬂiﬂiﬁa%ﬂﬁgﬂvviiﬁuﬂﬁxnau (Built-Up Structural Steel Section)
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UIZENNVDINANANUNERANTIWNIUIUNDEIY

) m?iniﬂsaa%ﬂasﬂwsﬁm‘%ﬂ%au (Hot-Rolled Structural Steel Section)

= Flange

_~— Web

_~— Flange




H-Shape VS I-Shape
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UIZENNVDINANANUNERANTIWNIUIUNDEIY

) m?ﬁn‘lmaa%wgﬂwasm%ﬂ%au (Hot-Rolled Structural Steel Section)

uuy

N (equal le
LMaANRIN E g)

1 t P
(angle steel) | @ NiiWaMu (unequal leg)

———

IHANQUT NN (channe]l steel)

\ ANt #d (H-scction steel)

\uangke (I-section steel)

NI al i

iwbnqUiaR (T-section steel) H

——
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< v
> wianlaseasny ( - Structural Steel )
(18N, 1228-2549 A1ATFIUUIAU) wiorn SE—— L
* Z / Lip Z iningiifay ue (H--:ectionvslﬂl) | I
- Angle k10 (l‘lect!m[n steel) I
® H at oo (T-suction steot) -l

) L‘Viﬁﬂiﬂ'ﬁﬂﬁ%’l\‘lgﬂvv’i’imﬂa’m (Hollow Structural Steel Section)

(wan. 107-2533 wnsgrunaly)

2.1 wanlanainginssanan HealtluinesiuipsGenh “mannain” wismapdmedasaniiy

3 WUy Ad
2.1.1 wuunaw wikmnuanialumsasaandiu 3 suaumw #a HS 41 HS 50 waz HS 51
2.1.2 WuuAVABNIRTA wiseuaaialumsdsaaniiu 2 suama W fa HS 41 uaz HS 50
2.1.3  wuudmasaiud wisenaanialumsasaandlu 2 Fuannw fa HS 41 waz HS 50




* a 4 ¢ < o ) I %4
USLLANVDINANNUNLURANHINRTUITUNDETIY

UNTFIURAANUNAFMNTIUMANIATIES19UNITTUNAD

1AsgIulU wen. 107-2533
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UINTFIUNANAUNYATNNTIUMANIATIEZ9FUNTIUNA
1195g1uN3lU wan. 107-2561

JIS G3444 OD 21.3 - 1,016 mm YU 40x40 - 350x350 mm PUIR 50x20 - 400x200 mm
Thk 2.0 = 22 mm Thk 1.6 - 12 mm Thk 1.6 - 12 mm

ASTM A500 OD 21.3 - 609.6 mm YUIA 25.4x25.4 - 726x726 mm PUIA 76.2x50.8 - 750x500 mm
Thk 2.7 — 12.7 mm Thk 2.4 - 60 mm Thk 3.58 - 40 mm

BS EN 10219 OD 21.3 - 1,219 mm UIR 20x20 - 400x400 mm UM 40x20 - 400x300 mm

Thk 2.0 — 25 mm Thk 2.0 - 16 mm Thk 2.0 - 16 mm




* a Y 1 < o Y 1 74
UIZENNVDINANANUNERANTIWNIUIUNDEIY

> wanlaseasg na24 (Hollow Structural Steel
° 33n. 107 = Viawannaiarsuaud nsuulaseasianaly
° 90, 427 = viawiannanyaualglniidnsudeun

Single head

vibrohammer

, HSS)

11
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> wian ( )
® C Channel
¢ Z
® Metal Sheet/Deck
® Roof Metal deck
® Cellular Deck
® Composite Metal Deck

12
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» wmansaLey (Cold-Rolled )

° 9. 107 = ViawannaIA1suaLa 1S UNUlASIES19n2lU

° y9n. 427 = NiawiannanyaudelWWag1usudeun
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.
Bolts

Type of Bolts per ASTM Standard

ASTM Specification Min Tensile Max. Diameter | Type of Material
Strength (ksc) (cm)
A307 4,200 10.00 Carbon
A325 120 ksi 1925 — 250 Carbon,
105 ks i Quenched &
A490 150 ksi 1.25-3.80  Tempered

F1852 & F2280: Twist-Off-Tension-Control Bolts



ASTM Bolts

 1aun wuvidutnsa A307 (F, = 60 ksi) daantnagomaouna ua: ﬂauaaﬂmaaz)maoao
Bous: nauIUo:)amsoABZS (F, =120 ksi) uas A490 (F,= 150 ksi) Gowaaon alloy
steel NWIUNS:UDUNIS DUSDULLA:aQAULSIAVDEIVSIALSD (quenched and
tempered)

* [Js:uu bolt Anaaudsdrmadvsuusoiinu udidus:uu tension-controlled K3a TC
bolt (tnagouraudola torque) FI852 Aavsuisvlniau A325 ua: F2280 A14vsUlLSY
tN1AU A490

 Ud9UU RCSC (Research Council on Structural Connections) [avwunuuvnau bolt
aanLlu Group A Group B ua: Group C las Group A llJunauma\)m (A325 F1852)
Group B Wundumavgv (A490 F2280) ua: Group C lUUﬂaumaoaowmu (F3043
F311) lagdHsungurdogowtaud F, = 200 ksi

#WelLoveSteelConstruction
16



A1SAIUdUNNav ASTM Bolt

« ASTM Bolts nAtnsa MKruaAauauuaaign F, = Tensile Strength

+ fdvsuusvudv aanauav “tiavonsavindsd” Iwsiosuusvduo:gndouiansov
LNAYILAUD aanduav 25% tHao 0.75F,

« favsuusviEiau JufiuanuauzuDVLNEE) TU SsUNURSULSYLEDU

« soulnayd “lioag” lus:urusuusvldou (X-type bolt) Mavsuusvldou DA “Us:u1eu 60%" upomav
Suusvdv MUNQU1 yield criteria ucid1wdv RCSC (GAN1saanou 0.9%0.62 = 0.56 KSo MAVSULSY
13duudv X-type bolt ilf1 0.56F,

* SDULNAYI “2¢"” (us:urusuusvldou (N-type bolt) 51050 RCSC Aavsulsvldnau aanauav 20% 91N
X-type bolt LKdD 0.8*0.9*0.62 = 0.45 HSD MadvsSuusvldduUUDY N-type bolt A1 0.45F,

« Aavsuusvldouniiid Blanu bolt NAAuMuULsvdUWIULAU bolt (shank) tiauu (U
ASDUAAU slip-critical K5 SC bolt ACMUNIULSVIADUWIU “ADIUAQSEKITONITUNG”

#WelLoveSteelConstruction
17



ISO Bolts

* ANHUQATUAUUG KSo property class UMAv wuotdu class 5.5 8.8 ua: 10.9

. C‘l:)laUCﬂUHU'lﬂE)UDCmFTUEJU waavn tensile strength (UKUDY MPa ntuo:)a 100 wu
class 8.8 UM F,= 800 MPa W0udu

. C‘I:)laumuriaoaonﬁuau uaaqv “aaaou” F /F, K1SQD® 10 WU class 10.9 A F.
1,000 MPa iUm F = 9*1,000/10 =900 MPa Hsa class 8.8 A F = 8*800/10 = 640
MPa

« Conversion: 1ksi = 6.895 MPa douu A325 A1 F, = 827 MPa ua: A490 A1 F, =
1,034 MPa

* Ha19ASY V:UAQVATUAUUAAI8A Proof strength Bvleu3i Ao usvnlurilR bolt
LA plastic deformation lasundiAUs:uieu 85%-95% Uov yield strength KSo F,

#WelLoveSteelConstruction
18



ASTM vs. ISO Bolts

Bolt Fy | Proof strength | Note

Specification (ksc) | ~90% Fy (ksc)

ASTM A307 4,200 - -

ISO 5.5 5,000 2,500 2,250 Fy/Fu=0.5

ASTM A325 8,400 6,400 5,760 Equivalent to F1852
ISO 8.8 8,000 6,400 5,760 Fy/Fu=0.8

ASTM A490 10,500 9,100 8,190 Equivalent to F2280
ISO 10.9 10,000 9,000 8100 Fy/Fu=0.9

HUNGLIKQ: AMNLaava1duancivondayanusinglunEavda1vavdUa MNKAWAAIUNIS
Us:u1eunis wdavkuog Uatau udnlulauancdvauogoivadAcy

#WelLoveSteelConstruction .



Bolt Pre-Tensioning Method (1)

Turn-of-Nut Method

Hetuaaninasa (bolt) Wiuduwas
(snug) W&a T3¥inN1T mark S
AEIUINNT FINTIEIIINTITDITT14
wnALq (nut) NN lUEn Auduasn
LWHHNAUENAN (D) WAT AIINYNA

“Snug” tighten Mark nut and bolt Desired position achieved (1/3 turn LARNNNLAANYD (bolt shank |ength)
illustrated)

Ref: https://www.fastenal.com/content/feds/pdf/2017/02/Structural%20Bolts%20rev %202017-02-21.pdf

Condition Under Bolt Head and Under Nut
Both faces flat (normal to One face sloped, but not more Both faces sloped, but not more
Bolt Length bolt axis) than 1:20 than 1:20
Less than or equal to 4D 1/3 Turn 1/2 Turn 2/3 Turn
More than 4D and less than or 1/2 Turn 2/3 Turn 5/6 Turn
equal to 8D
More than 8D and less than or 2/3 Turn 5/6 Turn 1 Turn
equal to 12D

#WelLoveSteelConstruction .



Bolt Pre-Tensioning Method (2)

Tension-Controlled or TC Bolt Method

1. Insert Fastener 2. Apply TC Gun 3. Tension Nut 4. Remove Gun

YaaninAuaefinfiee ABandn TC
bolt 1138 Twist-off bolt aNfiU TC gun
ilainaulEauudaNEaInig
WAILUAE (M9) 91qARIABEN

ANRITULTY 289 TC 9ziiauiy bolt
WNIAUNG Us9rag ANATHIRTIUAY

Tagr ASTM A325 quifis TC bolt 1nsm
ASTM F1852 uaz ASTM A490 qzifin
TC bolt tn9m ASTM F2280

Ref: https://www.fastenal.com/content/feds/pdf/2017/02/Structural%20Bolts%20rev%202017-02-21pdf

#WelLoveSteelConstruction »



Bolt Pre-Tensioning Method (3)

Direct Tension Indicator (DTI) Method

@) Y A
DTI Assembly Squirter DTT Washer Lﬂuﬂqﬁ?ﬁ LAIHID (WGSher) 1H

YHNUU

9q U
Before Tensioning After Tensioning

4‘ | o o o = I
fINIUNITAILANTNAITER BEndn DTI
dl o/ 1 = o/ dl 1
Tnenfladuuiuiesziuiinauan uyu

g |
fazuunsny auliannTnaan gauge
Sadinldazndnstuyuid (3 fadn bolt 7

FUFAINLHRATHERINTS

ad v Y Ay o o/ dl 1
TN NARNIBIINALIBINTINTIIND TG"I?JLQWWS@EIN

o/

£9N159% bolt Tuﬁqa FaflpAnAN DTl ¥ilaiAiid silicone

D

Wwsnet) Haldaruusdua ndiasng silicone fazlan
ADNNT FIHITOATIIEAUALANUET (FdTe)

bolting

TECHNOLOGY

#WelLoveSteelConstruction
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Bolt Pre-Tensioning Method (4)

Calibrated Wrench Method

Cliingid Clamped finnst¥szuariafreinisfins

gauge TAALINFN 38 clamping force

ad dgl 1 v o/
FANITHADUIWALAIN AT

e o YA & o @ Y o o/ 1 =
LLW%@@WQ"V’]LUHG}@QW’]ﬂ’W‘EUﬁU AT I8
Ref: Ref: . o 1 s %
https://www .fastenal.com/conten https://www.researchgate.net/figure/calibrat COI |brClte WNIIADENETNIUETNDAIY
t/feds/pdf/2017/02/Structural%2 ion-method-for-torque- ¥ o A | A ¥ A
OBolts%20rev%202017-02-21.pdf wrench_figl_325714143 WINHN (W) AINTIUAT ATHITIDIHHNAR

9 clamping force (F) U5THUn15 (F91n 75% 284 proof load m

Bayinfiy proof strength (ksc) ATTLNWANTINAATIANUINITN

. . e Bolt dh lUtndaund 0.20-0.30
LAUNIRHENATN (d) 2D bolt Feanranulaanau{iiduen L
¥ A @ A4 o Bolt yulnaoudavn:a 017-022
Torque (T) THann T = K*d*F Teefl K ifiurnmsil Iufudnuoy -
299 bolt Bolt ntAdaudadeudu 0.12-0.16
Bolt yuiAdauunatdow 0MN-015

#WelLoveSteelConstruction .



ASTM vs. ISO Bolt Strength

Bolt Ft=75%Fu Fv (X-type) Fv (N-type) Fv (SC-Type)
Specification (ksc) | =0.62*0.9*Fu | =0.8*Fv (X-type) | (n=0.35@ 90%Fy)

(ksc) (ksc) (ksc)
ASTM A307 4,200 3,150 2,340 1,875 660
ISO5.5 5,000 3,750 2,790 2,232 790
ASTM A325 8,400 6,300 4,690 3,750 2,120
ISO 8.8 8,000 6,000 4,465 3.570 2,020
ASTM A490 10,500 7,875 5,860 4,690 2,980
ISO10.9 10,000 7,500 5,580 4,465 2,840

HUEIKQ: 1. AIRLGavo1PILaNdIvINTDYANUSINDIULKEVSIVDVIUa MINLKAWAATUNISUSUITUNTS
wdavKude UatAu udnllauandivauagoddadinty

2. Awawnsalumssuusy (kg) IRWURRUAAQ (sq.cm.) TUATUA1AY (HUDE ksc)
3. WY1stu1 Factor of Safety = 2 (ASD) HSD Resistance Factor = 0.75 (LRFD)

#WelLoveSteelConstruction )



=~

Bolts

usvluaantnagd (Forces in Bolts)

MRS ULTRAARTUAANNAYD AUAUATLUUIRUN AL IUTZULS LI IRAY LTl
1) N (Included): tnRzatlUsEUILSULTIDDY

2) X (Excluded): inasqliagluszuiusuusaianu

N-Type X-Type

‘ Heaanuuy danazmuunlvld Bolt
1szinn A325N 1158 A490N L7iBA974
AzmInlLN170BNLLIL UAZNITAILANNIY

dl’ [ d’ v 1
L‘lé@\?”’\?”)ﬂ[ZJ\I@’)LﬁuW"VgﬁI@ﬂWﬁ‘Q@ﬂ@l/’J’7

a 1 o = = 0 o
LﬂﬂE/Q@%/?%ﬁ‘&’u’)l/?llééﬁ\uﬂﬂuﬁﬁ'@ ’ZJJ




Bolts

usvluaantnaegd (Forces in Bolts)

AR UUINUN AMNANEHUSNITTULUULASNITIATUNNIFNNA LaLTlu
1) FANLNAYILUUAULURNAR (Snug-Tightened Bolt)

2) /antnasuuldnsaAanay (Pretention Bolt)
Specification for
Structural Joints
Using High-

3) @ANLNAYILLLLARUAINGHA (Slip Critical Bolt)

Strength Bolts

8N89A Specification for Structural Joints Using
ASTM A325 or A490 Bolts 188 RCSC

Free DOWNLOAD!!!
bokltcounci
rcsc



../2015_02_20/Useful info_Detailing for Steel/Specification/Specification for Structural Joints Using ASTM 325 & 490 Bolt.pdf

.
Bolts

usvluaantnagd (Forces in Bolts)

NMARITUUINUN AMNANEUESNITUULUULAZNITEATUNNITNAA L1

1) FANLNALILLUTULUUNDRA (Snug-Tightened Bolt)

A3tuLUuUned Tangndlu da 10.30 247, 1020-51 9192 “Ar N udun lnarnnisdulnglduszagiin

= v (=3 dl dl o v v 1 1 a d”
Impact Wrench WIANI3 M LINLENNTBIAINN NI ALTUTaY U s Al L L assna e asiaLUduatinna s



http://www.flickr.com/photos/78441750@N00/4811689013/

N
Bolts

usvluaantnagd (Forces in Bolts)

AR UUINUN AMNANBHUSNITTULUULASNITIATUNNIFNNA L1iaLT]u

2) aanindgauuLldnssnanau (Pretention Bolt) ldlunaaising o v

v asgingesnslddesefamnnudi uarandanisaeuloas lldeeaseminuanunsnlunissuinvinaesdese
ki lunstinissian naadamanuaans daseduiuasraia1sninsuandmiteannnsgs dasalaseaing
o dl a 1 % A £ 1 v dlo/ e A dl o dl dl dl 1 v a dl
FULATUINUNGN 5 A viTadeselaseaineniualnsnlvisainTasansiaauuusenaane liiansilasy

1 4
=

a K v
NANINYDILTINLNAY VL@

)

N

1 dlu/ 9; v aA = a %I %
ARANTUUNUENNUNIIURBUNANI9IDIUIULN

v ! 4
o

1 dl 9; o all 1 v Aa 7 1 v 1 7 aa o o 1= ai
ARBN Uuﬁﬁuﬂﬂ’j‘ﬁ‘nﬂ%ﬂ’ﬂﬁmmﬂﬂ%‘@ﬂﬁ]‘ﬂ‘ﬂ@ﬁ]‘ﬂiﬁﬁ‘ﬂ@ﬁ‘%‘l Iﬁﬂ%%ﬁ‘ﬂ’k‘]‘ﬂﬂﬂu’ﬁfiuﬂu??ﬂﬂiNNﬂﬁ?Lﬂ@ﬂuLLﬂ@\i

v 1

TanaNldaaninagllszinn ASTM A325 viga F1852 N5unsannaliiinan1281814liiaaunann e mg

D

v 1

dosianldadninatntlszinn ASTM A490 Mviza F2280 FULseA visasuusa@awAug lliunisiuussmalng b

<N X X

AalimiAnn19a13uRuduadasalaeasg
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N
Bolts g
N

usvluaantnagd (Forces in Bolts)

N
Base pl:
Anchor bolt o plte

AR UUINUN AMNANEHUSNITTULUULASNITIATUNNIFNNA LaLTlu

3) @AantNagaLLULAaUINg/ (Slip Critical Bolt) ldiudasenuinifianisdeulnaaziinannudaiese

ANHNAINIIN MNNITLLINTBSLDs D

1
= [ =

v unsaiideseinnsfuusaininiswlasufidnig waznelfiinnisasedesaaaslnsaasng

v fasaasninassnigianzuuylnaindininegu (Oversized Hole) ——
. . . o
v dedesdninasififizianziuuses (Slotted Hole) anidulunsdinfiAnisasussingzyin g
FNAINILNANINAINYIIUBITBITIANY —

o/ o/ 1

v dasennnaeuloanioduidasdenadgnaninnainisnluni1ssuunvinaaslasaa g

ABUANFINTEUIN TC NU SC Bolt 11UNTBNN17AAFIAD NITIATENNURIRNEALFI04 Bolt 1
= 1 . d' v Aa =Y 1% ] 1 1 1 d’d =) 49/
(381N Faying Surface Wa iNAAINER SLUANEARBNITONEIMTNENUTEUILANAINNE AT
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Bolts

usvluaantnagd (Forces in Bolts)

1 ksi ~ 70 ksc

: = Table 5.1. Nominal Strengths per Unit Area of Bolts
AAULNALI gths p
Naminal Strength per Unit Area, F,, ksi
Applied Load Condition
ASTM A325 or F1852 ASTM A490 or F2280 . .
. " - Specification for
o tatic 11 . .
75% F por Tension * Structural Joints Using
Fatigue F,=120 SeeSection5.5 F =150 .
High-Strength Bolts
Threads L,<38in. 54 =688 68 =84"8
included in
shear plane L,>38in. 45 56 Degerher 31, 2004
Shear*®
Seperaodes the Mane 30, 304 Spevifoanion fr
Threads L.<38in. 68 =120%.6219 B4 =150".62"9 mul::-\.u.r.mv.“.' wing f.:c:l.l::li"l: o AAND Bty
excluded from Prepaned by RCSC Commitice A, | —Speciflicatsnm: mml
shear plane L.>38in. A5 = 120*.621.75 70 = 150*.62*[75 apperved by ihe Reszarch Comncil on Strecoral Connections.
* Except as required in Section 5.2,
* Reduction for values for L; > 38 in. applies only when the joint is end loaded, such as splice plates on a
beam or column flange. r, """h\‘
N
. e Nominal Strength per Unit Area F, ksi T
Applied Load Condition gnp " B
ASTM A325 or F1852 Bolt ASTM A490 Bolt o TS O East Wacher Eive, e 60, hicaga. i 40601
a Static 90 113
Tension - X
‘ Fatigue See Section 5.5
Threads included
in shear plane 48 60
b
Shear” <:|
Threads excluded 60 75 RCS C 2004
from shear plane
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WIDIHS 2??

awnsauvu bolt uAlH
uuuwaa

na:iJalisdovdu
bolt {Hla torque

#WelLoveSteelConstruction



Snug-tightened (ST) Bolt

#WelLoveSteelConstruction Grav1ty System Lateral System
* Snug-tightened Bolt aantnagduuuduuuiuwaa Ad Ommmmmmm—0
dantnagonuulBuuuwotvido lagldus:uadutuu
sssualagauviu (IudovlsulsY) KSPD1I(E US:LLD
uuns:unn (impact wrench) 5 5
. Zunusaamanaaﬂlﬂaa:)suus\)laamUUHan HSDSU

usvldouuazusvdv AUGASIUAYURANIVUDILSY
ns:zM (static) LU sogcdomULHANLUUSULSVIUUEDD
(gravity load) yDVUNUWNDIAENIIU Bousolliinis
wagunAniv Wudu




Pretensioned (PT) Bolt

#WelLoveSteelConstruction

* Pretensioned bolt naaanmaaanmaouuuuuaulo
llSOIUUQEJﬂZ)’lF\’lllS\)O\)UUCl’mS U (ZUU‘ICISU”IU ua
[UAu proof strength Foldurdv tu sz OunmIH
bolt L1hQ plastic deformation)

« [BnudiuyovoimsidovmisiioiAsdanid:Nsls
VIUNG (Serviceability) Wlgo1ms “San” Uanane
spgcipiinLUU vgyunulla (msvdulalidowa
nS: nunumaomssuumunuaoaoma) 13U NISCiD
oW (splice) vpvlatHantuaimis Wudu

e ANSQASIYIDUADIULLUU T 4 35 (1) Turn-of-nut (2)
DTI (3) Twist-off bolt (4) Calibrated wrench

Gravity System

Lateral System ]




Slip-Critical Bolt (SC)

#WelLoveSteelConstruction

« Slip-critical bolt KSaaaninagouuuLaoudnNnQ
WWun1si3 PT bolt "wSpudde” NMsHNDJURA
guviuncaNacyAUlRIANVURNA tWa(KIAQNSaNE
USVUWUNDTUWA (friction)

« Bnulasvasrondovsuusviluu Dynamic load
lagusons:mMidanueuziasunalu-ul wu a=wiu
lAsvasivikanidovsulsons: UNADINYIUWIHU:
tJuUs=91 Ko lateral system upvD1AS NCDVSU
usvauusvunwuaulsdnaulunauun KSo aomaniu
SID1: yunalHadndiunasyiu (oversized hole) LWo
2udgnIsaacv Wudu

Gravity System

{b] Baaltesl end-plate canmnedicn with aversiz i

[ Lateral System ]
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Welds

usvlusouLBou (Forces in Welds)

124 14 [l ¥
w o o -4 Qv

(MASUUURNUNANE) (WUNTUUIKRIN)

R =

weld

= (0.3 Fu) [(Effective Weld Throat) (Weld Length)]

a ‘z\ Throat Length



e —
Welds

usvlusouLBou (Forces in Welds)

14 ] ¥
(- %4

(WUNSUEUUEN)

[(Effective Weld Throat) (Weld Length)]

Table 2-1. Weld Size Factors for Skew
o ™~ . R
N / /\ b ort, Dihedral Angle (°) Factor
60 1.41
Local
dihedral Local 0 1.23
angle dihedral
toe zone aln e| “ 80 1.10
w gle
-heel zone
| \7 | 90 1.00
w /W 100 0.923
t / 110 0.863
120 0.816
Fig. 2-2. Skewed joint. 130 0.780




e — |
Welds

usvlusouLBou (Forces in Welds)

ASD LRFD

(0.3 Fu) (Effective Throat Area) R

(0.6 Fu) (Effective Throat Area)

weld

a ‘z\ Throat Length



e
Welds

usvlusouLBou (Forces in Welds)

ASD LRFD

R = (0.3 Fu) (Effective Throat Area) R

weld

(0.6 Fu) (Effective Throat Area)

= 0.928 * D * L (w1/2¢ kilo poundls)

1.856 * D * L (v1/2¢ kilo pounds)

= R /2 la® 2 = Factor of Safety

f = 075  for shear

0.8 for tension

Z
O
_|
L
)
I

YUIAYes Weld leg U Weld leg = 5/16” ,D = 5

-
I

u = Feo =70 ksi

qu = 90


https://construction-forum.ssi-steel.com/weld-design/

sSuusviaau
n1au

Ne

J
Fillet weld
ghrodasa
aoMmsivilguailuQas
#WelLoveSteelConstruction

If‘ia




Fillet Weld Strength

#WelLoveSteelConstruction

e dHSU ﬂ'lSlUE)UWE)ﬂ HSD flllet weld St U'lUﬂD 1nQ
ﬂ'lS:)UC] Wus:=uun uuumlaﬂnaona ﬂﬂlDE)UU'lO
U\)lUUUU 45 v JadNUDUNCAVAIN

* MAVSULSOLEDU ~ 60% UDVMAVSULSVGY
WunNsuusvlaou ~ leg size/sin (45°) * ADWUED
ANdvusuusvldous:y (nominal shear strength)
= (0.6 Fu) (leg size/+2 * length)
= (0.6 * (70*70 ksc)/2) * (leg size * length)
= 2,079 (leg size * length) ... HUD>® Alansu
~ 2 (U cipmsBUALIAS

* HINW1StuN Factor of Safety (FS) = 2 &1HSU ASD

2:[A MAvSUUIKUAN “Uanangy” ~ 2/2 =1AuUcio As.6U.

KHSDHIAWD1StU1 Resistance factor = 0.75 d1HSU
LRFD 9:[Q Factored resistance = 1.5 Aucio QS.6U.

ASD

FS= Q=2

Rallow

Rallow =

=R, /Q
0.3F Ay eff

al Throat Length

LRFD

¢ = 0.75

Rn - 0'6FuAW,eff
(I)Rn= 0'45FuAW,eff



Fillet Weld Strength - Quick Number

#WelLoveSteelConstruction

souLBou fillet weld T

Suihsunlavanane  Au
Suihsunlagoaa du

sogLBou fillet weld T

Sulhkunlavaoasis AU
SuihKunlagoaa aAu

sooLiou fillet weld T

Suulsunlavanane  dAu
Sulthkunldgoaa dAu
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*Connection

Types of Connections 2 - LAX 35X TEX 06
stener line
: o -5
W19N682 3 M i/ 2 w24x0t1:rsngmuc

-

it
et

N

\

| ] WEB LEG

11 OL I - <
| [~ Weld 4 0 >4
O
H 3 F
_ I Ol é-'z
Wi0 ] 2 W,H t =050" o e
' p (o) t pin LINE
O
B | NSL Bolted Connection OSL & NSL Welded Connection
'e) Yy
20|~ ~{|2a "Lm‘w“w —— : v/
L W
kmin =

LA __T
(71
/4

g

= oo|

T N - 2—ux3%x—1§6—x1'—6"
S —

Beam-to-Girder Double Angle Shear Connection
m Double Angle Shear Connection aa
Ref: Salmon et. al, “Steel Structures: Design and Behavior”,
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FULLUNIFIUR WRENIRITUS

B auuRldiian199UR7N Column

Beam Connection
® Beam shear ®  Angle (Plate) capacity
capacity O Shear yielding
O Shear yielding O Shear rupture
J Shear rupture (Net/Block shear)
6 o O Bearing (at bolt)
(1) ® Beam web yielding
[ o O Bending (seated
O & web crippling /
. connection)
web buckling
®  Bolt shear capacit
®  Bearing (at bolt) pactty
®  Weld shear capacity

: LA Ao A
Connection capacity Af A1 capacity NATNGAUDN

suuy failure mode 19UNA




________________________ ____~f
o o

FULLUNIFIUR WRENIRITUS

B AuuA lWINAN199TRN Column

Beam Connection
Y ® Beam shear ®  Angle (Plate) capacity
capacity O Shear yielding
d O Shear yielding O Shear rupture
O Shear rupture (Net/Block shear)

_V_ o O Bearing (at bolt)
Beam web yielding

o O Bending (seated
& web crippling /

connection)

web buckling

B Bolt shear capacit
®  Bearing (at bolt) Pactty

. N
Local web crippling 7 > (0.2 " \Weld shear capacity
2 AN twi1s B A — &
@R,, = (0.75)0.4t,“[1 + ( T O.2)(t—) ] " Connection capacity A8 AN capacity NANNEATBY
f w Y

suuy failure mode 19uNA



e

o o

FULLUNIFIUR WRENIRITUS

B auuFAldiian193URAN Column

. 10 ? ? "B h B Angle (P

/ 3 2 eam shear ngle (Plate) capacit
‘o o O gle (Plate) capacity
i i 3 capacit Shear yieldin
i0 Q O pacity Yy g
' O Shear yielding Shear rupture
Y, O Shear rupture (Net/Block shear)

0] a o O Bearing (at bolt)

® Beam web yielding
(@) o O Bending (seated
& web crippling /
(@) connection)

web buckling

B Bolt shear capacit
®  Bearing (at bolt) pactty

®  Weld shear capacity

®R,, = (0.75) |(0.6F,A,)

: LA Ao A
Connection capacity Af A1 capacity NATNGAUDN

A
u4int
OR, = (0.75) (0.6F,Any) gﬂLL‘Ll‘Ll failure mode YINUNA




e
o o

FULLUNIFIUR WRENIRITUS

B AuuA lLNANN99R7A Column

Beam Connection
® Beam shear ® Angle (Plate) capacity
O,J capacity O Shearyielding
; O Shear yielding O Shear rupture
- O Shear rupture (Net/Block shear)
= o Bearing (at bolt)
® Beam web yielding
o O Bending (seated
& web crippling /
_ connection)
web buckling
o1 ldmaannsldsanzide sy B Bolt shear capacit
o o ® Bearing (at bolt) Pactty
= <
OR, = (0.75)(1.2L;tE,) < 2.4dtF, " Weld shear capacity

dneenlizlazi@ag
OR,, = (0.75)(L5L.tE,) < 3.0dtE,

: LA ., Ao A
Connection capacity Af A1 capacity NATNGAUDN

sUuuy failure mode Y19UNA




___________________________ ____“J
FULLUNIFIUR WRENIRITUS

" qunFliRANTILRET Column

Beam Connection
® Beam shear ®  Angle (Plate) capacity
y capacity O Shear yielding
o O Shear yielding O Shear rupture
o O Shear rupture (Net/Block shear)
O Bearing (at bolt
O " Beam web vielding 9 )
o O Bending (seated
& web crippling /
. connection)
web buckling

Bolt shear capacit
®  Bearing (at bolt) pactty

®  Weld shear capacity

T ¢
—

g ©

: LA Ao A
Connection capacity Af A1 capacity NATNGAUDN

suuy failure mode 19UNA




___________________________ 2
FULLUNIFIUR WRENIRITUS

B auuFAldiian193URAN Column

Beam Connection
® Beam shear ®  Angle (Plate) capacity
y capacity O Shear yielding
o O Shear yielding O Shear rupture
o O Shear rupture (Net/Block shear)
O Bearing (at bolt
O " Beam web vielding 9 )
o O Bending (seated
& web crippling /
. connection)
web buckling

B Bolt shear capacit
®  Bearing (at bolt) pactty

OR,, = (0.8)(0.6FgxxA,e1q) PJP Groove Weld shear capacity

@R, = (0.75)(0.6FgxxAweia) Fillet & Plug

: LA Ao A
Connection capacity Af A1 capacity NATNGAUDN

suuy failure mode 19UNA
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FULLUNIFIUR Waznn

AISC LRFD

Shear Connection Strength = Minimum of ](_. ¢ =

Gross Shear = (4=1.0)(0.oF )A,.,.-

Net Shear = (¢=0.75)(0.6F)A,

Bearing

Block shear

u "nt

(LRFD 2005) <(¢=0.75)[0.6F A +FA ]

u "nt

($=0.75)[0.6F A +FA]

Bolt Shear = (¢=0.75)n.R, po1+-Apoir
J
Weld shear =(¢=0.75)[0.6F,, ./ .size ]

o o

NTULLIN

~




Steel Connection Design
Shear Connection

Shear Connection Design Example

AIATINRBL connection V]i‘ﬂ\?ﬁ‘ﬂﬂﬂuL‘ﬁﬂNﬂ’j‘”ﬂﬂU?Ju’]ﬂ 500x250x12x6 QW@’]M’]?D?ULLNW 1.5 winuae UDL (Uniformed
Distributed Load) Toviraly Tmmflimmmummﬂum\imumwmnwummmuq

Design criteria Step 1: MUIURBUTAATUAIN Moment §94m 71 1 UDL
1. NATULAT connection

HARANNWANUEL LNTA
Fy = 3,000 ksc
F, =4,000 ksc
E = 2,000,000 ksc
2. Weld lfinsm E70

Na17041 7 1.5 i1 289 UDL a2 l@91 Shear capacity Hsiaan1sHiAN

3. Bolt t1n19dulLL snug UNELUB: NaIUAL beam shear capacity (V,) 142,530 kg
tighten RaneruzinaeqLie
WU N-Type

12 m

52



Steel Connection Design I

\’ Shear Connection

Shear Connection Design Example

4MTIAADL connection NTAIFUAMITANLTIZNALAUNIA 500x250%12x6 ANAIN1TNTLUIN 1.5 winaas UDL (Uniformed
Distributed Load) #vzaly Tnafiarsnundiaugnantumisnudsainiiunaaniug

Design criteria Step 2: AW shear connection limit state 514°]
1. YNATULAZ connection
- . 1) Bolt shear limit state: BRyo1r = B-1port * (Fuporr * dpoir)
NARATNEAANLLNLYS LNTA
F, =3,000 ksc 2) Weld shear limit state: DRyeia = @ * Awetd * Foweta = D * Aweta * (0.6Fy,weia)
F, =4,000 ksc 3) Plate gross shear limit state: OVy1gross = 0. (0.6F)) = (Agy) = 0. (0.6F,) * (£, * L)
E =2,000,000 ksc Pl hear | ) ( )
. ate net shear limit state: OVpinet = D.(0.6F,) * (Apy) = 0.F, * (tp; * (L —n.d
2. Weld dinsa E70 pimet v Yo note
3 Bolt flun1ssunL snug 5) Plate block shear limit state: OVpibiock = @. [min(0.6F, Ay, 0.6F,Agy,) + F Ane]
. A o =
tighten Hanenuzinaady 6) Plate bearing limit state: ORy1pear = 0. [min(2.4 * Apearing), (1.21:t)] * F,

WU N-Type
Type 0|0
| \ " 30 i eec spacing Shear yielding 1.0 1.5
\ 0.9 1.67

o rmm Thick Plate Tension yielding, Compression yielding
55400
std. hole Bolt shear, Weld shear, Shear rupture, Tensile ruptue, Block shear, Bearing, Tear out 0.75 2.0

40 mm edge distance (typ.

430 mm

Concrete bearing (footing) 0.65 231




Shear Connection Design Example

AIATINRBL connection mmiumumﬂuﬂimfaummm 500x250x12x6 QW@WN’]?G?ULLNW 1.5 Winaas UDL (Uniformed

Distributed Load) Tavzala Tmﬂwmimmwmummaumqmumwmwummmmq

Design criteria
v

1.

IIAULLAY connection
HARANNWANUEL LNTA

Fy = 3,000 ksc

F, = 4,000 ksc

E =2,000,000 ksc
Weld ldings E70
Bolt 1un13duuuL snug
tighten RaneruzinaeqLie
WU N-Type

i mm
L mm
“ 6—=M24 A325 Bolt
70 mm c-c spacing

9 mm Thick Plate
55400

Std. hole
40 mm edge distance (typ.

Step 2: AN shear connection limit state ﬁi”Nj

1) Bolt shear limit state:

ksc
Fouporr = 120 % (0.62 * 0.9) * 0.8 * (70 E) = 3,750 ksc
nd? (2.4)?

Aport = 4 =T. 2 = 4.52 cm?

BRporr = D-1pore * (Foupoie * Aborr) =

2) Weld shear limit state:
ksc
Fuweld =70 * (70 _) = 4,900 ksc
’ ksi
Ayera = 2 * (teff * L) =
DRyera = D * Awera * Fowela =

Q)Rweld =

Steel Connection Design
Shear Connection
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Shear Connection Design Example

AIATINRBL connection W?ﬂﬂiﬂﬂﬁuL‘ﬁﬂNﬂ?”ﬂﬂUﬂuqﬂ 500x250x12x6 QW@WNW?D?ULLNW 1.5 winuae UDL (Uniformed

Distributed Load) Toviraly Tmﬂmflimmmummﬂum\imumwmnwummmuq

Design criteria
v

1.

IIAULLAY connection
HARANNWANUEL LNTA

Fy = 3,000 ksc

F, =4,000 ksc

E =2,000,000 ksc
Weld ldings E70
Bolt 1un139uuuL snug
tighten RaneruzinaeqLie
WU N-Type

i mm
P mm
“ 6—=M24 A325 Bolt
70 mm c-c spacing

9 mm Thick Plate
55400

Std. hole
40 mm edge distance (typ.

430 mm
i
i

Step 2: AN shear connection limit state fr’i’Nj

3) Plate gross shear (shear yielding) limit state:

OVp1,gross = 0. (0.6F)) x (Agy,) = 0. (0.6F,) = (t,; = L)

* f

4) Plate net shear (shear rupture) limit state:

QVpl,net = 0.(0.6F,) * (Anv) = 0.(0.6F,) * (tpl * (L —n. dhole)

Steel Connection Design
Shear Connection
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Steel Connection Design
Shear Connection

Shear Connection Design Example

AIATINRBL connection V]i‘ﬂﬂﬁ‘ﬂﬂﬂuL‘ﬁﬂNﬂ’j‘wﬂﬂU?Juqﬂ 500x250x12x6 'J’]@WN’]?G?ULL?\‘W] 1.5 winuae UDL (Uniformed

Distributed Load) Toviraly mewnmmmummﬂum\imumwmnwummmum

Design criteria Step 2: AMW9R shear connection limit state F4°]
1. YNATULAZ connection o

HAARNALARNLEL 190 5) Plate block shear limit state:

F, = 3,000 ksc DVpipiock = @. [min(0.6F, Ay, 0.6F,Agy) + By Ane]
F, =4,000 ksc =
E = 2,000,000 ksc
2. Weld lfinsm E70 Al
3. Bolt iflunsduliuL snug S

tighten RaneruzinaeqLie 6) Plate bearing limit state:
Wiy N-Type ORp1pear = D [Min(2.4 * Apearing), (1.21:0)] * F,
Fmm “ 6—=M24 A325 Bolt
\ 70 mm c-c spacing
\ 9 mm Thick Plate
£ $5400 . L= o
*1 5 g dstnce . Step 3: @gLNa AN Limit state NAUIL WL ANAINNgA
Asagillaan .




*Moment Connection

Types of Connections
A A

¢

=)

‘—Wh

1 )

A A
(a) Top and bottom plates (b) Top plate and seat
A 4 \
ollo
O O
00
oo < <
(o] (o}
m
" A ¥
(c) Split tees, with or (d) Welded end plates

without web angles

Ref: Salmon et. al, “Steel Structures: Design and Behavior”, Pearson



Steel Connection Design
\’ Moment Connection

Moment Connection Design Example

A988NULLUL Moment connection giliutl flange plate Useriuidniy nuuuazlnansaedaiuson bolt M24 A325 bolt A9
2 13 W3 2 muaesdinuuuasinga s fesfumuimentlsznaununn 500x250x12x6 Tntl flange plate gnisiauidiuaisos
groove weld kil Complete Joint Penetration (CJP) TnelFanunT0 s TNWNLET 70% 224 Plastic Moment 189A"1

Design criteria Step 1: WUATZAL 70% M = F .Z,

1. YINANULAZ connection
Section Properties

NARANLAANILKLY LNTA A = 8,856 mm’ 70% M =
F. =3,000 ksc Yoar = 250.0 mm _
Y ’ hy/2 = 238 mm
Fu = 4,000 ksc Yona = 250 MM —
h./2 = 238 mm
E =2,000,000 ksc o = 0.95 mm |
2. Weld ldnsm E70 L= 4112E:08 M’ Moment # fingildng Support 11U Flange plate 224 Moment
I,= 31,258,568 Mm . . g
3. Bolt 1lun13duuuy snug L.= 31,250,000 mm* connection Tmmﬁmm@mu (Couple) 7 Flange force (F,)
; S = See = 1,644,852 mm’
tighten Nansnizinagatiu s 1 644 852 mm?
e r " p—
WUL N-Type Z- 1,803,864 mm’ F; =M/ (beam depth)
M = 215 mm —
ly = 59 mm
= 67 mm =
= 1.861E+12 mm®
I= 323,136 mm* Ly - . 5
c— 1.000 WNNNEILIAR) laifaaRm load factor W3NY ANUUATEALIEY load
Mg = 67 mm

- 0,05 Angl capacity (capacity design)



Steel Connection Design
Moment Connection

Moment Connection Design Example

A988NULLUL Moment connection giliutl flange plate Useriuidniy nuuuazlnansaedaiuson bolt M24 A325 bolt A9
2 13 W3 2 muaesdinuuuasinga s fesfumuimentlsznaununn 500x250x12x6 Tntl flange plate gnisiauidiuaisos
groove weld kil Complete Joint Penetration (CJP) TnelFanunT0 s TNWNLET 70% 224 Plastic Moment 189A"1

Design criteria Step 2: 1s2NUNNIININL bolt U UTSNTEAL 70% M F, =75.8 Tons
1. NATULAZ connection
HARANNLUANLEIL 1NTA Ryowe = Foupote * Apore =
F, = 3,000 ksc ANNAL bolt 6 Ffin AINIAITLLTRRNLE

F, =4,000 ksc
E =2,000,000 ksc
2. Weld lfinsm E70
3. Bolt 1d1n199ULLY snug

tighten Hanmrausinasialuy ]2 12mm

9 mm Thick Plate
SS400

WU N-Type

500 mm
Std. hole

40 mm edge distance (typ.)

430 mm

i 12mm
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Steel Connection Design

Moment Connection Design Example

A988NULLUL Moment connection giliutl flange plate Useriuidniy nuuuazlnansaedaiuson bolt M24 A325 bolt A9

2 13 W3 2 muaesdinuuuasinga s fesfumuimentlsznaununn 500x250x12x6 Tntl flange plate gnisiauidiuaisos

groove weld kil Complete Joint Penetration (CJP) TnelFanunT0 s TNWNLET 70% 224 Plastic Moment 189A"1

Design criteria
v

1.

IIAULLAY connection
HARANNWANUEL LNTA

Fy = 3,000 ksc

F, =4,000 ksc

E =2,000,000 ksc
Weld ldings E70
Bolt 1un13duuuL snug
tighten RaneruzinaeqLie
WU N-Type

Step 3: NWUATIEAZIBEN F, =75.8Tons

ANNF MEWANUNY Y111 10 mm N979 250 mm g115uiu flange plate
NUUA T2E1TYN9TENTINNLAIANT (gauge length) 150 mm (edge distance 50 mm)
ANMUA TEEEUNNTENING bolt TULEaZLa9 bolt spacing 80 mm

250

120 80 80 80

| ‘ |
o mm
11 12mm ‘ ‘

mm !
|

mm 'mm!
| |
|

500 mm

11 12mm T50 mm

Moment Connection
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Moment Connection Design Example

Steel Connection Design
Moment Connection

R988NUUL Moment connection 71l flange plate UszAugnay ﬂﬂuuLLﬂzﬂﬂd’]wmmuﬁQﬂ bolt M24 A325 bolt 811U
3 gep

2 13 W3 2 muaesdinuuuasinga s fesfumuimentlsznaununn 500x250x12x6 Tntl flange plate gnisiauidiuaisos
groove weld kil Complete Joint Penetration (CJP) TnelFanunT0 s TNWNLET 70% 224 Plastic Moment 189A"1

Design criteria
1. f’lé\‘lmul,l,@z connection
HARANNWANUEL LNTA
Fy = 3,000 ksc
F, = 4,000 ksc
E = 2,000,000 ksc
2. Weld lfinsm E70
3. Bolt td1n1991LL snug
tighten RaneruzinaeqLie
WU N-Type

120 80 80 80
>

;. mm :mm:mm:mm'
I

Step 4: AN limit state F

‘
1) Plate gross tension (tensile yielding) limit state:

BVrp,gross = 0. (B) (Agv) = 0.(F) * (tpl * L)

AN A NUENUAA LAY 11 11 mm azle

Q)Vf p,gross —

120 80 80 80
| | | | |
| mm ‘mm‘mm‘mm‘

=75.8Tons
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Moment Connection Design Example

2 13 W3 2 muaesdinuuuasinga s fesfumuimentlsznaununn 500x250x12x6 Tntl flange plate gnisiauidiuaisos

Design criteria
v

. YNATULLAY connection
HARANNWANUEL LNTA

Fy = 3,000 ksc

F, = 4,000 ksc

E = 2,000,000 ksc
. Weld lfinsm E70
. Bolt tflun1sdiaun snug
tighten RaneruzinaeqLie
WU N-Type

120 80 80 80
>

;. mm :mm:mm:mm'
I

groove weld kil Complete Joint Penetration (CJP) TnelFanunT0 s TNWNLET 70% 224 Plastic Moment 189A"1

Step 4: AT limit state F. =75.8 Tons

f

2) Plate net tension (tensile rupture) limit state:

(Dpr,net = 0.(F,) * (Apy) = 0. (F,) * (tpl *(L—n. dhole)

INNAMNMEIUANLEY W 13 mm azle

Q)Vf pnet =

120 80 80 80
| | | | |
| mm ‘mm‘mm‘mm‘

Steel Connection Design
Moment Connection

A4R2NLUL Moment connection g‘ﬂLLLILI flange plate Useiudniy Tnuuuasinatsaasausag bolt M24 A325 bolt A9
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Steel Connection Design
Moment Connection

Moment Connection Design Example

A4R2NLUL Moment connection g‘ﬂLLLILI flange plate Useiudniy Tnuuuasinatsaasausag bolt M24 A325 bolt A9
2 13 W3 2 muaesdinuuuasinga s fesfumuimentlsznaununn 500x250x12x6 Tntl flange plate gnisiauidiuaisos
groove weld kil Complete Joint Penetration (CJP) TnelFanunT0 s TNWNLET 70% 224 Plastic Moment 189A"1

Design criteria Step 4: AT limit state F. =75.8 Tons

‘
1. YNANLWAT connection

- ., 3) Plate block shear limit state:

NAFINNLURANLLNL LNTA

F = 3 OOO kSC Qpr,blOCk = @ [min(0.6FuAm,, 0.6FyAgv) + FuAnt]
y )

F, =4,000 ksc =
E = 2,000,000 ksc

2. Weld lfinsm E70

3. Bolt td1n1991LL snug

tighten RaneruzinaeqLie 120,80 80, 80
P mm 'mm!mm!mm’
WU N-Type ! o

, 120 80 80 80 T
] I I \HI R N
i mm ‘mm‘mm‘mml
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Steel Connection Design
Moment Connection

Moment Connection Design Example

A4R2NLUL Moment connection g‘ﬂLLLILI flange plate Useiudniy Tnuuuasinatsaasausag bolt M24 A325 bolt A9
2 13 W3 2 muaesdinuuuasinga s fesfumuimentlsznaununn 500x250x12x6 Tntl flange plate gnisiauidiuaisos
groove weld kil Complete Joint Penetration (CJP) TnelFanunT0 s TNWNLET 70% 224 Plastic Moment 189A"1

Design criteria Step 4: AT limit state F. =75.8 Tons

1. NATULAZ connection

f

- ., 4) Plate bearing and tear — out limit state:
HARATNLUANLNY LNTA

F, =3,000 ksc ORp1pear = 0. [min(2.4 * Apegring), (1.21:8)] * F,
F, = 4,000 ksc _
E = 2,000,000 ksc

2. Weld ldinsm E70

3. Bolt td1n1991LL snug

tighten RaneruzinaeqLie 120,80 80, 80
P mm 'mm!mm!mm’
WU N-Type ! o
120 80 80 80 T

>

;. mm :mm:mm:mm'
I
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Shear Tab Example

Download Link

-----------------------------------------------------

| <<<<<Android

‘ I n_N
S S I iOS >>>>> KA
STEEL DESIGN

S -
__________________________________________________

Beam

Calculation

Select Product

>

e
S
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Determine capacity of structural steel beam
and column easily and obtain results and
calculation sheets to double-check your work

Q ign
MOBILE ARP

by Sahaviriya Steel Industries Public Company Limited

5 :

Scan to Download Scan to Download
Device. Device.

App Screenshots

ANDROD AP ON

P> Google play

L < Calculation < Calculation < Calculation
= == Select Product

Downioad un the

\ App Store

Selact Section Insert Value Capacity Ful Rnport
Beam > Doubly Symmetry  Singly Symm Plastic Bending Moment

 dammi 1 73 90,050
ﬁ \ kg-m

Lateral Tarsional Buckiing Moment
1,000,000,000
kg-m

it Column
EASY TO USE NEW FEATURE

Fange Local
>
FULL REPORT

Kling Mement
72,225
ky-m

Factarad Nomnal Moment | @ Mn)

65,002

kse
kg-m
H .
Factorad Nominal Shaar Strength | o V)

of 135,000
v cm kg
FB: 55! Love Sieel Construction www.ssi-stesl com/en/home2
UNE 1D ssisch

‘ e s

w
1]
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*Connection

Types of Connections

<]

O

Column V
V- / —- ;

h

/U Bas\e plate U U

Anchor bolt
Column Base Connection

Ref: Salmon et. al, “Steel Structures: Design and Behavior”, Pearson



Steel Connection Design
Base Plate Connection

Column Base Plate Design Example

ANt WARNINLATIBEATNIFIWAN RAFIRLLUAANEARUNTA NHANAIFULISER 210 ksc wAzANIIFAARY non-shrink grout i1yl
é’m‘lﬁt,wimmgﬁw,m (base plate) TAeHNNAIFLLI9EA 280 ksc AdMIIR48LIN base plate 1NFA SS400 ALANNTNTLLINEA

Tovigala
Pp;, = 60 Tons
P;; =175 Tons
60 cm
‘bf =25 crf
B (o} | o
»
|
g 5'5
. < |
Lo | F 8
N2 @)
& I <
g < |
o
@) 0

\.

" H344 x 348

N=55cm
Base piaie
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Steel Connection Design
Base Plate Connection

Column Base Plate Design Example

1 ¥

ANt WARNINLATIBEATNIFIWAN RAFIRLLUAANEARUNTA NHANAIFULISER 210 ksc wAzANIIFAARY non-shrink grout i1yl
é’miﬁmimmgmt,m (base plate) TAeHNNAIFLLI9EA 280 ksc AdMIIR48LIN base plate 1NFA SS400 ALANNTNTLLINEA

v A 1
lovigaly
o o o dd‘a/ = 1
Pp, = 60 Tons NNTANUINUUIANNAINITNTLULINEAURS Base plate NITUNTLLINALIINALNENAEN
P;; = 165 Tons Blein
60 Cm : __________ d_l ______________________________________________________I
b 34 I_____I CaseI:Ls\llﬂA2=A1
; | 3 cases | | Casell e A, = 444 i
0 | o ———— | Caselll: ln 4; <A, < 44, |
|3 8¢ 7 T |
sl — 1 H— % 2 anlansgdarls Buhvesaineunsn (4,) = 60x60 = 3600 cm?
5 S e M /17204 Base plate (4;) = 55x55 = 3025 cm?

!

Case III: il Al < A, <444

S H344 x 348

N =55cm
Base plate
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Steel Connection Design
Base Plate Connection

Column Base Plate Design Example

ANt WARNINLATIBEATNIFIWAN RAFIRLLUAANEARUNTA NHANAIFULISER 210 ksc wAzANIIFAARY non-shrink grout i1yl
é’miﬁmimmgmm (base plate) TAeHNNAIFLLI9EA 280 ksc AdMIIR48LIN base plate 1NFA SS400 ALANNTNTLLINEA

leaviraly

Pp;, = 60 Tons Step 1: ANUI0L Required axial compressive strength(Preq)
P;; = 165 Tons

60 cm
br =34.8cm LRFD ASD

° ! o Pu,req = 1.2Pp, + 1.6P;; Pa,req = Pp, + Py,
z S = 1.2(60) + 1.6(165) = 60+ 165
JE =l = 336 Tons = 225 Tons
il IR Pyreq = 336 X 103 Kg. Pareq = 225 X 103 Kg.
(@]

S H344 x 348

N =55cm
Base plate
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Steel Connection Design
Base Plate Connection

Column Base Plate Design Example

1 v

ANt WARNINLATIBEATNIFIWAN RAFIRLLUAANEARUNTA NHANAIFULISER 210 ksc wAzANIIFAARY non-shrink grout i1yl

é’miﬁmimmgmm (base plate) TAeHNNAIFLLI9EA 280 ksc AdMIIR48LIN base plate 1NFA SS400 ALANNTNTLLINEA
Tovigala
Step 2: ATIAABLIUIAVEINUNABND (A getuary) TIHAININNG required-

concrete pedestal area(A;(req)) vzl

Pp;, = 60 Tons
P,, = 165 Tons LRFD ASD

60 cm ~ a v o = aq v
*1189a7n A, uaz A HANINALAENAWNIN AYANNE W A, = A, (conservative)
br =34.8cm

! A Pu A QcPa

5 ! : 2(red) — ¢_0.85f 2(rea) — 0.85f/
|5 i e P, = 336 x 10° Kg. fia P, = 225X 103 Kg.
glg T e T . fl=210ksc f¢ =210ksc |

5 S i @ = 0.65 0. =231

S H344 x 348

N =55cm
Base plate
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Steel Connection Design
Base Plate Connection

Column Base Plate Design Example

ANt WARNINLATIBEATNIFIWAN RAFIRLLUAANEARUNTA NHANAIFULISER 210 ksc wAzANIIFAARY non-shrink grout i1yl
é’miﬁmimmgmm (base plate) TAeHNNAIFLLI9EA 280 ksc AdMIIR48LIN base plate 1NFA SS400 ALANNTNTLLINEA

Tvira
Step 3: AisraanULdUIaLILNUA Base plate(A,) [N=55, M=55]

Pp;, = 60 Tons
P,, = 165 Tons LRFD ASD

e N >d +2(7.6)
br =34.8cm
% N > 34.4 4+ 2(7.6) S
I LNUTTEZLND Bolt
gy O i 55 > 49.6 cm? [Ne)i seamails

344 cm
55cm

M > by +/2(7.6)

d
M

60 cm
Concrete Pedestal

M > 34.8 + 2(7.6)
55 > 50 cm? |Ne)

S H344 x 348

N =55cm
Base plate
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Steel Connection Design
Base Plate Connection

Column Base Plate Design Example

1 v

ANt WARNINLATIBEATNIFIWAN RAFIRLLUAANEARUNTA NHANAIFULISER 210 ksc wAzANIIFAARY non-shrink grout i1yl

é’miﬁmimmgmm (base plate) TAeHNNAIFLLI9EA 280 ksc AdMIIR48LIN base plate 1NFA SS400 ALANNTNTLLINEA

leaviraly

Step 4: M79348UNNTFLLINATBINUNRDND
Pp;, = 60 Tons
P;; = 165 Tons

b ii:;" LRFD ASD

: A P, 0.85f/4, |A, 17f/A
| _ 2 P _ c411 2 c 411
] JN 5 @.P, = 0.0.85f 4, /A_l < 6.1.7f/ A 0= o /A—l =
f gy 9 —
§l¢ _ . I
2|8 Sl
z L oL e
8 4, il Factor fiRnuiveilfiidn Load uuiuiinesia

Al Ex Ay = 44, |2 =

S H344 x 348

N =55cm
Base plate
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Steel Connection Design
Base Plate Connection

Column Base Plate Design Example

1 v

ANt WARNINLATIBEATNIFIWAN RAFIRLLUAANEARUNTA NHANAIFULISER 210 ksc wAzANIIFAARY non-shrink grout i1yl

é’miﬁmimmgmm (base plate) TAeHNNAIFLLI9EA 280 ksc AdMIIR48LIN base plate 1NFA SS400 ALANNTNTLLINEA
Tovigala
Step 4: M39948UNNTFLLINATBINUNRDNE

Pp;, = 60 Tons
P,, = 165 Tons LRFD

60 cm
= cm A
by = 34.8 @.P, = 0.0.85f A, A—Z <@ 17f A,
1

!

344 cm
55cm

d
M

60 cm
Concrete Pedestal

N H344 x 348
N =55cm
Base plate
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Steel Connection Design
Base Plate Connection

Column Base Plate Design Example

1 v

= dl a zl/ 1 1 = aa o o o o = a o . v
"ﬂ’]ﬂqﬁl“ﬂ LL@@Q?WEI@&@EI@V@']HL’&W ANPNBELUABNDARUNTH NNNTAITULINEA 210 ksc LaZHNNITAAFN non-shrink grout LSIJ’WDL‘U

é’miﬁmimmgmm (base plate) TAeHNNAIFLLI9EA 280 ksc AdMIIR48LIN base plate 1NFA SS400 ALANNTNTLLINEA

v A 1
Tovigaly
Step 4: M39948UNNTFLLINATBINUNRDNE
Pp;, = 60 Tons
P,, = 165 Tons ASD
60 cm
br =34.8cm i _ 0-85fC’A1 é < 1'7fC,A1
1 Qc Qc Aq B Q.
o ! o
% g =
Eld . = |
8 % C'T 1l
= s =
S

S H344 x 348

N =55cm
Base plate




Steel Connection Design
Base Plate Connection

Column Base Plate Design Example

NHNNAITULINER 210 ksc WAZENNIAARI non-shrink grout w1l

v

ANt UARNINLATIBEATIFIWAT RAFIDELUAANDARUNTA
é’miﬁmimmgmm (base plate) TAeHNNAIFLLI9EA 280 ksc AdMIIR48LIN base plate 1NFA SS400 ALANNTNTLLINEA

Tavisalu
Step 5: %11 Required base plate thickness(t,in)

Pp;, = 60 Tons
P,, = 165 Tons LRFD ASD

60 cm b
a
b, = 34.8 cm 1.67(2fpa)___.fpa =N
| Fy
|
(o] | (s :
g % § g 1= max(mm, ?\n,ﬁ) / Yield-line theory
= [ 2VX
5 s = = <1
S 1+vVI—X
: v | 4 | R v |4 |och
e e —— H344 X 348 (d + bf)z QCPP (d + bf)z Pp

Base plate
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Steel Connection Design
Base Plate Connection

Column Base Plate Design Example

ANt WARNINLATIBEATNIFIWAN RAFIRLLUAANEARUNTA NHANAIFULISER 210 ksc wAzANIIFAARY non-shrink grout i1yl

é’miﬁmimmgmm (base plate) TAeHNNAIFLLI9EA 280 ksc AdMIIR48LIN base plate 1NFA SS400 ALANNTNTLLINEA

Tavisalu
Step 5: %11 Required base plate thickness(t,in)

Pp;, = 60 Tons
P,, = 165 Tons LRFD ASD

60 cm
T 2fpu
e 0.90F,

br =34.8cm

344 cm
55cm

d
M

60 cm
Concrete Pedestal

S H344 x 348

N =55cm
Base plate

7



Steel Connection Design
Base Plate Connection

Column Base Plate Design Example

1 v

ANt WARNINLATIBEATNIFIWAN RAFIRLLUAANEARUNTA NHANAIFULISER 210 ksc wAzANIIFAARY non-shrink grout i1yl

é’miﬁmimmgmm (base plate) TAeHNNAIFLLI9EA 280 ksc AdMIIR48LIN base plate 1NFA SS400 ALANNTNTLLINEA

Tavisalu
Step 5: %11 Required base plate thickness(t,in)

Pp;, = 60 Tons
P,, = 165 Tons LRFD ASD

60 cm Pu Pa
br = 34.8 cm fpu = W fpa = WN
N e I 336 x 103 225 x 103
~ 55x55 ~ 55x55

344 cm
55cm

= 111.1 ksc = 74.4 ksc

d
M

60 cm
Concrete Pedestal

S H344 x 348

N =55cm
Base plate
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Steel Connection Design
Base Plate Connection

Column Base Plate Design Example

1 v

ANt WARNINLATIBEATNIFIWAN RAFIRLLUAANEARUNTA NHANAIFULISER 210 ksc wAzANIIFAARY non-shrink grout i1yl

é’miﬁmimmgmm (base plate) TAeHNNAIFLLI9EA 280 ksc AdMIIR48LIN base plate 1NFA SS400 ALANNTNTLLINEA
Tovigala
Step 5: %11 Required base plate thickness(t,in)

Pp;, = 60 Tons
P,, = 165 Tons LRFD ASD

bl [ = max(m, n,An")
b, = 34.8 cm ’
M —0.95d N — 0.8b o Jdby
! m=————-— n=——— n =-—-
l 2 2 4
0 ' % — (w) — (W) (34.4)(34.8)
- : = = (GG,
X g § & =11.16 cm = 13.58 cm — 8.65 cm
33 I '
= s =
S

S H344 x 348

N =55cm
Base plate
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Column Base Plate Design Example

ANt UARNINLATIBEATIFIWAT RAFIDELUAANDARUNTA
é’miﬁmimmgmm (base plate) TAeHNNAIFLLI9EA 280 ksc AdMIIR48LIN base plate 1NFA SS400 ALANNTNTLLINEA

Tovigala
Pp;, = 60 Tons
P;; = 165 Tons
60 cm
br =34.8cm

!

60 cm
Concrete Pedestal

344 cm
55cm

d
M

N =55cm

S H344 x 348

Base plate

1 v

Step 5: %11 Required base plate thickness(t,in)

LRFD

[ = max(m, n,A\n")

ASD

Steel Connection Design
Base Plate Connection

NHNNAITULINER 210 ksc WAZENNIAARI non-shrink grout w1l

[ = max(1 1.1.65)

T 744 ksc
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General Concept

* WNauNLUNNTaaNLLL steel connection ﬁ’ﬂﬂ ﬁ@ﬁ@@mmu ﬁ@qmmqmu
ﬁ‘ﬂLL“LI“LIﬂ’]ﬁ‘rJ‘]_IﬁW]ﬂ mode LL@’]W’Q’W?M’W@’]’] mode N13311A mode Tasinaq
?ULL?\?W’]@@ mode u"I,AL“]J"LAL‘l’] control W‘C]lflﬂﬁ‘ﬁ‘N

=

v mtRfreunanunreesy

=D

=)

v AR base plate a1 bending LAY yield line
v' 1193177 anchor bolt NBIELLILAEY WA Y38 moment

v\ msiTRfseadan column il base plate NIMIFLLINLAAL UIIRI Y38 moment
4 . o oa
® “ANMHNLALN” ARINITIALB

/ d? o o o a oA o  ar dl Vv
WUNL AMNRAUNWAUUBINTITILR LL@ZV’]’J’TNLLﬂﬁ‘ﬂ?’Jum’ﬂdﬂ’]ﬂdmmﬂﬂﬂﬂlﬂ

V' hldRanson lugiaesen Factor of Safety mamannisaes ASD uaz lugtlued
Resistance Factor mMuuann131ed LRFD
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General Concept

* LMNAUNUNITRANLUL steel connection 91911 ADNBANKLL ABIATIAFAL
’:T‘]JLL‘LI‘LIﬂ’Y;TQ‘].IﬁW]ﬂ mode WAYNA1TRIHI mode N1931T5 mode TANNAY
’:T‘].ILLNW]@@ mode tulusa control WOFNTIN

a o/Qf-d =l -’-d a A
V' msiRnReunIanN ey PP, = D:(0.85f:)A; /A—i <@ 1.7f A1

® “ANNLALY URINIFILIR

/ 4:? o o o a oA o  ar d‘ Vv
AUNU AMHNRAUNIUUARINITAIUR LL@ZWQ’WNLLﬂ?ﬂ?QUﬂJ@QﬂW@QWW@@@UT@

Resistance Factor mnuuann131ed LRFD @, = 0.65


https://www.facebook.com/welovesteelconstruction/posts/544754885910744

General Concept

* LMNAUNUNITRANLUL steel connection 91911 ADNBANKLL ABIATIAFAL
’:T‘]JLL‘]_I‘LIﬂ’YifJ‘]_ImV]ﬂ mode WAYNA1TRIHI mode N1931T5 mode TANNAY
’:T‘].ILL’NW]@@ mode tulusa control WOFNTIN

4 n199 base plate 41N bending

® “ANNLALY URINIFILIR

/ 4:? o o o a oA o  ar d‘ Vv
AUNU AMHNRAUNIUUARINITAIUR LL@ZV’V}’WNLLﬂ?ﬂ?QUﬂJ@QﬂW@QWW@@@Ui@

Resistance Factor AMNUANNTUaY LRFD

® =0.90
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https://www.facebook.com/welovesteelconstruction/posts/1387267908326100

o & a
LANITUNUABUNTH

Cap
plate

Iﬂﬂ‘ﬁﬂﬂﬂ’]i bLS\IVLﬂLLV’]ﬂlFINWmﬂW?@@ﬂLLUU base plate ﬂ@mmmwm’mn
limit state imﬁLﬂW%@ﬂ’Nm (1) Concrete slab punching shear (LW?%WLL
ﬂfaummmmwmmnm 1N1MQUMMQE bearing failure AL mmmumm)
Lae (2) Cap plate bending

¢ L A L 5
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LFITUNUARUNSH FIUNTLURTIANTRANL T

ANEIAAINNNTAAAILANVAULURNUTUAIANTUANTL A9ABIN connection
AVFUAARAIauAIN LA iaWLY A1ngUenaldiansAAmg through
bolt LN EHALANVIAULWLINNLLENVIAUAT

aa d” o 1 v Yo v v d’ o o
wAasN13H (1) vinmsneaielareudeenn sogwninisliussey
(elevation) UFUNTIA (coordinate) kaz UTLAY (plumbness) UBILAIVIAULUIN
1R8N waz (2) NUANULUT connection THARBNNIAINTL LY

annilnenssnlaznn gunzne snanaen

Cap plate
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LFITUNUARUNSH FIUNTLURTIANTRANL T

audlaiogydanann fsiansanilasuulasgiuiy connection lnal s
RAAL ANV UL LN OUAN T T A LA DI NUAR NS A (bottom of
concrete slab) naunsAaunsa 1nad leveling nut tagaeliusziu uas
U5uRs maemauil guide plate il 1iadasSuiin szundazdasliiu
unn 13t connection Aisvsuiu anansaufunuanilnanssylading
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Inverted Thinking of Simple Innovation M

TC#] $S400

Bolt & nuts
M18 (a490)

West Coast Engineering Co.ltd.  ss)




Inverted Thinking of Simple Innovation

3.1.3 Base Plate Yielding Limit (HSS and Pipe)

ey For HSS columns, adjustments for m and 7 must be made
g@‘i | Steel Design Guide (DeWolf and Ricker, 1990). For rectangular HSS, both m D D D
|
1
a
|‘

and » are calculated using yield lines at 0.95 times the depth
and width of the HSS. For round HSS and Pipe, both m and '
n are calculated using yield lines at 0.8 times the diameter. Column o
Base Plate and The A term is not used for HSS and Pipe. spacing .

Anchor Rod Design

S Eicn Let’s run simple parametric study to find
cap plate thickness (t,)

Tributary Area A24LL94
1N floor plate

| I

1 1

1 1

1 1

I I

I I

| I

F, = 370 MPa (3,700 ksc) . .
DL = 400 kg/m? LL = 300 kg/m? O : O I O

I I

I I

| I

1 1

1 1

1 1

I I

I I

Column & cap plate are square.
<l Cap plate width is 60 cm x 60 cm.

suusvo1n floor plate taa CAP /

Min Cap Plate Thickness (t,), cm

PLATE
m
7 m spacing 1.61 1.40 D D D
8 m spacing 1.84 1.71 1.59
9 m spacing 2.06 1.93 1.79 PART FLOOR PLAN
10 m spacing 2.29 2.14 1.99

@ Vs

West Coast Engineering Co.ltd.  ss)




Inverted Thinking of Simple

wusvnaiaav column 910 upper floor

f19wWhd lower column tagasv

v

s

\

ke--------->-o-----

Check

Punching Shear

V. = 1.06,/f./(ksc)byd

@, =0.75
Q=2.0

Innovation

Let’s run simple parametric study to find punching shear capacity
(without shear reinforcement)

f. =300 ksc
DL = 400 kg/m? LL = 300 kg/m?

Column & cap plate are square.
Cap plate width is 60 cm x 60 cm, hence b, = 4(cap plate width + d).

Allowable Punching Shear Capacity, Tons

m £ 360 kse | _f/ 420 ksc

20 cm

22 cm 82.7
24 cm 93.7
26 cm 105.1

suusvon floor plate Taa CAP

PLATE

Column out of plumb &
out of straightness are

taken care by bolts and
angle stiffeners.

79.0
90.6
102.6
115.2

Min Cap Plate Thickness (t,), cm

7 m spacing
8 m spacing
9 m spacing

10 m spacing

1.84
2.06

2.29

97.8
110.9
124.4

1.40

1.71 1.59

1.93 1.79

2.14 1.99
W W

West Coast Engineering Co. Ltd.

s8I




Inverted Thinking of Simple Innovation

o, = a— - PO — - 2. ” &
MSAIUDUAIUKN (tp) UDvIHAAUKUTQHIL (cap plate) SuWunaunsanioviSou misfuuidviuusviiaun:auaviiunaunsanavidsuiliindniasusuusoidou Reference
avud auud
bL- 400 ke/m? L= 300 ke/m' https://www.facebook.com/wel
3 ; Yeone = 2400 ke/m’ -
Hwa00 ke/m , ovesteelconstruction/posts/146
Yeone = 2,400 kg/m® fy.pate = 3,700 kg/cm’
; BXN=60x60  cm 6183840434506
fy, piate = 3.700 kg/cm
BxN=60x60 cm =] [=] [=] Slabithk=22 €
Column ! DL = 528 kg/m?
- e d=22-3219 cm
X N 2t g ‘ Tributary Area uoo 1 fc = 300 ksc @ @ QJ
£ b4 A | usvon floor plate | Ept):::::;
i) ¢S = @ : ol = - : R
K, 4 I Adwao lower | ¥ i | Tributary Area uoo
- p column 3 AT L i | uso9n floor plate |
____________ L = =] ; o] 1 o]
$uusvon floor plate Tas S . s
Check CAP PLATE ' e ———— : ol
Punching Shear 1 ] l o
(=] [=] [=] ! , - )
PART FLOOR PLAN Oheck | | sy
Punching Shear 4
| ' 1 ! [=] [=] (=]
1 |
| 1
> PART FLOOR PLAN
_______ - 1 N 1
! ! https://www.facebook.com/wel
" ocld t, = 2R a—a—a—am—m— ¥ ovesteelconstruction/posts/146
1 [11] QF,BN
y V. = 1.064/f. (ksc)bd 6239463762277
_______ . A o 0, =0.75
2=2.0
w,=12DL+16LL = 12(400)+16(300) e e— -
= 960 kg/m?®
W, = 12DL + 16LL = 12(400) + 16(300) 4V, = (0.75) x 106V(300) x [4(60+19)x19]
1 column spacing = 7 m (@19:5UUSVNNWU =1m36 kg/m’ = 826739 kg
P, = w, x (7x7) =827 Tons
- 47040 ke @ column spacing = 7 m 1a19:5UUS99INWU
Py = w, x (7x7)
- 54566.4 kg
= [600 - 0.95(250))/2 7m spacing 47040 [ ' | 1o | o | usvtdaun:3 (punching shear) Atiadurida critical section depth(cm)  (cm?) ““m
= 18125 mm 8mspacing 61440 (e 184 m 159 V, = P, -, x area within punching 20 5236 721 790 853
= 18125 cm 9 mspacing 77760 206 193 179 = 54566.4 - (1136 x [4x(60 + 19)/100 x 19/100]) 22 6004 827 | 906 978
odG  tp= 18125"V[(2*47,040)/(0.9*3700°60°60)] 10 m spacing 96000 220 | 21 199 53897795 ke 2 6804 937 | 1026 | mnos
=161 cm =539 Tons 26 7636 1051 152 1244

West Coast Engineering Co.ltd.  ss)
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Wyndham Residence at Nai-Harn Beach
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¢ Precast DL deflection

* Concrete topping DL deflection
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Composite system

#WelLoveSteelConstruction *
= /\.‘slip
« s:uU (Tnsvadv) Jaawau Wus:uunidiaquinnin [ = |
1Us:=Lan muaasuusomaluinsoasm goaiuisa f%:;:;ﬁ-’*/
Us: qnm’tzﬂonuno flexural member (AU) KSD \_ Sleoibeam ' — Concrets siab

compression member (La1)

« dHSumuiHanAaulwanAuwuAaunsa LoAUSU
LSVLAQNNSAQC d:lAQaIUNSUUSYDQ Lazddunsu
usvdv MsdpnLUUMUIHANADUTWEN IRWDISEUN Steel upe | Outward Concrete
ikanLdudousuusudv uaAaunsa (Fusuusvdola e '—A
Upgoufinisulyla) wWudousuusvoa ﬁ\

i . Cracks
’\ R

\ <
Inward ' ‘ \\

buckling \ | )

Crush

Concrete

Steel tube

Outward
« Frsulaisanmoulwdanunaunsa lusaeus:NA uckiing
lagtawr:egJulsutdlainaltrannsonddgnouNSa
l§EJﬂ3'1S Uu CFT = Concrete Filled Steel Tube lag
LHANWIYIBLWU restraining TUlHADUNSAS:LO0DDN
LazADUNSAUNYIULWU confining TUlRIKAnLAaMS

lnvita:ztawn:n (local “inward” buckling)

Concrete
crush



Composite Beam -1
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. msnaaswmumannaquannuwunaunsm
Ioan:IUa ISudInMsGacivAIutkan ua>>a ol
Luu zsoznalu metal deck ua>dvaadv shear
stud L(Woa1® shear flow D1ALUSVINADUNE WU

« FudATUACGDOWIISTUIAD “"d1AUMISADASIY” H3D
construction sequence LWS1:LUDADUNSOAWUED
Ludvdd composite action AgvlliAQTU LWS:
aaunsadulliawnsasuusvdald Gouulus:H31v
mistnua:nissatinduNSaWuLdvdd wadnssu
yovAIULKaNd:=guldu non composite

* UDNVINU IAINSKDDNULUUTVADVWDISTUT “DIUdU
¥IuwW1Q” HSD span N metal deck 21vuuAU
LWS1:NNSI0WIQEIVLAED d:duWacio moment
wa: deflection AguNI1 NNSIIVWIOHAYBIV

Irree

V) du



Composite Beam -2
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* NNSDDAUUU concrete metal deck composite =
steel beam gucioowdsando Usuieuikaniasy (UHEVYEISE
ﬂUS’D_?\)EJﬂCILO:EIIJIL a:)ClCI:llﬂS\)lHﬁﬂ HSo wire _ MESH FOR? = =
mesh gunN1KuUIN UE)\)ﬂUﬂ'\SllC’IﬂS\DO'\ﬂﬂ'\SHOC’D e
uDVADUNSQ (shrinkage crack)” BouudUHua
nolJuu:unusuieu reinforcement [5512 1.0 - 16%

¢ UA:QDYVIUNDASIV DIDCADVIIMSSounaalulu
KSoM “¥oolla” NzaWiuLWUWU oo tdudovil
1SN “box-out” ADUUNISINADUANSA La:LdD
ADUNSAUTVAD Jurinsda metal deck oon lag
HuAa metal deck fiduNISINADUASA LWST:
metal deck 3olUu 1-way flexural member 1D
QNAQDDNV:JULAY strength ua: stiffness [Uun
Nol WD2ALUUDIDADVWIISTUILASUANAVSDULEDY
lWamuauAds Kindovnm floor opening

! STEEL SHEET ~—.]
WELDED TO THE
DECK FLUTE

VARIES —‘_\|

¢) Steel framing per Figure 10 can be use if the openings are
larger than 13", but smaller than 2" perpendicular to deck

% STEEL CHANNEL OR —._
! ny ANGLE WELDEDTO '\ ™
y THE DECK FLUTE \
/ ST e
v !
' \ LB
!,
’ Figure 10 — S the edges of opening with steel frames




Composite Beam-3
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o (UdOUUDVANTISATUITUHINNAVSULISVUDY concrete
composite steel beam 3AIASKDDNUUUADVU
ADULDN(D DIV

1)

2)

38msuUav concrete (KLUU steel material oy
Hanudv compatibility nwmsa,n:n composite
beam alAianmsaadd tKanua:AduNSa:LdasU
[Uwsoua Au lagranlun1sSWaISaUNADVLNYU
daduuov elastic modulus (E) upvltHanlAgunU
ADUNSQ LS8N modular ratio (E./E,)

LNEUN(UNISWISUNUDULUQUDVWUADUANSA
(S9N “AdUNIIVUS=GnSWa (effective width)”
lagd1vdv AISC 360 2:WDISTUIDIN ANCIdauDdY
wWasouluuciazaunaan (a) 178 usvANUYID
mu:omﬂnuaﬂamuaomusaosu (b) 172 uov
Sz8:H10S: H31omu1Hannaac1cmu (c) szg=91n
AvnalvAUAVUDUWU

AISC-I3
1. Interior

Be < b, (for equal beam spacing)

2. Exterior
Bz < L/8 + (dist from beam center to edge of slab
Be < by/2 + (dist from beam center to edge of slab)

la. Effective Width

The effective width of the concrete slab shall be the sum of the effective widths for
each side of the beam centerline, each of which shall not exceed:

(a) one-eighth of the beam span, center-to-center of supports;

(b) one-half the distance to the centerline of the adjacent beam; or

(c) the distance to the edge of the slab.



Composite Beam -4
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* Dpawisanr effective width, b%IcTua“J ANNN1S
uUa\)Hu1moa1nnaunstHlUu1Haﬂ lagranns
fip “WdlAansAadd ADUNEAAD: remain plane
LAgIAUAIULKEAN” AMUKANNISUDY beam theory

« MsNd:=AVS:UNULGEDAUlAUU dduyDv concrete
slab GovlNa compressive strain Ndoanaovu
ASAQCYDY composite beam GoUu LWDIHLAQ
compatlblllty UDVIKANAUADUNSA NGDvLUAY
WuAdDUNSQ NNIY b (KltanavasgAl modular
ratio =n =E .o/ Econcrete = E;/E. A composite
beam UF]:)']UﬂD'\\)C’IS\)HDUF\DUﬂSOln'\ﬂU b /n

¢ DINUU HONIMISAUIEURN transformed section
property LlBU moment of inertia (I, rormeq) WD
HIAIMISUDUADNA:NDU stiffness upvAUCiD U

—

e b, = bJ/n

section

/ L
Concrete section /

Neutral axis

eq
‘—T Transformed

—




b b, = b/n

) B ﬂ/ Tt
CompositeBeam-5 - ', ' [ &
#WelLoveSteelConstruction Concrete section / > T“U g

¢ MSHIMavSUlULIUAAQUDY composite beam e | =
uu d:daowdnsaunuudauludAtyfo concrete ’ " ' ,
slab ADvSU compression (positive moment) o] P o gy M) EH_;@;
lagowiUululasrchuKuvunua:tAu neutral axis o L WF\\ P C )
v:D&A concrete HSDN steel 3uK1NDEN concrete ,, comatais M
v:dowalRdiuyov concrete AlAQ tension KeglU o A
acewoulufd concrete [JSU tension - e .

(@) Neutral axis in the concrete slab h

. n\)UDFDﬂSNE)E)ﬂllUUC'IE)\)WD'ISEU'] steel beam b,
web slenderness = h/t,, logKinLUu compact 1 f b
web HSD h/t, <3.76 V(E/Fy) AdIWISAWISTUN N R I ey | T
plastic stress dlStl’lbUtlon [awas uaxn h/t, > T g — C r N
3.76 V(E/Fy) SAdnsfAdoowaisan elastic stress . S ]
distribution (lun1sATUD2UKY moment capacity L A
UDv composite beam Lws1:o:1AQ local buckling T R R EEEE L A

______

AU compact web dowall web Su stress [Uflv F, ----mmmmmm
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« msth metal deck UBIWaLTU composite beam 2 w22 P2
Uu d:dovtduluaudaulududalud (AISC 360-16) (s steel beam

a) AWgouovasu (h) AU 75 mm A2WUA300ae
yovaou (w,) liupen31 50 mm

b) dovfadv headed stud Gy9MsLEDUITIAU steel
beam lagasvHSoN:aWIu metal deck Lwnlun
steel beam lagiov gund1asudgvUDEY 38 mm

ucicnAIs:auRdADUASDEIVUDY 13 mm | H%
c) ADUNSAUU metal deck GpvgvilHips:=auanu (t.)
08¢0y 50 mm
— - — — — — — 3T ,_5'_,_7"_T , 12 1
d) Metal deck AoviBoudaldnnugiusovsu lagi 1@ LN
S:g:HIVS:HIWAUgNa1vNIstdou [Au 450 mm | o FE

Tagp1o8pudI8 headed stud KED WoLLGULTNAU
AMulagasy



Composite Beam -7
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¢ MSANYUSVS:HIN concrete deck ua: steel beam
gua:lnausvidoulutudusu Vv’

a) Lolna M* fiu composite beam USVLADUS:HID
concrete deck AU steel beam d:9nain8lag shear
headed stud aanaygdivn M*__ v M = 0 Nul 919
1AQNSIUA limit state civa suldun (1) Aswaa
crushing UvADUANSQ (2) N1SASINUDVAIULKAN
a: (3) NMstaouuov shear headed stud

on both sides

32

N

./I."M.

Exterior girder with slab
extending only on one side L = beam span

P miscn
~ 1. Interior

Be < by (for equal beam spacing)

2. Exterior
B < L/8 + (dist from beam center to edge of slab
Be < by/2 + (dist from beam center to edge of slab)

Load Transfer Between Steel Beam and Concrete Slab

1.

Load Transfer for Positive Flexural Strength

The entire horizontal shear at the interface between the steel beam and the con-
crete slab shall be assumed to be transterred by steel headed stud or steel channel
anchors, except for concrete-encased beams as defined in Section 13.3. For com-
posite action with concrete subject to flexural compression, the nominal shear
force between the steel beam and the concrete slab transferred by steel anchors,
V', between the point of maximum positive moment and the point of zero
moment shall be determined as the lowest value in accordance with the limit
states of concrete crushing, tensile vielding of the steel section, or the shear

strength of the steel anchors: V'’ = average horizontal shear S:H310
(a) Concrete crushing M* hax AUM=0
V' = 0.85f/A. (I3-1a)
(b) Tensile yielding of the steel section

V' = R A (I3-1b)

(c) Shear strength of steel headed stud or steel channel anchors

V' =Z0, (I3-1c)
where
A, =area of concrete slab within effective width, in.? (mm?)
As = cross-sectional area of steel section, in.”> (mm?)

X0, =sum of nominal shear strengths of steel headed stud or steel channel
anchors between the point of maximum positive moment and the point
of zero moment, kips (N)

The effect of ductility (slip capacity) of the shear connection at the interface of
the concrete slab and the steel beam shall be considered.



V' = average horizontal shear s:H310 M*, _, , AUM=0

®

- J v -y
Composite Beam -7 Tl
#WelLoveSteelConstruction .

15U K1 shear flow AM=01a5T/mua:AM*__ 140 |
aanQy¥dv 6 max:ldN V' =5*6/2=15T

X2 e l P Transverse Force Cross-section a-a
N & | e | BB o
) I - AN ae] 7@} =0 at the
- fop — top surface
L Ty I‘. t u f—x {
M(x) t -_\;11—_‘?_ .......... I S M(x)+ %(f‘)a’x Area 4 d‘
i 1 v
| 4
dx i )
Resul Shear Shear stress T
Foree M(x)
HATINVDILTIIULUILAY X = O

F,
£ wi(x)

+—2 > F =0= IGUI(_\‘)(I'J‘ - J-G‘.:r(_\')(im- +1,0(v)dx =0

on both sides

o 3 ' ' b - b,
Savaduaunislual lnvunudt oy = M(0).y/1, s an . %
.‘f- M{x)y t(y)dy — .V_T )+ d—‘w('\‘))}‘ t(y)dv +1, 6(y)dx =0 }— : X —* Ld 4 - 7@7 Z 4 ; # 4
. 7 Y. ) 7 ) T\ Jd B A%

a s ' & P -I b, L b 2 B L by .| b
ﬂﬂwaiﬁﬂﬁﬂﬂiiﬂﬁ TneW1TAMINLARIEY dx LA t(y) L

Yeop A AM b, - by b, |

T _ dM (\) 1 'F( ) i Mix) NA. M(x)+ Tﬁﬂdx “ Exterior girder with slab

T dx ff( 'l‘) _‘--‘ RS ﬁ extending only on one side L = beam span

’ ! dx

we V(x) = dM(x)/dx daviasulviazle AISC-I3

A’ uiunfinensun waz 1. Interior

7(x)'® rix)o(y) 1o o i L
= ty)dy="—""7""="=Tasi Oly)= ve(y)dy = ¥4 R . ;
o I(y) '[" () I(y) It o) J“ vily)dy = y’ Wusz:91n centroid ¥a31 A Be < by (for equal beam spacing)
: 2. Exterior
B < L/8 + (dist from beam center to edge of slab

Be < by/2 + (dist from beam center to edge of slab)

lUdis N.A. v04 cross section
Ref: www.ku.edu.tr



Composite Beam -7
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¢ MSANYUSVS:HIN concrete deck ua: steel beam
gua:lnausvidoulutudusu Vv’

a)

b)

LUDLAQ M* AiU composite beam WSVLIADUS:HIVY
concrete deck AU steel beam d:9nain8lag shear
headed stud aanaygdivn M*__ v M = 0 Nul 919
1AQNIS3UA limit state ciava sulaun (1) nstaa
crushing UvADUANSQ (2) N1SASINUDVAIULKAN
ua: (3) NMstdouuov shear headed stud

LoLAa M- AU composite beam LEU USLOTUYACID
continuous beam BvoiinsLasuiKan rebar lu
concrete deck ayuisawoseunlRLUU composite
[a lagaanayion M-, 0 M = 0 D:(DVWIISEUN
limit state citva sulaun (1) NsAsSINUDY rebar =
F oA (2) MSLODUUDY shear headed stud

Load Transfer Between Steel Beam and Concrete Slab

1.

Load Transfer for Positive Flexural Strength

The entire horizontal shear at the interface between the steel beam and the con-
crete slab shall be assumed to be transterred by steel headed stud or steel channel
anchors, except for concrete-encased beams as defined in Section 13.3. For com-
posite action with concrete subject to flexural compression, the nominal shear
force between the steel beam and the concrete slab transterred by steel anchors,
V', between the point of maximum positive moment and the point of zero
moment shall be determined as the lowest value in accordance with the limit
states of concrete crushing, tensile vielding of the steel section, or the shear
strength of the steel anchors:

(a) Concrete crushing
V' = 0.85f/A. (I3-1a)
(b) Tensile yielding of the steel section
V' = R A (I3-1b)

(c) Shear strength of steel headed stud or steel channel anchors

V' =Z0, (I3-1c)
where
A, =area of concrete slab within effective width, in.? (mm?)
As = cross-sectional area of steel section, in.”> (mm?)

X0, =sum of nominal shear strengths of steel headed stud or steel channel
anchors between the point of maximum positive moment and the point
of zero moment, kips (N)

The effect of ductility (slip capacity) of the shear connection at the interface of
the concrete slab and the steel beam shall be considered.



21AN1SAUDaU Plastic section modulus
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M, =F *A*Arm; + F *A,*Arm, +
+F *A*Arms + F *A *Arm,

=F,* X (Area* Arm) =F *Z,

HUNAQauuas A, = A la: A,= A

* (MDY L:HI00 x50 (t, =7 mmt,
5cm
o A1

=5 mm)—

HUYAaauuias NA ogi n \)ﬂa'l\)FD‘anﬂFﬂU

A, =5*07=35cm?’=A,
= (10-2*07)/2*05=215cm?= A,

Arm, =(10/2-0.7/2) =4.65 cm = Arm,
Arm, =[(10 — 2*0.7)/2]/2 = 215 cm = Arm,

Z, =2 (Area* Arm) = 2*(A;*Arm, + A,*Arm,)
= 2*(3.5*4.65 + 2.15*2.15)

= 2*(16.275 + 4.6225) = 41.8 cm3

. — ;".— : - ‘. —==
Arm1 l A, ouw e [faddud Wy | uoaee | Wwiauee)widey
N.A. il windn | wms |
10 cm mm mum mm cm? kg/n..l:L'\e cude,
Arm3 A HxB ti [tollV r a , | elg I i ¥ . _
3 O I lngUnU Z, ., =37.5 cm3
100 x 50 8 |11.coNEND0 | NNEH | .. o5 | '
| A, | 100 x 100 10 | z100007.> | 188




Arm, l A,

Arm,

T

Noncomposite beam moment capac1ty
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5cm - =
c M, =F,*Z (Area* Arm) =F *Z,
o A,

H100 x 50 (t; =7 mm t, =5 mm)
HIN Z, =418 cm?ua: F, "= 370 MPa

N.A. 10 cm

auud AmMuAdl 12 3 m TNISATUNIVTIVAADAAIILYID

4| oM, =9¢M, =0.9(1,547) =1,392 kg-m

(fully braced laterally) SUWUADUNSQA KU1 10 cm S:8:H1V

S:HIWAIUNDEAQAU 2 m SU Live load 200 kg/sqm.

2:[0 DL =(10/100 m)*(2,400 kg/cum.)*(2 m) = 480 kg/m

LL =(200 kg/sqm)*(2 m) = 400 kg/m
1.2DL + 16LL =1,216 kg/m
YM;, = wL2/8 = (1,216)*(32/8) = 1,368 kg-m < ¢M_,

OK

UM

fA773muN

¥l 2
ind
mm

g

wmida

U18ﬂ0

iu\upnﬂ11uluau

RS |

kg/m

Cude

*’ﬁmﬂv

L BENREE )

cm?

HxB

ta

taly r

Ix

Iy

Zy

100 x 50| 5

8

9,30 |

187

Rl - . os|

100 x 100

6

10 214

.2

383

134

26.7

19

H A, M, =3700(41.8) = 154,660 kg-cm = 1,547 kg-m
A




Composite beam stiffness
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n =EJ/E.=2000,000/276,900=7.2 E. =0.043*(w)">*Vf
= 0.043*(2,400)1.5*V30 (MPa)
b,/n=(300/8 cm)/7.2=5.2cm = 27,690 MPa = 276,900 ksc
5.2 b, =min (L/8, beam spacing)
cm ViA1 + Y247 _ (5)(11.85) + (10 + 5)(52) — 131 cm =min (3/8,2) =3/8 m

Y= A +A, 11.85 + 52

10 cm Iy; = 187 cm*
1
Iy, = 5(5.2)(103) = 433 cm*
Iyt = (g1 +A1d]) + (Ix+Azd3)
E
v = = _ 2 _ 2
10 cm 2 s [187 + 11.85(13.1 — 5)?] + [433 + 52(15 — 13.1)?] . ;
: - - cm
= =973 + 612 = 1,585 cm* |
5 cm ° Composite beam 2: STIFFNESS —

1,585/187 = 8.5 urin 91N Noncomposite beam 5 cm



Composite beam moment capacity
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KUK UY Plastic neutral axis oo Composite beam b. =min (L/8, beam spacing)

=min (3/8,2) =3/8 m

e

IHanSuusvdv = 3,700(11.85) = 43,845 kg
ADUANSQASULSYDQ = (0.85*300)(37.5*10) = 95,625 kg

375 cm

Auuu Plastic neutral axis agluwunaunsa

acxgnaunsalusuusvgvu auluaivisasichuKuvALAQ

JuQaAUdVLSVDAVINWUADUNSAAULSVAVDINAIULKAN ) Compression Zone
1 y (Rectangular stress block)
(0.85*300)(37.5*0.85y’) = 43,845
y' =54 cm PNA

M. =C(Arm_C) + T(Arm_T)

p
=(0.85*300*37.5%*0.85*5.4)*(5.4-0.85*5.4/2) +
43,845*%(20-5-5.4)

N.A.

5
= 136,284 + 420,912 = 557,196 kg-cm g 10 cm
=5,572 kg-m %
|_
oM, = oM, =0.9(5,572) Composite beam 9:0 STRENGTH

=5,014 kg-m 5,014/1,392 = 3.6 11 V10 Noncomposite beam 5cm
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Required Strength for Shear Connector
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+ WUIGedAUMSAIUDIUSDYLEDUUDY built-up beam #id LD

l P Transverse Force
e

usvMgudnns:zMAU flexural member Ad:dowalRLAQUSY | - B
Aelu N moment shear ua: axial load BodowaliiAa stress A £ o s
HSD ADULAU ol 2 UMD (1) normal stress ADIWLAUAYAIN ‘11
AIURUNAQ ua: (2) shear stress A>WLAULEGDU iy
!
] _ _ _ . Rei;gfzc\le]lVS'(g)eal' Shear stress T
* A shear stress (1) Y:dUWUsSAUYUNIQUDVLSOLADULU shear
force diagram (V) lago1n equilibrium equation F F,
y wi(x)
T o, !
‘T t: [ dy |
Vs A |
1 > 1. ) i M N
\[(\)C L_}_{ ________________ I ______ ) M) cf’la{(\)?, ------ _;_ _____ -z 1 X L 7%7
,,,,,, - |
|
_V().Q:(¥) i _ (Ytop — =l o —::' L:— (HI(\)
Yy = L Gobm) loon  Q,(y) = fy y.b(y)dy =X y'A M) By S M)+ L)




Required Strength for Shear Connector
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T _ V(x).Qz(y)
XY 1,(x).b()

v(x) =V(x).Q, (v)/I,(x) shearflow

loon Q,(») = [J*" y.b()dy = £ 7' A’

shear stress

« usvtdou Klavin shear force diagram

« muKanAoulwan UngnoanuuulRLdu
simple beam WalHd>uuuyovATUASU
usvaauugnsulagwundunsagusuusvda
[aalpudvIa strength cnUAGDYNS

* ASL¥DUCID steel beam LWNAU concrete
slab @>g shear connector dvADVUIN
LWEOWDCIDANS angusvldauluttududu HSd
shear flow (usvcips:g:Nv kg/m Wudu)

« 9:§ shear flow AGDVS shear force Borla
917 shear force diagram UnaQ




Required Strength for Shear Connector
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* dHSU uniform load on simple beam d:dvuwalRina 00s elastic shear flow |
shear force diagram (SFD) suauisasu lag shear 00% compgsite action _ octudl sheor flow ot fallre

force v:tiauingan support wa:ldugud AAvAavAIU __— eoized plstc shear flow

. mH‘lncmcm shear connector {H “ao” ﬂu SFD Usueu |

HEoAWATUNISAQAY shear connector Az (spacmg Lo
Up®) USLTUlNEY support La: H10dU (spacing 1InTU)
LoH1v9IN support [Uu O uSLoeu AvaalvAu N S R T T T T R looding

sh shear-
P b ! ! connector

« {un1oUAUA Ad8 shear connector S1ALULWY DoUN
generalize (K8 maximum shear i support tums
W1S8Un shear stress H3D shear flow lagdoi1Uu
100% composite action 1gu AMuUdeu 14 shear flow 3,000 kg/m (910 shear max)

fNY0LSYV shear stud 1und lag shear stud wcia:csuLsY

tdoulavaonansn 1,000 kg

* UciKINEDDNULUUADVANS optimize Aunu A1 “NdU”
composite action av tLHao 80% 75% Lasduaqawuvuov W91SeuN 100% composite action 9:GpvAQAY shear stud
3FDNSWDDNUUU 1,000/3,000 = 0.33 m H&d spacing 30 cm




The Most Economical

Simple Steel Beam

s:uumUIHaNYIVIAEDN
Js:Hgauinnaa

Ref: SSSBA, “Peoria County Looks to Steel for Innovative Bridge Replacement Project”

e .



Composite Cold-bent Tub Girder -1
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« tunda ladns(Boiumu
lHaﬂnUsmmﬂmswau
(welding) ucﬂumswuuusu
Su IE1unsvav (tub) Tag
unUlBsouAauLrWuADUNSA
HaodLso (precast
concrete) lG3DUCIDADY
shear stud lag Taly and
Gangarao (1979) lag
precast concrete UAJU
HUNLWEV 12.5 cm

Precast P/S Concrete Slab -*-——;7
L 6!_0!1

‘: Shear Studs

Se Details "A"

1

/

TYP
3/16"

‘G"

3/8" Cold-Rolled Steel

3/8" x 5" Diap.
Plate

" Dia, Drain=-

Holes at
Inte rvals
4B

4" Stud P1. L
=—

P1. l"‘”""
7 T_;{
1y —-IF-;

Detail "A"

*
Other Sections have 3'-0" & 3'-6" depths

3/8" Bottom Flange

3/8"x5" Diap. Stiffening
Plate Around Holes

1" Dia.
Drain Holes
at Intervals

Section 'BE-B'

Ref: Taly and Gangarao’s Composite Section (Taly and Gangarao, 1979)



Composite Cold-bent Tub Girder - 2
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6'-6" PRECAST CONCRETE DECK PANEL (7'-0" MAX C-C GIRDER SPACING)

 loucisdaud 2000 vau S ——
ADdsS1vda=-wiulLuuLsvadU R
- SHEAR STUDS (TYP.)

Accelerated Bridge

TOP OF BRIDGE DECK
Construction (ABC) WUu e / TRANSVERSE i B . 2
ulgureaAtyuDVVIU / e e BoTon ‘
Apas1va:wiu Ndavms 1§ I P I OV A Al R,
AQWAaNS:=NUCDNNSISIDS 4 - wmi—lmo ——— : N% s e gnioe orce

1% €LR,

VARIES

* Con-Struct Prefabricated x*?éé“&f“ii;? COPRESSIVE STRENCTH)
Steel Bndge SyStem [a GALVANIZED STEEL EEE 'PUAN VIEW FOR SPACING
QnAQAULa:UIPDNIaaN0 S
(uU 2004 lagawrsam
ADIWENDBIV[aHiv 60 Wa
(18 m) IOUL:I"]IUZI?I’_']' 1°-9%" MAX VARIES 2'-10'4" 10 5'-T% 1'-97g" MAX
Minnesota, Missourri la: @ =« LOV TUD AL BATS |5 B SPA. ® 9" (TOTAL = 6'-0") 5"
Michigan

VARIES

Ref: Con-Struct Prefabricated Steel Bridge System



Composite Cold-bent Tub Girder -3
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 Cannelville Road Bridge lagdu
da=wiuus:tnn Composite Cold-
bent Tub Girder (Uo3UuLSano
Press-Break Tub Girder, PBTG)
LHVUSNUDVSY Ohio

- msegnluluga Mlagmsaado
PBTG 2 30 NWiumMsyuavn:auuu
YUSDULLADLEDUCID LUNODYAUNU
Sandwich Plate System (SPS)
Deck @vuiv:lRo1gmisidoiulago
w100 U

« AMsgndvua:mMsaacv 1luqQa s
LAWYV 22 UIN AJYLASUYUIQ
Jnandlu

Cannelville Road Bridge in Muskingum County, Ohio



Composite Cold-bent Tub Girder - 4
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« UV 1span oontdu 2 luQa (2

¥DVVSIDS Roadway N1V S1D 8.6
m) D:dvwalsuciazygov span Goan 28'—4" CLEAR ROADWAY WIDTH—————= 1'=7" |
(unsgndVWYY 44 uin (luuu
SOULAINADUNSAJUSSAU:ZV
WLAY K52 UHPC asvuSLIeU joint)

31"=6" OUT-TO—-0OUT—WIDTH

-8 1/2" DECK WITH
1/2” INTEGRAL —|~6" CIP U.H.P.C CLOSURE POUR

» Un@ 10 m span 0uLUULIASTIU WEARING

SURFACE

yvKUdgvIUNVuUs:INA d:10u
St UunaUﬂsmnun\)uUUHaaTun
lazuvu precast AKUNSOU topping
S12 50 cm BviduhKUA DL Us:u1ed
1,250 kg/sgm lnEJUﬂUS UU PBTG ]
AWUKUIUTD 20 cm DlKanUWUdN A
Us:z1eu 100 kg/sqm dowalHs DL
2giNs1D 600 kg/sqm HSD DL uov
s:uU PBTG AaltJulwegv 50% uov
conventional system Typical Bridge Cross Section

—7'8"EXTERIOR MODULE— ~7'6"INTERIOR MODULE—~ - 7'6"INTERIOR MODULE-~ ~7'8"EXTERIOR MODULE—



Composite Cold-bent Tub Girder -5
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« lUNNSWDISEUN composite system S:tH3TOWUADUNSAAUATULEAN D:WISEUNIT 1820UDV deck d:il
diusu bending sounuAIULHAnN v effective flange width tn1AU 240 cm

- fT'/B" X 6" ‘-—::j"'—-—
31/2 Sty . oy
(TP ﬂ /) 5/8 **1 1 7/16
/ PRI PIET)
// KI — - f—— — - j——
ﬂ T 44 1/2"
A\ £2” CLR.
] T i
% [ ] * [ ] L]
24 < 8 1/2
22 5/16 27 .J
| @ - i
. 1 i - 1
1" CLR.A
ULTRA HIGH
, PERFORMANCE -
CONCRETE
5 10/16"
21 SffES"

Typical Cross Section Typical Joint Section
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you need to
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metal deck
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Metal deck in general (1)
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. IoaUanumoUgumuaoUs inAlNg A131 “metal deck” d:3AU “uWUIKENS QLT UBUFVN:E A
nWiunsdusulduliiduanu dHSusouSUMISINADUNSAAIUUL” BoLancilvon "metal sheet”
asvi metal sheet 2:lUsavsunistnAdunda UntsLiu uwWuoHavmlan:

* ASzUDUMSWAQ d:lUunsun Cold-rolled coil GL K3 IKanuWUSalgUyUdVN:dutadu (KD
21010u hot-rolled GI) ULdIAS:UDUNS souusULau (cold forming) IHIOSUswomunmaoms
doldulagmluudd metal deck 2:0ANLLIY wazdANUaWIsaluMsGumMuMstiaaauiaa

« Taguna aundvudvLlKanddu (coil) o= aansm 12-14m dodu luamumssouusUwu =i
ADIUADIVUDY metal deck Us:zuieu 11uQS (+/ ) TuAU “ADuanudvsov (flute)” golasndlu o:
JuuraAdwan 2” (50 mm) - 3" (75 mm) IaanamHma.s.qmu A1 gauge YN gauge 16 KUN
0.05"” (1.27 mm) gauge 18 Ku1 0.04"” (1.02 mm) [Udu gauge 22 Ku1 0.03" (0.76 mm)

1000 Cover Width

I 333 .
| |
146 | 187 |




R51 Load Span Tables (835950) Steel Grade S350 —|Normal Weight Concrete

Maximum Permissible Span (m)

0.9mm Gauge 1.0mm Gauge 1.2mm Gauge
| Span Type Firc Rating SlabDepth  Mesh Total Unfactored Applied Load (KN/m2)
{hours) {mm)

35 50 75 {00 | 35 50 7.5 100 | 35
101 Al42 276 276 276 276 3.00 300 293 327
1.0 130 Ate3 259 259 289 259 276 276 276 3.04
R 150 Azs2 246 246 248 246 265 265 265 290
& 110 Al42 268 268 268 245 292 292 25 | ade
- e 15 130 Ate3 289 259 289 259 276 278 278 | 3.04
#WeLoVeSteelconStruct]on £ 150 A252 245 246 246 246 | 265 265 265 | 290
125 Ate3 260 260 280 232 280 270 235  3.08
20 150 A252 246 246 246 246 265 265 265 290
175 Azs2 232 2832 232 232 285 252 252 278
101 Al42 323 323 303 267 | 347 313 276 | 378
' 1.0 130 Ate3 305 805 3.30 330 830 351
" - O | | — -0 L] B ol e 150 A252 289  2.89 3.14 314 314 | 344
» (28 metal deck (3 HSUsDVSUADUNSOAQ BT :
£ 15 130 Ate3 305 805 3.30 a7 281 | 351
1 2 150 A2 289 289 a4 al4  ai4 | 344

8 125 Atea aes 294 2

AUaIISaluNISSULSYIUNS=NVUTVCD metal deck

dudiovid (1) strength awisasuthKUnADUNSOAQ Ua: ] " o mlEs
construction load [apghvoUanane wa: (2) stiffness ! Y e E

Wududournosulnuld lagdooworsaunus:LnnAdUNSA
adao1tdu normal weight/KSo light weight concrete R51 Load Span Tables (BS5950) steel Grace 5350 |Lightweight Goncret

Maximum Permissible Span (m)

* 1S secure strength performance S0APYWY1STUN G il PP puag e PR
(a) dimension NVAIWANUDVSDY (flute thickness) .t om o mmmomnzma
wazA2IWHUN (b) span length (c) grade 3aq a:nou SRR
AnavAsn Fy ua: (d) anueu:zuov support LlGU D10 e e =
metal deck LUU simple span HSD continuous span T2 R R

« doums secure stiffness performance AllcioAuuIn :
LCiv=WoIstunluLBv serviceability HSamstsoulaa e
lWusuunoulasre HSaowLAQUNTVIUDUIAG AuUU

LNEUNMSUBUCMIVCADVKISDAU owner {HBalounoU




Metal deck in general (3)
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o IWDlHawIsaQuANgAMWUDVS:UUIU T,
A1SSULSY (strength) uazaanisusucd
(stiffness) ldgvda metal deck Sotlu
lauau "quuu" LWDSDVSUADUNSAAQ A
S1ud8As “WEauwunaunsaldaudvdd
lWhAUAIULKAN” na1glUu composite
concrete slab steel beam

* S:UU composite beam 1Uuns “1BdL
wunaunscmumulHanZHsuusoIU
wsSaunu” Icw WUADUNSAD:SULLSVDIQ
wa: ANULKaND:SULSVGY omisus:zanu
wuaduAsaua:AULKanisnivull
wSounAu maomms secure shear flow
strength StHJ1OWUADUASAAUAIU
IKan AouMsly “shear stud” 8o
awsadadonrthvulalagvie

b _CONCRETE SLAB
’ _MESH REINFORCEMENT

TR60+ DECK PROFILE

_19mm @ x 95mm SHEAR STUD
_EDGE TRIM AND RESTRAINT STRAP

_END CAP

_FIXINGS TO SUIT
/ PROJECT SPECIFICATIONS

- -
B

5 50mm min. BEARING
\ - 50mm min. BEARING



Metal deck detail (1)
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* Woa:HUNLaUd 31 metal deck Wud>u -

— — —_ — = o o _CONCRETE SLAB
ypvlduvusunduNSaaQ AvUudviiANUY D vesmenvorceen
Nuna:Aov “UanivlHaspnuov | p TR0+ DECKPROFILE
ADUNSadalunnyovunIv” AduNSs — R R EN T

EDGE TRIM IAND RESTRAINT STRAP

|END CAP

_FIXINGS TO SUIT
/ PROJECT SPECIFICATIONS

gunsailasu WU END CAPUasonsoy | .
(flute) HSD|EDGE TRIM|UUUDUDUWU -3
(slab edge)

* 115210 metal deck AISIRITS:8:UV H3D
BEARING|width [LUp8gn11 50 mm WD

50mm min|BEARING
- 50mm min,| BEARING

UDuAumsyuguoHaQooNs:HII0AISLN
ADUNSQ La:yd8 secure strength ua:

serviceability (UIRusumuINdULAUU

* Concrete slab 91Uudovibikaniasy
IW2Uponun1ss$1D lagunanwan metal
deck d:uu:zUNIRIGacalkana:1NsY wire
MESH sutdulumua>iuKuIWUADUANSQ




Metal deck detail (2)
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- lunseURLLUDUDUWU (slab edge) ogjlagoonlU
91AlUD centerline uovAU un:wmuJua Gov
ugnguuna Edge Trim ua: JunudaiwuLdu 3v
WSULHLUY NWud:AovaidumsauAinu:tn
vourwaaua:=aadv metal deck

* NolHINUDUdULAUNIIUIASTIUN metal deck
supplier s:U WSULKUIHAND1DADOWIISTUN
dadv AYUBIAS1D (Temporary Propping
USLDTUUDUAREUDDNUN

|-

e St uumauu:msw:) matUusUuuu dlagonal
kicker| IGlILNGURTUNEVUDVAULKEN
(asJ>vasunuUananguovAIu lagdAdns 1
AIUaIVISASU torsion (A Dwudu 19GdvM
diagonal kicker|ciolugv metal deck dnau

Shear Studs

Qverall
Slab
Depth

130 mm
1560 mm
175 mm
200 mm
250 mm

1.0mm
105mm
95mm
90mm

85mm

Edge Trim

Dimension from toe of Beam

1.2mm
126mm
115mm
110mm
100mm

1.6mm

160mm
150mm
145mm
135mm

Propping Required

2.0mm
200mm
185mm
175mm
165mm

Additional reinforcement may

/

required where slab edge

overhang limitations are exceeded. To be

/

designed and supplied by others

be required (designed and

supplied by others)

Edge Trim and
Restraint Strap



Metal deck detail (3)
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450mm max. cantilever from toe of beam*

* Metal deck JsusSuusviANIvLQed (1-way - B i
direction) ADTNYUSVQIVLUIYIDUDVSDY \ B

[Ud@munovadiuwudavann (HSoo1oM, a/ ,ﬁ

| Edge Trim

UU skew) fiu metal deck duuutunsedn AR o
daiuisa “8a metal deck” oono1n beam SIS SICEISICEIL

centerline [UJ slab edge [ 35nsuv:

Js:=Hgan1A1sid kicker H3oAguUsBOASID g

. s:g:8iu cantilevered length JuniuA>U ———————
anuovsov (flute thickness) uov metal (i
SMD Deck Proﬁle—/

Slab Depth

deck Bva:=Nou section modulus
(strength) ua: moment of inertia
(stiffness) Uuov cantilevered metal deck

* Nul 2:pvaacv Edge Trim (8ade
Restraint Strap) WoUovniunislHaoon
UDVADUANSQ



Metal deck detail (4)
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 funsednuud metal deck yuunuAIU shear Stud Restraint Strap
uouo1Ms (WlasSu metal deck) ucindu / \\ /

n2vunU “g1dlufivauyou” AooniNs
Jadrgunwudadusa|Z Flashing lWo ﬁ
Uovnululinounsaliaavdiiovaiv

¢ MIsdaunuulv NV Metal deck, Flashing,
Edge trim, Restraint strap 4a4 (3n1s
gaQd8 screw UargUany

. MSAQUWUUIY IAsacIdunIsiKi
viulalagvigargnisténssins aauuu
manual

y
SMD Deck P

rofile 4/ /
|‘Z' Flashing .
(shown in blue for clarity)

-
. \ Edge Trim



Metal deck detail (5)
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« lunsainAovnismydovlda Ndyunall
(Kedunun (LBU 25 cm JuAUALLU=UNUDY
NWaA) D1wWasauNGldunaovadslld Ko
TWu box out yovldalbbavsu Ioalumao
lasukantasulaa IWULAD ua: mmscm
metal deck pontdonounsaudvdd

. tunstdnyovidaduunalked (ualuiiu 70
cm) WoIsauNLasumavalgiiantasyuu
(ULUDNUEVUSIITUUDU LAzLdSUAIULHAN
LasulunwudyvunuAuyovdany 4 AU WD
UovuAiun1sanuSI1DouYDU La:salsens
u1aK19lU (A wlicdollioy) uoviKanLasy

e Asauyovllalkaduin (12170 cm) D19
WIISEUILaSUSDUQIEAMUBDE




Metal deck detail (6)

#WelLoveSteelConstruction

Slab poured prior
to adjacent area

* Zl:l_ﬂsmn-[ula—l_:u—lsﬂEnn_E)Uﬂlsm Construction joint, preferred position
[daanaunWuwu (LlButaunN at toe of beam
1,000 m2) Juciouwaisaun
CNUHUVHSDUUINISHYQNISLN
gulunmuuua unmKualr
Wus:g: 1/3 UDvAUYIVYEIV
waa (span) uov metal deck
LWD optimize lUwudaa ua:
usvtdou (lrAlaAKTVLUIN
a2uthulu

Alternative construction joint location,
no greater than 1/3 of span



Metal deck detail (7)
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Steel End Caps-

« {unstuin metal deck NvYadWluNANIVA
AVANAUUIUSSOUAU £U ChuKUvudvAU
GovlaSeUs:e: bearing 9810oU28 50 mm
yovuAu ASUUIKUAN (Ava1nAunANIO Lud
N1S210CDUDVAIU) WSouAuaadv Steel
End Cap WaUavaunisiHaoonuoy
Aoun3aaa dutuRAMVARILIASULIKUA
awnsaca metal deck (RwoQ KSoD1(G
Z flashing U detail (4) uasunla

Shear Studs, staggered
\ (If required)
) ; \ '1\‘ f

- - P w . ¥V e

-

« A1sav Shear Stud o19Wa1saUNOQQY /
TR60+/TR80+ Deck Profile

LWUU dauHdv (stagger) IWolHaw1sa
L3DW concrete slab nuaavaulun1syde
SULLSVUDY composite beam

Minimum 50mm bearing onto steel




Metal deck detail (8)
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Iunsmnumswaaus QU top of slab tu cduKuUvVAU AsovSU metal deck s: OUWUHE)EJC‘I‘lﬂ:)‘l (5
mnmomanmmwasaosu metal deck lag(RUs:g:Uv Uudy metal deck (WUDYNI1 5 cm NVUKIN
Lower Slab 2&iciin31v Upper Slab uin 219wo1seunfiadiv Edge Trim LWL

Upper Slab

Edge Trim to form upper slab edge

Upper Slab

Fs. Step in slab to be traditionally formed
A ’ by others. Reinforcement to step to be
W

designed and supplied by others

Lower Slab

Lower Slab

v

/ t i PR p—
/| ! d i - L e s S S
i I —
a N\
SMD TR+ Profile / \ - =
|
|

Shear stud

4

|
»
SMD TR+ Profile J

Shear stud

SMD Deck Profile with end caps

| -
‘ \ —
SMD TR+ Profile with end caps

50mm minimum

50mm minimum
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Filled Composite Column -1
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* WPDPNUUUCADVYNINISASIDIDUADI
UIVU: aouaonalHaﬂnmmZmUulann
d:=nsonadgnounsa lagtduluaiu
Table I1.1a

* NDAOS1EIUADIUYE aocnﬂm 7\, no
iHanLJu compact section iAo
local buckling

o ﬂ'lE)C'IS'lC-DUFD'lUU aC\U'IﬂﬂI)'I K No
t(Kanldu slender sectlon LAQ elastlc
local buckling

¢ 11DAOS1EIUADUYE EIOU']ﬂﬂD']?u el
(Au A, nowanlu noncompact
sect1on LNQ inelastic local buckling

Limiting Width-to-Thickness Ratios for

TABLE I1.1a

Compression Steel Elements in Composite
Members Subject to Axial Compression
for Use with Section 12.2

Wldth'tO' lp }\«r
Description of Thickness Compact/ Noncompact/ Maximum
Element Ratio Noncompact Slender Permitted
Walls of Rectangular HSS £ £ £
and Box Sections of b/t 2.26 /— 3.00 /— 5.00 /—
Uniform Thickness Fy Fy Fy
0.15E 0.19E 0.31E

Round HSS

D/t




Filled Composite Column -2
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lSUCIUﬂ'lSWO'leU'lD'\ﬂ flexural buckllng Uovuld
ooujumsmuafulaﬂnsoasleanUnmnaIU i
WasguA stiffness UV pure steel column tWu
filled composite column

Stiffness Uov filled composite column Fi"lu:)fua‘lﬂ
effective stiffness N (1) stiffness uovnolKan E.l
(2) stiffness uovlKaNLasy E.l,, ua: (3) stiffness
UDvADUNSQ CSE

S'S

C;a: NouUav8SsOu (lnteractlon) St HDT\)ﬂDUﬂSCln
nsanlmamaman AULKANLaSULa:NdLKan KSPo1D
Uovldsn Wu “stiffness contribution” uovADUNSQ
Cio stiffness upvlan CFT NLSend effective
stiffness HSD El

I12.

1b.

!\)

AXITAL FORCE

This section applies to encased composite members and filled composite members
subject to axial force.

Encased Composite Members
Compressive Strength

The design compressive strength, ¢..F,. and allowable compressive strength, P,/Q,,
of doubly symmetric axially loaded encased composite members shall be determined
for the limit state of flexural buckling based on member slenderness as follows:

d.=0.75 (LRFD)  €Q.=2.00 (ASD)

(a) When L< 2.25
P.

P
P = P,.,{O.ﬁSS F ] (12-2)

(b) When i> 2.25
Fe P, =0877P, (12-3)

Filled Composite Members

The effective stiffness of the composite section. Elg. for all sections shall be:
Elyg=Ed; + Edg+ C3E, (I12-12)

where
C3 = coefficient for calculation of effective rigidity of filled composite compres-
sion member

A : A"") <09 (12-13)

=045+ 3[

The available compressive strength need not be less than specified for the bare steel
member, as required by Chapter E.



Filled Composite Column-3
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. wmsnnnamauumso (1) Fx 240 MPa (2) F, 360 MPa
DE IOFD‘IUHU‘IC‘I‘IE—IO ARKUAagvLlU compact section
WWuludavaisio

. Woululun1sOPNILUU L3 INDIKANASDNADUNSA AD

b n
il —r

1. wunsUAdalsan ag1vlosg 1% uoowunsUNAdanvKuaQ
2. dovowoisaun local buckling uovnalkan

3. [UoUudovil rebar cnuUIEDUDVLAN WCGAHIND:LESU
longitudinal rebar AluvdudovidikanUaon stirrup

I12.

[
.

1b.

!\)

2b.

AXITAL FORCE

This section applies to encased composite members and filled composite members
subject to axial force.

Encased Composite Members
Compressive Strength

The design compressive strength, ¢..F,. and allowable compressive strength, P,/Q,,
of doubly symmetric axially loaded encased composite members shall be determined
for the limit state of flexural buckling based on member slenderness as follows:

d.=0.75 (LRFD)  €Q.=2.00 (ASD)

(a) When Fo <2.25
P.

P
P = P,.,{O.ﬁSS F ] (12-2)

(b) When Fro >2.25
Fe P, =0877P, (12-3)

Filled Composite Members

Compressive Strength

The available compressive strength of axially loaded doubly symmetric filled com-
posite members shall be determined for the limit state of flexural buckling in
accordance with Section 12.1b with the following modifications:

(a) For compact sections
Poo= Pp (I12-9a)

where E
F:,, = F\'Ax +C2f1/( Ar + AM-F_‘] (12-9b)

(> = 0.85 for rectangular sections and 0.95 for round sections



Filled Composite Column -4

#WelLoveSteelConstruction

* For compact rectangular sections 2b. Compressive Strength

(a) For compact sections

Pﬂﬂ = R{) (12-93)

E
P, = FA, +C2fC’[AC +AS,.E—S

C

where
j (I2-9b)

C> = 0.85 for rectangular sections and 0.95 for round sections

« Madvsuusvoauov filled composite column
Govuwo1saun flexural buckling anuAIWB:aQ
nAUs1ng av 12.1b uawaguai P, aoudaaviu
aunis 12-4 (Wuauns 12-9b lag P, Us:nNou WY1SseU1 compatibility npunsatnanisidasu
Uuv1n 3 component = strain = stress/E_ = (0.85f_')/E_

1. nalHan =F A, IRanLasuLdesu = strain 1AQ stress = strain*E,

= ! * =05 N3OS — *
2. ADUN3Q = 0.85f 'A_ (0.85f_')/E_*E, QOUU MAVSULSY = stress*A_,

3 ngnlagunauﬂgm = 0'85fc’Asr(Es/Ec) ........................... HSD ppsr = 0.85fc'Asr(EsIEc)
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* For noncompact rectangular sections ANavsu
usvoQudv filled composite column : gnaanauav
D1NWAaUDY inelastic local buckling AWUvonoLlKan

« ANSsaqnouav Us:u1aun1saduns interpolation (wuu
gnn1av 2) uovA A = D/t KSD b/t AU k a: A, SzHI10
P, (limit A>WB: aa i )ooaums 12-9¢ ua P, (l1m1t
n:nuu aa i) ooaums 12-9d

* P, a: AounidvsulsvaauavAdUNSaRaaay s1d 18%
mn 0.85f, LKao O. 7f.

* Nod ... Gouwosaun flexural buckling (P,) uov
compact sections fiou lagHINAWUI element u:=qaQ
(non compact K3 slender) sulAulu Aatduns
aanaundvsulsvdaUDY member ciolU

I12.

2b.

AXITAL FORCE

This section applies to encased composite members and filled composite members

subject to axial force.
Encased Composite Members

Compressive Strength

The design compressive strength, ¢..F,. and allowable compressive strength, P,/Q,,

of doubly symmetric axially loaded encased composite members shall be determined

for the limit state of flexural buckling based on member slenderness as follows:

d.=0.75 (LRFD)  €Q.=2.00 (ASD)

P
P, = P,.,{o.ﬁsg Fe ]

(b) When %> 2.25
¢ P,=0877P,
Filled Composite Members

Compressive Strength

(b) For noncompact sections

P/m:Pp‘ip P ()k }\)
(Ar=2p)

where
A, Ap and A, are slenderness ratios determined from Table I1.1a
P,, is determined from Equation 12-9b

P, = FyA ] ().7ﬁ’[ A+ A\,-%]

(12-3)

(12-9c¢)

(I12-9d)



Filled Composite Column -6
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 For slender rectangular sections NdausulsvaQ
Uov filled composite column d: QNaanauavdINNa
UDdv elastic local buckling AWUVYNDLKAN

* ANSaqNaUavdINNaYDY elastic local buckling A
NU\)nE)lHaﬂ wolIstuIaqQnauYInN F lHaE)lWEJ\) F [OEJ
aanduMU element slenderness (b/t) gnn1av 2

Concave or convex
local buckling

12.

1b.

2b.

AXIAL FORCE

This section applies to encased composite members and filled composite members
subject to axial force.

Encased Composite Members

Compressive Strength

The design compressive strength, ¢.P,. and allowable compressive strength, P,/€,,
of doubly symmetric axially loaded encased composite members shall be determined
for the limit state of flexural buckling based on member slenderness as follows:

d.=0.75 (LRFD)  €Q.=2.00 (ASD)

(a) When i52.25
P,
P
P, =P, (0.658 ke ] (12-2)
(b) When Fro >2.25
¢ P,=0877P, 12-3)

Filled Composite Members

Compressive Strength

(c) For slender sections
E,
Bm = E'r As + 07f(’[ A( + AM' EJ (12_96)
where

(1) For rectangular filled sections

g,o= 2k (12-10)

gl
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KIAdvusSulHUNUaanNe (service) uovlainalkannsonAounsa filled concrete column NoLlHan
dLRAgUYASa STKR490 F,, 325 MPa yu1a 300x300 mm WUVHUT 6 mm a1l 5 as nsanade
Apunsaund f.' = 36 MPa [U0IK&A rebar LaSUADUNEQ

> Wams1v auuaridanatranatkagudasa au uan. 107-61: A, = 69.63 cm?, I, =1, = 9,960 cm*

» AUdTU auuGuavAdunsa: I, = I, =1/12%(30-0.6*2)* = 57,331 cm?
A_=(30-0.6*2)? =829.44 cm?,
E. = 0.043*(2,400)'>*V36 = 32,250 MPa = 303,345 ksc

* Step 1 H1El = E_l +E_ + CE_I_

=2,000,000(9,960) + 0 +[0.45 + 3(69.63/3,600)]* 303,345*57,331
=19,920,000,000 + 0 +17,391,028,770 = 37,311,028,770 kg-cm?

* Step2: KNP, =mEl/L2%=m?(3,731.1T-m?) / 5°=1,473 Tons
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KIAdvusSulHUNUaanNe (service) uovlainalkannsonAounsa filled concrete column NoLlHan
dHasUYQSa STKR490 F, 325 MPa uuna 300x300 mm WUVHU1 6 mm Lagnd 5 tas Asonade
Apunsaund f.' = 36 MPa [U0IK&A rebar LaSUADUNEQ

 Step 3: Check compactness ADIUHUIND 6.0 mm > 5.6 mm (F, 325 MPa) LUU compact section

+ Step4:H1P,, =F A + Cf [A+ A *(E,/E)] = 3250%69.63 + 0.85*360*829.44
= 226,2975 + 253,808.6 = 480,106 kg = 480 Tons

- Step 5: Check flexural buckling limit ua: KaifhdvsuthKuns:u P,
P../P. = 480/1473 = 0.326 < 2.25 LUuU inelastic flexural buckling
P, = P, *0.658(Pro/Pe) = 480*0.65803%6) = 419 Tons

+ Step 6: HFaMavsulthKUnUanase = P,_/Q = 419/2 = 210 Tons
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mavsulthKunUanasie (du) uovlanodHasusasa tnsa STKR490 nsonddgnaunsan .’ (ksc)
300/360/420 ua:= A WgdLan 3/4/5m

lc=3m . lc=4m ‘ lc=5m
No fill fc'300 fc'360 fc'420 Nofill fc'300  fc'360 fc'420 Nofill fc' 300  fc' 360 fc' 420

B(mm) t(mm) A(cm?) I(cm?
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maosuumunUaacma (Au) uammnaamaauamsa 1Nsa STKR490 ua:Advitwudu ionsondde
Apunsan f_' (ksc) 300/360/420 wa: AWEIDLEN 3/4/5m

Lc = 3m lc=4m Lc= 5m
No fill fc' 300 fc 360 fc 420 Nofill . fc' 300 fc' 360 fc'420 Nofill fc 300 : fc 360 fc 420

B(mm) t(mm) A(cm?) I(cm?
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OVERVIEW

(1)Site area 7,106 m? ‘
(2)Building Coverage Area 2,528 m? ';}2’;2?;.';/
(3)GFA 85,003.6 m? A
1 t'.. [’/
(4)Total Floor Area 87,117 m? 22?22272 2
Ty
(5)Floor super structure 29F Rooftop penthouse2F £ 2 E E sz
LA
sub structure 5F Soes E [
2227%
(6)Height Height of PH1FL 133,161 m 22252
YA
Height of RFL 131,961 m 25227
A ;;
Maximum height 161.161 m A
257 2% 4
Typical floor height 450 m ,,;/,’:;//,7/,
1st floor height 520 m g
Basement floor height 32m
Bottom of basement GL-19.5~220m
(7) Structure type Steel +RC structure

-super structure : RC core wall+Steel frame w/CFT col.
-sub structure : RC (Flat slab)




DESIGN CONCEPT

NANA PROJECT CONCEPT

B The new head office building of Thai Obayashi
that embodies the dignity and corporate philosophy

« Elegance, stance with style, aesthetic appearance

« Contribution to the realization of a sustainable society - LEED, WELL, BCP

B A revenue base for Thai Obayashi
with highly functional and profitable office spaces
* User-friendly offices incorporaling advanced technologies from Japan

« Comfortable and convenient offices

HRealisation of a new type of office building
that combines Thai and Japanese expertises
* "Urban forest” and "Co-creation office” connecting the city and people

« Combining Thai Obayashi tradition and the latest know-how from Obayashi to

pave the road to the future

« Creating a landmark tower




STRUCTURAL DESIGN CODES

Structural Design Code THAI JAPAN
Reinforce Concrete Structure ® ®
Steel Structure ® ®
CFT Column X ®
Composite Deck Slab X o




BUILT UP BOX COLUMN - CFT

Max skin plate thickness = 32mm
Grade SM520B-5SNC
Imported from JFE Japan

SESNET




CFT : CONCRETE TRIAL MIX

SLUMP TEST (400 hac Cyliader) SLUMP TEST (800 ks< Cylinder)

Sycle | Minute Time islumpnn'(cn! Air Content (%) | Temperature (*C) |50 cm Flow Time {s)|  Stop Flow Time () Cycle | Minute Tios Showp Flows fond | AN Contont 0 \ FESENSEPTTY PRSI [r——"
1 5 10:00 72x73 (i) Jan 20 100 1 1) 10338 3x75 05 | »0 27 100
2 0 1025 T3x74 o7 138 20 0o 2 X 1" 1nxn o8 Ny 24 100
60 1055 TaT 08 339 25 110 3| ® e a7 o7 ' 20 22 100
s %0 1125 70x70 07 ¥ 26 90 4 €0 1720 MoxNn 07 ! 4 32 110
s 5 120 123 #x70 o8 | »9 30 "o

“ 120 1456 5 x 66 08 ] 28 10.0

fc' 450, 600 KSC (CUBE). SLUMP 65+5CM
CAN RETAIN FLOW FOR 120 MINS

S8 1
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B SUMMARY : STEEL CONSTRUCTION

BENEFITS DRAWBACKS
* Less manpower e Complicate drawinag
e Less work at site

Better quality

Better safety Needs bigger crane

Involve heavy lifting

Faster schedule lot eno
* Rentable ratio e Costly

COST: COMPETITIVE
( Indirect cost reduced, business opportunity) * bAK regutation contuct ® Vv

Needs high skilled worker
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Base Plate Behavior

® ULE

H West Coast Engineering Co.,Ltd.



Base Plate Design Limit State

___ﬂ__
__"__

SUNISSICICRE Concrete Bearing (A, = N * B)

*R,=(0.85f)* V(A,/A)) * A, < (¢ = 0.65) * (1.7f" ) * A,

"¢ =065 LRFD  Base plate MKthins:)gusvavdaoanaunsa v Base
"0 =250 ASD plate yunalred ons:oneusvlad (concrete dodanans)

( LimitState 2 | g5se Plate Yielding (Bending or Flexure) ! !

“t,=0* V[ 2P,/ (¢F,BN)] LRFD S __

"t =l*V[20P,/(F,BN)] = ASD el 3t
* For H Column: [ = min [ { (N-0.95d)/2, (B — 0.80by)/2, l/4 V(db/4) } ] TTT *************************** TTTTTTTTT
* For HSS Column: [ = min [ (N-0.95d)/2, (B — 0.95b{)/2 ] T T T T T T
"R, =t,2/2l?*F BN Base plate maouuousmwaowano SU pressure 911012 \|

Aounsala v Base plate uuumZHmsjuaaﬂmﬂuawmmﬂ
tinIKS (L uAN) vADVLWULASQ HSE)F'D"IUHU"IU"IﬂUUln"qu

) ‘ v @ UWCE

SSI BUILDING TECH West Coast Engineering Co.,Ltd.




Base Plate mmp Cap Plate
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JILDING TECH West Coast Engineering Co.,Ltd.



Base Plate mmp Cap Plate

Downsides ...

* Field installation & adjustment?
* Concrete crushing under upper columns?
» Aesthetic & space on the floor? N




Cap Plate Laboratory Testing




Cap Plate Laboratory Testing

Laboratory Testing
Cap Plate Size Cap Plate Grade Without shear
320 x 320 mm HY370 headed studs
Cap Plate Size Cap Plate Grade Without shear
320 x 320 mm SS400 headed studs
Cap Plate Size Cap Plate Grade With shear
320 x 320 mm HY370 headed studs

:
SSI BUILDING TECH West Coast Engineering Co,,Ltd




Cap Plate Laboratory Testing

Laboratory Testing

Cap Plate Size Cap Plate Grade Without shear
320 x 320 mm HY370 headed studs
Cap Plate Size Cap Plate Grade Without shear
320 x 320 mm SS400 headed studs
Cap Plate Size Cap Plate Grade With shear

320 x 320 mm HY370 headed studs

- v @ ULE

SSI BUILDING TECH West Coast Engineering Co.,Ltd.




Cap Plate Laboratory Testing

Laboratory Testing

Cap Plate Size
320 x 320 mm

Cap Plate Size
320 x 320 mm

Cap Plate Size
320 x 320 mm

Cap Plate Grade
HY370

Cap Plate Grade
SS400

Cap Plate Grade
HY370

Without shear
headed studs

Without shear
headed studs

With shear
headed studs

@ ULE

SSI BUILDING TECH West Coast Engineering Co.,Ltd.




Cap Plate Laboratory Testing

Without shear
headed studs

Without shear

L
Laboratory Testing
Cap Plate Size Cap Plate Grade
320 x 320 mm HY370
Cap Plate Size Cap Plate Grade
320 x 320 mm SS400

Cap Plate Size
320 x 320 mm

Cap Plate Grade
HY370

SSI BUILDING TECH West Coast Engineering Co.,Ltd.

headed studs

With shear
headed studs



UPPER COL.
SEE COL. SCHEDULE

cJpP
VERT. STIFFENER TO COL.
VERT. STIFFENER TO HOR. PL.

1,200 M

6MM-THK 25MM-WIDTH OPENING REINF.

2 —DBI16, EA. SIDE

'd

\ 4

&
<«

§ 6MM-THK 25MM-WIDTH
OPENING VERT. REINF.

CAP PLATE
SEE COL. SCHEDULE

PJP

(MIN)

Pla—

[

1-DB16 THRU BAR EA. DIRECTION

200 MM 2 - DBI6 IF COL. LARGER THAN 250 MM
(MAX) ® TO.SLAB
SEE PLAN

)40° MIN
20 MM
3 (MAX)

(TYP)

VERT. STIFFENER PL.

THK. TO MATCH COL. THK.

LOWER COL.
SEE COL. SCHEDULE

W

ELEVATION

POSTEONNEX

SHOP SPLICE INTERIOR COLUMN
SUPPORTING FLAT SLAB
TYPICAL DETAIL




6MM-THK 25MM-WIDTH OPENING REINF.
UPPER COL. SEE COL. SCHEDULE ¢ /
cJp 200 MM 2 — DBI6, EA. SIDE
VERT. STIFFENER TO COL. / A T

VERT. STIFFENER TO HOR. PL. \ M 1-DB16 THRU BAR EA. DIRECTION
l ) 2 -DBI16 IF COL. LARGER THAN 250 MM
T ([ X )4 N ® \.® ® SEE PLAN
EENE u l l EEEER
§ (MIN) (MAX) il X N
L AN AN D
TYP | T~ M24CLASS109
UNO. /" 6MM| | E \\\E \\\E | BOLT (TYP) UN.O.
OO
CAP PLATE VERT. STIFFENER PL.
SEE COL. SCHEDULE THK. TO MATCH COL. THK.
| LOWER COL.
PJP | SEE COL. SCHEDULE
(TYP)
AN, POSTEONNEX

FIELD SPLICE INTERIOR COLUMN
ELEVATION SUPPORTING FLAT SLAB
TYPICAL DETAIL




POSTEONNEX

PCT Approval

\\%

Ensuring world-class

WIPO | PCT (1) Novelty

The International (2) Inventive Step
Patent System (3) Industrial Applicability



Value Proposition of POSTCONNEX - ROI

e POSTCONNEX un:nuUaaonaZumsZumu mumswaaumnmsnoaau
(uKDVUAUGNS Uua ZHamsmamauununaomnwunluaaamwuuu

RC Column (4 m long) POSTCONNEX (HY370 - 4m long) Space Gain | Salable Rate | Salable Gain| Net Profit
B (mm) | D (mm) | A, (m?) | Cost (B) | B (mm)| D (mm)| t(mm) A (m®) | Cost(B) P, (Ton) (m?) (B/m°?) (B/column) | (B/column)

300 300 | 0.090 | 2,520 175 175 6 0.0041 | 8,915 69 0.0594 120,000 7,125 730

350 350 0.123 3,430 200 200 6 0.0047 | 10,234 84 0.0825 120,000 9,900 3,096
400 400 0.160 | 4480 250 250 6 0.0059 | 12,871 105 0.0975 120,000 1,700 3,309
450 450 | 0203 | 5,670 300 300 6 0.0071 | 15,509 113 0.1125 120,000 13,500 3,661
500 500 | 0250 | 7,000 300 300 9 0.0105 | 23,026 212 0.1600 120,000 19,200 3174
550 550 | 0303 | 8,470 300 300 12 0.0138 | 30,385 280 0.2125 120,000 25,500 3,585

Assume: auudsimMviuAdUNSQ (3aq+ATLsv) 7,000 baht /m? ua:simviulasvasiotian (3aq+Ausv) 70 baht/kg (2,000 USD/Ton)

) ‘ v @ UWCE

SSI BUILDING TECH West Coast Engineering Co.,Ltd.




Value Proposition of POSTCONNEX - ROI

e POSTCONNEX un:)'nuUaaonaZumsIumu mumswaaumﬂmsnnaau
(uKDVUAUGNS Uua ZHamsmamauununaomnwunluaaamwuuu

Assume: (G HSS 250x250x6 naunu 400x400 RC columns
* 20 Columns per floor [A13uUNdUNS 66,000 UINCIDHU

- 7 floors Iﬁl\_)unE)UE!ng 4621000 uan POSTCONNEX (HY370 - 4m long) | Net Profit
= JolaoUIUUINGVIDIOUNDULYD:LUNN B (mm)] (mm) | Cost(B) | P, (Ton) | (8/column)

250 6 12,871 105 3,309

Very Conservative

Assume: auudsimMviuAdUNSQ (3aq+ATLsv) 7,000 baht /m? uajsimviulasvasiotian (3aq+Ausv) 70 baht/kg (2,000 USD/Ton)

[

West Coast Engineering Co.,Ltd.




Value Proposition of POSTCONNEX — Proven Behavior

« POSTCONNEX nlao1nnas
nadouluKovU)UaNISIHNA
Naoanaovnu Critical
Shear Crack Theory (CSCT)
cuAIsAIUDaULal RC
Column Una

With shear headed studs

ACI 318

Applied Load (kN)

CSCT

0.04 0.05 0.06 0.07 0.08

Rotation (0)

The mechanical model of the Critical Shear Crack Theory (CSCT) has
been used in the past to investigate a number of shear-related
problems, such as punching of slab—column connections with and
without transverse reinforcement.

Ref: Muttoni et. al.

. [

West Coast Engineering Co.,Ltd.




Value Proposition of POSTCONNEX - Strengthening

* POSTCONNEX
aiuisanson
ADUNSOlUNYHAY
IWDLASUAAY
lSEJﬂD’l CFT column
Uou:)aZHl:-n UTOUSY
Ju ua=Avnua1dsiu

Ref: Gakuen Spiral Towers:
L ETLAVERSETET))

Aaaunmu ﬂls ou ztzﬂﬁélelcr:\u{z/odernmet.com/modern—
Aaszinn t(wbdussau:

msaununansau

ll a . ﬂ -] S n u-[w http.s:I/infrastructure.eng.unimelb.edu.au/scs/researc

h/concrete-filled-steel-tubular-cfst-columns

& - @ WLE

West Coast Engineering Co.,Ltd.




Value Proposition of POSTCONNEX - Green

* uALtHUDYNNASIGLa prefabricated HSS j g Ref vt
v:(GLarlunisnodasivnau (Busvviuue N Ny,
Icmfumwno la: amsmamauunumsaonu
Adv POSTCONNEX SuWaQ1NLHANEY
mmsammslmnalonwuo 100% dotdu
GREEN materials Ndgaawans:nuco
JuudQdou aa GREEN House Gas (GHG)
davmWacio GREEN construction, GREEN
buildings wa: GREEN society.

[

Wes! Coast Engineering Co,td.



Be friend with us via...

LINE ID WeLoveSteelConstruction: @060tlizi ir SAVI NG

11 MILLION TONS
OF CARBON
ANNUALLY

https://www.facebook.com/WeLoveSteelConstruction

VAVAVAV4V474

https://www.youtube.com/c/WelLoveSteelConstruction

https://construction-forum.ssi-steel.com/

i0S: https://apps.apple.com/th/app/ssi-steel-design/id1474838160
Android:
https://play.google.com/store/apps/details?id=com.ssibdt.ssisteeldesign&hl=en&gl=US

v @ WLCE

SSI BUILDING TECH West Coast Engineering Co.,Ltd.
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Basic Steel Design
with Unified Method

@ 19 JUNE 2024
10:00- 12:00 u

We Steel Construction

EEL

avn:t uaﬁm Tadldlas
(Line ID: @060tlizi)

June 19, 2024 st

4™ Mini Course




Why structural design?

H#WelLoveSteelConstruction
. Tg secure structural safety
IWoADIWUanQnNy

* To secure good service
IWoAWSANNALIDIGYIU

* To secure service life
LWDDIYNSIBOIUUADVMS

At reasonable cost

At reasonable time




Define “safety”?

#WelLoveSteelConstruction

* |s material still safe at Gy? 550
lUas1n = Uanang? i —
: 500} = —
ool T @%@-SEI NC=.COM
* Is material still safe at ,? T T 13 N:ture
-[LjU"IO _ UaDOﬁﬂ? E 400} / l ,', necking strain-— ’
§ Anfor plastic strain ',' ] T T *‘*l',' &
b A0 —w' I | | | | | ;q.,’;, = ’f
2 § MW (S
B train 5 §:'
o o
2 I/
50 elasr.igjjbtrdln :: ,j i é
%2 4 6 8 10 12 14 554 56 2830
A, strain
Aut
A
A, '




Is “not fracture” safe?

#WelLoveSteelConstruction

LU

3 B 0




Is “elastic” safe?

#WelLoveSteelConstruction




History of AISC Specification

#WelLoveSteelConstruction

STEEL

CONSTRUCTION

1921
Standard
Specification
9 p.)

G\

MANUAL

AMERICAN INSTITUTE

o
STEEL CONSTRUCTION
o~

THERTLENTH EITION

STEEL
CONSTRUCTION

a
STEEL
@ CONSTRUCTION
> Allows ign

First Edition

AMERICAN INSTITUTE
orF

STEEL CONSTRUCTION
INC.




Stress Era

#WelLoveSteelConstruction

ASD = Allowable Stress Design
WOISEUN “ADIULAU HSD HUDELUSY”
AnatuvnusvNguan [Uau AN
gouUlH NISuNI Allowable Stress
golawoisaun Factor of Safety
(FS) Us:nputtnlUaoguad

Stress 0 2 Us:Lnn Ad (1) normal
stress, o Ua: (2) shear stress, T AN
allowable stress 91910u normal
HSD shear stress lagaumsiuaaqv
(uunasgIuNISODNLUU :=a:zNou
stress NYIMUNCIUNISSULSY LEU
2VADIAISSULSVAQ (Fy = Fy o ging)
DVADIAISSULSYDQ (F,=F_,..)
DVADIAISSULSVLADU (FV =F

shear)

F4.

ALLOWABLE SHEAR STRESS

For h/t,, = 380/\/F,, on the overall depth times the web thickness, the allowa-
ble shear stress is

F,=040F, (F4-1)

For h/t,, > 380/ F,, the allowable shear stress is on the clear distance between
flanges times the web thickness is

= F4-2
F, = 289(C) 0.40F, (F4-2)

where

_ 45,000%,
= F i,y > when C, is less than 0.8
y W

_ 190 Jk,
h,’:

k, = 4.00 +

when C, is more than 0.8
J’

5.34
(alh)?
4.00
(a/h)?

= thickness of web, in.
a = clear distance between transverse stiffeners, in.
h = clear distance between flanges at the section under investigation, in.

when a/h 1s less than 1.0

= 5.34 +

when a/h is more than 1.0



Allowable Stress Design

#WelLoveSteelConstruction

= - W a=04L
Wv Resistance:
. . - !
H1 allowable stress N limit state avs:ulu —
UIQSYU AISC/ASD Standard (1989) = - L
R,
Wv Load: L oew
H1 stress VINUSVAIYUDN NLIUUNASOUUDY
usvus:=tnncva wu Dead load (D) Live - 0.4W
load (L) Wind (W) Earthquake (E) 919290 |
load combination N code s:y B iaram
(SFD)
AISC ASD 1989 aR, = 0.4L (0.6W) = 0.24LW
Wind
* D
* D+L
« (D+L+W)*
. (D+W)*
» * =1 1/3 increase for combos with wind acting
alone or in combination... Bending Moment
Diagram (BMD)




Allowable Stress Design
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o Resistance Members _|Conditon

K1 allowable stress i limit state avs:=uylu Beam Normal stress = o}, = Mlz-y _ %
UIASsYIU AISC/ASD Standard (1989) (Compact) x x
. op < F, = 0.66F, = F,/1.5
Ho Load: e Shear stress = 0, = Vly'(zx
K1 stress 1AlsvNIguDnN NIUUWASIUUDY x
usvus:tAnciva wu Dead load (D) Live oy < F, = 0.40F, = (0.60F,)/1.5
load (L) Wl!‘ld (W) Earthquake (E) 21900 Column Norrel Siress = @, ZE
load combination N code s:U (Compact)
Kl
[(G)/Cc]?
AISC ASD 1989 [1 - FT] -Fy
Wind 0, <F,= Kl Kl 3
o 5 3[G)/C] [)/C]
. (D+L+W)*
* (D+W)* F, 12m%E
» * =1 1/3 increase for combos with wind acting 0, <F, = 23 = Kl
alone or in combination... (ﬁ 23 (T)Z




Factor of Safety (FS, Q)
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Uodgndowacio dous:=nouAd1uUanang lunisoonuuulasvasiv

ASD (1989)
1. Resistance
*  ADWAIATYUDVDVADIAIS 0, <0, =
> Qoladov FS gundl Lla AU Wu (cioawv Wu AU Lan dudognlSwa) 0.6F
- = : : M
= A WuUsUsouyovdauuinivnauovddaq ua=AN predict va1nauns W<Ta="Y%

» fN predict KINUUsUsauuIn FS gon31 udsusouling
> (og1olsu ApUNSAsSULSYIQ FS = 250 LRgUuAULHANSULSYAY FS = 1.67

— R —

» 3nueu=N1SOUa
» misJudiuvuauwau FS gonda Suduuulyjdauwau
> Q2pg1uL8U Shear rupture, FS = 2.0 LNgUAU Shear yielding, FS =150

2. Load

= A WuUsUsOuU A wWlbuuuduydVLSOYANS:M
> usvns:nHINudsUsouuin FS gonit udsusouune



History of AISC Specification
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1986
1st AISC LRFD
Manual

The Beginning
of Strength Era

1989
9th Ed AISC
AS D M anua l STEEL

CONSTRUCTION

The End of
Stress Era




Strength Era
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2015UAU U19: mmnmsaanuuulnsoasm
ADUANSALASULHAN NWIsEUNMdvugoda
UDVDVADIAIS z;mUasJuIUmﬂHaﬂmsuao
stress design NWYISEUS:=QU “ADULAU"

ANSWIISEUNNUHANANNS strength design
2:10uNIsUNMMAavguaauovavAoIAS
(member strength) U1aanNdUAIYCIDATU
aaAIMav (resistance factor) oDV
UINNIUSVALAOTUAUDVADIATS ATUADY
mnmlwumuso (load factor)

luiloudv factored load Av:ADVWIISTUN
01U load combination N@aanaovnu
toulutu design standard As:zuyto1(5

e.=0.003 0.85f,
ﬂ —} L

———————

al2

o‘ ® [ Cu

d-a/2

Rectangular
Beam Cross
Section

1
Factored Load, YL ——» |«

t:
——

Strain Distribution

Agfy
l?l'b

Stress Distribution

Designed Load,L ——— 11
11

yl I@l
= | |4—|

Factored Resistance, 2R,

< Nominal Resistance, R,




Statistic Fundamental
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* Tensile test of flat plate SS400

+ F, =245MPa, F, = 400 MPa

Standard Normal

A71579807 Probabilities P[Z<z]
z

z

]

*

—

282

*
* K * Ak kX *k *

288

275

444 0000000000000 00000000000
445 O n O v O nu O nu O M O wun O
< ¥ n N 0o U N RN 0O O O O
N N N N NN NN NN AN F

433

291

Z = (275.2-245)/17.33 = 1.74 vn P(-1.74) : [0 0.0411

4>4 HSE)IE)ﬂ']Elanaﬂ F = C'I']ﬂD'\ 245 MPa E)EJnS'D 411%

278

439

z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
-3.50 | 0.0002 0.0002 0.0002 0.0002 00002 0.0002 00002 0.0002 0.0002 00002
-3.40 | 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0002
-3.30 | 0.0005 0.0005 0.0005 0.0004 00004 0.0004 0.0004 0.0004 0.0004 0.0003
-3.20 | 0.0007 0.0007 0.0006 0.0006 00006 0.0006 0.0006 0.0005 0.0005 0.0005
-3.10 | 0.0010 0.0009 0.0009 0.0009 00008 0.0008 00008 0.0008 0.0007 00007
-3.00 | 0.0013 0.0013 0.0013 0.0012 00012 0.0011 00011 0.0011 0.0010 00010
-2.90 | 0.0019 0.0018 00018 0.0017 00016 0.0016 0.0015 00015 0.0014 00014
-2.80 | 0.0026 0.0025 0.0024 0.0023 00023 00022 00021 0.0021 0.0020 00019
=270 | 0.0035 0.0034 0.0033 0.0032 0.0031 00030 0.0029 00028 0.0027 0.0026
-2.60 | 0.0047 0.0045 0.0044 0.0043 00041 0.0040 0.0039 0.0038 0.0037 0.0036
-2.50 | 0.0062 0.0060 0.0059 0.0057 0.0055 0.0054 0.0052 0.0051 0.0049 0.0048
-2.40 | 0.0082 0.0080 0.0078 0.0075 0.0073 0.0071 0.0069 0.0068 0.0066 0.0064
-2.30 | 0.0107 0.0104 00102 0.0099 00096 0.0094 00091 0.0089 0.0087 0.0084
-2.20 | 0.0139 0.0136 00132 0.0129 00125 0.0122 00119 0.0116 0.0113 00110
-2.10 | 0.0179 0.0174 0.0170 0.0166 0.0162 0.0158 0.0154 0.0150 0.0146 0.0143
-2.00 | 0.0228 0.0222 0.0217 0.0212 0.0207 0.0202 0.0197 0.0192 0.0188 0.0183
-1.90 | 0.0287 0.0281 0.0274 0.0268 0.0262 0.0256 0.0250 0.0244 0.0239 0.0233
-1.80 | 0.0359 0.0351 0.0344 0.0336 0.0329 0.0322 0.0314 0.0307 0.0301 0.0294
-1.70 | 0.0446 00436 0.0427 00418 0.0409 00401 0.0392 00384 0.0375 0.0367
-1.60 | 0.0548 0.0537 0.0526 0.0516 0.0505 0.0495 0.0485 0.0475 0.0465 0.0455
-1.50 | 0.0668 0.0655 0.0643 0.0630 0.0618 0.0606 0.0594 0.0582 0.0571 0.0559
-1.40 | 0.0808 0.0793 0.0778 0.0764 0.0749 0.0735 0.0721 0.0708 0.0694 0.0681
-1.30 | 0.0968 0.0951 0.0934 0.0918 0.0901 0.0885 0.0869 0.0853 0.0838 0.0823
-1.20 | 0.1151 0.1131 0.1112 0.1093 0.1075 0.1056 0.1038 0.1020 0.1003  0.0985

265

423

282

444

288

445

V|| N]Jo|lU]|bD|WIN

272

432

o

298

ok
465 * X * Yok Yok

3

—
—

245

403

—
N

238

Ty O n o n O U O N O N O uwm
= = N m M < wn W To)
401 S T TS T IO TRST

Ave.

SD

275.2

435.7 Z = (435.7-400)/18.19 = 1.96 v1n P(-1.96) o= [0 0.0252

17.33

1819 HSDIE)ﬂ’laanaﬂ (RVE Cl'lfD’l 400 MPa aansn 2.52%




P Nominal — ave B 250 —-270.8 _ 117
b= SD - 1766

| |
Statistic Fundamental b 11 = 0ot
#WelLoveSteelConstruction
m Toman DL 2:u1nn31 250 ksm 28 12.1%

* 2NIWUADUNSAHUI 100 mm 1 252 | 200
(JuUUN2asIv) > 568 | 180
Nominal —ave 200 —283.9
* Dead Load, D = 250 ksm 3 275 | 400 Z, = D =—5799 = 0857
« ADdSIVOSVAIWKUWULUEASU 4 291 454 P(Z, > 0.857) = 0.196
o 105 mm, D twutlu 105% sy | > 272 | 250
o 110 mm, D wWulu 110% Gy | 6 265 | 333 Toman LL 2:u1nn31 200 ksm ¢ 19.6%
« D udvWuApunsawnfuidngont |/ |2 | 444
D Ns:yluuuu Bucinooin precast |8 288 | 245
HSo prefabricated steel 9 292 | 232 ACHI10:89 ASCE 7-02
s o . Wind Strength Design
« mswJagu finishing Unauinco |10 298 | 165 L e Wind:
ASIWUUUUDY D 1wu onwududa [ | 245 |303 210D+ 1200+ 120 e
Uu WuRUdDU KSD Ruunsda > lowg lasr 120+ 100+ 10w
-« MsiagudnHovuduLlUURDVLAU Seismic:
S - Ave. 2708 2839 Dt
YDV IWU L 910 200 1Uu 500 ksm S AL
SD 1766 97.90




Load & Resistance Factor Design (LRFD)
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LRFD uonv1nv:Wwo1stul ADWuUsUsou
yovlusuMguan laglawzagvdo D AU L
ALAANCINYAU dudvwacio load factor uov
D fiu L AuancoAuudd gotduniswaisaun
resistance s:QU member [UlEs:QU stress
aolsu ASD 1989

2.3.1 Basic Combinations. Structures, components, and
foundations shall be designed so that their design strength
equals or exceeds the eflfects of the factored loads in the
following combinations. Effects of one or more loads not
acting shall be considered. Seismic load effects shall be
combmed loads 1n accordance with Section 2.3.6. Wind and
seismic loads need not be considered to act simultaneously. Refer
to Sections 1.4, 2.3.6, 12.4, and 12.14.3 for the specific definition
of the earthquake load effect E. Each relevant strength limit state
shall be investigated.

1. 1.4D

2. 1.2D+ 1.6L+0.5(L, or S or R)

3. 1.2D+ 1.6(L, or § or R)-+(L or 0.5W)

4. 1.2D+1.0W + L4+ 05(L, or S or R)

5. 09D+ 1.0W ASCE 7-16

ASD (1989)

O'L<O'a_

Factored Load, YL ——» |« Factored Resistance, 2R,

Designed Load, L

— 1l < Nominal Resistance, R,
|

= |&=
!
1
||5




Load Combination
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Load Combination K3 thKUAUSSNASIW a:AdulKQMsaINDIDIAOTUAUDIATS AVIGEIVS:HIY

A1snodsiv [Usuns=nunisidviuoiAis
* D1AISSIV

« 21ASIBuIuUNa NV multistory building ua:nau warehouse
« DIASLJDADVLWBTILIHONISAUSVLSY LEU [AWNU uWudulHd

2.3.1 Basic Combinations. Structures, components, and
foundations shall be designed so that their design strength
equals or exceeds the eflfects of the factored loads in the
following combinations. Effects of one or more loads not
acting shall be considered. Seismic load effects shall be
combmed loads 1n accordance with Section 2.3.6. Wind and
seismic loads need not be considered to act simultaneously. Refer
to Sections 1.4, 2.3.6, 12.4, and 12.14.3 for the specific definition
of the earthquake load effect E. Each relevant strength limit state
shall be mvestigated.

1. 1.4D
2. 12D+ 1.6L+0.5(L, or S or R)
3. 1.2D+ 1.6(L, or S or R)+(L or 0.5W)

4. 12D+ 1.0W 4+ L+ 0.5(L, or S or R)
5. 09D+ 1.0W ASCE 7-16

2.3.2 Basic Combinations. Structures, components, and foun-
dations shall be designed so that their design strength equals
or exceeds the effects of the factored loads in the following
combinations:

L. 14D+ F)
2. 12D+ F +T)+ L.6(L + Hy+0.5(L, or S or R)
312D+ 1.6(L, or Sor R) + (L or 0.8W)

4. 1.2D + L6W + L+ 0.5(L, or S or R)

C)5. 12D + LOE | L 0.28

#o6. 0.9D + 1.6W + 1L.6H

C)7. 09D + LOE + 1.6H

ASCE 7-05

F = Load due to fluid with well defined pressures and maximum height
H = Load due to lateral earth pressure, ground water pressure, bulk materials



Load Combination
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Load Combination {ugAKAvY:IAUGaDUTUlULYNISIANISAULFSV LEU

o F\:)'IUlaEJ\)UE)\)E)'anSnﬂDaS'l\)UUWUﬂnUIDﬂ1alﬂOllNUOUIHDSUllS\) (ASCE 7-16 ugn Load
Combination w1th Seismic Load Effects [3tutiHdo 2.3.6 t0udiu)

. msaomsnmUlaaomﬂmwsuusouaoau AUSUAT MRI (Mean Recurrence Interval) v1n 50 un
th importance factor (1,,) L19amsA2WLEsY [UF MRI A 300 700 1,700 ua: 3,000 U lasld |, = 1

L.

2.3.1 Basic Combinations. Structures, components, and 2.3.2 Basic Combinations. Structures, components, and foun-
foundations shall be designed so that their design strength dations shall be designed so that their design strength equals
equals or exceeds the eflects of the factored loads i the or exceeds the effects of the factored loads in the following
following combinations. Effects of one or more loads not combinations:
acting shall be considered. Seismic load effects shall be
combmed loads 1n accordance with Section 2.3.6. Wind and »l‘ L4(D + F)
seismic loads need not be considered to act simultaneously. Refer 212D+ F+T)y+1.6(L+ Hy+0.5(L,or Sor R)
to Sections 1.4, 2.3.6, 12.4, and 12.14.3 for the specific definition
of the earthquake load effect E. Each relevant strength Iimit state 3. 12D 4 L6(L, or Sor R) + (L or 0.8W)
shall be investigated. »4. 12D+ 1.6W + L+ 05(L,orSorR)
»1 1.4D C)5. 12D + 1L.OE + L 1 028
3. 12D+ 1.6(L, or S or R)+(L or 0.5W) s ' '

4. 12D+ 1.0W +L+05(L, or S or R) C>7. 0.9D + LOE + 1.6H ASCE 7-05
ASCE 7-16

on L
5. 0.9D Low F = Load due to fluid with well defined pressures and maximum height

H = Load due to lateral earth pressure, ground water pressure, bulk materials



ANSI/AISC 360-10
National Standard

for Structural Steel Buildings

| | | Specification
A I I I I n for Structural Steel Buildings
Specification
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 Uuo1nU A.A. 2005 Wuduw AlSc Tadnisdam
Specification for Structural Steel Buildings sHa
AU AISC 360 lag "gnlan” n1sldA1o1 Allowable
Stress Design ucils Allowable Strength Design
ANAUQDE ASD zsouUaLUummlnum msaanuuuo:a
58Mavneoull 13981 Lazd:dulnaliunis “gnLan
supersede” version LlANAJY version (HUD:0100VWa
NSANUIDVYIHLA IWWIUS:NDUNISYNSIVUIASTIU

Specification

. Kéo3nUYKUY ASWCJUDVAADIUSTHLA laguoon for Structural Steel Buildings
ADIULAU KSD Hu.‘mlls\) ALSYNIN Allowable Stress
Design loauaom\)umu 1989 aunisAudaulu version
aldaa goua: nauwnmnssuasomnn:naumsmu:)iu
{u version ADUKUN UocnUHanUgum HSDHan
95S81USSTUIAINSAA WoanULUUNAISUIADUSTKLA
UUs:gNAISlUVILSTIEWUDVAU

AT | Smarter.
7): Stronger.
&% | Steel.




History of AISC Specification
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1986
1st AISC LRFD
Manual

The Beginning
of Strength Era

HanN1sN1vANHUIE “cilunssucinuiIs:” nauIauIHmmsmmaanuuuow code LA ua:IuwouanaHma
unmiE 3eastonldia Aah a1u1snmu:>iuaanuqunsoaszc‘iIoa!u code 1110a Nva N code 1A U
Raunwsov ua:zlasunisunlu diagolsu Column equations, Leaning columns, Stability design Wuadu

1989
oth Ed AISC
AS D M anua l STEEL

CONSTRUCTION

The End of
Stress Era




Newer Code =
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Stress
Method | Threshold | Limit Capacity FS ()

|

More Thorough Knowledge

[ (—)/ ] ] \
Kl 1- \ *
—<c, F, = 5, [(7)/C 1 (& )/C ] + \
_ [ene i 5 3lG0/ed  [GH/e. 3t s 8 | :
<= |I'F, 3+—'g g | | *
2
y T c 23(—)2 (ﬁ) 12 Inelastic
I | buckling |
L, fE
- <471 F_y F,, = (0. 653Fy/Fe)Fy 1.67 |
LRFD Elastic
L, E buckling
- >4.71 F_y F., = 0.877F, 1.67 ( ) .
KI . L
Threshold T e
vUadvlna / Uawoisan
1. Inelastic buckling D109v ASD 1989 USuA F, av “Qdg FS Auwauion (Kl/r)/C." gncipvlku AVa Af1dv (nominal strength) aaav

DINWAUDvV residual stress na\)waleﬂownmﬂssunlSUﬂD’l stiffness reduction

Wav1n geometric lmperfectlon uov column [Agnsoulu FS gncipouddksal (Joquu 8 concept “leaning column” luNISWOISEUN)
WaNISANUVIIVIKLA QDUC]:)E)U-]\)nQaDUﬂU"IﬂUU + M8 advanced FEM U14§dg ot a\)WE\IHaUﬂTS predlctlon UAwuLugdu tussalu



Newer Code = More Thorough Knowledge
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Extra load VS. Reduced strength

z I:’leaning, 3rd

Leaning Column Concept l

Notional load
0.2% X~ I:leaning, 3rd

)Y Pleaning, 2nd

Notional load
0.2% X~ Pleaning, 2nd

Out-of-plumb
1:500




History of AISC Specification
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2005 il
18t AISC Unified v
Manual

The Beginning
of Unified Era

2022
Latest AISC
(Unified) Steel
Construction
Manual




Unified Method
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HIAWY1saunmuKanns LRFD nluaiuuov
resistance LUUNNS aanaumMavusullsvovA
91A1S A28NISUN resistance factor (¢) 10N
(Upeu maos U (nominal strength) LNEUANU
ILSVNANS:NIAUDVADIATS NQALWUAIADY

load factor (y) .. ucitasutdu mswoisan Factored Load, YL —» |- Factored Resistance, 2R_
unfactored load (service load) t(NgUAU J
ANAvsuLsVs:y nominal strength upvovA _ e ) )
a1n1sﬁqnaonau 1S “K1sAdUS=ADU Designed Load,L ——— : : < Nominal Resistance, R,
ADWUaonang (FS = Q)"

yll@.
= [¢=
" !
(NI
I
I
11

35n1sU 1Send1 Allowable Strength Design
(3Aogo ASD WuLQednU Allowable Stress
Design NVUKIAWY1ISEUIAILDAY load factor
uDv gravity load combination Ay = 1.5 no:
awisaudavds LRFD ua: ASD nauluuila
L1S9NISUD1 Unified Method







iHanwWudaqixded (Ductile material)

#WelLoveSteelConstruction

« IKaNcivOINADUNSA asvntkantdudaqirided (ductile
material)

Suusvavlaa ucinounsasuusvavunulula

luasuusoooaolumao yield usvdvo:lwu linearly
MUS:8:N&aoonN HSD E = elastic modulus =
stress/strain = (P/A)/(AL/L) HSD E = PL/AAL HSD P
= AE/L * AL

lUE)SUllS\)O\)DUlaEJDO yleld v:=lAaQ strain hardemng
nasuusoooImwuumIULUun:nuauwuswmau 1SN
winsswin strain hardening

e TumvumsAUdaU WDLKANSULSVLAYQ yield o=

W9ISEUDIIaN1d: plaSth EIUUSEUF]DIUEI']U'\SﬂSU
usvdvldlas Bunidu elasto- -plastic material HSD
elastic-perfectly plastic material

Y

Elastic Zone Strain-Hardening Zone

N

Plastic Zone Failure Zone

e

| | Ultimate Tensile Strength
| | (Fu) | /

|
|
| | |
Yield Paint () ! Fracture P li:'b
| / | | 9

| | |

\ I‘-’rc)| i imi | |
| Porhonal Lirit | |
| |
| |
| |

ay

Ty

o

L LN,
I
&

Strain distribution

(profile view)

Simplified

|
m

L]

|

El E},

€,
s

Stress—strain diagram
(elastic-plastic region)



iHanwWudaqixded (Ductile material)
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« IKancivOINADUNSA asvAtkantdudaqirded
(ductile material)

« dnutuzuovIaqiiliedrdnus:mis Godu

JoWISTUINSIUA K3 yield criterion lumv ""\\\ T
—r b (] I~ [~ i - - o
nﬂug F_]_D P'Ia\)S_l;JllS\_)"lDDU JAUs:=uau 60% \B .\.\Mmmal -
yovmMavsuusvavu Kso F,, = 0.6F ua:F = s, S
0.6F,
« dHSUADUNSA d:=0AT E AudsWwuluaumav n
(f.') ua: concrete unit weight (w_) lag E_ = o
concrete elastic modulus UAUJulUau
aunisaiualv Ll
E. = w}50.043,[f! (in MPa) Equation 1 1
E,=w}l® 33{? (in psi) Equation 2 0 '

1 1
0 0.001 0.002 0.003 0.004
Strain (in.fin.)



IHannalnsa E Avi (strength # stiffness)
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« IKanLWuidA E AvNNALASQ

* INSQLKAN JHanHay WU SS400 SM490 150
SM520 TUouns:iv SM570 tnsaltkana:Nou
“Aav (strength)” NuanciivAu WU SS400
Gﬁﬁos“uusoc‘ionsm (yield strength) HSD
F, ~ 245 MPa ua:mavsuusudonyaanuia
(tensﬂe strength) HSD F, ~ 400 MPa

+ ucitnsatanncivnu IumZHm E (slope
UDv stress-strain curve) Wagulu wa
AMSANUIWUDIAT E LKan AvAlunntnsa n
$12 200,000 MPa (2 au ksc)

|

T T T T l T
(8.1,643) SM570
(15.5,530) SM490

2

Engineering stress (N/mm")

. mEanauusomasamSlaasUan Nou Y5 @ 3 30
Araawwua (stiffness) aouJunumau:n Engineering strain (%)
strength AU stiffness Uuuancvnu



uauguUINAVUAUAUFLAU
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. luanswuumucmumo (AudaAvN) 1S1 awsa
moonuanawwunlo NNJUAS X =
Z(x A; )/ATotal ua:y = 2 (y;4;)/Ar uas n
Jiasacounu x y Iolsummﬂunuanaw HSD
centroidal axis

* LAUAULAUDADVWIISTUT K1 “DQd:liu” HSD
neutral udai Wuon (Wdv) ua: lbau (lusa)
Na1dAD LJDDVADIAISIAONSAQCD (lBUAIU) ddu
HUVUDVAIUDELAQUSVDQ DNdIUd:LAAUSVOY 1ag
AJIULAUDAUA:OY d:1Aagvdanyauudauas
d1vgaupvnu udrApea acaviugudivaa:iiu
Bonunuduiunua:ziiu o neutral axis

Centre of Gravity of Plane Figure

iy
&
TTT\
3

I-.—S—.-




uauguUINAVUAUAUFLAU
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« Centroidal axis 2:un{UBlunIsK
auuacinv a yovkuaalsu
moment of inertia, radius of
gyration Wudu

* Neutral axis v:Uh{U{Bluns
WoIStUIKauuankuaatnans
aaad (flexure) LBU section
modulus Nv elastic section
modulus wa: plastic section
modulus sOulUaudv first
moment area d1KSUNISK1AN
shear stress HSD shear flow QJg

'

_____________ .

tension

by x ty

bgX ty

v X Ly

+
111

F<F,

+
11l

F<F,
M<M,

.M:M‘

+
L

M,<M<M,

b

Neutral
AXxis




Elastic vs. Plastic section modulus
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e Section modulus da:znou “ADWawasaluns
AaluniunNIsaquovKUNAQ”

. aauIUnmaosuusooonsm T, = FXA :LHUDN
Uaaanaowamamaosuusooou 2 Udvdg Uady
usnuININKUNAQ (A) 9nUaveuiondaa (Fy)

o dHSUNISWIISEUNINISAQdOALEULAEIAU
nsadliioWwaan destabilization (dousu

usvaatnans buckle) a:la3rmavsuluud
QQ Junu 2 U98 Ad HUhAaaua: 3dq

M = Force * Arm = [Fy(Area)] * Arm

. ﬂ'la\)SUIUlUUC'IOO UﬂWO'leU'ln 2 s:QuU A (1)

ZH H H
s:(U M, BulWolSuLAQ yield ARausn H3DHIN = [Fy G +B)] My = [Fy(B5)] *
moment golifivaald mud:Avamw elastic _ . BH _ . B
lUtdgsUn1ds ua: (2) s=auinn @ aausvAIU =FEe) =5

LAaNs yield 159N plastic moment HSo M, — S, _F.Z

y&Xx



Modulus of Section (u uan.
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« MRUQOD8dNNANUNIZ,, 7,

. ARuaavid oAU ulaon

e Z =1,/(H/2)
e LU H100x50

*« Z =187 cm?/[(10 cm)/2] =374~ 375

Poobylb e byl bbbl

mavio
LUAS
kg/m

v |Aramun |[Fedd M
in Wi
mm mm cm?
Hx B t: |t a
100 x 50| 5 8 11.8
100 x 100} 6 8 10 Z

'
'
TWLALRRI WL ey

HELREN LT

cm?

Zy

13

* Z,=1,/(H/2)

3] 2.47) 7 2h.7

at Elastic level

o =My/l = M/S,
4=m F (Compression)

DM

E
‘ F (Tension)

©

oment arm
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) S, lugdavthdndatainsouunu x @adiun®)
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Ml 5 vinanazIBmIveninURaIey alioms22nIUUIMSIKEN S, lupdanindndaainsouunu y dmsuntindasusilildalusdantindavitesdn
v fasvasiwsvwssm : o s v Y !
(22 4.1) (slaaLuns’)
Y 3 -V 2 ar = “u -
o — L = N § Lugdavidawarafinsauunu x (Hadwes’)
LAY WL A8 = ai ,:E
AP S I
Tid ) ,[ y hJﬂﬁdﬁu']ﬁﬂW'ﬂqdﬁﬂ'aﬂULLﬂu Y (llf\ﬂl.llﬁﬁ )
Fealtau siu § = ’-I {1 ’ ‘ :
by a X— i X .
1 J VI an
S upR¥an1adn Zx = —E—— S\ unv 5
; H - H/2 o |4 &
ad wf
B &2 2y = —L = . N1722NILUUIIADTIATTTULLTIAR
- B/2
" : : fasis - 5.2.1 AN5ASIN
vun (A2 umun |Fada v | woane | wameewiden |§ed uagdanndia st
ind - |wivde | wues o
- um | kg/m cm cw? M, =M, =RKZ, (10)
HxB t1 L r a ix iy X Zy ) . . ) .
o F, = mhounesnagainmuanuviavsananilyd (wnsiaena)
1 11 ¢ 3,98 5 5.3 .. - - .
LS 8 S S W Z, = lugdamhdawanainsauunu x (Haduns’)
100 x 100] 6 8l 10 |z .2 13 gl 2.4 7 28.7 *
125 x 60| 6 M s| o9 13.2 29, 1.2 66 9.7% . Y -
195 x 1251 6 ) = - BT 275 5.2.2 ASIAWAITNNTIUASZN1TUA
148 x 100| 6 9 138 30.1 = ) T T S o w s iy w R
e = . o o i esamiiiagaon n) Lﬂji‘] Ly < L, Msasfinsanannzdaindanisliuniznisdiawaznisin
150 x 150| 7 Wo| 11 1.5 565 JERE B 761 )WL, <lp <L
175 x 90| 5 9 |23 7.26| 2.0cfl 13 21.7
[175 x 175] 7.5 12 |51.21 7.50| .36l : 112 — Y - L, — L,
194 x 150] 6 13 | 29.01 | 3 7| 2.30] .o A 57. MAERIBNTEHASHALIEY My = Co| My — (Mp —07RS, SM, (11)
198 x 99| 4.5| 7 1 |23.18 | 18.2 114 &.26| 2.2 60 a5 nsznsumalng L, —Lp
200 x 100| 5.5] & 27.16 | 21.3 134 2,24 14 3
200 x 200| 8 12| 13 53 [49.9 | 4 720 [1 600 | 02f 472 160 , o o . o = = >
200 x 20412 12 12 | 7 £ 4 980 |1 700 5| 2.l 298 167 A Zx Zy BN mmﬁ’mm@mmmmgmmumw uan. 1227 nuU AN Z)< Zy PN @Jﬁ\lﬂﬂ’]?@ﬂﬂLL‘U‘Uﬂqﬁ’]iLﬂ@ﬂIﬁ?\‘]@ﬁ'qﬂ
2]10 3 3. c g2 = 128 €25 a o . p I 1 ™
SRl el Tiap 13 185.61 £.8317. 108626 | 216 swssnd Inansulaansnisuazidalias neenswesnmalng vive e, iluAuazANY
244 x 175] 7 [11| 16 [56.24 [4a.1 [ 572 | asa [10.4 |4, 1cff 502 113 *
244 x 252{11 [11) 16 [82.06 [64.4 | & 79" |z 940 [10.2 |5.9¢f 720 223 . St : , SV 1 o . < 5
el E T el i | o ook s 5 fn Z, Z, au wen. uen “Elastic Section Modulus” firnriusaeen S, S anu aein. InanisAnuadn 2, 7 fiflu
248 x 243] 6 |13| 16 |84.70 [66.5 | @ a3 |- 250 |in.2 |s.o@ec1 | oea plastic section modulus Tuangnaman Tu wen. lulauansenld feanuuvuadusesruonies
250 x 125] 6 | 9] 12 [37.66 [29.6 | 4 o 294 |n.a [2.798 304 47.0
250 x 250 9 |14 16 |92.18 |72.4 |10 eoc |z sa  |ia.e |5.odl s67 292 :
250 x 255(14 [14| 16 hod.7 |82.2 |11 500 780 0.5 l6.00 219 304 #WelLoveSteelConstruction




ASATUDAU Plastic section modulus

#WelLoveSteelConstruction

AN Plastic section modulus (uu1asyU
Jdn. HSD UYN. (Baryanuauoivovu A ®
U1QSTIUDLUSAU AISC MHEUQQDY

= - - at Plastic level
dryanual Z,, Z,

(-)

e CNSIVLKAN UDN. HSD CNSIVLIKANUDY "y
WWaalHansuwsseu Unlbuaava Plastic 4m C (Compression)
section modulus U WoDNUUUIVADY H S 5
F'hUDfUlE)\) » T (Tension)

F (+)
« HANNISWYsUN WUlUo auqauoousy B ’
NHKUNAQ X(Force) = O ua: X(Moment) =0 Moment = C (or T) * (Arm = H/2)
lag Force = stress*A
Force =stress*A=F ) (orF ) * (Area)

Moment =F, * (Area* Arm)=F *Z,



ASATUDAU Plastic section modulus

#WelLoveSteelConstruction

t A Mp = Fy*A1*Arm1 + Fy*AZ*ArmZ + rﬂ
Arm, | A, A +F *As*Armg + F A, *Arm,
Arm, ﬁ A, = Fy* Y (Area * Arm) = Fy*zx at Plastic level
T | A, | HUAaaauuas A,=Ajua: A,= A, F, (-)

« C (Compression)

+ Golu dHSU H-beam AOIU A F, iiAuno H | o .
HUYAaaiuisan Plastic sectlon modulus m) T (Tension)
(091N NMISHY WAaSDUUDVWUNATUAUS:E:HID F,©

- - g C B
vInAguUgnatvwunavunua:ztnu (NA) Moment = C (or T) * (Arm = H/2)

» uciknnLlu section NUs=ndUTUdIA plate N
F, lUimMAu daowoseunauqayvausy uas
auoauaolmuummuoso Moment =M, = F, * (Area * Arm) =F, * Z,

Force =stress*A=F ) (orF ) * (Area)



ASATUDAU Plastic section modulus
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- A M, = F *A*Arm, + F *A,*Arm, +
Arm, | A, A +F *As*Armg + F A, *Arm,
Arm, L A, =F,* X (Area* Arm) =F *Z,
! A, | HUAaoauuias A= Ajua: A,= A,

« (D810 1:H100 x50 (t;=7 mmt, =5 mm)—

n ]
L

HUAaauunas NA agnnvnaivnAuanAu

A, =5*07=35cm?’=A,
A,=(10-2*0.7)/2*05=215cm? = A,

Arm, =(10/2-0.7/2) =4.65 cm = Arm,
Arm, =[(10 — 2*0.7)/2]/2 = 215 cm = Arm,

Z, =% (Area* Arm) = 2*(A;*Arm, + A,*Arm,)

c = 2*%(3.5*4.65 + 2.15*2.15)
cm
= 2*%(16.275 + 4.6225) = 41.8 cm?3

Arm1 A, i e |Feald (,;‘? WIARe m;gyéﬂwmxifau %’ﬂ;ﬁh\nﬂu uiRNanndn

l N.A il midia | ams | 0

: 10 cm mm mum tl cm? kg/m, L . cmbe cm
Armg A Hxb |t [l r a B 1 B _
T 3 = Y T lngunu S, =375 cm?3
100 x 50|15 QW) 8 |11.6540NGN50)| BNSE | “Massh - .o8] 1.
| A, | 100 x 100] 6 J¥s| 10 [148000%.> | D888 | 13ANs] .47




A1SAUDTU Plastic section modulus

#WelLoveSteelConstruction

< Calculation

< Calculation

n ]
L

HUAaauunas NA agnnvnaivnAuanAu

A, =5*07=35cm?’=A,
A,=(10-2*0.7)/2*05=215cm? = A,

Arm, =(10/2-0.7/2) =4.65 cm = Arm,
Arm, =[(10 — 2*0.7)/2]/2 = 215 cm = Arm,

Z, =% (Area* Arm) = 2*(A;*Arm, + A,*Arm,)
= 2*(3.5*4.65 + 2.15*2.15)
= 2*(16.275 + 4.6225) 4 41.8 cm3|

Full Report Export FullReport  SS| Steel Design

Material Properties Material Section Mobile App Check
Section Properties b 5cm
Ag naem’ t¢ 0.7 cm
a, 1.23 H 10 cm
Kc 0.76 tw 0.5 cm

3

I zZ, 41.8 cm I

) * (1>2g10: H 100 x 50

. QD081 X5
Iy 14.67 cm
ch 7’.29(:m‘1 (tf= 7 II"I' tW - 5 II"II)
J 1.63 cm4

4
I 178.16 cm
hg 9.3 cm ) E . r 4

UM A amun |Fedd uaRe | WLNUARI WL Ne
x 3.97 cm ind " wmivda | wues
y 5 cm mm num cm? kg/m
HxB t: L r a
h 8.6 cm
. 132 em 100 x 50| 5 8 |11.8
100 x 100} 6 8 10 | 2 £ 13

HELREN LT

INOUAU S, =375 cm?3




A1SAUDTU Plastic section modulus

#WelLoveSteelConstruction

5cm F,,(2,400)
A
A C
10 cm i - F,,(2,400)
NA Aa T
A,
F,, (3,600)

* (D281 2: H100 x 50
(t.=7mm¢t,=5mm)

* Top flange ua: Web:
F, 2,400 ksc

ATUDEURICUKUVLAUA:LAU (Neutral Axis, NA) 91nduQaudousy

2 Force = O; C=T:
A F+AF, =AsF,+A,
(5*0.7)(2,400)+(10-NA-0.7)(2,400)*0.5= (NA-0.7)(2,400) + (5*0.7)( )

3.5(2) + (9.4 — NA)(2)*O.5 = (NA - 0.7)(2) + 3.5(3)
-35+94 + 0.7 =4NA
NA =3.3cm

ATUDEUH Plastic moment (M,) uduHUAQ (NAYALAAMSASIN 6 = F,)

M, = A;F, (Arm)) + A, F; (Arm,) + A3 F, (Army) + A F,, (Army), F = 15F,,
=35(10-33-0.7/2)F,+[05(10-33-07)](10-33-0.7)/2F;+
[05(33-0.7)1(33-0.7)/2F,;+35(33-0.7/2) *15F,,
=22225F,;+9F,+169F,+154875F,,
=48.4F,,

Plastic section modulus Z, ~ 48.4 cm?3 (1GU 41.8) 1N AuNTU
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LJDANUSULISY
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W a=04L

. WiamusuusvMeuonATNNSMAVAINAUKUN l.oa '
Aa 1SN transverse load MuD:IAONISUDU R R
(1D 3AdASAWNSAAIUILURKILSVME(UANS:NAU 1
Aau laguaavoonuitdu diagram ASYNN 0.6W
Shear Force Diagram (SFD) uaavuulquas
NANIYUDY WSVLADU Wla: Bending Moment ~ 0.4W ‘
Diagram (BMD) uaavuuiauaziANIvudv 2

luludaa Shear Force
Diagram (SFD)

« uUsvlddu d:=dowalagasvcioAdIUtAULIDU
(shear stress) ua: Wwuadaaad:daowalagasocio f‘R‘ I
AULAUGYNN (normal stress) lag normal
stress Ud:dvwacia “LlangsniwuavAiulagsdu
ua: element cinvo 9 ypvAU”

Bending Moment
Diagram (BMD)



Shear stress & Shear flow in beams
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SHEAR STRESS

Parabolic

Gx1 Tx2 _ [ l r Transverse Force Cross-section da-a
\ e
T - | — | BB — o0 1
~ > — ’ ; = he
Vio \ e ,Q, o 7% =0 at the
- P —p T top surface
U= T P %
A N & IM(x L e
M(x) e NA: Y M(x)+ diﬂudx [ Aread 1
i : M dx 4
: ! { 1 M i
dx 7 ) )
Resultant Shear Shear stress T

Force F(x)

NASIUVDIUTIIULUAU X = 0

Yig Yiop

w(x)

+—>> F =0= J;G\,lr(_r)d_w' — J.G\,;r(_r')ciy +T,(y)dx =0

3 )}

Janasusunslvd lagunud oy = M(x).y/I,
J J[(].\‘ )y /(3 )y — J- (JI(.\‘)+;’.’JI(.\'))J' 1( )y + T 1(y)dx = 0

3 ¥

AanasuauN15Iud 1ngmsANUUNAY dx wag t(y)
dM(x) 1

Viop

— [ ()
T, & 10 J vi(y )eh
X
us V(x) = dM(x)/dx davasulustazla oy ol
(5) ()O( v C L e _ A’ JuUnNuNInNTUL wag
T, = Vix) J vi(y)dy = Vix)o) _ Vo Tagfi Ov)= J Foyt(y)dy =34 y _
1(y) - I1(v) It ) y’ U580 centroid Ya9 A’

U89 N.A. ¥84 cross section
Ref: www.ku.edu.tr
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BENDING STRESS

LB
% b
M=/aydA
A
E 2
= —= dA
R/Ay

area moment of inertia I

FLEXURE FORMULA

o

_ My
AR

THE
EEEEEEEEE
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centroid

\x

neutral axis

COMPRESSION

TENSION |



THE

EFFICIENT
ENGINEER
SUBSCRIBE



SHEAR STRESS

Ve
~Tb

T

Y first moment of area

)
O
|
7 T
N |
|
-
NG
<
L
I
I
S

: 2
SHEAR STRESS
VQ
y T=W
A :
iL‘I_‘ 5 B (i o
i 21(4 y)

b

N

v

ICIENT
INEER



FLANGE
./7'_~ carries the bending moment

\l\'f E B

carries the shear force

FLANGE

\_/ carries the bending moment

THE
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Stiffness
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Beam Stiffness

#WelLoveSteelConstruction

« Taglu Stiffness KurgdivAIwawIsalunIscuMuMSLEUSUKLDEY A usv (Force KD
Moment) cios:g:n1stagsu (Displacement HSD Rotation)

« Beam Stiffness 90910HUIEAIIUIN usvn apply \WolHLAQ deflection 1HUJY HED moment A
apply lWWalHLAa rotation 1HUDY (radian)

e MSWDISTUN Stiffness lagr>lu Jvlawoasaunluydv elastic IWS1=AUFUWUSS:KI10USVFAU
szgzmstdosu Wuuuuldolau

« TaoolUudd Beam Stiffness K1lAvnaums M(x) = EL*d2y/dx2Tag usvk$a Moment = M(x)
nstassy = d?y/dx? aouu EL, = Beam stiffness

« 21wnanla31 lagsoua udranuawisalumsaiumumsidasuyovmutkan Judu E = Elastic
modulus = 2,000,000 ksc ua: I, = Moment of inertia souunuNLAQMSQAQAD (WLNU z) HSD
Beam stiffness [UOuUAU F, KSD Lthsalaaq

\¢
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ASATUDI Beam Stiffness - 1

#WelLoveSteelConstruction

Mo

y

M, (x) = M,

(1-%
7

 gnNCDDEIVLEU simple beam i moment ns:znAN
support Q1uKUY ADVNISHY Beam stiffness U

« Beam stiffness upuAUCDIHUY Juiluanueau:ua:
sULUUUDVUSVANS:M LU DINADDETY ADVNIS
K1 Beam stiffness U KU1gav A YWUawwIsalunis
AuNIU End moment ¢io End rotation 1radian

¢ 35A1SH1 Beam stiffness 1SU911 NNSH1 Moment
equation, M(x) = M(1 - x/L)

d*y(x)
dx?

M, (x) = M, (1 _ %) — EI,

\¢
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ASATUDI Beam Stiffness - 1
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M

™
0

|

A

MZ

0=y

(1-%
7

> X

« IWNHUgAD MSK1B(x) A x=0

ﬂ M, (1 —%) dx = El,y(x)

Moxz M0x3

+ Cix+ C, = ELy(x)

2 6L
x=0,y=0 C, =0
x=Ly=0
MyL?> M,yL3 MyL

\¢




ASATUDI Beam Stiffness - 1

#WelLoveSteelConstruction

« IWNHUgAD MSK1B(x) A x=0

My x* x° Lx_
g, (7 Ter 30 =YW
M, (2x 3x* L\ dy
EIZ<2 " 6L _§>_E_9(x)
M, M,(x) < M, (L
\M X —__ =] = =
0(1 \L\) EL\3 O(x = 0)

« avuu mid End moment M, 9:1AQ rotation
M,L/3El,HSD beam stiffness upvs:uul o=
LN1AU 3EI/L

9. Beam Simply Supported at Ends — Couple moment M at the right end

e —— _6EI
L _ A M

- { 0=
- - 3ES

v =-
" TGEI I*)

.‘! - -IWJ i)nlil‘ - f~
B,y §0, e~ X e| = ﬂnﬂ\'[ v '\| S 93 ET J3
[y ~ 1= A
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ASATUDNI Beam Stiffness - 2
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C D

A

« IWNHUgAD MSK1B(x) A x=0

ﬂ M, <1 — 2%) dx = El,y(x)

Mgx? 2Mgyx3
> T el +Cix+C, =ELy(x)
x=0,y=0 C, =0
x=Ly=0
MyL?> M,L3 MyL

\¢




ASATUDNI Beam Stiffness - 2
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y
0

-

M

e

« IWNHUgAD MSK1B(x) A x=0

My x* x° Lx_

g, (7 T3 ) TYW
M, (2x 3x? dy
EIZ<2 ED _€>_E_9(x)

My (L B _
—E—IZ<6> = Q(X = 0)

 avuu mid End moment M, 9:1AQ rotation
M,L/6El, HSD beam stiffness uovs:uul d:
LN1AU 6EI/L

\¢




ASATUDNI Beam Stiffness - 3
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y

A

« gNADDEIVLLU cantilevered beam U
concentrated load as:NMAJaigAudu
(ovuN1SH1 Beam stiffness U ((Gusv P

/ > X tn{a twWalHLIAQ deflection (uplift) 1 HUD®

z « 38A1SK1 Beam stiffness 1SUDN ATSK

Moment equation, M(x) = PL(1 - x/L)

X
L M,(x) = PL (1 — Z) =El,

d*y(x)
dx?




ASATUDNI Beam Stiffness - 3
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« INKHVIgAD MSKH1y(x) N x=L

///---- ) "X ‘Uﬁm(1—%)¢x=EQy@)

PLx® PLX | . o vC, = EI )
— X = X
PL Mz(x) <Py _x 2 6L 1 2 zy
L
x=0,y=0 C, =0
PLx? PLx34_C ey
> 6L 1X = ELy(x)
PLx?
PLx — + C; = EL,0(x)

2L




ASATUDNI Beam Stiffness - 3
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« INKHVIgAD MSKH1y(x) N x=L

/ ) "X ﬂPL(l—%)dx=Elzy(x)

2

2L

P Mz(X) _ PLx — + C; = EL,0(x)

PL(l _ X




ASATUDNI Beam Stiffness - 3
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o WhHLIgAD MISH1y(x) A x =L

. Px
P

PI3
3El,

=y(0)

PL Mz(x):PL N o . _
(1-Z * dvuu ald Concentrated Load P (unANv y+ 9=
L 1AQ displacement_(uplift)hPL3/3EI73Hsa beam
stiffness uovs:=uulU d:=tN1AU 3EI/L
BEAM TYPE | SLOPE AT FREE END | DEFLECTION AT ANY SECTION IN TERMS OF x | MANXIMUM DEFLECTION
1. Cantilever Beam — Concentrated load P at the free end

1 3 3 PP e PP
] ‘\‘(\\i °=3E r=sg IR
e / —al

\¢




Design for
Compression
Members
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Fundamental of Structural Steel Stability

Strength

Ability to resist forces

Atyield, P, =f.A

Strength «< [material (fy),section(A)]

At 15tyield, M, = f,.S,

Strength < [material (fy),section(Sx)]

Tensile Force (P)

Tensile (Normal) Stress (o) = Area (A)

Stress (o) = Strain(e) * Elastic Modulus (E)

Stress —=
(Load)

H
2| Hook's Law

D

N

Elastic Region

Plastic Region

FE=—=1]-

Plastic Region
'
i
H

{szt:,an'.,';mn] Ref: www.extrudesign.com

Normal Stress (o) = T
Ormat Sess 10 = Section Modulus (Sy)

Tension

Ref: www.chegg.com

Stiffness

Ability to resist deformation

AL EA
P=0.A=€E.A=—FEA=—AL

Within elastic, I L

= Stif fness x displacement

Stif fness o« [material (E), section(A), length(L)]

d?y

Within elastic, M =EI IxZ
X

= Stif fness x displacement

Stif fness « [material (E), section(I), ]

SSI



Fundamental of Structural Steel Stability

Strength

Ability to resist forces

At yield, P,

£, A

Strength « [material (fy),section(A)]

At 15tyield, M, = f,.S,

Strength « [material (fy),section(Sx)]

Stability

Ability to resist a specific force
with respect to a deformed shape

]

—

Ref: www.wikipedia.com

m%E
5 A
()
r

Stability o« [material (E), section(A), length(L)]

e

Stiffness

Ability to resist deformation

AL EA
Within elastic, P=0A=€E. A= TEA = TAL

= Stif fness x displacement

Stif fness o [material (E),section(A), length(L)]

d?y

Within elastic, M =EI IxZ
X

= Stif fness x displacement

Stif fness o [material (E), section(I), ]

SSI




Fundamental of Structural Steel Stability

Strength

Ability to resist forces

Strength « [material (f, ), section(4)]

Atyield, P, = f,.A

Stiffness

Ability to resist deformation

AL EA
P=0.A=¢€E.A :TEA =TAL

Stif fness o [material (E),section(A), length(L)]

Stability

T
[F?;BD Ability to resist a specific force
with respect to a deformed shape

> AL M(x) d*y(x)
EI ~  dx?
d*y(x)
Ref: www.wikipedia.com _P.y(x) = El dxz
d?y(x) P
0= Ix? +E.y(x)
y(x) = C; sin (\/P/El.x) + C, cos (\/P/El.x)
b - w?El 3 n’E 4
T (L/r)?
> AL

SSI




Fundamental of Structural Steel Stability

AISC Load and Resistance Factor Design (AISC/LRFD)

How?

/_l Stiffness Reduction = El is reduced as some
S y Inelastic elements within a section reach yield (F)).
‘\ 7 Buckhing
F < T Elastic
2 buckling
0.658Fe / E, = Critical ¥ /
[ B stress, h, -
ksi ~
F.. = 0.877F,
KL/t Transition  between
(4 equations  (location
varies by F))
Srandard {'ér.i.i’.'imn CHIVE, 71'2 E
\ » F, =
1 KL 2
TRANSITION POINT LIMITING VALUES OF KLir (_)
F,, ksi Limiting KLir 0.44F, , ksi r
36 134 15.8
50 113 22.0
60 104 26.4
it} 96 30.8

How can the stif fness be reduced?

Can the stiffness be reduced?

Stiffness

Strain distribution
(profile view)

€ €y

€

2

Stress—strain diagram
(elastic-plastic region)

SSI




Column Design Example

#WelLoveSteelConstruction

29610 oNUUULAINDIKABL HSS AldIKaNINSA Step® auud uula HSS 250 x 250 x 12 mm
F, 370 MPa (HY370) 912 5 Wwas Suusolutudunu A =105 cm?
DL 120 diu ua: LL 70 au lidluwudda auuduang I =1 =10.300 cm?
nv 2 duyavtaitdu pin x Y :
P re =r, =9.63cm

* Step 1: Us:U1euNISULNAHUNAQLENDIKAYU La:

K1 Section property Step 2: HINASOUUDVUSY
* Step 2: ANUDTUNASIUYUDVUSY

] ) _ P_ =DL+LL P, =12D+16L

* Step 3: MudIRAWUABUWAANSSU -120+70=190 T = 12(120) + 16(70) = 256 T

* Step 4: ANUDTUDAOSIAIUAILB:AQ

Step3: H1DAWAYUWAANSSU
(LD = ATTV(E/F,)
=4.71*V(2,000,000/3,700)
=109.5

 Step 5: 1SDVdDUADIU compact UovHUNAQ
* Step 6: AMUDTUANAVSULSVDOS:Y

* Step?7: assvasuAIUasalunIssulsy



Column Design Example

#WelLoveSteelConstruction

2819 DONLUULAINDLIKAYY HSS AlGLRanINsa
F, 370 MPa (HY370) 12 5 Wwas suusvoluuudunu
DL 120 diu ua: LL 70 cu lwidluwudada auuduany
nv 2 duyavtaitdu pin

* Step 1: Us:U1euNISULNAHUNAQLENDIKAYU La:
H1 section property

* Step 2: ANUDTUNASIUYUDVUSY

« Step 3: AUDTUYALUATUWAANSSU

* Step 4: ANUDTUDAOSIAIUAILB:AQ

 Step 5: 1SDVdDUADIU compact UovHUNAQ
* Step 6: AMUDTUANAVSULSVDOS:Y

* Step?7: assvasuAIUasalunIssulsy

Step 4

Step 5:

Step 6:

H'IE')-OS"lEiZ)UﬂZ)"IUU"aO ﬁ control waQnssuy
L./r,=LJ/r,=500/9.63=519
Upend (L /r)l,mlt dudulaniiwadanssu inelastic buckling

(1SJ9@dUADIU compact udvKUNAQ
(b/t)ye = 140*V(E/F,)
=140*V(2,000,000/3,700)
=325
UINA31 b/t = (250-12*2)/12 = 18.8 LUU compact section
[udovwo1seun local buckling

AUDTUNNAVSULSVDOS:Y
F, =m?E/(L./r)? = m2(2,000,000)/(51.9)2 = 7,322 ksc

F. =(0.658)¥/Fe* F_=(0.658)3700/7322* 3700 = 2,995 ksc
P, =P, =F,*A =2995*1105 = 330,911 kg = 331 Tons



Column Design Example

#WelLoveSteelConstruction

2819 DONLUULAINDLIKAYY HSS AlGLRanINsa
F, 370 MPa (HY370) 12 5 Wwas suusvoluuudunu
DL 120 ciu ua: LL 70 cu lidluiwudda auuddarg
nv 2 duyavtaitdu pin

* Step 1: Us:U1euNISULNAHUNAQLENDIKAYU La:
H1 section property

* Step 2: ANUDTUNASIUYUDVUSY

« Step 3: AUDTUYALUATUWAANSSU

* Step 4: ANUDTUDAOSIAIUAILB:AQ

 Step 5: 1SDVdDUADIU compact UovHUNAQ
* Step 6: AMUDTUANAVSULSVDOS:Y

* Step?7: asovasunIwansalunissuusvoq

Step7: Qs>vdouAdUAIWISAlUNISSULSVDQUDVLAD

P, =190T P, =256T
P /Q=331/167=198 T 0P, =0.9(331)=297 T
>P, OK >P, OK

& Calculation (4 Calculation
Full Report

Insert Value Capacity

L s LNYUAU Nominal strength N

343,574
kg

[Go1n SSI Steel Design App N

309,217

" 344 Ton (vs. 331 T 91nNS

Audeulp) BucvAuldnlog
VINWAUDY UDUUUKRN (App)
vs. udulyuaa (Hand)

STEEL DESIGN




< Calculation < Calculation < Calculation

Insert Value Full Report Export Full Report Export
Material Section Section Properties
-— I;/ —_— 2
H 25 cm Ag 87 cm
\ t 0.9 cm ry 9.85 cm
¢
Y bf B/em o, 9.85 cm STEEL DESIGN
a4
Input Variables I 8,410.23 cm & e
. wunHulaa = 87 cm2
P 7 Iy 8,410.23 cm
Ly 4 Limiting Width-to-Thickness Ratio 3 -
= %)
s s 250 x 250 UhHUALa 4 m = 273 kg (4
¥ W .
Steel Grade $5400
Material Properties i 2578 Thk 9 mm
. -~ - o
Fy 24000 kse e —_— 35 Suusvla 172.3 Au (7.7%)
Fu ke g VIS S — (Factored Resistance)
H 25 cm Fy 2,400 ksc Fer 2,206.64 ksc
bf 25 — Fu 4000ksc:  ge 11,959.08 ksc
E 2000000 kse e 4063
t 9 cm
Section Properties Axial Force
Lx 4 m 2
Ae 87em  op, 172,303 kg
Ly 4 m 2
Y Ag 87.c0 Py 191,448 kg
K Pin-Pin (1)
- L[ ]
Assumptions:
< Calculation < Calculation
1. Steel Grade SS400 (Fy 2,400 ksc)
Full Report Export Full Report Export
' . . , 2. KL, y=4m
Section Properties Section Properties
G 76923077 ksc T 1084 cm
Cy 50783362cm° ¥ 125 cm
I 1057881em” K, 076
J 5147 Cm‘ Limiting Width-to-Thickness Ratio
Iv 364718 cm4 X 43.01
2
Ae LS 8.93 F o4 o+ o
Ay 80.98 cm” i . wunsu1aa =90 cm?2
f -
Fy 2400.0 ksc h 222cm A 2467
h o 250 x 250 - 83k
om =
Fu 4000.0 ksc g Compressive Strength tf 14 mm uHuUAtaI 4 m= g
ry 6.37 cm
H 25 cm F 5,00059 ksc
o nseem  ° Tw 9 mm . 5 .
For 1,963.22 ksc suusvla 158.9 au
bf 25 cm y 125 cm
B 718701 kse (Factored Resistance)
tf 14 cm Ke 076
KLjr 62.83
9
W em Axial Force
Lx 4 m P, 176,651 kg
Ly a m oP, 158,986 kg
K Pin-Pin (1)

NEXT



Nominal Cempressive Strength of Members
Project name : 125x125 4.5 Location : Section Properties

STEEL DESIGN Project No. : Date :
Design by : Client : A, - [(Dbe) — (D — 2t5)(be — 2t,)]

Ag = 22 cm?

Material Properties

beD? (b — 2tw)(D - 2te)?

Select Product L - 12 12
! Steel Grade 55400 7
I, = 525.64 cm*
= 4 < -
BT INSQLHaN L D @-ake-me Mobile app
Column ) g - v - o ° ——
b e ndanly . - AMUDUATNIAUU
- oo e RUAathwaaluua
¢ ‘ E = 2,000, 000 - ksc i
Iy = Vv Zx
A
Sectional Dimension
Base Plate > N = 492 cm
= *
D = 13 cm —

YUK Wb
w e T, Tt = 0.45 C:I-Q ﬁﬁ.. HUQ cm

Ty = 4.92 B cm
be - cm
Limiting Width-to-Thickness Ratio |
\\» B— ) ) . o ‘Walls of Rectangular HSS (Flange)
x
- by — 2ty
v = - (AISC360-16, Table B4.1a)
L, = 26 m o
R UFQVSIWANSAUITY
e - - - -~ —
K = 1 _ WSolUJ dUNISD1V9V
Steel Grade S$S400
& - = At = 1,40V ny (AISC360-16, Table B4.1a)
Fu 40000 ksc
H 125 cm Aef -




= Non-Slender Flange

LaQus1gNISAIUITU
WSDU aunIsavdv

MrAe T Slender Flange

Wall of Rectangular HSS (Web)

D - 2t
b T — (AISC360-16, Table B4.La)
A = 2578
e T LD (AISC360-16, Table B4.La)
I
Ap < Rgt = Non-Slender Web
hevohe = Slender Web

Critical Stress.

Flexual Buckling
L, -

max(ry, y)

F. = (AISC360-16, E3-4)

F. = 7,076.38 kse

Intermediate Column; When < = 4,71V oF 225
max(ry, ry) Fy  Fe
Fo = (0. GSE:—;lF\ (AISC360-16, E3-2)
Fy
Long Column; When L = 471V £ or — < 225
- max(r,,r,) F, F,
F = 0.877F, (AISC360-16, E3-3)

STEEL DESIGN

Then,

F = 2,082.39

Flexural Buckling with Slender Elements

Effective Width Imperfection Adjustment Factors
Walls of square and rectangular HSS

o = 020

Elastic Local Buckling Stress of Flange
Fotiange) = Cal A VFy
Fesittangs)

Elastic Local Buckling Stress of Web

F

Ca( =™ )F,
[

elfwed)

Feigues

Effective Width of Flanges; When Ay = 2,V

Begucety

Etfective Width of Flanges; When A > 3,V FF
; Fu g Fa
B range) - Bl- Y F

L3QUSIWNISALDTY
wSau atinisovdv

(AISC360-16, Table E7.1)

(AISC360-16, Table E7.1)

(AISC360-16, E7-5

(AISC360-16, E7-5)

(AISC360-16, E7-2)

(AISC360-16, E7-3)

Sﬁﬂn1§ﬁ1u3mﬁa1u1sn Export dvlugv email uav
WG WalhlusousaudHsSudamsigvutwadw du
ypauranaasvldagva:adnua:sousd

HUNELHQ d1HSU Premium version tridiu

Then,

LaQUSIUMISAILIN
WSDU aunIsaIvdv

Be(tlange)

Effective Width of Web; When A, < J ¥ £
(AISC360-16, E7-2)

Beguret) = b

Effective Width of Web; When &y > ¥

Beturty = bi- ety Foyy Fa (AISC360-16, E7-3)
(el )

Then,
Begoret) - an

Effective Areas of The Cross Section

A, = Ag = [20(b = 2tw) = (Dytiange)))(t) + 200D = 2t8) = (Byguvery))(1:e)]

A - z an?

Nominal Compressive Strength

Nominal Compressive Strength

P, = min(Fo Ay, Fo A (AISC360-16, E3-1, E7-1)

P, = 15,167 kg
Factored Nominal Compressive Strength LRFD: ﬁ._]a-—oé—LU llS\)E‘)_OI:l:lj'ﬂl;JWOWSﬂ.ﬂﬁU
w, = w060 usvaanLiadu AaucATNKUAUSSNA

Allowable Compressive Strength

- nmem ASD: fdvsuusvdanthldwasauniu

L PO Qe Y ot -
o usvaannadu (ludovprud:lsiwuLau)




Design for
Flexural
Members

#WeloveSteelConstruction




Steel Beam Design Concept
#WelLoveSteelConstruction

= a = = a3 5
® Beam NWQﬁﬂﬁSNIﬂUS?N ASVUHILUHLAT U

compression 3nasaluiaLda su tension 11y

compression Laz tension HEaNUALNWELAN

A i‘““* ;

Strain distribution Plastic — normal stress &

(profile view) F, stress lsifindn usifin

strain wastilosuusatAnATh

149987 1fia stress = F,

Elastic — normal stress

G golaidi F, stress 1Un
Stress—strain diagram

:  diagr daganru strain (1w 0 7
(elastic-plastic region)

IAHETY JnngaTizau)

®  steel \Uu ductile material @ng@nssuifiosuusay

\ia normal stress Aazludadnuiumsidogd strainlu
anwodzBudu (linear elastic) aufivan yield F, \flolauqa
F, auiUduwdn nonlinear wasla elastic Aoviorousvoan
azliindudanmmidn waAnssuiazgn simplify Tdu elastic
Fodls F, LLa:mmaEJag@ﬁa:Lﬁu plastic Asldanunsasuisy

Winlésn Buni elastic-perfectly plastic material

Beam Flange under Compression

Undeformed shape " Beam 7innsAEWENH compression lutngawa

gl compression zone a1awfinns buckle
soU weak axis usign tension zone Sulianifia
weak axis lateral buckling l#aenelaidas: usiaz

WnakuuTagen
Buckled shape =
S
g M 1 Basic strength x C,
@ |
g I ¢
8 P! N
”””””””””””””””””””” E i | 075S. | T
§ |l j C,~1.0 (Basic strength)
g . . 0 + -
Failure mode: Yield (Y) Failure mode: Lateral Torsional Buckling (LTB) Blastic § L. L'"i .
X o . design [ ™ !
M, =M, =Z.F, M, @ufu unbraced length (L,) waz moment gradient (C,) oMo | Inelastic _|_ Sleatio -

Unbraced length, L,

" Beam element fi$U compression UNNYEgA MUHASLAUANNILgAMNIASIEIHANHNTvsaA U (b/t) 1Tu 3 seéu

(1) compact (2) non compact uas (3) slender ¢idu compact element AazlsiFuiadiosnnAswns yield wsiéd non
compact 5o slender element Aaziia buckle wnwzAnawfia yield (vinlwldainnsasuwsade yield 7 M, = ZX.Fylﬁ

Failure mode: Local
Buckling (LB)

Compact Noncompact

flange flange

M, Sufiu b/t we9 flange
(b/2t) waz web (ht,)

Nominal Flexural Strength, M,
b
]
.
T
1
1
]
1
1
]
1
1
1
]
1
1
1
1
1
1
1
i
1
1
1
1
1

oag ([E__65_, o fE__1T0_
VF, VE, &l NF, VF, ki

0 \* ! \'\}

0 Ay Ay

Slenderness, A = b_l‘—flr_‘;




(1) assdasuHUIda Compact (C)/ Non- (2) as>danuwandanssualu >an.011038

- - w A
#1714 6.1-1 Arsnaadandwivunaideniadauni 6 (da)

Beam lateral bracing - 2 ”/”

— i . . - #WeLoveSteelConstruction rigic
Compact (NC)/ Slender (S) 2an.011038 unn 2 o — pU— R——— unn 6 319:(8 aun1smu 6.2 6.3 6.4 KSD v : _ \ — =
. windin o R - i — - . ' = MsAguUNivd@IHSUAUUS:LANA 1
uil & vadln | vaus | dedin 6.5 Juriuwgdnssumdo (1) lagdduthed [ L ateral bracing LA
62 C C ¥, LTB o . = o 0 ) )
a’]HSUlHaﬂ§UWSSﬂJSOSDU H-beam TU « Uru=ALfia beam buckling Au:lL buckle PointLateratBracing
= o 5 u ) = 2anN1vU1v s:UU bracing DA WaIWIsSAdIU
S UﬂD.lUuIUCT‘IU 6.2 HSD 6.3cllma']HSU S “lateral translation” (uCiMUKaN &Wh 219 v v
md | S imin — — —— PEB H3oplate girder o1010ulUcu 6.4 = 0 daufia torsion [a)
6.3 -1 . B, . k> - s . _ s
(o) « 1a) Panel lateral bracing: MuRangnAgu R
HSD 6.5 UunuU web slenderness S Moo stabldeck REDUTLROALNY S e
w 2:lutndaudpanmodino Deck Bracing
oPtional > 1b) Point lateral bracing: AuHaNgNAEU
o - e lovim _ ) _.: 8 mudnudemusaencalu rigid wall
i I I R B 219WD1STU1 moment gradient LW @ Lo
. I S — — o -
o Strength: asJ>daaumdvsuusoldau
nsou LTB: MCI’ LTB CnlJaUﬂ'lstU 6.] E #WeLoveSteelConstruction TagWsaun A 1% Udousvdalu
! Q compressionflange =0.01M,/hy
4 6.5 CNE S 5 CFY, LTB, - be required shear strength of the bracing
: , 125 M 0 TR Stiffness: as>v@UANUAILNSA
FLE, TFY O = max - (A-6-5) umumsidesumnnusoidau oo
] P T 25 Muax + 3M, + 4M; + 3M, = Stab/eck
4 4
ol E (A6
E B = L] (asp) (A6-6h)
Yieldin: Lateral T nal Bucklin . B
T . 12 parkataattraceg: rusitngniy |
e el e = Panel
. ) ) Undeformed shape ) Mvudvade slab/deck NigaudAUKaNUNY by
Beam Flange under Compression P L<L, Ly<Lp<Ly L, <Ly ‘s o:lundauchaanmoino Bacing
[
-
Lp L, c
7 ]g . o—o o
= 1761, | 8 Beam lateral bracing - 4
P Y | °G #W s n _{
W ) eLoveSteelConstruction Rigid
Buckled shape . ‘ 2 0.7 :e -
Ly = 195m— [ L€ 4 (I—C) +6.76( : c
! 0.7F, |Sxho Seho =) In the direction perpendicular to the longitudinal axis of the beam, the required o—oO o
N b, : strength of end and intermediate point braces is Point Lateral Bracing
co = Iy (ho)? _I’z_’! ai Pur= 0. uz['"’c'* | (A6T)
e :,HyCW w= T g ] . ! ha )
s S a and, the required stiffiess of the brace is
- P =~ ~ - Iyhg =) (A-6-82)
ae-mchum“lum'mjaﬂ“n:.lru|j"-t|84%4vﬁ'd3:ra'u;-U|4::aw steel Beam Des'gn Procedure =375, @
24ADIATTTU luwudAR (7)) (A-6-8b)
> " 7 : 1 I (hg)? 9
#WeLOVeSteelconStru Ct]on i= Z;hﬁ = torsional constant Cuw = J(TD}: warping constant [
.t 1b) Point lateral bracing: munz‘fnqnn:n'l'u
ﬁ mudvaleAuBeNcaLNAU rigid wall
— . (l'é
aw |E = -
100 | < = B Beam lateral bracing -5
K - =) = #WeloveSteelConstruction
g g M ] Basic strength +
£ M - tl N 2
= g 7 : | . asic strength > C, on « msAguMuivaHSUAIUUS:LANA 2
140 |- & | = i R 5 Torsional bracing
J5 5 | 2 [ - o
i Compact Noncompact ! f : | /E ™~ 1".; + yeu=NIAia beam lateral buckling lag
T e e H = I | 07Fs, | . (4 wa@inssu d:iiansda twist natedu
3 g g ! é [ : - = = lateral torsional buckling TUw3aua fiu v v
k- [ - i ]
£ | C,=1.0 (Basic strength . 3.
£ I - | s flange = 0 ! : | . ( 9 Z_ IS + 2a) Point torsional bracing: AMUHaNHNA I
E y YFy, ks ks : 0 L Ly L, rd Eiunlaﬂjmﬁjﬂmuuaﬂﬁcimﬁ'lﬁumuuénén 7
0.31& \ N \; :|ES‘T\|C .-:—. U : -] : a (‘TDHU\)ﬁDEjﬁOﬁU — :;::i‘nnal
’ esign N .
£ ! I :- M, -:- Inelastic -:- Elastic =} 2b) Continuous torsional bracing: AlUKaN Bracing
140 |E 0 Ay Ay LTB LTB QNAGUN1VINVAIE OV (MUBDYI1PA) HED —
B Slendomess, A = by, Unbraced length, L, deck AdawthAuaurandndardoAagfonAu
el A A




Beam Design Example

#WelLoveSteelConstruction

@281 D9NUUU Built-up beam AlBIHANLASQ F, Step 1. duuA yuna Built-up beam:
370 MPa (HY370) 12 12 was Adu transferred d~L/22=12/22=0545m 5 GG
girder SU Concentrated DL 3 (iu ua: LL 6 ciu 1N AIKUQUUIQ H 540x220x12x6 Full Report Export
Rafter auuduaisny 2 duvavautdu pin wa: veadkil Bt
vacio Rafter fiu Beam LUU lateral brace point
Step 2: HIWASIUUDVUSY S S| lye 10648 cm
¢ Step 1. Us:u1runIsUUNQKUNAQ Built-up beam (MavnAovns) - g 43,675.23 cm
lLa=K1 section property » 213083 em”
J 2915 cm4
* Step 2: AUDTUNASILYDVUSY (A1dVAGDINIS) z, 17933 em”
i o P,=DL+LL P, =12D+16L S, e en”
+ Step 3: sz:yanutUzUDVHUIAQ - 3+6 = 12(3)+1.6(6) A, 8376 cm”
. . L . = 9 T = 132 T ry 22.83 cm
 Step 4: MudtumMavsululbudaas:y h 516 cm
M,=P,L/4 M,=P,L/4 r o
o o e R - - * = * ! . o
* Step 5: AMUDTUNIAVSULSVLIADUS:Y =HPIE, Erades ho 528 om
! =27 T-m =39.6 T-m N
 Step 6: ASJVIDUAIUAWNSAIUNISSULSY V,=P,/2 V,=P,/2 59 cm
=9/2 =13.2/2 a, 117
* Step 7: asDvdoU deflection limit =45T =66T K, 043




Beam Design Example

#WelLoveSteelConstruction

(2981 DonIUU Built-up beam AlBIKANINSQ F,
370 MPa (HY370) 12 12 was Adu transferred
girder SU Concentrated DL 3 (iu ua: LL 6 ciu 1N
Rafter auuduaisny 2 duvavautdu pin wa:
vacio Rafter fiu Beam LUU lateral brace point

* Step 1. Us:u1aunsuuIQKUNAQ Built-up beam
lLa:K section property

* Step 2: AUDTUNASILYDVUSY (A1dVAGDINIS)
* Step 3: Sz:yaANUU:UDVHUNCAQ

* Step 4 AudeuAdvsuluudaas:y

¢ Step 5: AMUDTUANAVSULSVLIDUS:Y

+ Step 6: 1SIDADUANUAIWSAUNISSULSY

* Step 7: AsdvdouU deflection limit

Step 3: S:UanUU:UDVHRUNAQ H 540x220x12x6

he =bg/2t = 220/2%12 = 917
Kpf = (0.38 \/(E/Fy) =8.83
}\'I’f = 095 -\/(kCE/FL) = 173

A, =(d-2t)/t, = (540-2*12)/6 = 86
how =3.76 V(E/F,) = 87.4
My =570 V(E/F,) =133

Sectlon In Cross Flange
Chapter F Sectlon Slenderness

Web
Slenderness

Limit
States

F3 E— NC, S
F4 %— C,NC, S

Y, LTB

LTB, FLB

CFY, LTB,
FLB, TFY

F5 J-E— C,NC, S

CFY, LTB,
FLB, TFY




Beam Design Example

#WelLoveSteelConstruction

(2981 DonIUU Built-up beam AlBIKANINSQ F, Step 4: Audtuniavsuluuddas:y
370 MPa (HY370) 812 12 was Adu transferred
girder SU Concentrated DL 3 (iu ua: LL 6 ciu 1N C, =125(1)/[25(1)+3(1/4)+4(1/2)+3(3/4)] = 1.67
Rafter auuduaienv 2 duvavmudu pin wa: L =176r. V(E/E.)=206 m
vacio Rafter AU Beam LU lateral brace point P o
L, =195r, (E/0.7F) VI(J/Shy) + ]

* Step 1: Us:u1eunmisuunarkUlcia Built-up beam =542m

lLa=HK1 section property L, =6.0m  muidwgdnssu Elastic Lateral Torsional Buckling

e

* Step 2: AUDTUNASILYDVUSY (A1dVAGDINIS)
M g =C,*n2E/(L /r,)2 V[1+0.078 (J /S, h,)*(L,/r.)21*S,

* Step 3: Sz:yaANUU:UDVHUNCAQ =1.67*2,153*1,618 kg-cm
=58,175 kg-m
* Step 4 AudeuAdvsuluudaas:y
MFLB = (M O7F S )/(7\4rf f) (7\41: f)
¢ Step 5: A1UDTUAAVSULSOLIDUS:Y = [1 793 -'(1,793-0.7*1,618)/(17.3-8.83)*(9.17-8.83)] * 3,700
= 65,360 kg-m
* Step 6: (1SADUAIUANSAIUNSSULSY
M, =Min (M 15 Mg ;)

* Step 7: AsdvdouU deflection limit =58,175 kg-m



Beam Design Example

#WelLoveSteelConstruction

(2981 DonIUU Built-up beam AlBIKANINSQ F,
370 MPa (HY370) 812 12 was Atdu transferred
girder SU Concentrated DL 3 (iu ua: LL 6 ciu 1N
Rafter auuduaisny 2 duvavautdu pin wa:
vacio Rafter fiu Beam LUU lateral brace point

* Step 1. Us:u1aunsuuIQKUNAQ Built-up beam
lLa:K section property

* Step 2: AUDTUNASILYDVUSY (A1dVAGDINIS)
* Step 3: Sz:yaANUU:UDVHUNCAQ

* Step 4 AudeuAdvsuluudaas:y

¢ Step 5: AMUDTUANAVSULSVLIDUS:Y

+ Step 6: 1SIDADUANUAIWSAUNISSULSY

* Step 7: AsdvdouU deflection limit

Step 5: AUDTUANAVSULSVLIDUS:Y

V, =06F A,*C, = 0.6F A,* [110%{V(k E/F )}/(h/tw)]
= 0.6*3700*(54*0.6)*[1.10*V(5.34*200000/370)}/(51.6/0.6)]
= 49,428 kg

Step 6: SOvdoUAN pawisalunissuuso

M, =27,000kg-m M, =39,600 kg-m
M, /€2 =58,175/167 = 34,836 kg-m  yM, = 0.9*58,175 = 52,358 kg-m
V, =4500kg V, =6,600kg

V. /Q) = 49,428/1.67 = 29,598 kg YV, =0.9%49,387 = 44,486 kg

Step 7: AsdvaouU deflection limit

Aq = PL3/48El = 9,000*1,2003/(48*2000000*43,675) = 3.71cm
A =247 cm



Beam Optimization

#WelLoveSteelConstruction

P/2

P/2

S|

STEEL DESIGN

Midspan: d = 420 mm
M, = 39,600 kg-m

Quarter:d =360 mm
M, =19,800 kg-m

Finished Floor Level

Support: d =300 mm
V,=6,600 kg

-P/2

-P/2

PL/4

PL/8

PL/8

Capacity Full Report

Plastic Bending Moment
48,557
kg-m
Lateral Torsional Buckling Moment

47,883
kg-m

Flange Local Buckling Moment
47,953
kg-m

Factored Nominal Moment (@ Mn)
43,095
kg-m
Factored Nominal Shear Strength (@ Vn)
45,085
kg

< Calculation < Calculation

Capacity Full Report

Plastic Bending Moment
40,258
kg-m

Lateral Torsional Buckling Moment
43,031
kg-m

Flange Local Buckling Moment

39,798

kg-m

Factored Nominal Moment (@ Mn)

35,818

kg-m

Factored Nominal Shear Strength (@ Vn)
43,157
kg

Calculation

Capacity Full Report

Plastic Bending Moment
32,360
kg-m

Lateral Torsional Buckling Moment
36,632
kg-m

Flange Local Buckling Moment
32,022
kg-m

Factored Nominal Moment (¢ Mn)
28,820
kg-m

Factored Nominal Shear Strength (@ Vn)
35,964
kg
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Midspan: d = 420 mm Quarter:d =360 mm Support: d =300 mm
M, = 39,600 kg-m M, =19,800 kg-m V,=6,600 kg

Factored Nominal Moment (@ Mn) Factored Nominal Moment (¢ Mn)
43,095 35,818
kg-m kg-m

Factored Nominal Shear Strength (¢ Vn)
35,964
kg
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22819 YVDDNLUUSDYLEDULUU fillet weld 2
QU S:H370 flange ua: web oY Built-up beam
yunQ H 420x220x12x6 (1, = 25,085 cm?) Al3IHan
lnsa F, 370 MPa (HY370) 13 12 was ALWu
transferred girder SU Concentrated DL 3 (iU ua:
LL 6 ciu 91n Rafter auududalgnv 2 Auyovnu
tJu pin ua: 9acio Rafter AU Beam LU lateral
brace point

* Step 1. AUdULSVLIDUAGDVNS

* Step 2: AUdU shear flow NdADYNIS U
CNUKUVSDYLEDU

* Step 3: fHUQUUNASDLEDULA:AIUITUANAY
Suusonid

* Step 4: AsJv@oUMAVSULSVIIDUND LAYUAU
Aavsulsvldauncaoavns

Step 1 AudruusvldouNdDVMS

A ©

P, = DL+LL P, =12D+16L
=3+6 =1.2(3)+1.6(6) P/2 P/2
=9T =132T
Va=Pa/2 VU=PU/2
=9/2 =13.2/2
=45T =66T -P/2
. e o . o VQX
Step 2: Mudau shear flow NADVNNS fU NUKUVSDYLBDU V= i
X

A 1

or— <I —»

Q. =[(22*1.2) x (42 — 1.2)/2] = 538.6 cm?

v, =V, Q,/1, v, =V, Q,/l,
= 96.6 kg/cm =142 kg/cm

-P/2
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22819 YVDDNLUUSDYLEDULUU fillet weld 2
QU S:H370 flange ua: web oY Built-up beam
yunQ H 420x220x12x6 (1, = 25,085 cm?) Al3IHan
lnsa F, 370 MPa (HY370) 13 12 was ALWu
transferred girder SU Concentrated DL 3 (iU ua:
LL 6 ciu 91n Rafter auududalgnv 2 Auyovnu
tJu pin ua: 9acio Rafter AU Beam LU lateral
brace point

* Step 1. AUdULSVLIDUAGDVNS

* Step 2: AUdU shear flow NdADYNIS U
CNUKUVSDYLEDU

* Step 3: fHUQUUNASDLEDULA:AIUITUANAY
Suusonid

* Step 4: AsJv@oUMAVSULSVIIDUND LAYUAU
Aavsulsvldauncaoavns

Step 3: MKUQUUIQSDELTDUIAAUIUAAVSULSYAT

—— fARuUQsoeLBoU fillet weld tHouciatliov 2 AU leg size 4 mm

; (Badadouinsa Fe,q,, (F, = 4,900 ksc)
v /Q = 06F /2%(2*0.4/V2)  yv, = 0.75*0.6F *(2*0.4/V2)
(I = 832 kg/cm = 1,247 kg/cm

Step 4 (sJvapUMdvsuLsVLdDUNAD LHgUAUMdvSULsVLdDUAGDYNS

v, =96.6 kg/cm v, =142kg/cm
v, /€2 =832kg/cm yv, =1247 kg/cm

21omKUQsELEDU fillet weld 1EDU 100 mm @ 400 mm 2 A leg size 4 mm
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ANSI/AISC 360-16
An American National Standard

Specification
for Structural Steel Buildings

C1. General Stability Requirement

What are to be considered;
(1) All kinds of deformation that may cause displacements
of a structure
(2) Second order effects: PA& P5
(3) Stiffness reduction due to material inelasticity
(4) Uncertainties

Direct strength method (DM)

Alternative methods

Effective length method (ELM) or First order analysis method
(FOM)

N =

C2.

2a.

2b.

Calculation of Required Strengths

Required strengths shall be determined from an elastic analysis conforming to
C2.1 with initial imperfection in accordance with C2.2 and adjustment of
stiffness in accordance with C2.3.

General Analysis Requirements

Analysis shallinclude all kinds of deformation and 2"9 order effect. For LRFD, 2@
order analysis shall consider LRFD load combination. For ASD, 1.6 shall multiply
ASD load combination, and required strengths shall be obtained by the result
divided by 1.6.

Considerations of Initial System Imperfections

Direct Modeling of Imperfections
Include initial imperfections (displacement) directly in the analysis, which should
be based on permissible construction tolerance in “Code of Standard Practice.”

Use of Notional Loads to Represent Imperfections

(a) Notional loads to be applied as lateral loads at all level: Notional loads add
no base shear but affect overturning.

(b) Notional load shall be distributed in the same manner as gravity load in the
direction of the greatest destabilizing event

(c) The notional load coefficient of 0.002 is based on a nominal initial story out-
of-plumbness ratio of 1/500

(d) Fora structure in which A,,4/4:s:< 1.7, notional loads are allowed to apply
only in gravity load combination
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1. General Analysis Requirements

Deformations to be Considered in the Analysis. It is required that the analysis con-
sider flexural. shear and axial deformations, and all other component and connection
deformations that contribute to the displacement of the structure. However, it is
important to note that “consider” is not synonymous with “include,” and some defor-
mations can be neglected after rational consideration of their likely effect. For
example, the in-plane deformation of a concrete-on-steel deck floor diaphragm in an
office building usually can be neglected, but that of a cold-formed steel roof deck in
a large warehouse with widely spaced lateral force-resisting elements usually cannot.

=)
q Axial Force, P (Kips) 0 150 300 450
— Mg (Kip-in.) 235 270 316 380
£ mid (KIp-IN. [235] 269] | [313] | [375]
Z [ —
< = Amig (in.) 0.202 0.230 0.269 0.322
S o mia {IN- [0.197] | [0.224] | [0.261] | [0.311]
N~ @
£l =
% | | o Axial Force, P (kN) 0 667 1334 2001
oo
Q™ N 26.6 30.5 35.7 43.0
<1 ¢ Mg (KN-m) [26.6] | [30.4] | [35.4] | [42.4]
© e
[ S Anmig (M) 5.13 5.86 6.84 8.21
AN woid 5.02] | [571] | [6.63] | [7.91]
Major axis bending Analyses include axial, flexural and shear deformations.
W14x48 (W360x72) [Values in brackets] exclude shear deformations.

E=29,000 ksi (200 GPa)

17| 2(secu—1 2 I?
Mmu,r[@»":é]:“L |: ( )} where u = PL N ani

u? 4ET 8

El = constan

I L 1 v (@ek _SwLt | 12(2secu—u® - 2) . _ Swit
by S T 5t ’ 70 384E1

w
B,HJAJJJLLLLH%' £ ox
: ,

C2.

Calculation of Required Strengths

General Analysis Requirements

Analysis shallinclude all kinds of deformation and 2"9 order effect. For LRFD, 2@
order analysis shall consider LRFD load combination. For ASD, 1.6 shall multiply
ASD load combination, and required strengths shall be obtained by the result
divided by 1.6.
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C2. Calculation of Required Strengths

P. = 440 kips (1960 kN) P, /P, =050, 1=1.0
E =0.807(29,000 ksi) = 23,200 ksi (160 GPa)
Y G =E/2(1+v)=8920 ksi (61.5 GPa)
[ H=H,+N, Computational P-A and P-6 analysis.
= 1.45 kips + 0.002(440 kips)  Azng =2.22 in. (56.5 mm) ] ]
= = 2.33 kips (10.4 kN) M, =1,394 kip-in. (158 kN-m) 1. General Analysis Requirements
'.}‘53 Ful 9oy +(819)(M. / M, ) =1.00 Analysis shallinclude all kinds of deformation and 2"9 order effect. For LRFD, 2@
< S'”g'e'e'e"“?”t P-A analysis: order analysis shall consider LRFD load combination. For ASD, 1.6 shall multiply
g Major axis bending AA/;S’ =0F.280£. (:(5 r_nm)4 N ASD load combination, and required strengths shall be obtained by the result
o Fully braced out-of-plane ioi =L =419 Kp-ln. (45 KiHo) divided by 1.6.
- W10x60 (W250x89) L - 255
F, = 50 ksi (345 MPa) =[Py /(HLI Avwr) ]
Include axial, flexural ME2 = 2.55My5; = 1,070 Kip-in. (121 kN-m)
== and shear deformations P, 1 6.P, +(8'49)(M5‘-A /4:an):0.910
tx
H,. *Li Mipar (@ x = 0) = HL( fand ] where o = PL M, = HL
o
L v ((&‘-‘ X = L) = H—E 73 n 0',70,) where y, = HL
Jmax = = - 3E[ a3 ’ Jo — 3E1
Yy,
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C2. Calculation of Required Strengths

In the development and calibration of the direct analysis method, initial geometric
imperfections are conservatively assumed equal to the maximum material. fabrica-
tion and erection tolerances permitted in the AISC Code of Standard Practice (AISC.
2016a): a member out-of-straightness equal to L/1,000, where L is the member
length between brace or framing points, and a frame out-of-plumbness equal to
H/500, where H is the story height. The permitted out-of-plumbness may be smaller
in some cases, as specified in the AISC Code of Standard Practice.

e \ Fjeo
—T ‘ Splice. )_
% = 2. Considerations of Initial System Imperfections
Splice _
Code of Standard Practice o i =L\ 2a. Direct Modeling of Imperfections
fOr Steel Bu“dlngs Slope 116"~ i Ingividual pieces within envelope defined at left H H H H H H H H
and Bildges ety 1 Include initial imperfections (displacement) directly in the analysis, which should
b e port be based on permissible construction tolerance in “Code of Standard Practice.”
Plumb ————=544 L L/1000
AmS L2016 [:D mm ] 2" r [215’“”] Braced Point
e Apel 14 2010 and [ er Elev. Varies i % L \\(_ 7550
Approved by the Committee on the Code of Standard Practice i u‘é Braced Point
iy j Between brace points (usually staries)
Elev. Varies I
T ! Established Column Line
stope 50] i Slope ﬁ
i
AMERIG \”\‘I;]\ TITUTE, OF B A [61'/:[;‘]—-LL—I‘€1fmd'm]

Tolerance on location
'W.P. at base.
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C2. Calculation of Required Strengths (Continue)

3. Adjustments to Stiffness

These factors shall be applied to reduce member stiffness to obtain
required strength of members

(a) Factor0.8to be applied to all stiffness that may contribute to
the stability of structures

(b) Additional factor T}, to be applied to flexural stiffness (El) that
may contribute to the stability of structures

(c) Inthe structure per C2.2b, t,, = 1.0 can be used with notional
load coefficient of 0.001 in the direction per C2.2b(b) in all load
combinations

(d) If other materials are used other than steel, relevant design
codes shall be applied.

C3. Calculation of Available Strengths

Available strengths shall be determined per Chapter D to K.

2b. Notional load ~Imperfection
N; = 0.002aY;
a = 1.0 (LRFD), 1.6 (ASD)

C2.

2a.

2b.

CHAPTER C
DESIGN FOR STABILITY

Calculation of Required Strengths

Required strengths shall be determined from an elastic analysis conforming to
C2.1 with initial imperfection in accordance with C2.2 and adjustment of
stiffness in accordance with C2.3.

General Analysis Requirements

Analysis shallinclude all kinds of deformation and 2"9 order effect. For LRFD, 2@
order analysis shall consider LRFD load combination. For ASD, 1.6 shall multiply

ASD load combination, and required strengths shall be obtained by the result
divided by 1.6.

Considerations of Initial System Imperfections

Direct Modeling of Imperfections
Include initial imperfections (displacement) directly in the analysis, which should
be based on permissible construction tolerance in “Code of Standard Practice.”

Use of Notional Loads to Represent Imperfections

(a) Notional loads to be applied as lateral loads at all level: Notional loads add
no base shear but affect overturning.

(b) Notional load shall be distributed in the same manner as gravity load in the
direction of the greatest destabilizing event

(c) The notional load coefficient of 0.002 is based on a nominal initial story out-
of-plumbness ratio of 1/500

(d) Fora structure in which A,,4/4:s:< 1.7, notional loads are allowed to apply
only in gravity load combination
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TABLE C-C1.1

with Specific Provisions

Comparison of Basic Stability Requirements

Baslc Requirement In Sectlon C1

Provislon In Direct
Analysls Method
(D)

Provision In Effective
Length Method
(ELM)

(1) Consider all deformations

C2.1(a). Consider all
deformations

Same as DM
(by reference to C2.1)

{both P-A and P-3)

(2) Consider second-order effects

C2.1(b). Consider
second-order effects
(P-A and P-g)ik]

Same as DM
(by reference to C2.1)

(3) Consider geometric
imperfections
This includes joint-
position imper-
fections®l (which
affect structure
rasponse) and mem-
ber imperfections
(which affect struc-
ture response and
member strength)

Effect of system
imperfections on
structure response

C2.2a. Direct modeling
or
C2.2b. Notional loads

Same as DM, second
option only (by refer-
ence to C2.2b)

Effect of member
imperfections on
structure response

Included in the stiffness
reduction specified in
Cc2.3

Effect of member
imperfections on
member strength

Included in member
strength formulas,
with Lo= L

(4) Consider stiffness
reduction due to
inelasticity
This affects struciure
rasponse and mem-
ber strength

Effect of stiffness
reduction on structure
response

Included in the stiffness
reduction specified in
ca2.3

Effect of stiffness
reduction on member
strength

Included in member
strength formulas,
with Lo= L

(5) Consider uncertainty
in strength and
stiffness
This affects structure
rasponse and mem-
ber strength

Effect of stiffness/
strength uncertainty on
structure response

Included in the stiffness
reduction specified in
Cc2.3

Effect of stiffness/
strength uncertainty on
member strength

Included in member
strength formulas,
with Le= L

All these effects are
considered by using

L. = KL from a side-
sway buckling analysis
in the member strength
check. Note that the
differences between
DM and ELM are:

* DM uses reduced
stiffness in the
analysis and Lo= L
in the member
strength check

* ELM uses full
stiffness in the
analysis and
L;= KL from
sidesway buckling
analysis in the
member strength
check

C2.

2a.

2b.

CHAPTER C
DESIGN FOR STABILITY

Calculation of Required Strengths

Required strengths shall be determined from an elastic analysis conforming to
C2.1 with initial imperfection in accordance with C2.2 and adjustment of
stiffness in accordance with C2.3.

General Analysis Requirements

Analysis shallinclude all kinds of deformation and 2"9 order effect. For LRFD, 2"d
order analysis shall consider LRFD load combination. For ASD, 1.6 shall multiply
ASD load combination, and required strengths shall be obtained by the result
divided by 1.6.

Considerations of Initial System Imperfections

Direct Modeling of Imperfections
Include initial imperfections (displacement) directly in the analysis, which should
be based on permissible construction tolerance in “Code of Standard Practice.”

Use of Notional Loads to Represent Imperfections

(a) Notional loads to be applied as lateral loads at all level: Notional loads add
no base shear but affect overturning.

(b) Notional load shall be distributed in the same manner as gravity load in the
direction of the greatest destabilizing event

(c) The notional load coefficient of 0.002 is based on a nominal initial story out-
of-plumbness ratio of 1/500

(d) Fora structure in which a,,4/A,4< 1.7, notional loads are allowed to apply
only in gravity load combination
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C2.

3.

Calculation of Required Strengths (Continue)

Adjustments to Stiffness

These factors shall be applied to reduce member stiffness to obtain
required strength of members

(a) Factor0.8to be applied to all stiffness that may contribute to
the stability of structures

(b) Additional factor T}, to be applied to flexural stiffness (El) that
may contribute to the stability of structures

(c) Inthe structure per C2.2b, t,, = 1.0 can be used with notional
load coefficient of 0.001 in the direction per C2.2b(b) in all load
combinations

(d) If other materials are used other than steel, relevant design
codes shall be applied.

0.8 ~ out-of-straightness of long column (0.9*0.877)
T, ~ inelasticity due to partialyielding

Adjustments to Stiffness

Partial yielding accentuated by residual stresses in members can produce a general
softening of the structure at the strength limit state that further creates additional
destabilizing effects. The direct analysis method is also calibrated against inelastic
distributed-plasticity analyses that account for the spread of plasticity through the
member cross section and along the member length. In these calibration studies,
residual stresses in wide-flange shapes were assumed to have a maximum value of
0.3Fy in compression at the flange tips, and a distribution matching the so-called
Lehigh pattern—a linear variation across the flanges and uniform tension in the web
(Ziemian, 2010).

Reduced stiffness (ET* = 0.87,El and EA™ = 0.81,EA) is used in the direct analysis
method for two reasons. First, for frames with slender members, where the limit state
is governed by elastic stability, the 0.8 factor on stiffness results in a system available
strength equal to 0.8 times the elastic stability limit. This is roughly equivalent to the
. . . . . .. Long column: Elastic buckling

margin of safety implied in the design provisions for m_mﬂ; by the effec-
tive length procedure where, from Equation E3-3, ¢F, = 0.90(0.877F,) = 0.79P,.
. . . . Intermediate column: Inelgstic buckling

Second, for frames with intermediate or stocky columns, the 0.87;, factor reduces the
stiffness to account for inelastic softening prior to the members reaching their design

strength. The 1, factor is similar to the inelastic stiffness reduction factor implied in

> 0.5P,),
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C2. Calculation of Required Strengths (Continue)

3. Adjustments to Stiffness

These factors shall be applied to reduce member stiffness to obtain
required strength of members

(a) Factor0.8to be applied to all stiffness that may contribute to
the stability of structures

(b) Additional factor T}, to be applied to flexural stiffness (El) that
may contribute to the stability of structures

(c) Inthe structure per C2.2b, T, = 1.0 can be used with notional
load coefficient of 0.001 in the direction per C2.2b(b) in all load
combinations

(d) If other materials are used other than steel, relevant design
codes shall be applied.

CHAPTER C

DESIGN FOR STABILITY

TABLE C-C1.1
Comparison of Basic Stability Requirements
with Specific Provisions

Baslc Requirement In Sectlon C1

Provision In Direct
Analysls Method
(D)

Provislon In Effective
Length Method
(ELM)

(1) Consider all deformations

(2) Consider second-order effects

(both P-A and P-§)

(3) Consider geometric
imperfections
This includes joint-
position imper-
fectionsi] (which
affect strucfure
response) and mem-
ber imperfections
(which affect struc-
fure response and
member strength)

Effect of system
imperfections on
structure response

Effect of member
imperfections on
structure response

Included in the stiffness
reduction specified in
C2.3

35msAudeU lagldA K (HSo ELM = Effective Length Method)
URaNgRIUDNWSEUN IKDDUAUISAaUUGE K = 1(HSo DM = Direct
analysis Method) gnLdu 150V

(a) imperfection (b) stiffness reduction ua: (c) uncertainty

(4) Consider stiffness
reduction due to
inelasticity
This affects structure
response and mem-
ber sirength

Effect of stiffness
reduction on structure
response

Included in the stifiness
reduction specified in
C2.3

(5) Consider uncertainty
in strength and
stiffness
This affects structure
response and mem-
ber sirength

Effect of stiffness/
strength uncertainty on
structure response

Included in the stiffness
reduction specified in
c2.3

All these effects are
considered by using
L= KL from a side-
sway buckling analysis
in the member strength
check. Note that the
differences between
DM and ELM are:

* DM uses reduced
stiffness in the
analysis and Lo= L
in the member
strength check
ELM uses full
stiffness in the
analysis and

L= KL from
sidesway buckling
analysis in the
member strength
check
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‘ AISC 360: Commentary C2

The direct analysis method (DM) allows a more accurate
determination of the load effects in the structure through the

inclusion of the effects of geometric imperfections and stiffness
reductions directly within the structural analysis.

| |

P-A = Effect of loads acting on the dlsplaced
locatlon of jolnts or nodes In a structure

P-3 = Effect of loads acting on the deflected
shape of a member between jolnts or
nodes

Fig. C-C2.1. P-A and P-6 effects in beam-columns.

CHAPTER C

DESIGN FOR STABILITY

TABLE C-C1.1
Comparison of Basic Stability Requirements
with Specific Provisions

Baslc Requirement In Sectlon C1

Provision In Direct
Analysls Method
(DM)

Provislon In Effective
Length Method
(ELM)

(1) Consider all deformations

C2.1(a). Consider all
deformations

Same as DM
(by reference to C2.1)

(2) Consider second-order effects

(both P-A and P-5)

C2.1(b). Consider
second-order effects
(P-A and P-3)it]

Same as DM
(by reference to C2.1)

(3) Consider geometric
imperfections
This includes joint-
position imper-
fectionsil (which
affect structure
response) and mem-
ber imperfections
(which affect struc-
ture response and
member strength)

Effect of system
imperfections on
structure response

C2.2a. Direct modeling
or
C2.2b. Notional loads

Same as DM, second
option only (by refer-
ence to C2.2b)

Effect of member
imperfections on
structure response

Included in the stiffness
reduction specified in
Cc2.3

Effect of member
imperfections on
member strength

Included in member
strength formulas,
with L= L

(4) Consider stiffness
reduction due to
inelasticity
This affects structure
response and mem-
ber sirength

Effect of stiffness
reduction on structure
response

Included in the stifiness
reduction specified in
Cc2.3

Effect of stiffness
reduction on member
strength

Included in member
strength formulas,
with Le=L

(5) Consider uncertainty
in strength and
stiffness
This affects structure
response and mem-
ber sirength

Effect of stiffness/
strength uncertainty on
structure response

Included in the stiffness
reduction specified in
Cc2.3

Effect of stiffness/
strength uncertainty on
member strength

Included in member
strength formulas,
with Lo= L

All these effects are
considered by using
L-= KL from a side-
sway buckling analysis
in the member strength
check. Note that the
differences between
DM and ELM are:

* DM uses reduced
stiffness in the
analysis and Lo= L
in the member
strength check

« ELM uses full
stiffness in the
analysis and
L= KL from
sidesway buckling
analysis in the
member strength
check
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Table 1-1. Summary of Main Provisions for Stability Analysis and Design
Effective Length

Direct Analysis Method (ELM) First-Order
Method (DM) (See Note 5) Analysis Method (FOM)
AISC Specification Reference Appendix 7 Section C2.2a Section C2.2b
Steel Design Guide Limitations on the Use of the None y B, <15 ApngfAds: OF Bp < 1.5,
Method Azna/ A1t OF Bz < 1. aP,/P, < 0.5
Analysis Type Second-order elastic Second-order elastic First-order elastic
(See Note 1) (See Note 1)
oye . Structure Geometry in the Nominal . .
Stablllty DeSlgn Analysis (See Note 2) Nominal Nominal
- - Notional Loads in the Analysis 0.002Y; X
of Steel Buildings (See Note 3) MInImUM if Agpe/Aqe: < 1.5 0.002; Minimum 2.1(A/L)Y; 2 0.0042Y/a

Additive

Additive if Appg/A1 > 1.5 (See Note 2) (See Note 6)

(See Note 2)

Member Stiffnesses in the Use EA* = 0.8EA
Analysis Use El# = 0.81,El
1, = 1.0 for aP,/Py <0.5 Use nominal Use nominal
A T = 4[(aPy/Py)(1 — oPr/Py)] EA and El EA and El
) for aP,/P, > 0.5
(See Note 4)

Design of Individual Members Use Chapters E, F, G, H Use Chapters E, F, G, H Use Chapters E, F, G, H
and |, as applicable and |, as applicable and |, as applicable

Determine K for calculating
member strengths from
Use K =1 for calculating | sidesway buckling analysis | Use K =1 for calculating
member strengths (Can use K =1 for braced member strengths
frames; can use K =1
when Agpg/Ag < 1.1)

Apply amplification
Bi= Cm/“ - aPr/Pm) =1
to beam-column moments

No further member stability | No further member stability
considerations considerations




EXAMPLE C.1A DESIGN OF A MOMENT FRAME BY THE DIRECT ANALYSIS METHOD

[ Given:
A I ‘ De s I g n Determine the required strengths and effective length factors for the columns in the moment frame shown in Figure

C.1A-1 for the maximum gravity load combination, using LRFD and ASD. The uniform load, wp, includes beam
self-weight and an allowance for column self-weight. Use the direct analysis method. All members are ASTM A992
material.

Ex a m p le Columns are unbraced between the footings and roof in the x- and y-axes and have pinned bases.
wp = 0.400 kip/ft
C 1 A w, = 1.20 kipft
m T 1 0 O 1 0 | [ ] | 6 S O Y P Y 1 Y S (Y 10

: W18x40 3
#WeloveSteelConstruction = =

| 30-0" : 300" ¥ 30-0" , 30-0" |

© ® ®

Fig. C.14-1. Example C.14 moment frame elevation.




Chapter C: Design for Stability

#WelLoveSteelConstruction

« Beam AB, CD, DE ua: Column A, D, E 10u
pin AUae Soliwado lateral stability
uov frame 01m1s [UD P-delta effect: L_=L

* Moment frame BC WudounsuusvNIvTY
Sotdudd uAWIISTUIAIUITUCU Chapter C

 wJD Column A, D, E d:lljddducio lateral
stability ucgoavidudiundowamilni
Moment frame BC 11a destabilization
NovINWaudv member imperfection (tanlu
Qv 100%) HSDYIN sway mode LJonausv
N1VUTY LGU USvau HSD usvuWuqulsd

« lumvumMswoisaun aua “leaning column”
nidusv vertical load N Column A, D, E NtAQ
v1n uniform load AUARTUAU notional load
KSD WSvns=NINVUIVLdUDU

The load in this column accounts for all gravity loading that is stabilized by the moment frame, but is not directly

applied to it.
LRFD ASD
Fj; =(60.0 ft)(2.40 kip/ft) =(60.0 ft)(2.56 kip/ft)
=144 kips =154 kips
LRFD ASD
a=1.0 a=16

= (120 ft)(2.40 Kip/ft)

Y; = (120 ft)(1.60 kip/ft)

=288 kips =192 kips
N; =0.0020.Y; (Spec. Eq. C2-1) N; =0.002aY; (Spec. Eq. C2-1)
=0.002(1.0)(288 kips) =0.002(1.6)(192 kips)
=0.576 kip =0.614 kip
LRFD ASD
36.0 kips 36.0 kips 144 kips 38.4 kips 38.4 kips 154 kips
L 2.40 kip/it | 1 2.56 kip/ft 1
0.576 0.614
kip kip
Leaning Leaning
column column




Chapter C: Design for Stability
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First-order results

« 31v3vIpululuNsWoISTUN stability oy AISC e = Am_ﬁggC;jf;‘;j;fﬂglf’éﬁ%;ﬁjgdgyg‘f‘g)'W“))
Section C2.1 K1n1 lateral system Su gravity e > 24 rs2uet (. D‘ —
load nAn311{u3 uaoInsoaswnoHun (Su ~ o N o
uniform load tWus:g:=n1v 60 ft. luvtu:=A gravity
column SuU uniform load wWus:g:=n1v 60 ft. i s o oy
lBULQEIAU) =A20WIIsaN P-A ua: P-J effect - ek = P
V1N load diagram awisaK reaction uas Second-ondor resuiis
internal moment [ao1NN1S3LAS1:KlASVASIV [RPD
awuna 1Send First-order analysis [As:e:n1s oy S 0321 i oo 0 g by 16
ldgsUunivdnvo first order displacement (A,,,) Drif o -

Aguq 0290 in. Az 0.321in.
91 first order displacement (A,,,) Aduwasn e e B
notional load a‘IU‘ISﬂmu:)iUH‘l dlsplacement n | _
Wugu Mbuwamnusy P Ans:riAu moment RS — 5T PR —J e
N
frame ua:usv P Nns:N1AU leaning column
soufivwadn first order displacement (A,,) [ as2 L 418
second order displacement (A, ,) i e ze s




Chapter C: Design for Stability

#WelLoveSteelConstruction

 nod Woaldwams3LAsi:k 15t ua: 2nd
order analysis ULAD v:ApvALTUNS
QsJvaouuduluin 1na stiffness
reduction K3o(U IWs1:KMAha
stiffness reduction v:N(H A, 4 IWUTU

- msasdvaou mialagnisidatdouluin
“usvoan@ovnsii column {u lateral
system SU UALAUNI1 50% Udv
compression yielding capacity Uov
column uua HSalU (1UDvY1N residual
stress Udv column 2gNs12 50% F,)

« WO1STUN drift ratio: A, 4 /A (ULAIU 25
910DV AISC 360 Section C1

Check the assumption that oB/B,s < 0.50n the column on grid line C.

Because a W12x65 column contains no elements that are slender for uniform compression,

Py = Fy Aq
= (50 ksi)(19.1in.%
=955 kips
LRFD ASD
aB  1.0(72.6kips) aB  1.6(48.4kips)
By 955kips B 955kips
=0.0760<0.5 ok =0.0811<0.5 o.k

The stiffness assumption used in the analysis, t, = 1.0, is verified.

Note that the drift ratio, 1.60 (LRFD) or 1.66 (ASD), does not exceed the recommended limit of 2.5 from AISC
Specification Commentary Section C1.

Although the second-order sway multiplier (drift ratio) is fairly large at 1.60 (LRFD) or 1.66 (ASD), the change in
benclmo moment is small because the only sway moments are “those produced by the small notional loads. For Joad
combinations with significant gravity and later al loadings, the increase in bendmo moments is larger.
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Steel iIn Tension
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Steel = Ductile material

_ o _ P/A
E = ¢ AL/L
F = kx

EA
P=(T)AL

Stiffness of tension member = EA/L
Strength at Yield=F,

Strength at Rupture = F

A

(AL'/L,P'/A)

(AL/L,P/A)




Steel in Compression

* Steel = Ductile material
Tension ~ Compression

#WelLoveSteelConstruction
l Ec”

AL

* Elastic shortening
» Stiffness of Compression =EA/L
* Strength at Yield=F,

¢ Strength at Rupture =F,

» Destabilization (buckle)
Before compression yielding

L




Bernoulli’'s Beam Theory

#WelLoveSteelConstruction

% Wolfram,

y'+ay=0
 Bernoulli’'s beam theory b e
Moment-curvature relationship @ :
dzy M(X) ! Y'(x)=-ayx)
dx2  EI ’
second-order linear ordinary differential equation
M(x) = =P.y(x)
5 T Differential equation solution
d%y P | L e - C—
@ - ﬁ E yt.w:c:sim\/? x) +¢; cos(Va x) -.V("{) - LE Slnl.\ a 'k:' + L1 COS[\' ax )
y,’ + Ey o O
EI x=0,y=0: 0 =¢c3(0) + ¢, (1) ;=0

* Solving differential equation x=L,y=0: 0 = ¢, sin/P/EIL




Euler’'s Buckling Theory

#WelLoveSteelConstruction

« P cdhgano:misidnwouly o n=1

P
ﬁLz= 2

_ m?El
cr — LZ
P  TEI
— = O¢r Al 2
Oprp = mE =F
T @L/mEc

* Euler’s buckling load (stress)

Stress

Inelastic
buckling

out-of-straightness
stiffness reduction

straightness
Elastic
buckling
L 1

Threshold

0 = ¢, sin,/P/EIL




Euler’'s Buckling Theory

#WelLoveSteelConstruction

* Euler’'s buckling load weuuluion Bernoulli’'s beam
theory (moment-curvature relation) vuavudyiuin
Member is perfectly straight (asvouad)

+ usvda P Ndowadomsgruidoiadosmw JuwusAuanuu:
NSLIdeSUUDVMSIILFULINISNIW = mode shape

e PxEI/L2 ﬁo@u flexural stiffness N1saqavuov flexural
stiffness HSo stiffness reduction goudowalinaviunis
uNUNSyLdaLangsNIWaQaY

¢ UNQu Msdadidgiangsmw v:ludsingwaanssu
S:HJ1wN1I1 [AtnamisinvoanNIVdIVaIU mode shape (U
wadurnUULIWevIs (Jucitaw: elastic shortening)

o1onalaon gudiangsmw = lulnolan: ludgsuiag
vs. [lddiangsmw = 1namstdgsuurIAma

_LZ — T[Z

_ m’El
=L = (2m)? ﬁ_ (L/3)?
— L2 = (3m)? <

0 = ¢, sin4/P/EIL

T, 21, 31T




AISC 360: Chapter E

‘p

#WelLoveSteelConstruction
* Euler’'s buckling stress

T%E

Fe = W/n?

e Critical buckling strength (nominal)

Stress

\ out-of-straightness

stiffness reduction

T%E

straightness
Elastic
buckling

Inelastic
buckling

v KL . L¢
Threshold T e
=4.71 /E/Fy
Inelastic buckling Elastic buckling
Fy
Fer = (0.658F¢)F, F.. = 0.877F,




Structural Steel Stability Fundamental

Stiffness

Ability to resist deformation

St r e n g t h Tensile Force (P)

Tensile (Normal) Stress (o) = Area (A)

Ability to resist forces
Stress (o) = Strain(e) * Elastic Modulus (E)

D
. AL EA
At yield, P, =f.A »\E Within elastic, P=0cA=€e€E.A=—FEA=—AL
B ¢ Plastc Regln Elastic Region L L
t A :
. ] 0
58 E H | = Stif fness x displacement
Plastic Region
Strength o [material (f,), section(A)] an : . Stif fness o« [material (E), section(A), length(L)]
{szt:ra;';ﬁ;“ Ref: www.extrudesign.com
Moment (M)
Normal Stress = - d?
(o) Section Modulus (Sy) Within elastic, M =EI d_x}ZI
At 15%yield, M,=Ff.5 'p
yie y = IS : = Stif fness * displacement
1
M/y Comp'essioq:# __ T '\M
Strength « [material (fy),section(Sx)] Y ____________ o Stif fness « [material (E), section(I), ]

Ref: www.chegg.com



Structural Steel Stability Fundamental

Strength

Ability to resist forces

At yield, P,

£, A

Strength « [material (fy),section(A)]

At 15tyield, M, = f,.Sy

Strength «< [material (fy),section(Sx)]

Stability

Ability to resist a specific force
with respect to a deformed shape

]

—

Ref: www.wikipedia.com

m%E
ZA
KL
r

Stability o« [material (E), section(A), length(L)]

e

Stiffness

Ability to resist deformation

AL EA
Within elastic, P=0cA=€eE. A= TEA = TAL

= Stif fness x displacement

Stif fness o« [material (E), section(A),length(L)]

dZ
M=E1—y

ithin elasti
Within elastic, a2

= Stif fness * displacement

Stif fness « [material (E), section(I), ]



Structural Steel Stability Fundamental

Strength

Ability to resist forces

Strength « [material (f, ), section(4)]

Atyield, B, = f,.A

Stiffness

Ability to resist deformation

AL EA
P=0A=€e¢E. A= TEA =TAL

Stif fness o« [material (E), section(A), length(L)]

k=0 =0)

Stability

Ability to resist a specific force
with respect to a deformed shape

0401

> AL M(x) _ d2y(x)
EI dx?
d?y(x)
Ref: www.wikipedia.com _P.y(x) = El dx?
d?y(x) P
0= W + Ey(X)
y(x) = C; sin (\/P/EI .x) + C, cos (N/P/El.x)
b - m?El  m’E 4
TTW?E T (L/r)?
> AL




Structural Steel Stability Fundamental

AISC Load and Resistance Factor Design (AISC/LRFD) How?

/_l Stiffness Reduction = El is reduced as some 2
h“'\\ 7 Inelastic / elements within a section reach yield (F ). P, = T[_ El
l ‘\ 7 Buckhing e 12
E Nii T Elastic
X buckling
Fcr = \0.658F/ F, = Critical . ¢ / -
[ Jn4 stress, . -
ksi ~
F., = 0.877F,
Stiffness
KLt Transition  between
[*——equations  (location Can the stiffness be reduced?
, varies by Fy) How can the stif fness be reduced?
Srandard {'ir.a.l’.'e.rrru CUFVE, p T[Z E o
l S e KIN? " Strain distribution
TRANSITION POINT LIMIITING VALUES OF KLir (-) Y (profile view)
F, , ksi Limiting KL/r 0.44F, , ksi r
36 134 15.8 o9
50 113 22.0
60 104 26.4
it} 96 30.8 €

,,,,,,,,,,,,,,,,,,,,,,, L €& ¢y &
Stress—strain diagram
(elastic-plastic region)

. .. KL
~ Limiting - = 4.71

G| ™



Structural Steel Stability Fundamental

When analyzing stability problem, we normally compute the critical load that causes
destabilizing effect.

P
cr
4 J .
A ifurcation
Instability
(Buckling)
Assume no displacement
t y
P

cr wainssu Bifurcation U tlWuwnanssunlulatnaduasvlulasvasivsuusvaa



Structural Steel Stability Fundamental

Transverse deformation (beam deflection) will be enlarged when axial force is applied.

P
A F
— Ay L9101 moment = Py,
FE)l- Ay MSLAgSUdIWUTULIDD axial compression force
y;o (axial force P = constant)
< y(F)
L) Yo
P

1namsuen® deformation 1ISen31 Amplification




Structural Steel Stability Fundamental

With initial transverse deformation (y,, imperfection), deformation will be increased
exponentially when subjected to more axial load.

P
‘Q P Faoi
F ) y"» Ay
10,
Z y(P)
1T Yo

Y, a'lalncﬂno'lnno Lateral Load HSD Imperfection
$v Imperfection 9191AQlGINAY

(1) member out-of-straightness (Us:u1tu 1/1,000) ua:/Hso

(2) erection out-of-plumbness (Us:u1gu 1/500)



Structural Steel Stability Fundamental

Therefore, bifurcation is not the true behavior of axial compression consideration.

E
47 p
. » Bifurcation
| y . Bifurcation U WJuwgéanssunlulatiadudsy
. FoninaduosvAamsiiia Deformation Amplification
1 Yo y(P)
P }
cr

V1N Lateral Load HSD
910 Imperfection (out-of-straightness)



Structural Steel Stability Fundamental

Euler’'s equation

P
y
X Mp(x)
Yo (x ) \ Yp (.X')
Initial § 0

imperfection
1/1000 for
straightness limit

P

m2E]

From y(x) = C; sin (w/P/EI.x) & P, =

(L)?

Due to initial out-of-straightness

Substitute P/El=n/L & C; =0 Half sine usud 6,
X

Hence, Yo (x) = §, sin (T)

Total displacement y(x) = yo(x) + yp(x)

Equilibrium equation, Mp(x) = P.y(x) = P[yo(x) + yp(x)]

d*yp(x)

—EI
dx?

X
= P§, sin (T) + Pyp(x)



Structural Steel Stability Fundamental

Euler’'s equation

P
y
X Mp(x)
Yo (x ) \ yp (.X')
Initial § 0
imperfection
1/1,000 for

straightness limit

L]
P

Rearrange, EI

a2*y"(x)+ al*y(x) = -al*a3*sin(ad*x)

Differential equation solution:

ala3sin(a4 x)

al -a2a4?

_')"[x} = —

o [val x val x
+Cz Sin +¢C1 COS

P _ P
yp(x) =G COS( /Ex> + Czsm< Ex) —

Boundary Condition

x=0,yp(0) =0:

x=L,yp(L) =0:

d*yp(x) - (TTX
ez + Pyp(x) = —P§, sin (T)
=]
¥ S on |
Péysin(mx /L)
P — EI(rt/L)?
P(So * ()
=0
o - coanl |2, _ Poosinriry
— 2 B TP —EI(n/L)?



Structural Steel Stability Fundamental

Euler’'s equation

P
y
X Mp(x)
Yo (x ) \ yp (.X')
Initial § 0
imperfection
1/1,000 for

straightness limit

L]
P

d?yp(x
Rearrange, El L()
dx?

a2*y"(x)+ al*y(x) = -al*a3*sin(ad*x)

Differential equation solution:

ala3sin(a4 x)
al -a2a4?

_')"[x} = —

o [val x val x
+Cz Sin +¢C1 COS

X
+ Pyp(x) = —P§, sin (T)

Péysin(mx /L)

P P
yp(x) = C; cos (\/;x> + Czsin< Ex) —p_ El(n/L)?

_ Péysin(mx/L)
o) = = 5T E /D)2
yp(x) = El(/L)2—P osin(mx /L)
1
yp(x) = 2 Sosin(mx /L)
e _q

P




Structural Steel Stability Fundamental

- (TTX
Euler’'s equation Total displacement, y(x) = yo(x) + yp(x) & yo(x) = 8 sin (T)
. (TIX 1 . (TIX
P Therefore, y(x) = 8 Sln( 7 ) + B _ ) 8o sin (T)
4 P
1 - (TX
y =[1+P ]*6osm(T)
le _
X Mp(x) P 1
- dosin ()
Initial &, [ B ] 6o sin|~
imperfection P
~ /1000 for 1 - (TIX
straightness limit — [1 B E] * 6‘0 sin (T)
1T P,
P
y(x) = P *Yo (X)
=7
1 e
yp(x) = 2 Sosin(mx /L)
e
D 1




Structural Steel Stability Fundamental

. . . 1
Euler’'s equation Since, y(x) = 5| * Yo (x)
1 — —
Fe
P
4 y Consider maximum displacement with initial axial load (P), 6(P)
X Mp(x) l
yo(x) <\ yp(x) LN Q initial displacement = §,
Initial §, E Bifurcation

imperfection

1/1.000 for
straightness limit

L]
P




Structural Steel Stability Fundamental

. - _ 1 S:QuUUDVUSY destabilizing
Euler's equation Since, 6(P) = p | * % force Ains:Au out-of-
1-—- P_E straightness member dona

doms “n3A1” msidosU Ndwa
pMSJULIUINYSMW

P
¢ f Bifurcation .
aPy Pg F.=0877F,  (WalUavAululiiAa
Yo(x) yp(x) excessive deformation 910
do 6(P) Wauov out of straightness
dvMKuaQ §,,,, lagnau Euler
{ 5 . 5(P) buckling load Py avQd8 «
P max

5/8, 1.33 8.13



Structural Steel Stability Fundamental

Euler’'s equation Since, y(x) = l P] * Vo (x)

From equilibrium equation,

1
Mp(x) = —P.y(x) = —Pl P] * Yo (x)

%(_/

Amplification factor
for 2"d order effect

1
Mp(x) = l |+ —Pyo(@)

15t order Moment




Structural Steel Stability Fundamental

Per previous,

1
Mp(x) = |— | * —Pyo(x)
TR
[ —P ] - (TX
M(x,P) = ) P *5031n<7>
Pg
L —P
M E,P = ) _L * 50
Pg
When consider combined axial bending,
To remain elastic P + M(x, P) <FE
" A S Y

(s

S

Maximum stress at

<,

| T



Residual Stress

#WelLoveSteelConstruction

dountdudnavnou d=HAMIADU 1A remain solid Bvalunawisasaclasas: Juluina stress
dOUNLHUINKAY D=WEIEIWKACD Bvo:lU “na” d@uftducdnou LAQ compressive stress JU

Cooling down Adga L&ucav

=

Uaien Avnaiv web 1duddniau

DDNVINAS:UOUANSSASDU




Structural Steel Stability Fundamental

| KA1 P ARTALAQ first yield uov combined axial bending 1
E Note: gvliAawauov Residual stress




Structural Steel Stability Fundamental

Therefore, with residual stress

Inelastic

HIAWDISEU1 compression
member 9:15u31 dundu
compression fiber Walia
moment d:10ud>uf control

(1A yield fiou) j

Buckling
(KLIr<C,)

Fy

-~ Material strength

== Stiffness
reductiol

tion

Euler’s formula 1
(Ideal) 0.60 Fy

§
I
J 3

0.5F, |-

Intermediate <& &<> Long column 0.26 F, - SRR ¢ l( \\
column . i fisa) N
Not conservative as - \
C. columns are not Y = B B i ¥ e ]
G KUr perfectly straight ! s i
c L n’E
Remaining normalstress to T\ 7] TOBE, e e e e e e e e e e e e e e e e e e e e
. critical 4
yield = F, - 0.5F, = 0.5F,

r
: AISC Load and Resistance Factor Design (AISC360-16)
0.3y Oalyk:_ Aosty i
g b
W o o5y osy i 4 N i o
N N : Fop = (o.éSBFZ_) Fy= Gl uckliog
/ NOrmal °‘3’y b 950, : 2 F:, = 0.877F,
- I A 1 A 1 N
ReSId ua l 930 fy=235 MPa i : xy bk
h/b>1.2 h/b<1.2 1 2}
I Pk N HZE
Z Norma l Stress : TRANSITION POINT LIMITING VALUES OF KLir ) ] = (%)2
: F ég I.Iml!;n%g KLr : ovu;gg. ksi J‘
Stress from BEAM coLumN | 2 e
Normal Stress .

- Moment #WeloveSteelConstruction e
from Axial

Compression



Stiffness Reduction

#WelLoveSteelConstruction

U

0.3F, 03F, 0.7F,
03F, 0.3F,
0.7F,
Beam + Beam
Residual Stress Bending

MII-

Fy

...........

..........

Beam Stiffness
Reduction due to
Residual Stress

y

»

Stiffness reduction donals

E=0/¢

lanisaanauniavitduna

UIDINNSIYLAVLTNYSAIW

Nominal Flexural Strength, M,

A

C,=1.0 (Basic stre;wgth)

0 "
0 L,
Plastic | L, |
design ! T
9 I M, | Inelastic Elastic
' ' LTB LTB

Nominal Flexurzjmistes:

M,

3 @w}, J
o0

Unbraced length, L,

2} | a0
Compact e Noncompact

(ff’q

1
[
{
flange L flange :
| |
r | 5= |
| 635 [E 170
0.38 | == | 0 /== I Slender flange
VE, VF,ksil VF, YF,ksi | -
| |
I Y I
\r \
# A.”f Aj

Slenderness, A = by/21;

LTB



Stiffness REd UCtion Stiffness reduction dowalH

lanisaanauniavitduna

#WelLoveSteelConstruction Stress UIDINASFULFYLFAYSNIW
O5F, 05F, O5F,  OSF,+OS5F;=F, | | :
E=0 E=0 d
2
P i Fo = ELEZ ]
_ T )
» g %)
O.5F, | »
L TIZ :
O5F, 0.5F, E=0 E=0 0.5F) = KLY |
. T ] -
[
i | L
|
- . KL
Column Column + Column Stiffness Threshold —
Compression Residual Stress Reduction due to

(KL) 212E C r
- . = — e
Residual Stress AISC/ASD 1989 I' ) threshold \/ Fy






Required vs. Available Strength

H#WelLoveSteelConstruction

CHAPTER H

DESIGN OF MEMBERS FOR COMBINED
FORCES AND TORSION

H1. DOUBLY AND SINGLY SYMMETRIC MEMBERS SUBJECT TO
FLEXURE AND AXIAL FORCE
1. Doubly and Singly Symmetric Members Subject to Flexure and Compression

The interaction of flexure and compression in doubly symmetric members and singly
symmetric members constrained to bend about a geometric axis (x and/or v) shall be
limited by Equations Hl-1a and H1-1b.

User Note: Section H2 is permitted to be used in lieu of the provisions of this section.

(a) When Lid =02
B

P83 My My
Lo E L 0 (H1-1a)
P9l M, M)

(b) When 22 202
I3
f

£ (M M“ <1.0 (H1-1b)

2F. l M, u

where
=== [, =required axial strength. determined in accordance with Chapter C, using
LEFD or ASD load combinations, kips (N)
=== [, =available axial strength determined in accordance with Chapter E. kips (N)
s M, = required flexural strength, determined in accordance with Chapter C. using
LRFD or ASD load combinations, kip-in. (N-mm})

=== \f.= available flexural strength, determined in accordance with Chapter F, kip-

in. (N-mm)

mMsoDNIUU daviKuauuIaila uaznsadaq tWalRiiidvs:u
(nominal resistance, R,,) u1nn3’1wamﬂusomaupﬂr‘ins:ﬁwda
lAsvasiv (load effect, L) lagadivivAdiuidsy noratnalacn
A IWuUsUsOU Awlbuuuauciiv a

[ASD] R,/Q>L
[LRFD] OR, > YL

lUUIASTIUNMISDDALUU 519DV AISC dvudt 2016 Wuduwn Tadms
Wasumnan 1wkl lasldrmavndovnis required strength
(P, M,) unu waoinusvnmauoan (L) ua:favnid available strength
(P. M,) unu Aavs:u (R,)

A1Q31 tHQwaudvily load LWalRASDUAQU wamﬂUaaaau a AlUTla
WOuusvneuan Rdvwadalnsvasy laglaw:oevdvy geometric
imperfection n\)n:nUIUIOO\) (out of plumbness) ua:A>WlLasY_
(out of straightness) ALAQDINASIUDUMSHAEQ udssdua: AsAQdv



Required vs. Available Strength
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CHAPTER H

DESIGN OF MEMBERS FOR COMBINED
FORCES AND TORSION

H1. DOUBLY AND SINGLY SYMMETRIC MEMBERS SUBJECT TO
FLEXURE AND AXIAL FORCE
1. Doubly and Singly Symmetric Members Subject to Flexure and Compression

The interaction of flexure and compression in doubly symmetric members and singly
symmetric members constrained to bend about a geometric axis (x and/or v) shall be
limited by Equations Hl-1a and H1-1b.

User Note: Section H2 is permitted to be used in lieu of the provisions of this section.

“u

a) When —=0.2
( P

P 8 M, M
= [ —+—2l<10 (H1-1a)
BOol My My

(b) When ic 0.2
P
£ (M My ]c]{} (H1-1b)
2P LM My
where
=== [, =required axial strength. determined in accordance with Chapter C, using
LEFD or ASD load combinations, kips (N)
=== [, =available axial strength determined in accordance with Chapter E. kips (N)
s M, = required flexural strength, determined in accordance with Chapter C, using
LRFD or ASD load combinations, kip-in. (N-mm})

=== \f. = available flexural strength, determined in accordance with Chapter F, kip-

in. (N-mm)

K1AWoIsauN wedinssusou (interaction) uov combined axial
bending uovaumisnldasddaoundiudanany Jdourdonain

o WsLHAala dv "IUAZUANULU:LEOWAANSSY” NS:AUUDVLSYDQ
S10 20% UV MAVSULSVIQ

o UALWSI: IHala SoluwoIstuo AR LU 1.0 WuAl usvdan
iAadudanidvusvaa + lwwudAtaadudondvsuluwud

:1UUlUTATKL Sndumauion “ANULAuUAYAIY residual stress”

la: msaimaﬂlaﬂﬂsmw ouldumwauion stiffness reduction
AQaoQvyu ﬂ‘la\)SUIUlUUC‘InC‘IE)\)ﬂ‘ISlWUE)UlUE)\)O‘Iﬂ lmperfectlon

A1Q31 tHQwaudvily load LWalRASDUAQU wamﬂUaoaau a AlUla
WOuusvneuan Rdvwadalnsvasy laglaw:aevdvy geometric
imperfection n\)n:nUIpIcm\) (out of plumbness) ua:A>WlLasY_
(out of straightness) AlAQYINAS:UDUNISWAA wUssUua:zNmMsaacv



Interaction Diagram

#WelLoveSteelConstruction

e ASTUADUASOLISULKAN [AUMSWIISTUIWASOUUDY
usvoaua:zluludaaa axagwnanssuydvAdUNSON
suusvaalad (usvdounulyla) ua:wadnssuuov
Eocu tkannsulddnvusvdauazusvdo

75;
&=0

eCCU

hI cﬁ Es= &y
A o €= Esy
A

e  MYHANUA-ADUNSOD:NIVIUIUWSDUAU L1AQNTS
ldosUuinAuLl3 stiffness uovlKaNLA:ADUNSAD:

!
C

Ew dI i 7g; Bending at steelJ LanNciIvAU BuNISWYISTUN 158N compatibility
Qs A, _ strain =yield strain . .
C . ] * Interaction diagram d:udavnsauiuasasie Mdu
) %e; WasdUUDv normal stress NdavINQ (limit state)
------------ == ¥, - o005 OAUSVDO La=valuwudaa

A: 100% Axial
B: Axial + Moment AM{K strain ulkaniasu = 0
Ref: www.mdpi.com C: Axial + Moment NN{K strain = yield strain

S— — D: Axial + Moment AfIH strain = 0.005 ~2. 5¢,
ApUASaLAQ crushing uazik&nLAQ yielding | F. 100% Moment

My /Aghfc




(a) When % =02

c

- — P 8( M M
Interaction Diagram B S M)
P 9\ M., M,

#WelLoveSteelConstruction (b) When %<0,2
- = - < _ . ) . s +(M’“'+ﬂ]s1.0 (HI-1b)
* AstuAdUNSAaldasUlHan interaction LaQvNISULUY 2P Mo Moy
watinssuoantdu axial (unumo) ua: bendmg (unu
uou) IOEJUDO balance n ADUNSAULAzIKAN "Z-IUOC-'I"
P
« AstulAsvasivllan interaction Ao: WO‘]SE’U‘\F\E]‘IEJF‘IC-\\) P—r
U TOEJmHucmO balance lUUDOllU\) doun axial ua: c
doun bending tUu dominant behavior Oouuaaun
LUu axial dominant d:0dnuau:dowaanssun 1.0 Goe M. 0
Normal stress in compression: O-iotal =Fy
Normal stress in tension: OTotal = 0 2
- Bending: of = —ojp 2
ot = 0: or =05 +0,=0 of=-0,4=—0p %
ot = Fy: or =0g+0, =Fy = Axial dominant M, = M,
Fy =04 + 0, o = 0.5F, ~0.2 oy il
Residual:  op = 0.3F; M,

Normal stress at balance = 0.5F;, —0.3F,= 0.2F, M



Interaction Diagram
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 AstU axial dominant behavior

ouluahAtuAd normal compressive stress Covll
AU F, iwaUovauwganssu stiffness reduction ou
dowamigmavsuusvaa P_ aauogav

« TagndlU elastic section modulus (S,) Udv H-shaped
section UAINS1D 85% - 90% udv plastic section
modulus (Z,) Na1dAD S, ~ 8/9Z, KSo M, ~ 8/9M,

A1saqnau required moment (M,) avd1ns:AUAMIR
flexural member 1Aa fully yield (M) fitwaUavru
stiffness reduction (UTvdiuuovHUNAQLAQNS yield)
puduwacionisaaavudv P, AJYIHOAVNATD DOWUMS
aanau M_av axeaduds 8/9 fuaumis Hi-1a

(a) When %2(),2

(2]
(2]
(O]
—
4+
(2]
E
‘»
c
(]
+—
o
Z

C

9| 5o

1.0 ¢

P 8( M,
_+_ [R———
P. 9{Mm

Axial dominant

(H1-1a)




Interaction Diagram

#WelLoveSteelConstruction (b) When %< 02

C

B (M My (H1-1b)
2P.

Mo My

« nsau bending dominant behavior
Wpvdus:duyavlsvda (Madvsuusvdandoavms P,)
UAUIAU 20% vovmadvsuusvaa (Madvnid P dotlu
wanm(K destabilizing effect DAUDY

9| o

« 91AA P/P_+ M/M_< 1K M, /M_ 3A1S12 8/9 ~ 90%
QuUu P,/P_=1-09=0.1

g S —

ucidoe P,/P, A1512 0.2 ;nwauluniouktn Jvaanau
P./P.avtlu P,/2P_ = 0.2/2 = 0.1 tWWalK interaction
curve LAQAUCIDLUDY S:HIV axial dominant ua:
bending dominant boundary

(2]
(2]
(O]
—
4+
(2]
E
‘»
c
(]
+—
o
Z

{u AISC 360 Commentary H1s:ul3on e e M, = M,
“The terms in denominator fix the end points of the ~0.2 | Pe=0
interaction curve.” M,




wav1nAUIL 100% udv
DVADIAISNADVYWIISEUN |
langsMmw ;

Imperfection: Impact to
System Instability

"%ﬁ-?.."["'—i =

H#WelLoveSteelConstruction



Imperfection of Compression Member
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vertical gravity load, P

* Perfectly-straight cantilevered
column SU vertical gravity load -

* Equilibrium AguLlaiv:lnQ vertical
reaction

1

vertical reaction, P



Imperfection of Compression Member
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vertical gravity load, P

. "Perfectly-straight column” Uulliij

DEVSV o
* Equilibrium AgIULaT 9:1Aa moment N -
LNAU PS

S

vertical reaction, P




Imperfection of Compression Member
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vertical gravity load, P

* Assume “perfectly-straight”
column uciowlulagy 100% -

— A

« Equilibrium AgULal 9:11a moment
LN1AU PA

Wmoment = PA

vertical reaction, P




Imperfection

Out-of-Straightness Out-of-Plumbness
#WelLoveSteelConstruction

vertical gravity load, P

! !

_> A
A1
0 L~ 500

oment = P§ oment = PA

vertical reaction, P vertical reaction, P

Perfection

But with notional load

vertical gravity load, P

0.2% P l

H —

H*L =PA
H =P*A/L
=P*1/500
=0.002P

oment = PA

vertical reaction, P



Load Increment in Member for Stability
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Out of

AH plumbness AH
. ¢ > . .
P Analysis: Basereaction=P Analysis: Basereaction=P
‘ Py Perfectly straight
Amplification (P = )
! i i : Amplification (P = )
| Poss £0.75P; | Ao7s= f(Ao=0) = Amplification (P = Py ;5)
Po.75 = 0.75P¢y Do75=0 : : i '
' P1.oo -:- 1.00P, ' Aj o=
P1.00 = 1.00F, A1.00= I E"'
P e 1
Pi oo = Pgr »-- Base moment = o Proo = P @ > i i
Po.75 o
Po.75 / i :
Bifurcation!!! L
v v

Base moment = P*A

AH AH



Load Increment in Member for Stability
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Required Axial Strength, Py

Out of A
P plumbness H
(a) When —=20.2 (Ao) *r—>
&+§ My +% <10
P 9\ M, M,
(b) When 2 <02
I
! 2];2 +(ﬁ”+%)sl.0
i ¢ cx cy
A L
Pﬂ N
Stub beam-column
Required Strength

usvnAovidworstuilasna 2" order effect uad

Available Strength
fn$ geometry, section & material i
Beam-column awnsar failure envelop Gla lagfu
_ n1sAUdeU AISC [amHualRuwauov

I I = . - — - ..
M, M, P./P. =0.2 1mperfectlo_n NU inelasticity U1
Us:NDuNISWIISaUN
Requlred Flexural Strength, M,

M; /M
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CHAPTERC

STABILITY ANALYSIS AND DESIGN

This appendix addresses the dire

APPENDIX 7

Design for Stability

#WelLoveSteelConstruction

DIRECT ANALYSIS METHOD

The appendix is organized as follows:

moment frames, braced frames. shear walls, or combinations thereof

analysis method for structural systems comprised of

Specification
for Structural Steel Buildings

7.1, General Requirements
This chapter addresses general requirements for the stability analysis and design of mem- 7.2.  Notional Loads
bers and frames. 7.3, Design-Analysis Constraints
The chapter is organized as follows:
- . . TABLE C-C2.2
Cl1. Stability Design Requirements . 2
- : ) Approximate Values of Effective Length Factor, K
C2.  Calculation of Required Strengths - 2
Buckled shape oﬂ:::mnu (@ ®) (@ (&)
o ' | i
?
1b.  Second-Order Analysis by Amplified First-Order Elastic Analysis Y
User Note: A method is provided in this section to account for second-order ‘.‘ / ]
effects in frames by amplifying the axial forces and moments in members and A 4
connections from a first-order analysis. | | 1 [
Theoretical K value 10 10 20 20
The following is an approximate second-order analysis procedure for calculating Recommended design
the required flexural and axial strengths in members of lateral load resisting :,:mmm 000 | 1089, 12 10 = .
systems. The required second-order flexural strength, M, and axial strength, P,, End condition code = Rotation fxed and transiation fxed
shall be determined as follows: Y Rotation free and ranslation fixed
M, = B\M,, + B,M), (C2-1a) B Rotaton fxed and ransiation free
P = Pu + B2Py (C2-1b) U o mitiod
where
Cn K Ge
Bl=—"2 _>1 (C2-2 -
=1z P,/ Pa = ) —T1.0 50,0 Sa\)
For members subjected to axial compression, B; may be calculated based on the T %080
first-order estimate P, = Py + Pjy. —1—0.9 30 P
—+ 2.0
User Note: B, is an amplifier to account for second order effects caused by "
. . . . B ]
displacements between brace points (P-8) and B, is an amplifier to account 08 all
for second order effects caused by displacements of braced points (P-A). &:E: 1 Elg 0 04l b2
For members in which By < 1.03, it is conservative to amplify the sum of the g:g: gg b1 e
non-sway and sway moments (as obtained, for instance, by a first-order elastic 0.6— 07 0.6 c2
analysis) by the B, amplifier. in other words. M, = By(M,,, + M;,). 0.5 0.5 b3 By %
0.4 1 04 T, ™~ os
1
B=————>1 €23 03— 03 <3
2 an Py = (€3 i o A
T TP, 0.2— ’ 0.2 *
User Note: Note that the B, amplifier (Equation C2-3) can be estimated in 0.1 T 0.1 P
preliminary design by using a maximum lateral drift limit corresponding to the
story shear ¥ H in Equation C2-6b. 0.0 L os 0.0
and
o = L.OO(LRFD) « = 1.60 (ASD) Fig. C-C2.3. Alignment charti—sidesway inhibited (braced frame)

June 22, 2010
CHAPTER C
DESIGN FOR STABILITY

This chapter addresses requirements for the design of structures for stability. The direct
analysis method is presented herein; alternative methods are presented in Appendix 7.

The chapter is organized as follows:

Cl. General Stability Requirements
C2.  Calculation of Required Strengths
C3. Calculation of Available Strengths

APPENDIX 8
APPROXIMATE SECOND-ORDER ANALYSIS

This appendix provides, as an alternative to arigorous second-order analysis, a procedure to
account for second-order effects in structures by amplifying the required strengths indicated
by a first-order analysis.

The appendix is organized as follows:

8.1.
82.

Limitations
Calculation Procedure

8.1. LIMITATIONS

The use of this procedure is limited to structures that support gravity loads primarily
through nominally vertical columns, walls or frames, except that it is permissible to
use the procedure specified for determining P-8 effects for any individual compres-
sion member.

8.2. CALCULATION PROCEDURE

The required second-order flexural strength, My, and axial strength, P, of all mem-
bers shall be determined as follows:

M= B1Mpnt + B2 Myt
Py= Py + ByPy

(A-8-1)
(A-8-2)

Specification
for Structural Steel Buildings

CHAPTER C
DESIGN FOR STABILITY

July 7, 2016

This chapter addresses requirements for the design of structures for stability. The direct
analysis method is presented herein.

The chapter is organized as follows:

Cl.  General Stability Requirements
C2.  Calculation of Required Strengths
C3. Calculation of Available Strengths

TABLE C-C1.1

Comparison of Basic Stability Requirements

with Specific Provisions 31

Analysis Method

Provision in Direct l’rovislon in Effective

Length Method

Basic Requirement in Section C1 (DM) (ELM)
(1) Consider all deformations C2.1(a). Consider all Same as DM
deformations (by reference to C2.1)

(both P-A and P-5)

(2) Consider second-order effects

C2.1(b). Consider
second-order effects
(P-A and P-5)ibl

Same as DM
(by reference to C2.1)

(3) Consider geometric
imperfections
This includes joint-
position imper-

Effect of system
imperfections on
structure response

C2.2a. Direct modeling
or
C2.2b. Notional loads

Same as DM, second
option only (by refer-
ence to C2.2b)

fectionsta] (which
affect structure
response) and mem-

Effect of member
imperfections on
structure response

Included in the stiffness
reduction specified in
cz2.3

ber impe
(which affect struc-
ture response and
member strength)

Effect of member
imperfections on
member strength

Included in member
strength formulas,
with Le=L

(4) Consider stiffness
reduction due to
inelasticity

Effect of stifiness
reduction on structure
response

Included in the stiffness|
reduction specified in
ca23

This affects structure
response and mem-
ber strength

Effect of stiffness
reduction on member
strength

Included in member
strength formulas,
with L= L

(5) Consider uncertainty
in strength and
stiffness
This affects structure |
response and mem-
ber strength

Effect of stiffness/
strength uncertainty on
structure response

Effect of stiffness/
strength uncertainty on
member strength

Included in the stiffness|
reduction specified in
cz.3

Included in member
strength formulas,
with Lo =L

All these effects are

considered by using

L.= KL from a side-

sway buckling analysis

in the member strength
check. Note that the
differences between

DM and ELM are:

* DM uses reduced
stiffness in the
analysis and L= L
in the member
strength check

* ELM uses full
stiffness in the
analysis and
Le = KL from
sidesway buckling
analysis in the
member strength
check

[a] In typical building structures, the “joint-position imperfections™ refers to column out-of-plumbness.
Ib] Second-order effects may be considered either by a computational P-A and P-6 analysis or by the
approximate method (using By and B; multipliers) specified in Appendix 8.
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Effective Length Method (ELM)
35n1sLOu Avucinau AISC 360-05

liwoseun imperfection (IUa:=nauA K)

nod d1HSU AISC 360-05 tWuduul uiasgu
ATHUQIHWY1SEUN notional load N.

Direct Analysis Method (DM)

35A1siKL 91vDv 2an. 011038-22

wo1sau imperfection lagnsld notional load,
N, = 0.002*P,

0.002 K& 0.2% LIMns:e:ldovAUSUINGaNUDUIR
ALN1AU 1/500 (Lla1e12 5 m Haadola 1cm)
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Effective Length Method (ELM)
35n1sLOu Avucinau AISC 360-05

Wo1StU1 second order analysis
P-Delta Effect

Wwav1nns deform 91n original geometry lag(u
7} O
aanaumav

Direct Analysis Method (DM)

35A1siKL 91vDv 2an. 011038-22

Wo1StU1 second order analysis
P-Delta Effect

Wav1NN1s deform 1N original geometry las(u
“wuusomeiu laslawizagrvdo M”
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Effective Length Method (ELM)
35n1sLOu Avucinau AISC 360-05

wo1seu1A K (U Euler buckling stress

Direct Analysis Method (DM)

35A1siKL 91vDv 2an. 011038-22

[UwoIsaunAT K (K = 1) (u Euler buckling stress
* tlunisdtAasiKlasvasivuaznisKkINav*

w2E'

B}

e
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Effective Length Method (ELM)
35n1sLOu Avucinau AISC 360-05

[Uaanou stiffness

Direct Analysis Method (DM)

35A1siKL 91vDv 2an. 011038-22

aanou stiffness, EI' = O.8El
* Law:lunisdlAs1:KlAsvasiviworl deformation*

m?E"  mw2El

Fo = <£)2 - (LC)Z/A

r
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Effective Length Method (ELM)
35n1sLOu Avucinau AISC 360-05

PnKL T

Axial Force, P

17
P, - L
. . W,
2"-order elastic i
T~
Pyt Actual response o
| .
| T
i
Mu MP

Moment, M

(a) Effective length method (Puky is the nominal compressive strength

used in the effective length method; see Appendix 7)

Direct Analysis Method (DM)

35A1siKL 91vDv 2an. 011038-22

Axial Force, P

PrrKL_

Py

W,
0.0021W, |
j
0.002w, |
2"%order elastic (DM) = .

_______ Actual response

Moment, M

(b) Direct analysis method (DM)




Design for Stability

#WelLoveSteelConstruction AISC360-16
; = oge
B2 WNugrntun1sNasan stability e
Approximate Values of Effective Length Factor, K 1]
Buckled shape of column is © @ Ul
‘shown by dashed ine. || | l. o o . = ol L}
71y an1s traaag Al
IRV waadalusia ... N5 Lnsi SC
| | ]
ool W e R e °  ww1laAruaNAINAANANNUES:WINN stiffness * wi1lad imperfection anssadnaanlandunislanss
are approximated 1]
‘End condition code 3 e . R . P ealm [3 i o
L —— stability strength wa:ea3ain stiffness reduction ¢ia adawlunuruau lunssviniulassasnuiiva satisfy
’ Rotation fixed and translation free . . one e ege . or 0 d. o o
1 Rotaton froe and ransiaton froe nqﬁﬁmeaﬂLaﬂﬂinqw destab|||z|ng effect of structure moment eqU|I|br|um nu vertical load Nns:vn Iﬂﬂ
- - a I, .
e K G L5eNLLS9LaNaUU1 notional load
53’2 10 gggg ﬂ n tan 3
10. i E-10. = . =
4 , 21 . * whlasgnuunaaenisiia residual stress wazfianisas
3.0 T 3.0 9 . o
T - N residual stress aaanauaaan residual stress ¢ia * wirlamnaunangzas required strength vis M, ua: P,
o i al . . s a d . °
i ; = stiffness reduction 29WII5U 2"° order analysis 3MnNnN151ARGUAADY
s T (26 2 imperfection a2an15ld notional load lunssvinfiu
04 1 50'4 g = BEJT- o [ 2 < [
03 o3 4 * nlanisnissuniglulasuasne Nuseannsatusuue Tasussne
0.2 o8 0.2 4 o N 4 - o a
y | " ! an aaanlaw displacement LIANIITUINUANINN
3 o " . o P=] A P : N o L]
" 1. L., Tasuasnedelaidasy (1% order analysis) fdusaiwd * w1laWugruin Euler's buckling stress waunlaasinnls
g C-C2.1. Alreens chars—sdoowey i braced rame) Taseasnutdasy (2" order analysis) wazn15Wa9un buckling 3llunwgfinssunisatimtuy
. AUWAUNLEANI Bifurcation Zulaildwgfinssuazseau
fanua: Uniasealaaan . < . 4 = i B el B @ cag o B
o 4] * whladimeidasuaanlassasieluaniwidelaisuwseana 6550216 el baNsTuazeezitlungfinssunnag a e
anaNuaaiatadanluntsufifunsansule (ag displacement unAuniusadaftmsiuadnassnls
c P [ . . b~ . [
Turnariansniw) #A3andn imperfection taganaynain 99 buckling stress nana
dunaunisadnwazilssil ¥l member lainss@n (out
< e o o M o S ' = o % 9 P~
of straightness) #3ansincu Alsilamuzaatan (out of * 19U NIUAANLSIAAAADAAULLSININAIUAN AN
plumbness) fani1sAL1gAILse N5and1 amplification factor

8. All columns buckle simultaneously.



Axial force, P

Direct Analysis Method vs.
Traditional Effective Length Method

Y o7
M 0.002Y M
A A J
Y Y
P, [ B 0.002Y, A
El', EA’
PI'L
Reduce kg Q. 2" order (DA)
Pm compressio elastic2™ order g \
: S
acity P
P ' X P
o fr—————— ——= Actual response g o pm—mme—————— Actual response
|
| |
u ' Increa
|
| | moment
|
. . demand
! »>
Mu Mp Mu MD
Moment, M Moment, M
Effective Length Method Direct Analysis Method

Ref: Landis (2018), "Direct Analysis Method Applications and Examples," AISC
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« d1HSUN1SO1SIDADU serviceability (U
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nonlinear)

Notional loads shall be applied as lateral loads at all levels. The notional loads
shall be additive to other lateral loads and shall be applied in all load combina-
tions, except as indicated in Section C2.2b(d). The magnitude of the notional
loads shall be

N;=0.002a.Y; (C2-1)

where
o = 1.0 (LRFD); o = 1.6 (ASD)
N; = notional load applied at level i, kips (N)
Y; = gravity load applied at level i from the LRFD load combination or ASD
load combination, as applicable, kips (N)

User Note: The use of notional loads can lead to additional (generally small)
fictitious base shears in the structure. The correct horizontal reactions at the
foundation may be obtained by applying an additional horizontal force at the
base of the structure, equal and opposite in direction to the sum of all notional
loads, distributed among vertical load-carrying elements in the same propor-
tion as the gravity load supported by those elements. The notional loads can
also lead to additional overturning effects, which are not fictitious.
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Ref: Landis (2018), "Direct Analysis Method Applications and Examples,” AISC
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I Steel Frame Design Preferences for AISC 360-10

X

Item Value -~
1_|Design Code AISC 260-10 i
2 |Muli-Response Case Design Envreltggei n__ |
3 |Framing Type OMF
4 |Seismic Design Category C
S |importance Factor 1
6 |Design System Rho 1
7 |Design System Sds 0.2
8 |Design System R 3
9 |Design System Omegal 3
11 | Design Provision LRFD
12 | Analysis Method e Car_e_?c_'x’ﬁingrgg:sr___ E
13 | Second Order Method General 2nd Order
14 | Stiffness Reduction Method Tau-b Variable LI

15 | Phi(Bending)

16 | Phi(Compression)

Tau-b Fixed

17 | Phi(Tension-Yielding)

No Modification

RemDescripton ——————————

This is egherTau-b Variabie™, “Tau-b Fixed™, or &
“No Modification” indicating the stiffness
reduction method used to analyze the
structure, The design module does not verify
the acceptabiity of the seiected method, The
user is expected to verify the acceplabity of
the selected method. The program seis the
appropriate stiffness modification factors for
the selected analysis method. The useris
expected to seét the appropriate notional loads
for the stiffness reduction method selected.

|

Explanation of Color Coding for Values
Blue:  Defaul Value

19 [ Pni(Shear) 08 B
20 | Phi(Shear-Short Webed Rolled ) . 1
21 | Phi(Torsion) 0.9
22 |ignore Seismic Code? No
23 |ignore Special Seismic Load? No
24 |is Doubler Plate Plug-Welded? Yes ~|
[~ Set To Default Values —— 7 [ Reset To Previous Values
Al tems ] Selected tems | ‘ Al tems I Selected tems |

Black:  Not a Defaut Value
Red: Value that has changed during the
current session

Ref: Landis (2018), "Direct Analysis Method Applications and Examples," AISC
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e WYISEUN 2" order effect: PA + P§

A = Azng = Maximum second-order sidesway displacement

A (caused by P-5, P-A and Primary Moments)
Ay = HL¥/3El = Maximum first-order sidesway displacement
Aong = DAF - Ay

5 hed e

Muax Moments PA HL

Total P-A Primary or

Moments Moments First-Order

Moments
Mmax = Maximum second-order moment ——

=FAF - HL
Second-Order

Moments

Ref: AISC Design Guide 28 (2013), “Stability Design of Steel Buildings”
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EFFECTIVE LENGTH

The effective length, L., for calculation of member slenderness, L. /r, shall be deter-
mined in accordance with Chapter C or Appendix 7,

where
L. = effective length of member, in. (mm)
= KL
K = effective length factor
L = laterally unbraced length of the member, in. (mm)
r = radius of gyration, in. (mm)

User Note: For members designed on the basis of compression, the effective
slenderness ratio, L(./r, preterably should not exceed 200. Furthermore, the slen-
derness ratio of the member as fabricated—taken as the fabricated length of the

. ﬁ‘]HUQ K=1 zUﬂ-\SFi'\U:)ﬂ]ﬁ']ah\)ZUU:UCIDU member divided by the least radius of gyration of the section—preferably should
. . not exceed 300.
NSoDNLUU member (lUaanou stiffness) )

User Note: The effective length, L., may be determined using an effective length
factor, K, or a buckling analysis.
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