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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
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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)]

0401

Ref: www.wikipedia.com

‘AL

Stability

Ability to resist a specific force
with respect to a deformed shape

M(x) d*y(x)
EI ~— dx?

d?y(x)
dx?

d?y(x) P
0= Ix? +E.y(x)

—P.y(x) = EI

y(x) = C; sin (\/P/El.x) + C, cos (\/P/El.x)

b _nZEI 3 m2E 4
T2 (L/r)?

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




Column Design Example

#WelLoveSteelConstruction

dr981v DonLUULEINDIKASU HSS AGLIKaALASA
F, 370 MPa (HY370) 912 5 lWas Suusvoluuudunu

DL 120 diu ua: LL 70 cu lWdluwuaaa auuduay _ _
Av 2 dauyovtaitdu pin 1 DL=120T +LL =707

* Step 1: Us:U1euNISULNAHUNAQLENDIKAYU La: ‘ Rigid wall
H1 section property A30059945U
* Step 2 AUDTUNASIUUDVUSY L= =5m no stiffness

lLa: strength
Uov Bracing

« Step 3: AUDTUYALUATUWAANSSU

. _ . ‘ Rigid wall
* Step 4: MUDTUDAOSIAIUADIVB:]Q

HSS

 Step 5: 1SDVdDUADIU compact UovHUNAQ

* Step 6: AMUDTUANAVSULSVDOS:Y Elevation

* Step?7: asovasunIwansalunissuusvoq



Design for
Stability of
Members

#WeloveSteelConstruction
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Structural Design Procedure

#WelLoveSteelConstruction

« luduaaumsoanuuulAsVaZIVL AINSHDDNIUU
(structural designer) o: lUumeum\)auIU ua:
auudgiuciva SHSumsopnuUUTASVASIVY NVMS
DDNLUU La AU DACID Yad

e 13U dHSU “lan” amlintuynIHUQAIIUGVS:KID
Bu (floor-to-floor height, f2f height) lag3Adns
WDDNLUUU “D19” Wo1saud floor plate (AMUWU) T
ADULWEVWRCDMSauUMumMstdagsundaneg “taa”
HSD f2f height = column unbraced length {uucia:
NANTVKSDIL

« 15U dIHSU “MmMU” andun lUUNﬂ‘lHUOCﬂllHU\)UD\)lUO
A floor plate tWatdtdugovuula HEprKuachuKuY
mowau (bndge) lagdAdnso: lUumeuoanum RS
VQ20CULKUDY AUKAN ATUSDY Ua: sJouJuwwmsnn

Ref: https://www.pinterest.com/pin/entry-way-custom-

s:g: beam unbraced length AlGluNISPDALUUAIU staircase--241294492525018419/




External Force Destabilization -1

#WelLoveSteelConstruction

« fumsAUudUAdVSULLSVUDY “Lal”
3ADNSKDDALUUD:WINSTUINHUQ
column unbraced length (uuca:
NANIVY mncnuHuomsmaunanlUu

Imperfection

Out-of-Straightness Out-of-Plumbness

Han WU duruvaabanGanu column vertical gravity load, P verticatgravity load, P
base plate chuHUYATUWUBUUU H5D i i i
dhuKuvravmsuarawn Wudu — H 22EE,

* 1SIWDD:NSIUAN “lar” nacdiu TAWTY — L
guysaiuuu (imperfection) tdusssuan — 7 =500 =P*1/500
n\)mSTUOS\)llo:) (out of straightness) =0.002p
ua: mSIUOOO\)lU (out of plumbness)

La:1sIAWD:NSWUAIN ANWlUauysad
wuudunadtdonalr Destablllzatlon \tjmomem= P5 \'jmomenh PA \pmoment= PA
HsamsamLaalanasmwua\)lauwuuu

I.U DS-OUU DOLUSY (P) IWUUU vertical reaction, P vertical reaction, P vertical reaction, P



External Force Destabilization -2

#WelLoveSteelConstruction

Discussion on Tension Member

1. Tension Member ADoUIVLSY UANAY IWHOWD
“luAasin” “luvha”

= Compression member v:3U0v1nNsLAQ flexural
buckling P=P_, = P_=m?El/L?

2. Tension Member Aovlugaurnautaulu

* n1sA Tension Member Sauinautaulu s:dowall
LAQ horizontal force N member UYA D1NUSY P

= Horizontal force d:dvwalHLna internal moment {u
column dvwalk demand (combined axial bending)
IWUJouu

= Guuu AdvAdUAL Uov Tension Member
[G{G{VREE(T

gousvaaluldivnn
usvlu brace gounn

1
500

A
L

H*L = P*(A+A,)
H = P*(A+Ag)/L

‘ = PAO/L + P/L*A

A =0.2%P + P/LFA

1

vertical reaction, P



External Force Destabilization -3

#WelLoveSteelConstruction

4

4

Fe
m’El P,
412 4

m2E]

T\
L/ —_—
StrutJ/_/ - &

Ip 1P

(a) Column bracing

Fig. C-A-6.1. Types of bracing.

AN TN NTNNNNNNANN

Typical ]
brace \
K=1.0 C \
B D
=, _ ]
~— Diagonal
L L L,
L L P
Polnt

Rigid abutment



External Force Destabilization -4

#WelLoveSteelConstruction

‘ B =k Spring Stiffness

F = kx
P../P,=025| |P../P, =20
B=0 B =oo
m?El P, 2m2E]
cr — 412 ZZ Per = 12 — 4le

Yy
Flexural Stiffness T
X
3EI
tr_ (F
M
t O sryg_x
;
FLx? Fx3 FL®> ;
> T e =FElL,y(x) 3E1 =y(L)

finld Concentrated Load P tunANv y+ o:
1Na displacement (uplift) FL3/3El, HSD
beam stiffness upvs:uuUl d:LN1AU 3EI/L3



External Force Destabilization-5

#WelLoveSteelConstruction

‘ B =k Spring Stiffness

Mavsuusvaaudvlan

Yy
Flexural Stiffness
X
3EI

F =kx -

P../P, = 0.25 P../P, = 2.0
B=0 B =oo
_m’El _P, _ 2m*El

cr — 4]2 Z cr — 12 — «le

P.. = constant x EI /L? = constant = EI/L? * L = String stiffness * L

Mmavsuusvaaudvlan

Buckling Load

Flexural Stiffness »
Spring Stiffness » Col. Bracing Stiffness

Gulu mavsuusvaauavial Futduwauidin
flexural stiffness (EI/L2)*7? UU d:=dowalagasvcio

~ usvlu bracing (EI/L?)*38 8va:fnau spring stiffness



External Force Destabilization -6

#WelLoveSteelConstruction

« MSWIISEUNMAVSULSVDQUDY “lan”
ISUAUYINNISAIUDEU Euler’s buckling
load, P, 8uodunu flexural stiffness (EI)
wazs:eg:zUsiAonNMIsAgU (L) uovovA
D1AISSulLsvoQ P, = w2 El/ L 2

* DINMW UAUAY (y axis) Wumavsu
ISV QUDY compression member KUV
LAgUAU P, ua: unuuau (x axis) WuA
normalized column bracing stiffness

* AWAUWUSUAQVIKIRUST 8V bracing
stiffness gu (ANLAU x go) Jutnila
NGV apply usvaa P_ u1indu (unu y
Jodu) WonlKovAD1IAISSULSVDALAQ
nsgodldglangsmw (N critical load)

.
o @

Q. Q

usvingqalutan
LNYUAU Euler’'s
load (Column)

1 Nosideswayk=07
1 ~—K=1.0
0l K>1 _
0 1 2 3 4 5 6
L usvolu bracing thgunu
TBrace design b -

Pe

Column Euler’s load

Fig. C-A-6.2. Cantilevered column with a variable stiffness brace at its top.




External Force Destabilization -7

#WelLoveSteelConstruction

« AP /P, =1H%D P_ =P, =7m2El/L2.. M

normalized column bracing stiffness 21 No sidesway K = 0.7

= BL/P,=1H50 P_=BL lagn B = spring
stiffness NUa"e KSD B, = 2 EI/L3

. fAiszduusv3ngacha wu P_ /P, = 0.25 &
HSE) P =(1/4)*P, = (1/4)*7c2 El/ L ZHIN
U‘lHaﬂﬂ‘lS Effectlve Length Method

o’ |19 ~—K=1.0

usvdngqalutan £2.0
tNgUNUEuUler’s 0T K>1

(ELM) l0wN(Ga:wud1 K = 2.0 9:10u load (Column) o
nseUlAQ sway AUa1glan k$oasuneld 0 1
N BL/P, =0 Founsein B = spring T

stiffness = O LUU cantilevered column

* fs: duusvInaauIn wu P /P, = 2 HSD
K=0.79: tUunsana'nmanUu pin (no
sway) H5p25U181a31 BL/P, = o gollu
nstun f DANgouina Walneunu P,

BL
Pe

usvlu bracing thgunu
Euler’'s load (Column)

Fig. C-A-6.2. Cantilevered column with a variable stiffness brace at its top.




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, inalnnlno'mno Lateral Load HSD Imperfection
$v Imperfection 9191AQlGINAY

(1) member out-of-straightness (Us:u1gu 1/1,000) ua:=/HsSo

(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
3 P
. » Bifurcation
| y . Bifurcation U Wuwganssunlulatiadudsy
. FoniiadussvAamsiia Deformation Amplification
1t Yo v(P)
P }
cr

V1N Lateral Load HSD
910 Imperfection (out-of-straightness)



External Force Destabilization -8

#WelLoveSteelConstruction

* KAIAWIISauUNLLAUUDU D'llUUS g: total

displacement (A + A,) AUa1owan WawAsuay P~
mSlasJSUlUE)lsumu lnltlal displacement 0.8 Ao
(Ap). nnmis@adotanluldav (anutneuims N
dadvraadvldliiau L, /500 = 0.002L, ) o 0.6 i
« D:1fU31 s:AUYDVUSY P ALWUTU D= units 0.4- '
displacement (A) AtAaINUSY P LWUGudu 0.2 Lower support = pin
U1 KA spring stiffness DA0UlUauNgui O P
HSD B = B; = ideal spring stiffness = P_/L = &2 0 l . l l — -
El/L3 (mAvN) 0 4 8 12 16 20
0+ Ag (A+ Ao;) Total displacement cid
* WCIHINLWU spring stiffness lOu2 1 pB=2p;, =% 5 - " A, Initial displacement
WUD1 spring displacement (A) : LWUCINU |
S=QUUDVLSY P LUULBYLTUudUavIaRUY 2:=1Aa Fig. C-A-6.3. Effect of initial out-of-plumbness.

n1s destabilized (unu) [UlAQ sidesway uc
v: dgLangsNIwoIn pin-pin buckling, P = P,



External Force Destabilization -9

#WelLoveSteelConstruction
usvlu brace (P,,) =

_ D A 1% vovusvaalutal
« KIAWISEUNULAUUDU 3tJuusvlu column

bracing P, A1 % WalnguAuusvaa P Ains:m
AuLal lagn initial displacement AoN (A, =
0.002L,)

e St OU Pbr V= lWUUUE)Eﬂ\)SDOlSD lUE)llS\)DO P
lwuaouu H1n column bracing stiffness iJ
ALNAU ideal stiffness B =B, = P_/L s:uu
lAQ sidesway (P <P,)

0.4% Pe. Lower support = pin

T T T T P

* H1N column bracing stiffness TALUU 2 1 0.5 10 15 20
Uov ideal stiffness B = 2B, = 2P_/L :[ad1 N Py, (% of P)
S=QuUUDVUSVIU column bracing S10 0.4%
udvlLSY P (P, = 0.004P) lansuusvoa P o: | - |
lﬂOﬂ'lSEIf\JlaEJlaﬂEJSﬂ'IWD'Iﬂ pin-pin Fig. C-A-6.3. Effect of initial out-of-plumbness.
buckling, P = P, (unvu) luiAa sidesway



Stability Bracing

#WelLoveSteelConstruction

* [AIW1AB] N1SDNUUU LaILa:zAU SFNSHDDNUUU
AovmHuaduly awauudgiufnAai ua:ui:wWu
lagtawn08198v unbraced length upvlaiua:Au

+ 1J2DDNIUU LAaUa:AU LaSOISIUSDE SADNSHDDNILUU
pump GovuNauuIasIDADUDNIN MsAguUlHAULaILa=AUUU
station IWEOWD HSDI(L

e LWgVWD Us:nouluade

NS N NI
" {
i

«.\\“%: e - .
S s pa 1) A2 WawIsadiuNuLsSVIWEVWD: strength
N\ v 2) AIWasadiunumsidgsUtwgouwo: stiffness
‘4{‘!/‘ cylinder
DD S:QUUDVUSVMBUDA (1d1 = USVDQ, AU = lLWUAAQ)
*ii”‘ LWuAN3AdNSWDDNUUUIGIUNISWISTUNLUSYULAgU
ADIULWEUWD UDVS:UUAIETUNIVUIY



Related References

#WelLoveSteelConstruction

« AISC 360-16 [Os:usiga:alNegdNU Member
Stability Bracing [5lu Appendix 6 laguiasygiu
>an. 011038-22 U1ASTIULWDNISDDNLUUDIATS
Iasvasiotkansuwsseu las:yldlu MArudn a Ms
ANYULWDLANYSNMWUDVDVADIATS

« luuraszIuNY 2 aUU acus:UlR s:uUAMGUCDVI
A1av strength (A Wausalun1saiuNIuLSY)
wa:adwiua stiffness (A>Wawsalunischunu
NSLdesu) NUINLWYOWD

« MSAPULUULWY (panel bracing) (3a1rSums
AUAUMSLOgvUULEYYU (uyauzNNIsAgULUUQ
(point bracing) Zuawsumsmunumsmaaum
UV member, © UHUvNYNAgU lasluiwalaa fiu
chuKuUvNgNAMgUDNYONDENQNU

APPENDIX 6
MEMBER STABILITY BRACING

This appendix addresses the minimum strength and stiffness necessary to provide a braced
point in a column, beam or beam-column.

The appendix is organized as follows:

6.1.  General Provisions
6.2.  Column Bracing

6.3.  Beam Bracing

6.4.  Beam-Column Bracing

User Note: Stability requirements for lateral force-resisting systems are provided in
Chapter C. The provisions in this appendix apply to bracing that is not generally included
in the analysis model of the overall structure, but is provided to stabilize individual
columns, beams and beam-columns. Guidance for applying these provisions to stabilize
trusses is provided in the Commentary.

6.1. GENERAL PROVISIONS

Bracing systems shall have the strength and stiffness specified in this Appendix. as
applicable. Where such a system braces more than one member, the strength and
stiffness of the bracing shall be based on the sum of the required strengths of all
members being braced. The evaluation of the stiffness furnished by the bracing shall
include the effects of connections and anchoring details.

User Note: More detailed analyses for bracing strength and stiffness are pre-
sented in the Commentary.

A panel brace (formerly referred to as a relative brace) controls the angular devi-
ation of a segment of the braced member between braced points (that is, the lateral
displacement of one end of the segment relative to the other). A point brace (for-
merly referred to as a nodal brace) controls the movement at the braced point
without direct interaction with adjacent braced points. A continuous bracing sys-
tem consists of bracing that is attached along the entire member length.
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msEngumsTulSivien
Lateral Bracing of Columns

#WelLoveSteelConstruction



AAKNUIN 2 NTATUNDLETISNTNYDIDIADIAS | 311

AANUIN 2 N1SANTULNILENYSNTNVDIDIADIAT

9
3

MaruninaisdaraiTuaiaa i dudoldimuasumissigne
Fuluian au wisau-1an lasievusznaugae 4 Jondn fe

2.1 Fatadurily
I:> 2.2 adulutan

2.3 mduluau

2.4 meuluau-in
wanewn: T musduladosmwdmiuszuuihuussinuinalduaad luuni 3 dudeteilu
nenuanililddusudduilaeiluwdlbildsmegluuusianimsiinszilessainddassm
witllAifevihlifien Ay wazAu-enilatiosnm




2.2 A9uludn

au e LiviINIsAGuAuT s udatevianisunlin e lunaanaw
812983kAazLabAe LN 1SANEULUULKS (Panel Brace) #39n135A18ULUURA (Point

Brace / Nodal Brace)

s teiiszyamizdormunreamamdusuttariniu TasmndEldmssndusiuinmes
@nTei w dunlsaguinaiausuideu (Shear Cener) vadlan Tunseifiddusmuddifidon
faefun1stn orvhlianianisiiaazuuudeld detseylilude 5.4 lunsdifdufiudng

Hotweanandumiiaguinaausadey orvhlianinnsinamzuvuianuunuiignaia
2.2.1  NITAGULUULES

STUUNISAEULUULING (Panel Brace) fasdiinasuazainiuanuniszylily

191l sRgfpvRITTUUMPURUEIsDadinaunszyllute 2.2.2 dmiuaendu o

USNAUAINAT

WAL fremnuavaasessovaaszuUNIMuLUULLaliATlnd FsafuafiTiuave st uum
SULUULRALEY TEUUNIABULUTLRLAT Tossaf U@ T ussuunmImsuLuuLRLas
wwuaafidesetufiueynsy Tunsadainamerahnsuszdiulagldnsinseideidnaden

pfiszylilute a.1




34
wd el ar el

AF S ULIUDUNADINITVRISZUUAETY LUNANINAI21N A ULNUAILE1IUD

LAIAIUIENN

(R-1)

a4
B o

LAZARTILUALUULRDUNFA BINTUDITZUUATEUATUILAN

Bor = %(ﬂ) (LRFD)

Lbr

2Py

Bor = Q(ZX) (ASD)

Lbr‘

d = 0.75 wrr)

Q) = 2.00 (ASD)

AUV IAINNSTANTUN e UL (1)
AAFILLNUTNADIN15VR LEA1A8 LU LTS5 Lae e

N33ANgUMTINUTINALULRFD w58 ASD (T1361)




2.2.2  MIAEULUUIA

&IN50 GULUUIA (Point Brace / Nodal Brace) iusianuane

waz@uniani1ely Tuiianafid N uLnua1Le1U9ILE1ATUIAN

PI:IT — UU‘lPT (2-3)

L
i o

LAz ARNLUANIA BIN1TVDIANDUATUIRN

8P,
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Column lateral bracing - 1

#WelLoveSteelConstruction

« WalaNADUTIVB:aASULSVDA LANV:LAONISHAJUAY
tuaniwoahadn (elastlc shortemng) lUE)llS\)E)OEJ\)IU
pInUn waztuvauzlGednu Ax:=owaanssuno:lAan1saa
DsaulLNUDDU (weak-axis flexure)

* ADIUB:3Q SDULAUDDU D:=WIISaunadecouds L, /r lagn
L, nan:num:)nUsmmnmsmUu (unbraced length)
ua r AD snqutsuu zjoumtnmusmnaaouaoIULuum
l3pgydoWuRKUAa V(I/A) TagAny L, ua: r Gov
Wo1IseUN{UNANTY (LAU x WAU Y UE)\)HU‘IC‘IO) ALEAY L./r
Junda 8va:NoundIVB:gaUINNGQ

« Us:zlQuaAtyfo A>WeD L, IOUADIWENDS:KI1090N1
NISAgUNIVUIVaUYsad column lateral bracing iJnv
strength ua: stiffness AUINLWEVWD column Suusvla
fiv flexural buckling lasn bracing gvu0o¢j




Column lateral bracing - 2

#WelLoveSteelConstruction

 Column stability bracing Us:Lanusnisgnd1 Panel bracing 9ncdognvlsu 1a H shape 9n brace
QIYWUVSDULLAUDDU U\)EI'IU'ISE']WD'\SE'U'II_OD'\ unbraced length SoullhuDDUUDVLAIAUQVNA1D =0

(uNMuUHUA AovWINSEUNIWUVQAVAATDU U shear strength ua: shear stiffness LINWYOWDHSDIL
(nseudunlunpgwulRUAULN1[HSUN)
I I Column

In the direction perpendicular to the longitudinal axis of the column, the required \—‘ Wall panel
shear strength of the bracing system is: v \ 4
Vi = 0.005P, (A-6-1) Section
and, the required shear stiffness of the bracing system is:
B :l( 28 ) (LRFD) (A-6-2a) Section
S mJ Column
(2 L | \wau Panel
Bor = QIL_L - } (ASD) (A-6-2b) p Lateral
br
Bracin
¢ =0.75 (LRFD) ~ Q=2.00 (ASD) J g
where Elevation
Ly, = unbraced length within the panel under consideration, in. (mm)

P, = required axial strength of the column within the panel under consideration, l
using LRFD or ASD load combinations, kips (N)




Column lateral bracing -3

#WelLoveSteelConstruction

e Column stablllty bracmg Us: lnnnaamsaﬂa‘l Point
bracing lUusUuuunWUlHurlqunJIU lagtuurasyu
HUea bracmg umaouuungHmlwaowana Suusold
1% yovusvnns:NMaAuLal P, = 0.01P, ua:awisa
dunuciamsidasulasid 8 imuovusvnns:NIAULAN
cioAdWLdUDVLAN

In the direction perpendicular to the longitudinal axis of the column, the required
strength of end and intermediate point braces is

Py =0.01P, (A-6-3)

and, the required stiffness of the brace is

1 (8P
Bbr :_[ JlJ (LRFD) (A-6-4a)
¢' br
Iib,-zg[bp"] (ASD) (A-6-4b)
Lbf

6=0.75(LRFD) Q=2.00(ASD)

‘ Braced point
I-b

‘ Braced point

‘ Braced point



Column lateral bracing - 3 (Example)

#WelLoveSteelConstruction
: ‘ Rigid wall
* @1 H200x200x8x12 1hsa SM520 (F 365 MPa F, 520
MPa) AD1UJVSs:HI108U 3 m SULLSVSQ DL 40 ¢u LL 60 Aau m
JAuvuQ H100x50x5x7 1ASQ SM520 813 4 WwaAs RKUA
WulAsvmgutRauLlan WA rigid wall Dvasddaouin

yu1Qudv column bracing GuWegvwaK3SDIU ¥ DL=40T+LL=60T

H100x50 o
Rigid wall
U e [Safisn| i | wade |Tusudenuies| Sadlasdu [veadanade
las | vihaa| waes @)
2 4 3 @) I—b
1n1mnl nm nimni cm !\g /m cm cm cm Q
HxB t1 t2 r a Ix Iy ix iy Zx Zy o H100x50
100x50 | 5 | 7 § | 11.85| 9.30| 187| 14.8|3.98| 1.12| 37.5] 5.91 Q ‘ Rigid wall
100x100| 6 | 8 10 | 21.90] 17.2 383  134| 4.8 2.47| 76.5] 26.7 I
150 x 150 7 10 11 40.14] 31.5 1 640 063] 6.39 | 3.75] 219] 75.1
176 x 175 7.5 ] 11 12 01.211 40.2 2 880 984| 7.50 | 4.38] 330 112

200 x 200 8 12 13 63.03] 49.9 4 720 1 600] 8.62 ] 5.02 472 160 )
Elevation




Column lateral bracing - 3 (Example)

#WelLoveSteelConstruction

* Column: H200x200x7x10, F, =365 MPa, L, =3 m " ( Rigid wall
Bracing: H100x50x5x7, F, =365MPa, L, =4 m m

Loading: DL = 40T LL = 60T
¥ DL=40T +LL=60T

asJ>vaouuula Column 1 Strength LleaowaH§aIu'cba
SSI Steel Design Mobile Application (HY370 (K F,

370 MPa) [3A1 P, = 174.7T W1seun FS = Q = 167 9 s H100x30 { Rigid wall
P_.... (ASD) = 174.7/167 = 104.6T > 40+60 = 100T OK

¢ I ) S Ly
s | N ’:.? ¢ ._é N,
~ S§ H100x50 .
7. o ~ { Rigid wall
0 em I
|

SSI

STEEL DESIGN

|||||||||| bles

- = -
@ - ow

Material Properties




Column lateral bracing - 3 (Example)

#WelLoveSteelConstruction
+ Column: H200x200x7x10, F, = 365 MPa, L, = 3 m L | Risidwa
Bracing: H100x100x6x8, F, = 365 MPa, L, =4 m m
Loading: DL = 40T LL = 60T
« usvnns:fiAU Column bracing = 0.01P, = 0.01*100 = 1T ¥ DL=40T+LL=60T
asd>vdouuuia Column bracing J1 Strength IWgOWoHSD(U

QD¢ SSI Steel Design Mobile Application [0 P, (HI00x50) H100x100 ‘ Rigid wall
=159T K3 P, (ASD) = 159/2 = 0.8T < T Not OK
0
* 1WNYUNQ Column bracing 1Uu HI00x100x6x8 d:[A P, = a B
14.4T HSD Pallow (ASD)=14.4/2=7.2T > 1T OK 8 H100x100 ‘ o
~ Rigid wall
T

¢ QSJvaouuula Column bracing J1 Stiffness IWgOWDHSD(L
B, (ASD) = Q (8P,/L, ) = 2*(8*100/3) = 533 T/m = 5,333
kg/cm tNgUAU Axial stiffness uov Column bracing = B, = _
AE/L = (219 cm?)(2,000,000 ksc)/400 cm = 109,500
kg/cm > 5,333 kg/cm OK




Column lateral bracing: Point Bracing Example

#WelLoveSteelConstruction

«  (DEIV YVASIVIDUATUNIVUIID YDVLAND
LKan HSS 300x200x12 mm €12 9 WASs Waa
91N SS400 NiJNISANEU eu KLY 1/3 Udv
AJWe1oLaT lagmucdd Su DL ua: LL 40 ua:
60 Tons UEAIAU S:uUMPUNIVYIIY WurD
LKaN HSS 100x50x3.2 mm W1QS:H31v support
AHIVAU 5 m luanuau:zus:ADv

* Step 1. AUDTU required compression force
* Step 2: AUDeU required bracing force

* Step 3: ANUDEU required bracing stiffness

* Step 4: AUDEU available bracing strength

« Step 5: AUDeU available bracing stiffness

* Step 6: sO>vadU bracing strength & stiffness

‘ DL=40T+LL= GOT

H300x200

A

\

i

\

4 HSS100x50

3m
HSS100x50

I 3m
| 3m
A

"o e




Column lateral bracing: Point Bracing Example

#WelLoveSteelConstruction

* (DD DVASIVADUAGTUNIVUII UDVLANMD Step1 AUDEU required compressive strength
LKan HSS 300x200x12 mm 812 9 lWAs Waa

AJWe1oLaT lagmucdd Su DL ua: LL 40 ua:
60 Tons CNUEIAU SzuUATUNIVUIIY LWunD P, =DL+LL P, =12D+16L

LKaN HSS 100x50x3.2 mm W1QS:H31v support =40+60=100T =1.2(40) +1.6(60) =144 T
AK107U 5 m luanutu:zUus:AdY

Step 2. AUD?U required brace force (required moment)

P, =P, P. =P,

P, =100 T P, =144T

P,, =0.0IxP,=1T P, =0.0IxP,=14T
M,, = P,L/4 = 1x5/4 M,, =PL/4=14x5/4

=1,250 kg-m =1,705 kg-m




Column lateral bracing: Point Bracing Example

#WelLoveSteelConstruction

*  DEIV DVASIVADUAIGIUNIVYII UDVLAND Step 3: AUDTU required braced stiffness

LKan HSS 300x200x12 mm 812 9 lWAs Waa

91N SS400 NiJNISANEU eu KLY 1/3 Udv

AJWe1oLaT lagmucdd Su DL ua: LL 40 ua:

60 Tons MWEIAU szuumMgumouv Wurid B, =Q«(8 L) B, =L x(grr)
= ' br L br

tHan HSS 100x50x3.2 mm W1QS:zHI1v support br

AHVAU 5 m luanuau:zUs:Aov

100T 1 144T
=2x (8 357) =075 " & 3m
=5333T/m =512 T/m
* Step 3: AUdaU required bracing stiffness 7. SIMPLE BEAM—CONCENTRATED LOAD AT CENTER 45
T Total Equiv. Uniform Load . . . . . 2P 1
et i “ . . sk Mot A
[ - ¥ T A I L =g 1
._%_"_JE'__J ™ mnx‘{at point nflnau) ..... - :r AT N o
Al " *
‘‘‘‘ MY ™= ' stz }s s = v« =5 A brace
M‘_ max. ((at point ”: D) IR 8EI Al/A

. Px
h : e <
— ax ( when x < 5 = qEbr (317 —4x3)



Column lateral bracing: Point Bracing Example

H#WelLoveSteelConstruction

* (DDEIV DVASIVADUAITUNTVUII UDVLANMD Step 3: AUDTU required braced stiffness
LKan HSS 300x200x12 mm 812 9 lWAs Waa
91N SS400 NiJNISANEU eu KLY 1/3 Udv
AJWe1oLaT lagmucdd Su DL ua: LL 40 ua:

60 Tons NWa1AU s:uumMgunvudv Wund B, L3 B, L3
LKaN HSS 100x50x3.2 mm W1QS:H31v support by = 2BE ly =2BE
nH1VAU 5 m luanuau=us:=Adv
_533.3%1,000%53 _512%1,000%53
~ 48x2x107 ~ 48%2x10’
=6,944.01 cm? = 6,666.67 cm*
* Step 3: AUdaU required bracing stiffness 7. SIMPLE BEAM—CONCENTRATED LOAD AT CENTER 45
T Total Equiv. Uniform Load . . . . . = 2P 1
et i “ . 7 S TS 7aN
R 1R AW ., & & & &« & & & &« &« = -T 1
- ‘ﬁ%m'_é__'i 1] max‘{at point nflnau} ..... - :r VAN N o
+ I | ! Px
W TR ™= L S0y o s = x - -2 A brace
o amax. (atpointofioad) . . . . . "l seeesgens /
" ax ( wh=n:l-::; ) TR -%mt ax1) a 'I' a



Column lateral bracing: Point Bracing Example

#WelLoveSteelConstruction

* (DDEIV DVASIVADUAITUNTVUII UDVLANMD Step 3: AUDU required braced stiffness
LKan HSS 300x200x12 mm 812 9 lWAs Waa
91N SS400 NiJNISANEU eu KLY 1/3 Udv
AJWe1oLaT lagmucdd Su DL ua: LL 40 ua:
60 Tons UEAIAU S:uUMPUNIVYIIY WurD
LKaN HSS 100x50x3.2 mm W1QS:H31v support 2\ P
AH19AU 5 m luanutu:Us:Aov Bi = (4‘_] Lo

n

6.2. COLUMN BRACING

(C-A-6-5)

The most severe case (many braces) is adopted for the brace stiffness requirement in
Equation A-6-4, i.e.. By, = 2 X 4P, /Ly,. The brace stiffness in Equation A-6-4 can be
multiplied by the following ratio to account for the actual number of braces:

( 2n—1 J
2n
e Step3: AUDEU required bracing stiffness In Equation A-6-4, when the actual brace spacing is less than the value of the effec-
tive length, L., that enables the column to reach P, , the calculated required stiffness

may become quite conservative since the stiffness equations are inversely propor-
tional to Ly,. In such cases, Ly, can be taken equal to L.. This practice constitutes a
simple method of designing for partial bracing: that is, bracing that is sufficient to
develop the member’s required strength but is not sufficient to develop the member’s
strength based on L. = L;,. This substitution is also permitted for beam point lateral
bracing in Equation A-6-8.



Column lateral bracing: Point Bracing Example

H#WelLoveSteelConstruction

* (22810 YVASIVADUAIGTUNIVUII UDVLATND Step 3: AUDEU required braced stiffness
LKan HSS 300x200x12 mm 812 9 lWAs Waa
91N SS400 NiJNISANEU eu KLY 1/3 Udv
AW lagmuddd Su DL ua: LL 40 ua: 2n-1 _ 2x(2)-1 _ 55
60 Tons MUA1AU S:uUAGUNIVUY LWurid 2n 2x2
LKaN HSS 100x50x3.2 mm W1QS:H31v support
AHVAU 5 m luanuau:zUs:Aov

L, =397m(P,=100T) L =414m (P, =144T)
- 0.75* - 075 x 8P
By, = 0.75*[Q x (8:r L ) By, =0.75 [<|> x (8 ™ )]
* Step 3: ANUDEU required bracing stiffness
* 186 = 0.75*[ (8+ ad )]
=0.75*[2 x (8+ 3g57)] 075X 414
=30226 T/m =278.26 T/m

=3,022.6 kg/cm =2,782.6 kg/cm



Column lateral bracing: Point Bracing Example

H#WelLoveSteelConstruction

* (DDEIV DVASIVADUAITUNTVUII UDVLANMD Step 3: AUDU required braced stiffness
LKan HSS 300x200x12 mm 812 9 lWAs Waa
91N SS400 NiJNISANEU eu KLY 1/3 Udv
ADIWeDLAaT lagmuadd Su DL ua: LL 40 ua:
60 Tons cwa1du ssuuAmMgunivudiv Wuno
LHan HSS 100x50x3.2 mm W1QS:HJ10 support _ _
AHIVAU 5 m luanuau:zus:ADv Lo =397m (P, =100T)

Bpr =3.022.6 kg/cm

L, =414 m(P,=144T)
Ber =2,782.6 kg/cm

I _ Bbrl—3 I — BbrLB

br ~ br ~

* Step 3: ANUDEU required bracing stiffness 48E 48E
_3,022.6%53 _ 2,782.6%53
~ 48x2x107 ~ 48%2x10’
= 3,935.68 cm? =3,623.18 cm?



Column lateral bracing: Point Bracing Example

#WelLoveSteelConstruction

«  (DEIV YVASIVIDUATUNIVUIID YDVLAND
LKan HSS 300x200x12 mm €12 9 WASs Waa
91N SS400 NiJNISANEU eu KLY 1/3 Udv
AJWe1oLaT lagmucdd Su DL ua: LL 40 ua:
60 Tons UEAIAU S:uUMPUNIVYIIY WurD
LKaN HSS 100x50x3.2 mm W1QS:H31v support
AHIVAU 5 m luanuau:zus:ADv

Step 4: AUDtU available brace strength SS'

STEEL DESIGN

91N SSI Steel Design App
AU UM dvsululudadauav HSS 100x50x3.2 mm

M, =708 kg-m

Step 5: ANUDTU available brace stiffness

V1N SSI Steel Design App
AUDeU stiffness (moment of inertia) Uov HSS 100x50x3.2 mm

l, =118.72 cm?
l, =39.52 cm*



Column lateral bracing: Point Bracing Example

H#WelLoveSteelConstruction

* IRV YVASIVAIUMUUNMVUIN YdvldND Step 6: 1SDVddU brace strength & stiffness
LKan HSS 300x200x12 mm €12 9 LWAS Waa
91N SS400 NiJNISANEU eu KLY 1/3 Udv
AJWe1oLaT lagmucdd Su DL ua: LL 40 ua: Check brace strength
60 Tons UEAIAU S:uUMPUNIVYIIY WurD
LKaN HSS 100x50x3.2 mm W1QS:H31v support

AHVAU 5 m luanuau:zUs:Aov M, =125T-m M, =1705T-m
M, /Q =0.708/167 oM, = 0.9%(0.708)
=0424T-m<M, NG =0637T-m<M, NG
Check brace stiffness
l,, =3,935.68 cm?* l,, =3,623.18 cm?*

|, =11872cm*<lI,, NG I, =M872cm*<l,, NG

X X

* Step 6: sO>vadU bracing strength & stiffness GDVIWUULNQUDY bracing member (HSS100x50x3.2 TLiwd)



Column lateral bracing: Point Bracing Example

H#WelLoveSteelConstruction

* IRV YVASIVAIUMUUNMVUIN YdvldND Step 6: 1SDVddU brace strength & stiffness
LKan HSS 300x200x12 mm €12 9 LWAS WaA
91N SS400 NiJNISANEU eu KLY 1/3 Udv
AW lagAucddd su DL ua: LL 40 ua: LWUUUNQUDY bracing member 10U HSS250x150x6.0
60 Tons UEAIAU S:uUMPUNIVYIIY WurD
LKaN HSS 100x50x3.2 mm W1QS:H31v support

s8]

STEEL DESIGN

AKVAU 5 m tudanuau:us:ADV Check brace strength
M, =125 T-m Mu =1705T-m
M_/Q = 9.3/167 oM. = 0.9%(9.3)
-557T-m>M, OK -837T-m>M, OK

Check brace stiffness

l,, =3,935.68 cm* l,, =3,623.18 cm?*
|, =4,028cm® >, OK |, =4028cm*>l, OK

X X

* Step 6: sO>vadU bracing strength & stiffness



Design for
Flexural
Members
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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




Beam Optimization

#WelLoveSteelConstruction

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



Beam Lateral Bracing

#WelLoveSteelConstruction

Rafter frame must be strong and
stiff enough to facilitate jack beam

unbraced length to be 6 m.

— Is the frame strong enough to resist lateral force from the jack beam?

=) Is the frame stiff enough to resist lateral movement of the jack beam?




AMsAMgunv
UvaIHsSuUnAUu

Beam lateral
bracing

#WelLoveSteelConstruction
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4”"’"‘"‘) (LRFD) (2-60)

brha

Bor = Q2 (Mrcd) (ASD) (R-67)
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1.0 Tuynnssieniiu
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Beam lateral bracing -1

#WelLoveSteelConstruction

e LUDAMuULAaMsaadnluuaudn (M) mu
V:1AQ compression zone AlUUULA: tension
zone Q1MUAIVBY compression zone aAUuul
AWEN8IU9: buckling souunusou

» luwuad (M%) uan compression A top chord
£uu1n YuNQuov lateral bracing 8vAovouin
NodAUDVAIIUAIUISAAIUNIULSY strength
wazAWaIwIsacmumunsLagsu stiffness

« ANSWOISEUN LSUNNINUNUSLANATISANSU
N1UIVaIHSUAU AISC 360-16: Appendix 6
uunoonUu 2 Us:Lan




Beam lateral bracing - 2

#WelLoveSteelConstruction

e AMSAYUNIVTIVAIRSUAIU US:=LANA 1
Lateral bracing

 ytu=NLAQ beam buckling mMuv:lU buckle
DDNNIVUIV S:UU bracing A wawisacu
“lateral translation” (ucinMuKan awh oo
Ua aowna torsion [Q)

* 1a) Panel lateral bracing: AMMuRangnAgU
N1oUIADY slab/deck NLBpULUIAUYOALNU
v:[UlAdoucooNNIVUIY

1b) Point lateral bracing: mMMuKangnAgu
N1VUIVQDYAIUBDYNCIDIUNNU rigid wall

O — O

O —0O

[

[

Point Lateral Bracing

Slab
or
Deck

Panel
Lateral
Bracing

Rigid
wall



Beam lateral bracing -3

H#WelLoveSteelConstruction

The required shear strength of the bracing system is

Vor = 0.01[ M 1 = j (A-6-5)

and, the required shear stiffness of the bracing system is
Bor = é[%) (LRFD) (A-6-6a)
Bar = Q[%) (ASD) (A-6-6b)

* 1a) Panel lateral bracing: mMMurangnAgU
N1oUIADY slab/deck NlBoULUIAUYOALNU
v:lUtpaucHoDNNVYIY

Strength: asJ>oasumavsulsvldau
lagwaisaun N 1% uovusvoalu

compression flange = 0.01M,/h

Stiffness: As>va@auAIUAILISH
AuMuMSLEgSUNNUSOLIDU YDV
Slab/Deck

\ 4 A\
Beam
Slab Panel
oF Lateral
Bracing
h




Beam lateral bracing - 4 1/ 1

H#WelLoveSteelConstruction Rigid

wall

In the direction perpendicular to the longitudinal axis of the beam, the required O O O

strength of end and intermediate point braces is ] ]
& P Point Lateral Bracing

M.
Py = 0.02(’—C"—j (A-6-7)
1()
and, the required stiffness of the brace is
1(10M,Cy, o v » -
Bz = 6 L (LRFD) (A-6-8a) Strength: s>vaoumMavsulsvoQ
prito lagwoseun i 2% udvusvoalu
10M,C, compression flange = 0.02M /h
By = Q[ OL hC/j (ASD) (A-6-8b) P g o
brto

Stiffness: As>vdaonuAIUAIUISA
mumumslaasUmnusoao Uov
ANUBDYATUNIVTNY

1b) Point lateral bracing: mMMuKangnAgu
N1VUIVQDYAIUBDYNCIDIUIANU rigid wall




Beam lateral bracing: Point Bracing Example

H#WelLoveSteelConstruction

(29810 YVASIVADUAITUNIVUIID YDVATU
IKANLGDUUS:NDU UUNQ 500x250x12X6 €1 12
was AJAsAYU fu diuKuvAvnavniu lag
AIUCADU Su DL ua: LL 400 ua: 800 kg/m
MUAIAGU s:uumMEgunioudv Wurionaunasw
HSS 4" Hu1 3.2 mm 1Asa SS400

45 m
i

* Step 1. AUDTU required strength

o . . ste 1:

* Step 2: MuUdDtU required bracing strength P

* Step 3: ANUDEU required bracing stiffness W, =DL+LL = 400+800
=1,200 kg/m

* Step 4: MuUDtU available bracing strength M, =W,L¥/8
=1,200*122%/8

* Step 5: AUDeU available bracing stiffness M. =21600 kg-m

P,, =0.02(M,C,/ho)
* Step 6: 1sOvadU bracing strength & stiffness = 0.02 (M,/47.6)

H500x250x12x6

Re%
Ss 32/77
7

6m

ATUDEU required strength

W, =12D +16L =12(400)+1.6(800)

u

=1,760 kg/m

M, =W,?/8
=1,760*122/8

M, =31680 kg-m

P,, =0.02(M,C,/hg)
= 0.02 (M,/47.6)



Beam lateral bracing: Point Bracing Example

H#WelLoveSteelConstruction

(29810 YVASIVADUAITUNIVUIID YDVATU
IKANLGDUUS:NDU UUNQ 500x250x12X6 €1 12
was AJAsAYU fu diuKuvAvnavniu lag
AIUCADU Su DL ua: LL 400 ua: 800 kg/m
MUAIAGU s:uumMEgunioudv Wurionaunasw
HSS 4" Hu1 3.2 mm 1Asa SS400

* Step 2: AUDEU required brace force

Step 2: AUDeU required brace force

P, =908 kg
Required brace force = P, ¢
Pys = Py, /2cos0

P,, =1331kg
Required brace force = P, ¢
Pys = Py, /2cos0

=908/2*(4.5/75) =1,331/2*(4.5/7.5)
=756 kg =1,109 kg
H500x250x12x6

\”L°°6%'

Qo
«
Ryt
\//

45 m

6m

o)
‘o

6m



Beam lateral bracing: Point Bracing Example

#WelLoveSteelConstruction 6&6‘
o 5%, ol o
* D& DVASIVADUATUNIVUII YDA Step 3: MUD©U required braced stiffness \ o i
lHaﬂlUDUUS ﬂE)U UU‘IC\ 500x250x12x6 810 12 g_, £
las NJNsANEU fu chuKuvAvnalonu log g
AUCDT SU DL ya: LL 400 ua: 800 kg/m — <j_

AUAYQU S=UuUAMASUNIVYUDIY Lunonaunadv
HSS 4" KU1 3.2 mm LASA SS400 ‘

Bbr

* Step 3: ANUDEU required braced stiffness H500x250x12x6

\7,(, ' ‘ s e osg
9\ 41‘° /9

\

45 m

6m 6m



Beam lateral bracing: Point Bracing Example

H#WelLoveSteelConstruction

« (D810 YVASIDADUATUNIVYIY YDVAU
BERICRISILE :NDU UUNQ 500x250x12x6 12 12
las NJNsANEU fu chuKuvAvnalonu log
AIUCADU Su DL ua: LL 400 ua: 800 kg/m
muaidu sz:uumMgunioudv Wunonaunadw
HSS 4" Hu1 3.2 mm 1nsa SS400

* Step 3: ANUDEU required braced stiffness

Step 3: ANUDEU required braced stiffness

Q =200 @ =0.75
M, =M, M, =M,
10M,.Cq _ 1 10M;.Cq
B B Q( LbrhO ) B - ( LbrhO )
_ 10(21,600)+1.0 _ 1 ,10(31,680)+1.0
=200/ 6.0(0.476) ) '0.75( 6.0(0.476) )

= 151,261 kg/m = 147,899 kg/m

Step 4: AUDtU Available braced strength

Q =167 ® =090

% =3512/167=322T @P.=090*3512=316 T

<«
o<

& \e

Required
stiffness

S3l

STEEL DESIGN




Beam lateral bracing: Point Bracing Example

#WelLoveSteelConstruction a&d‘
o é\"Q 0
* D& DVASIVADUATUNIVUII YDA Step 3: MUD©U required braced stiffness \ ks in
lHaﬂlUDUUS ﬂE)U UU’IC\ 500x250x12x6 810 12 g_, £
las NJNsANEU fu chuKuvAvnalonu log g
AUCDU SU DL ua: LL 400 ua: 800 kg/m

MUa1AU ssuuASUNIVYIIY LWunonaunadw By =151,261kg/m Bpr =147,899 kg/m
HSS 4" Hu1 3.2 mm LAsa SS400

Step 5: ANUDTU available brace stiffness

Stiffness lunANIVUDY actual bracing = AE/L1ag P, . = AE/L * A

. Required stiffness aglufAmMYAvAINAULUIEIIUDVAIU
* Step 3: MUdDeU required braced stiffness

wci P,; =P, /2cosO ua:P, ;. = AE/L * A= AE/L* A,, cos0

HSD P, /2cosO = AE/L * A, cosO
Py, = [2AE/L cos?0] A,,
\ J

Y

Available brace stiffness



Beam lateral bracing: Point Bracing Example

#WelLoveSteelConstruction

* (D8 2001SI9FDUAITUNIVUIIY UDVAIU
lHaﬂlUE)UUS :NDU YU1Q 500x250x12x6 812 12
las NJNsANEU fu chuKuvAvnalonu log
AUCU Su DL ua: LL 400 ua: 800 kg/m
anuaidu ssuumgunivudv Wunoanaunady
HSS 4" Hu1 3.2 mm LAsa SS400

* Step 3: AUDTU required braced stiffness

\0&6‘
. A9
Step 3: AUDTU required braced stiffness @ §
2
Q5
a0 | wro  ENFE
By, =151,261kg/m By, =147,899 kg/m
Step 5: ANUDTU available brace stiffness
_ 2AEcos?0 _ 2(11.17)(2 x107)(%)2
B = L 600
= 26,808 kg/cm = 2,680,800 kg/m > f3,, OK

Step 6: (1SOvdDU brace strength & stiffness

P/Q =322T>P, =152T OK @P =316T>P,=222T OK



Beam lateral bracing -5 +

Slab
or
L - o _ 1 Deck
* ANSANYUNIVYUIVAIKSUATU Us:tnAnn 2 |

Torsional bracing O O O O

#WelLoveSteelConstruction

Continuous Torsional Bracing

« ygu:NLAQ beam lateral buckling lag
W Aanssu v:zltnanisua twist narawdu
lateral torsional buckling ([UwSoua Au v v

« 2a) Point torsional bracing: nMMuKangnAN
gUNIVYUIVAIYAUBDYNCDLIUINUATUHANDAN
(OHUvNDg QAU

Point
Torsional

2b) Continuous torsional bracing: AMUKanN Bracing

QNAITUNIVTIVADY OV (ATUBDYIIVN) HSD
deck AcdLUIAUAURANDACOKUVADEYNONU




Beam lateral bracing -6

H#WelLoveSteelConstruction

About the longitudinal axis of the beam, the required flexural strength of the brace
1s:

Mp,=0.02M, (A-6-9)

and, the required flexural stiffness of the brace is:

Bor = m (A-6-10)

R

« 2a) Point torsional bracing: MuUHangnm
gUNIVUIVADYAUBDYNCDLIUINAUATUHKANDN

—ll ]

(OHRUvNDg AU

Strength: asavasumdvsuluwud
Uov AMuBaynUIWIAgU lay
Wo1stul N 2% vovluwudaantnalu

AU = 0.02M,

Stiffness: AsJda@aunIUaWISD
aumunistdasumnNluuCc Usv
mMusasRUIIAgU

Point
Torsional
Bracing




|
Beam lateral bracing -7 +
#WelLoveSteelConstruction Slab
or
Deck
|
(a) The brace strength requirement per unit length along the beam shall be taken as [l [l [l ]
Equation A-6-9 divided by the maximum unbraced length permitted for the beam _ _ _
based upon the required flexural strength, M,. The required flexural strength, M,, Continuous Torsional Bracing

shall be taken as the maximum value throughout the beam span.

(b) The brace stiffness requirement per unit length shall be given by Equations
A-6-10 and A-6-11 with L/n = 1.0.

(¢c) The web distortional stiftness shall be taken as: Strength: OSZ)lOaDUﬁ'lé_\)é_UIUlUUd
33ES uDvY MUuBDYNUIWAIGU lag
Bree = =7 - (A-6-13) W91seuN N 2% vovluwuadaniialu
1o

AU = 0.02M,

Stiffness: AsJ>dd@auAUAIUISA
Aauniunmsgauov web ATUKAN

2b) Continuous torsional bracing: muHan >Haaou )
H H Nnlulud NtAaAuAIUKan

QNATUNIVTINADY OV (AUBDEYIIVN) HSD

—ll ]

deck AcdDLUIAUAURANDACOKUVADYNONU




Beam torsional bracing: Point Bracing Example

#WelLoveSteelConstruction

e DIV DVASIVIDUS:UUMTUNMVUIIVALDU
built-up beam H250x100x6x4 thsa SS400
uDv built-up simple beam €12 12 Lyas 2 A
yu1Q 500x250x12x6 NUN1ISAIEU tU LKLY
1/3 upvAWgdA U lagmuaddl Su DL ua: LL
400 ua: 800 kg/m2 cuaau

* Step 1: AUDTU required moment

* Step 2: ANUDEU required bracing strength
* Step 3: ANUDEU required total stiffness

* Step 4: ANUDEU available bracing strength
« Step 5: ANUDeU available total stiffness

* Step 6: 1sOvadU bracing strength & stiffness

H500x250x12x6

40m
H250x100*6*4
H250x100*6*4

4 m 4 m

Metal Grating with an ability to maintain distance between beam top flanges

( } ( }
° H250x100*6*4 °
( } ( }
\—F— 6-mm THK 100-mm
WIDTH FULLY
FITTED STIFFENER
H500x250 (TYP.) H500x250



Beam torsional bracing: Point Bracing Example

H#WelLoveSteelConstruction

- 2819 dvasIvaoUs:uUAMTUNVYVALTU Step1l  A1UdTU required strength
built-up beam H250x100x6x4 thsa SS400
uDv built-up simple beam €12 12 Lyas 2 A

yu1Q 500x250x12x6 NUN1ISAIEU tU LKLY W, =DL+LL W, =1.2D + 16L
1/3 upvAWgdA U lagmuaddl Su DL ua: LL = 400+800 = 1.2(400)+1.6(800)
400 ua: 800 kg/m? cnuaau - 1,200 kg/m? - 1760 kg/m?
. w, =2*1,200=2,400kg/m w, =2*1,760 = 3,520 kg/m
* Step 1. AUDEU required strength M, =w,L%/8 M, =w, L%/8
. Step 2 F1USEU od braci t th = 2,400*12%/8 = 3,520*122/8
ep < require racing streng Mr = 43200 kg—m Mr - 63,360 kg—m

* Step 3: ANUDEU required total stiffness

0 ) ] Step2: AUDeU required bracing strength
* Step 4: MuUDtU available bracing strength P h s s

* Step 5: ANUDEU available total stiffness M., = 0.02M, M., = 0.02M,

= 0.02(43,200) = 0.02(63,360)
* Step 6: 1sOvadU bracing strength & stiffness = 864 kg-m =1,267.2 kg-m



Beam torsional bracing: Point Bracing Example

H#WelLoveSteelConstruction

. @281 DVASIDIDUS:UUATUNMVUIVALTU Step3: AUDEU required total stiffness
built-up beam H250x100x6x4 thsa SS400
uDv built-up simple beam €12 12 Lyas 2 A
yu1Q 500x250x12x6 NUN1ISAIEU tU LKLY
1/3 vdvAdWLdAIU lagAIuddd Su DL ua: LL
400 ua: 800 kg/m2 cuaau

SS|

VN Iyeff = ch + (t/C)*Iyt STEEL DESIGN

Symmetry souunu y: | = I, = 3,125.9 cm?*

Q =3 ¢ =0.75
24L (M2 1 24L (M;\2
BT = n.Elyeff (C_b) BT - 5 n.Elyeff (C_b)
_ 2.4(1200) (4320000)2 _ 1 2.4(1200) (6336000)2
* Step 3: ANUDTU required total stiffness 2(2000000)(3125.9) \ 1 0.752(2000000)(31259) \ 1
= 12,895,737 kg/cm = 12,328,961 kg/cm

User Note: Q = 1.5%¢ = 3.00 in Equations A-6-11a or A-6-11b, because the
moment term 1s squared.



Beam torsional bracing: Point Bracing Example

#WelLoveSteelConstruction

. (D26 DVASIDADUS:UUAITUNVUITIALDU Step4: AUDTU available bracing strength -
built-up beam H250x100x6x4 thsa SS400 SSI
Uov built_up simple b.eam 8:]3 ]2 wJas 2 c'-l':) H250X100X6X4 Fy = 2,400 kSC STEEL DESIGN ‘

yu1a 500x250x12x6 NUNISANEU £U LKLY
1/3 vovAdwWedAU lagAuddd Su DL ua: LL
400 ua: 800 kg/m2 cuaau

S,=1789 cm?3 Z =2030cm?3

16 F,S, =686.976 kg-cm
M,=F, Z, =487,200 kg-cm<16FS,

M /Q =4,872/167 oM, = 0.9(4,872)
= 2,917 kg-m = 4,385 kg-m

* Step 4: ANUDEU available bracing strength



Beam torsional bracing: Point Bracing Example

#WelLoveSteelConstruction

e DIV DVASIVIDUS:UUMTUNMVUIIVALDU
built-up beam H250x100x6x4 thsa SS400
uDv built-up simple beam €12 12 Lyas 2 A
yu1Q 500x250x12x6 NUN1ISAIEU tU LKLY
1/3 upvAWgdA U lagmuaddl Su DL ua: LL
400 ua: 800 kg/m2 cuaau

« Step 5: ANUDeU available total stiffness

Step5: AIUDTU available total stiffness

SOUWAUov stiffness V1N girder web + stiffener wa: beam

Br = Total available stiffness

1 1 1

IBT B lgsec +E

Psec = Stiffness of girder web & web stiffener

Ppr = Stiffness of bracing beam

_ 3.3E (1.5hoty, N tseb3
€€ hy 12 12

_3.3(2000000) (1.5(47.6)(0.6)°  (0.6)(10)*
- 47.6 ( 12 T2 )

= 178,200 + 6,932,773 = 7,110,973 kg — cm/radian



Beam torsional bracing: Point Bracing Example

#WelLoveSteelConstruction

. @281 DVASIDIDUS:UUATUNMVUIVALTU Step5: FUDTU available total stiffness
built-up beam H250x100x6x4 thsa SS400 ] ] ]
UV built-up simple beam €12 12 was 2 a> SJOUWaUDV stiffness 91N girder web + stiffener wa: beam
yu1Q 500x250x12x6 NUN1ISAIEU tU LKLY
ch;j ﬁ;.ﬂ ;-(‘)L(j)ﬂ;:g)?;:; Imc]]%%—]:é%ju SUDLua:LL douu fld End moment M, o:L1AQ rotation
- b oy 8" . ;T"T“F"T""‘”

M,L/6El, HSD beam stiffness upvs:uul o=
LN1fu 6EI/L

Ppr = Stiffness of bracing beam

« Step 5: ANUDeU available total stiffness




Beam torsional bracing: Point Bracing Example

#WelLoveSteelConstruction

. (D26 DVASIDADUS:UUAITUNVUITIALDU Step5: AIUDTU available total stiffness
built-up beam H250x100x6x4 thsa SS400 ] ) )
UV built-up simple beam €12 12 was 2 a> SOUWauov stiffness vIn girder web + stiffener ua: beam

yu1a 500x250x12x6 NUNISANEU £U LKLY
1/3 vovAdwWedAU lagAuddd Su DL ua: LL
400 ua: 800 kg/m2 cuaau

Br = Total available stiffness

1 1 1

IBT B ﬂsec +E

Psec = Stiffness of girder web & web stiffener

Ppr = Stiffness of bracing beam

SS|

STEEL DESIGN

6EI _ 6(2000000)(2235.8)

By = T @+ 100) = 67,074,000 kg — cm/radian
1 1 N 1
* Step 5: ANUDtU available total stiffness Br 7,110,973  67,074,00

pr = 6,429,353 kg — cm/radian < required total stiffness



Beam torsional bracing: Point Bracing Example

H#WelLoveSteelConstruction

. @281 DVASIDIDUS:UUATUNMVUIVALTU Step 6: (sJVdDU bracing strength & stiffness
built-up beam H250x100x6x4 thsa SS400
uDv built-up simple beam €12 12 Lyas 2 A
yu1Q 500x250x12x6 NUN1ISAIEU tU LKLY
1/3 vdvAdWLdAIU lagAIuddd Su DL ua: LL

400 ua: 800 kg/m2 cuddu iy = i LT My, =1.267.2 keg-m
M,/Q = 4,872/167 oM, =0.9(4,872)
=2917kg-m>M,, OK =4,385kg-m>M,, OK

IWUAIWKUA stiffener 10U 13 mm 2:14 S, = 16,833,533 kg-cm/rad.
ua:la B, = 13,456,389 kg-cm/rad. > required total stiffness OK

* Step 6: 1sOvadU bracing strength & stiffness



Overall stability of system

#WelLoveSteelConstruction

nul RooNUUUAISAVLTNTDAIY3T ladgsnwlunwsdu (overall stability) AdA>wWIN0UD:Aoy
WoISEUN0D¥ [Ulawn: compression member (1d1) KSo flexural member (Au) AdlacdOKUVINUU

[ X e X |
e0——o00
| |

OO——00 006 C X ]

(Y "X
O0———00 o060 C X ]

! Overall

T ’ stability, OK?
oo——090 00— 00

'Y Y )

| Overall

1 1° ) stability, OK?

o [ )




Purlin Lateral Bracing

#WelLoveSteelConstruction

 Purlin KD uU Lasuusv v:1AQ
nsAaadd (flexure) laganvyacio
purlin tOunwuu pin end Unuua:
LAQ compression

« MSAEU purlin {3 metal sheet
LUu Panel lateral bracing 3v
(ovQSsdvddouU shear strength
la: stiffness Uov metal sheet
WgOWDIHU LNYUAU moment
ALAQAU purlin

« {unsallna reverse moment
vInAIWAuauNeiu 910 brace
purlin Q¥ tie rod NUNav 8v
2:1NQ compression




Truss or Rigid Frame Lateral Bracing

#WelLoveSteelConstruction

« UnQ Truss girder HSo Rigid
frame UNv:9nNDDNUUUIHCODY
Sulsv gravity load ua: uplift
V1A internal pressure du
LiDvvINUSVAU

« msnaunAlUuiuov tension /
compression duwalRN1sAgu
NUIvADVAINVUNUUADE

s ,
purlin ua:unaivade fly brace - ,

+ anuruzmsAudu Point lateral \/ .
bracing lagaooWd1s8uINv » N
axial strength ua: stiffness

S “a

uov purlin (IKJoUWNsaUNLaIN
QNAYUQDY metal sheet)

L



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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