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Fundamental of Structural Steel Stability

Strength

Ability to resist forces
Atyield, Py =f.A

Strength « [material (fy). section(A)]

At1styield, My = f.S.

Strength « [material (fy). section(S,)]

Tensile (Normal) Stress (o) =

Tensile Force (P)
Area (A)

Stress (0) = Strain(e) * Elastic Modulus (E)

Moment (M)

Normal Stress (9) = Section Modulus (Sy)

Ref: www.chegg.cor

Elastic Region

Plastic Region

Stiffness

Ability to resist deformation

AL EA

Within elastic, P=0A=€¢E.A= TEA = TAL

= Stif fness * displacement

Stif fness o« [material (E),section(A), length(L)]

dz
M=E2

Within elastic, axz

= Stif fness * displacement

Stif fness o [material (E), section(l), ]

Strength
Stiffness
Stability
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Fundamental of Structural Steel Stability

Strength

Ability to resist forces
Atyield, Py =f.A

Strength « [material (f,), section(A)]

At1styield, My = f,.S,

Strength « [material (f,), section(S,)]

Stability

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

I

Stability o« [material (£),section(A), length(L)]

Stiffness

Ability to resist deformation

P= A—EA—ALEA—EAAL
=oA=eEA=—EA=—

Within elastic,
= Stif fness * displacement

Stiffness o [material (), section(A), length(L)]

d?y
Within elastic, M=El—
dx
= Stif fness * displacement
Stif fness o [material (E), section(l), 1




Fundamental of Structural Steel Stability

Fundamental of Structural Steel Stability

Strength

Ability to resist forces

Strength o« [material (f,), section(A)]

Atyield, B =f.4

Stability

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

Stiffness

Ability to resist deformation

AL EA
P=0A=¢cE.A =TEA =TAL

ME) _d?y ()

Bl dx?
d*y(x)
edia.com _PY(X) = £l dXz
_dy@ P

0= P +ﬁ.y(x)

y(x) = €, sin (\ P/El.x) +Cy cos(\/P/El.x)

n?El _ miE

= " wm!

Stif fness o [material (E), section(A), length(L)]

AISC Load and Resistance Factor Design (AISC/LRFD)

How?

Stiffness Reduction = El is reduced as some 2
= /4 Inclastic elements within a section reach yield (F,). P = T El
l DUCKTINE e~ 2
P \{’I< Elsstic o
k= (06567 Criica \'\ —
= \0. e = ritical
cr Y stress, v
ksi
F, = 0.877F,
Stiffness
KLiv Transition  between
equations  (location Can the stif fness be reduced?
! variesby £) How can the stif fness be reduced?
Standard cohamn cirve. 2E
i E =
! e 2 Strain distribution
TRANSITION POINT LIMITING VALUES OF KLIr (ﬂ) a (profile view)
F, ksi Limiting KLIr 0.44F, , ksi r

3% 134 158

50 113 220

80 104 264

70 9% 308 1

LKL E
i Limiting - = 4.71 =
: y

ey
Stress-strain diagram
(elastic-plastic region)

Column Design Example
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@981 DoNLUULENDIKABL HSS NGNS
F, 370 MPa (HY370) €12 5 was suusolunudunu
DL 120 diu ua: LL 70 du Wdluwudda auuddang
nv 2 duvavtandu pin

+ Step 1: UsnaumsuunaKtdatainisikasy ua:
H1 section property

Step 2: AUDTUNASIUUDVUSD

Step 3: AudTURAUABUWOENSSY

.

Step 4: AMUDEUBOSIEIUADIUB=ZQ

Step 5: (1S20dDUAIU compact UBVKUNO

Step 6: FNUDEUMAVSULSVDAS:Y

.

Step 7: As>0d@dUAIUAIISALUMSSULSY

Step 1

Step 2:

P

a

Step 3:

duud yuna HSS 250 x 250 x 12 mm
A =1105cm?
I, =1, =10,300 cm*
r, =r, =963 cm
HRIWASsSOUUDLLSY
=DL+LL P, =12D+16L

u

=120+70=190 T =12(120) +16(70) = 256 T

HIaWAgUWnGNSSY

LDy = ATPV(E/F,)
=4.71*V(2,000,000/3,700)
=1095

Column Design Example
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@ape1v DoNLUULENDLIHAB HSS AldiHannsa
F, 370 MPa (HY370) 812 5 was Suusolunudunu
DL 120 Au ua: LL 70 du Wdluwudda auuduang
nv 2 duvovtandu pin

+ Step 1: UStnaumsuunasihdataiatHasy uas
H1 section property

* Step 2: FNUDTUNASIUYDVLSY

+ Step 3: AudruRAWEBUWAANSSY

* Step 4: FUDTUDASIEDUADILB:Q

* Step 5: (1S29dDUAJIU compact UdVHUAQ
+ Step 6: AUDEUAAVSUUSVDAS:Y

* Step 7: (1S20ADUANUAWNSAIUNISSULSY

Step 4:

Step 5:

Step 6:

H190s1dUAUB:30 fi control wadinssu
L./r,=LJr,=500/963=519
Upn3 (L /1)y AoUULENTWOEANSSU inelastic buckling

QS20@DUAIIU compact ydvHINAQ
b/t = 140*V(E/F,)
=140*V(2,000,000/3,700)
=325
UIAN31 b/t = (250-12*2)/12 = 18.8 1UU compact section
Tydoowoisaun local buckling

Mudeurndosuusvdas:y

F, =m2E/(L./r)? =m?(2,000,000)/(51.9)2 = 7,322 ksc

F, = (0.658)7/F * F = (0.658)3700/7322) * 3,700 = 2,995 ksc
P, =P, =F,*A=2,995*1105 = 330,911 kg = 331 Tons




Column Design Example
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@r9d1v DonuuULAIHDIKAYY HSS NlEIHANIASQ
F, 370 MPa (HY370) £12 5 was Suusviuuudunu
DL 120 diu ua: LL 70 ciu lidluwudda avud@uaneg
nv 2 duvavtanlu pin

Step 1: Us:unaunsuunasidataiotkasy uas
H1 section property

Step 2: ANUDEUNASIUUDVLSY

Step 3: AudTURALUABUWOENSSY

.

Step 4: AMUDEUBOSIEIUADIB=ZQ

Step 5: (1S20dDUAIU compact UBVKUNO

Step 6: FNUDEUMAVSULSVDAS:Y

.

Step 7: AS29dDUAIUAWNSALUNMSSULSVDQ

Step7: asd>vddUANIUAIWISAlUMSSULSVBAUDOLAN

P, =190T P, =256T
P./Q=331/167=198 T oP, =0.9(33N =297 T
>P, OK >P, OK

fIu Nominal strength ﬁ'.
{ao1n SSI Steel Design App N
344 Ton (vs. 331 T 91nms

Fudtuilio) GocihonAuldnting
9INWaYDY UBUYUHA (App)
vs. uduyuaa (Hand)

Column Design Example
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@961 DoNUUULANDIKASU HSS AlGIHaNLASQ
F, 370 MPa (HY370) €12 5 lwas Suusvlutudunu
DL 120 diu ua: LL 70 cu Idluwudda avuauang
nv 2 duvovtadu pin

+ Step 1: USinaumsuunasihdataiatHasy uas )
H1 section property

Step 2: ANUDEUNASIVUDOUSD

.

Step 3: AudfUROWABUWATNSSY

.

Step 4: AUDEUBOSIEIUADIB:ZN

")
T

* Step 5: (1S29dDUAJIU compact UdVHUAQ

+ Step 6: AUDEUAAVSUUSVDAS:Y

* Step 7: As>va@dUANLASAlUNMSSULSVDQ A

1 DL=120T + LL=70T

‘ Rigid wall
Ly==5m

‘ Rigid wall

Apvasdvasu
no stiffness

ua: strength
yov Bracing

Design for
Stability of

Members

#WelLoveSteelConstruction

Structural Design Procedure
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. IUUUCIE)Uﬂ'lSDDﬂllUUIFIS\)EIS']\) DFTJFISNDDﬂllUU
(structural designer) o= lUumeumoauIU ua:
EIUU(‘IU'IUC‘I'I\)“I EI'IHSUﬂ'ISDDﬂllUUIFlS\)aS'I\) noms
ooNlLUU ld1 AmMu QQC‘IB 4a4

+ Wu &KSuU @ anuindufiiHUQAIIUFOS:HIY
38U (floor-to-floor height, f2f height) lag3Adns
WODALUU “910" WdISEuN3N floor plate (AMUWU) T
AUWEvwadDMsAumumsidasunuaie “tan”
H3D f2f height = column unbraced length fulcda:
(1210 SIED] Y]

* 1@u dHSU “mU” andin lUumeuocnuHuouamUo
N floor plate watditbugovuula H3arHuaG LKLY
noLssy (bndge) Ioa:mnso.tduwmhuoanum s
daxvchuKUY AMUKAN AUSDY Ua: stUuwwmsrm
st beam unbraced length AIGlUNISDDALUUAIY

'h\
Ref: https://www pinterest.com/pin/entry-way-custom-
staircase--241294492525018419/




External Force Destabilization -1
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« lumsAudufavsuLsvydL “1an”
3FANSEDDNUUUIWNSTUNTIHUQ
column unbraced length Tgllda:
fAN1v vndiurdomsAgundaleldu
Han wu dhukuvaoUoNGanu column
base plate chuHUYANUWUBUUU H3D
dhurdoraomsuaiawl Wudu

* 1SIWDDNSIUIN “1an” nndiu DAl
auysaiuuu (imperfection) Wusssum
nomsliasouad (out of straightness)
ua:nslicavdold: (out of plumbness)
uazis1iwad:NsuudIIN Aluauysad
uuudavnaldonalr Destabilization
HSpMsgeulduiangsnIwydvlanwudu
wias:Guudvusv (P) IWuTuU

Imperfection

Out-of-

vertical gravity load, P

! !

q}momenh P3 \vmnmenh PA

vertical reaction, P vertical reaction, P

vertical gravity load, P

H*L =PA
H=P*A/L
=P*1/500
=0.002P

Wmument =PA

vertical reaction, P

External Force Destabilization - 2
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Discussion on Tension Member

1. Tension Member Gooudvusy &V strength INGVWD
“nsin” “liva”

= Compression member d:3UG1NMSLAQ flexural
buckling P = P, = P, = w2EI/L?2
2. Tension Member Gavluigéiauinouliuly

* n1sf Tension Member daunouliulu d:dowalk
1Na horizontal force  member V1N YIAUSY P

= Horizontal force d:dvwalKiAa internal moment tu
column dowalR demand (combined axial bending)
LWugodu

= Golu GovAdUAU stiffness Udv Tension Member
[GIGIVREET)

gousvdalutawin
usvlu brace &oun

—> < A()
A 1
L~ 500

H*L = P*(A+Ag)
H = P*(A+AQ)/L
=PAy/L + PIL*A

)
A = 0.2%P + P/LFA

1

vertical reaction, P !

Spring stiffness

External Force Destabilization-3
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4 3

_ m?El
T
4m*El _m’El PR, 2n°El
or = 2 o T 412 Z or = 12

(a) Column bracing

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

Typical
brace
o\ 3
E
3
Qo
©
bl __ =
2
4
TAS
tP
Polnt

External Force Destabilization -4
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y
‘ g=k Spring Stiffness N

Flexural Stiffness

» X

t F= <E>.y(m

L3

/VZ(X) :FL(J - X
2

Fx3 FL3
5 ELy(x) 35 y(L)

fnld Concentrated Load P ufAn1v y+ 9

F = kx
rd
z

FL
P,/P.=025| |Py/P.=20 |
ﬂ =0 ﬁ = oo

FLx?
2
_ m’El/I* P, w2El

o = 4 Z PCT:ZL_Z_

1Aa displacement (uplift) FL3/3El, KSD
beam stiffness upvs:uul =AU 3EI/L3




External Force Destabilization-5
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y Advsuusvdaudolan
‘ B=k Spring Stiffness N Flexural Stiffness
F = kx - —
d 3EI
z” e ( ) (L)
|
Py/P.=025| |Py/P =20 |

Mavsuusvdavovia

‘ ‘ Flexural Stiffness » Buckling Load

= O = 0
B B Spring Stiffness » Col. Bracing Stiffness

w?El P, EI
w=gp=r \ =g =2n

doliu shavsuusvdavaoian Fotdurnauion
flexural stiffness (EI/LZ)_s ydvlauu d:=dowaci
-~ usvolu bracing (EI/L3)*3§ @oa:Nau spring stiffness

P., = constant = EI /L? = constant + EI /L L= String stiffness | L

External Force Destabilization-6
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+ MSWYISEIUNMAvsULSYSaUDY “lan” | )
13UAuPINNISALDEU Euler's buckling ol NosideswayK=0.0
load, P, Bodunu flexural stiffness (EI)
wars:o:UsIARINMSANEU (L) uDvdVA

D1AsSuusvda P, = n2El/ L 2 B
. S e |11 K=10

* INMW UAUCY (y axis) WUMEVSU |, |\ osoatuan

usoaouao compression member Ko \RoUAU Euler's | |

1iguAU P, ua: unuudu (x axis) WU | joad (Column) [0 LK >1 ‘ ‘ ‘ ‘

normallzed column bracing stiffness 0 1 2 3 4 5 6

- G . ? i BL usvlu bracing tfiguniu

* ADIWAUWUSLAQUIRIRUI 80 bracing Brace design P, Column Euler's load

stiffness gv (mmouﬂu x dv) durhila
nnao aF_’.Ply usvda P, undu (unu 'y

godu) Lwamtﬁaonmmss“uusoa?mﬁo
msgryldeiaiosniw (A critical load)

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

External Force Destabilization -7
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- AP /P =1HED P, =P =2EI/L2... A
normalized column bracing stiffness 2.,,,,,,"‘95@9?"!@/,539;7 ,,,,,

=BL/P,=1H3D P, = BL lagin B = spring Py

stiffness NUae H3D B, = n2 EI/L3 .

+ As:duusvdngacha wu P, /P, = 0.25 ol
Hsa P = (1/4)*P, = (1/4)*1:2 El/ L2HIN o
thHanms Effective Length Method “f‘nilﬂghf‘aj =20 !
(ELM) 1unt@o:wu3n K = 2.0 2:8u tneunUEuLer's |6 ¢k > 4

load (Column) T T T T :
Asedlia sway nant:—n KrSposUwla 0 1 2 3 4 5 6

=
X
n
=
o

3 BL/P,=0 U\)lULIﬂSfUn B = spring BL usvlu bracing ifigunu

stiffness = 0 LUU cantilevered column TBrace design | "p." Euler's load (Column)

As: AQUUSVINAAUTT 16U P, /P, = 2 HSD
K=07 safunsriAvareiddu roller,
(no sway) HSpP5UEIA51 BL/P, = o g
Wunseln B GAgowna walfaunu P,

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
{ ?  Faoi
F=) y» Ay
10
q > y(P)
1t Yo
P

Y, ammcnlnamno Lateral Load HS2 Imperfection
v Imperfection mvtAQlGNANY

(1) member out-of-straightness (Us:u1gu 1/1,000) ua:/H3d
(2) erection out-of-plumbness (Us:u1tu 1/500)




Structural Steel Stability Fundamental

- - -
External Force Destabilization- 8
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Therefore, bifurcation is not the true behavior of axial compression consideration. _ e A=A
* HIAWMsaNuAUUBU 3tdus:o: total S T e
displacement (A + Ag) AUaneLan Watisunu -1 o
P msidoguaiSyau initial displacement 08d
i (Ag) o nmsaadoalyladay (Munaunms
. Bifurcation Gaavkaadvldliiiu L, /500 = 0.002L,,) R 061
LR o, . aja
) s B e s * D:RUI s:AuydvLsY P AtWudu v:lUriR 041
'y « Bifurcation U Wuwn@nssunlldinadudsvy displacement (A) AtAQIAUSY P IWUG0TU 02l Lower support = pin
9 P S _ . N UIA KA spring stiffness DANOUlUMUNAUA )
/ « guninadudsSvhAomsiia Deformation Amplification T pring . . a 7’2]
HSD B = B; = ideal spring stiffness =P ,/L=7 0+ ‘ : ‘ ‘ ‘
/ : EI/L3 (AAvi) 0 4 8 12 16 20
y . \ B - . 04y (A + Ao) Total displacement ciD
g | ° y(P) * WCHINLWU spring stiffness Wu 2t p=2p;, =" = " A, Initial displacement
e . WUD spring displacement (A) 2:tWuu ] - ]
1A Lateral Load KSD s=duUDYUSY P wuuldutduduiivoakiv v:tia Fig. C-A-6.3. Effect of initial out-of-plumbness.
91N Imperfection (out-of-straightness) s destabilized (tnu) IiAa sidesway uci
d:1FuiafigsnIwon pin-pin buckling, P = P,
- - - - - -
External Force Destabilization-9 Stability Bracing
#WeLoveSteelConstruction #WeLoveSteelConstruction
usvolu brace (Py,) =
_ o 1% Hal - = -

+ HInWoIsauAUURU 3uduusvlu column W e ” + [AWILAN] NSDDNLUU LaILAzAU SAINSHDDNIUU
bracing Py, i % Waligunuusvda P Ans:i 3B | F doviHuaauly awauuagiunmasi ua:uw:du
Aulan lagn initial displacement AvA (A= 081 \{ ﬁ loglown:0€080 unbraced length vpvlaa:zAu
0.002L, ; S o a -

o) o , 06! | S « 1pPanIUU @ wa:Au 1a$d3yusos SAdNSHPDNILYU

* s:QU Py, D:1Wuduaghvsdals) tipusvda P ala’ | A pump dipunauuNasIVADUINIT MsAFulRAULaILa:AmulU
LWUJodu KN column bracing stiffness i 041 | ﬁ station weowd H3[L
AAIAU ideal stiffness B = B; = P,/L S:UU 02 0.4% o L = _ .

_ N W 4% P, Lower support = pin ° =
1fia sidesway (P < P,) e - [ — , )| WWgowa Us:znouludde
. . L . 0 ; ‘ ; ; ) 7 . W .

* KN column bracing stiffness UAUJU 2 1NN 0 0.5 1.0 15 20 % \\f\:rf«’ 2 n n31ua1u15ﬂc‘1_'lumuusotyaow?.. strengtl-n

udv ideal stiffness B = 2B, = 2P_/L 2:la31 A P, (% of P) 2-4 d N ?vv:;;er ——] 2) AnuawisaaumuMistaosutwgowo: stiffness
-1 : o, N - - -
$:QUYDVLSVLU column bracing 12 0.4% DN /4 . s:duugousoMBUDA (11 = UsVI, AU = Tuwudda)

udVUSY P (P, = 0.004P) la1nsuusvda P :
1NOMSFULAYLANYSNIWDIN pin-pin
buckling, P = P, (unv) TitAa sidesway

WurN3mAsHpaNLUUIGIUNMSWISTULUS8ULREU

Fig. C-A-6.3. Effect of initial out-of-plumbness. _ 3 . -
ADUIWEVWD UDuS:uuMEUNIVUIY

N/




Related References

MEMBER STABILITY BRACING
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This appendix addresses the minimum strength and stiffness necessary to provide a braced

« AISC 360-16 [ds:ysisazBuaiudnu Member o e e
Stability Bracing 13tu Appendix 6 laguasgu O e s = = =2
2an. 011038-22 L1ASTIULWDNISDDNLUUDIAIS 02 Cotam B = o
Iasvasivikansuwsstu 1ds:yltu mAwudn a ms 64 Beam o v @ﬂg@m@uﬂmﬂ@@ﬁ]@ Dﬁ@@uéﬁ
AMIULWDLFAYSNIWUDVDVADIATS User Note: Subilty requirments for aeral force-esising sysiems are provided in

Chapter C. The provisions in this appendix apply o bracing that is not generally included
in the analysis model of the overall structure, but is provided to stabilize individual

= . T o columns, beams and beam-columns. Guidance for applying these provisions to stabilize B = ﬁ
tposgudo 2ol usessutidudooy S, Lateral Bracing of Columns
mav strength (A WawIsaluNIsAUNIULSY) 6.1 GENERAL PROVISIONS
lla:aﬁWlua_'stiffness (ﬂ:).llJa.l U1Sﬂtu Tnsehun.lu lnm tems shall have ll\c‘»lreng\h and stiffess specified in this /\|vp-;vjdix: as
mstdesy) ALNWEOWD Pl i

- msABULUYLAY (panel bracing) tadHSuMS #WelLoveSteelConstruction
A UAUAISLOgVLUULEOYU TutsuzRAISAgULLUYQ AT
(point bracing) {§érSUMSAdUALMISIAGDUCTD Chpleenentof o e of e sement el 0t o) @FTTINGERTTRR
YDV member, tu uKUVNNAMEU lagliiiwatas Au R TRIRE SRR contnoovs sy o
churuvAgRAduBnaanagfanU S T o e
MAREIN 2 MIRduReIETssn T YeBsAEATs | 311
174 ]
A | a ¢
ANANUIN 3 NITATYULWDLADY TATNVDIDIADIATG
Aranssudnuuvisszndlne luwssususiyudud
The Engineering Institute of Thailand under H.M. The King's Patronage AIAanTina R E Az Luﬁﬁﬁﬁﬂﬁﬁnﬁwﬂ alifmunasi Lmﬂﬁgn m

fuluen A wiaau-an leowdanlsynaudae 4 davdn da
2.1 dodedudaly

WATFIU =) 2.2 dduluian
3

m'éaanLLUUﬁ“W%"Ummﬂﬂ‘i\ia%'wmﬁngﬂwssm 2.3 Afuluau
W.A. 2565 2.4 fmiulua-ian

" P or T wuewma: Todwusdmadssnmdmiussuuiussdninliveadiuond 3 daudeduly
Design Specification for Structural Steel Buildings ?

% 1 v v ¥ ow o PR RS o = - v =
meeanililidmivamiuilaemlluilildsmegluvuudaesmainseilasaitdassm
2022

uaillidievilien A uazp-ailaiasnim




2.2 Aduluen

aygwldvimsddududeiiundsmeviediuniinelunasany
gmvowsazalaslinisiiduuuuuas (Panel Brace) wianTsAiduLuus (Point
Brace / Nodal Brace)
wnemg: Tedissyanstotmareamsdndusuthariniy Taosusdlnmfduindioes
wnsgh a dumiiaguinatausudau (Shear Cener) 19417 Tunsiifigniuduindifidou
defuntstn ovwilianianlianiswuudald foiseyiluda 5. lunsdidndusdng

(eeenvindummaguinausadon enviilanianslnamsuuulamaunuigning
% .
a.2.1 ATATTUL UYL

STUUNTSATULUULNA (Panel Brace) dosfifndsuazainiuanuiissylily
L \ Yo ou oy g g 5 o ¥
Tail sowdovesszuumbuiudfodimdnuiseylilude 2.2.2 dwmivandidu
usnndanan
g %
e MafvuarasTeeraasTzuunImduuuuiialndifvsfuafvuate sz uud
FULUULRALEY STUUMIATULUULRALAz TassaiuEvhuih i duss uunMsmduLUUIG LA
waaiidesedudiueynsy Tunsdfindmeamsissiulaslinsieseideiinaden

sufiszylilude 2.1

iddfunsudauidoanisvasszuuimtu Tufiamedfsanduunusueivas
LA
Vy = 0.0055, (@-1)
wavaivhuauuudouidesnsvesszuuAduAIuINgN
1 (2P,
Bor == (—r) (LRFD) (o-2n)
& \Lpy
2P
Bor = Q) (AsD) (2-29)
Lyr.
O = 0.75 (rFD)
Q = 2.00 (ASD)
laet
Lpy = anueUTImInAsamdunwlukkeR T ()
e w = v = - v
B = Ardmaunundsinisoaanigluusaiiasan Tagld
nsdenguutvinussnluLRFD wie ASD (fadu)

222  mMsaduuuuan

definasnsvasArSuuLa (Point Brace / Nodal Brace) fiudiiauane

uardumlimegly ludianshdsainduunumusnassaduinain

Py, = 0.01F, (@-3)

warainiuanfaIn Tosmnduduinain

3z &) (a-an)
.= LRFD!
Bor =+ () wrem)
_ 8h (2-4v)
Bor = 2 (Fr) 0s0)

¢ = 0.75 (LRFD)

Q = 2.00 (AsD)
Tng#l
Ly, = evwemiunannmsaduiisgiaiuindidu (o)
B = drdwnuunuiifaimsgsdaavasanieludanueniivsminns

ardunaginiugamdu lagldnisdanguiindnussynlu LRFD w3s

W
w

ASD, (H26u)

Column lateral bracing -1

#WeLoveSteelConstruction

WDLAaNABUTIVYB:aaSULSVSO LAARAANISHOFUAY
tuanwdaadin (elastic shortening) Ldusvdagll
unun waztuvauzldenu Av:dwndanssunvziianisaa
daspuunuddu (weak-axis flexure)

A2IUB:aQ SHULNUSDU D:WdISEUNAD8dUUs Ly /r lagn
L, ADA2IWENONUSIAPINMISAIEU (Unbraced length)
ua: r Ad SAlasdu BoiiAnmAusinfaovudvluuud
1pgcidwunKinAa V(I/A) laghnw L, ua: r dov
WOISEUN{UAANIY (LAU X AU y YDVHINAQ) ATRA L, /r
gonga dvua:NpuAduyB:gauINnga

Us:1dudAtydn AU Ly, 1OUADIUENIS:H31090RD
msmgumudivauysal column lateral bracing Gnv
strength ua: stiffness AUINWgOWD column Suusold

fiv flexural buckling TagIn bracing gvudiog)

Ref.

Ref: https://interdemo.com.au/recent-past-projects/#5




Column lateral bracing - 2
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+ Column stability bracing Us:tnnusniSgn31 Panel bracing 9nddgholsu 1a H shape gn brace
AgntvspULAUDDU Buaiuisawdseulldd1 unbraced length spulnUSDUYDVLANAUGVAETD = O
uMoynua doowd1sau3 IWuvGunadl U shear strength La: shear stiffness UINIWgOWDHSDIL

(nseddunluAsswulRuAurilHSUn)

In the direction perpendicular to the longitudinal axis of the column, the required
shear strength of the bracing system is:

Vir = 0.005P; (A-6-1)

and, the required shear stiffness of the bracing system is:
p Y28 rep (A-6-2)
= i il G ) -6-2a

& OL L/,,-J
(2P,
Bor =Q ] (ASD) (A-6-2b)
L
6=0.75 (LRFD) Q=2.00 (ASD)

where
Ly, = unbraced length within the panel under consideration, in. (mm)
P, = required axial strength of the column within the panel under consideration,
using LRFD or ASD load combinations, kips (N)

! ! Column

4

Section

| -

\—‘ Wall panel

Column
Panel
Lateral
Bracing

=

Column lateral bracing -3
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« Column stability bracing Us:Lnnpaavlsenii Point
bracing (0usUywuunwulRuAUTANDTU Tastuasgiu
s:y31 bracing Udpvjunanikaitweowano=suusla
1% upvusvnns:rAuLE P, = 0.01 P, Lazaiuisa
dumucdamisidesulasd 8 iupvusvnns:rAutan
coA>WEdUDILAT

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,
Bor :—[—’] (LRFD) (A-6-4a)
O\ Ly
Bor = Q(&) (ASD) (A-6-4b)
Lpr
6=0.75 (LRFD)  Q=2.00 (ASD)

-

‘ Braced point
Lb

‘ Braced point

‘ Braced point

Column lateral bracing - 3 (Example)

#WeLoveSteelConstruction

e 1a H200x200x8_x12__}ﬂsc1 SI!ISZO (_I_:y 365 MPé F,520 _
MPa) A21Ugvs:H313U 3 m Suusvda DL 40 du LL 60 du,
UAuuUIQ H1I00X50x5x7 LASQ SM520 €13 4 Wwas MR
WulAsvmguliAula WA rigid wall 9vasdvasuii

yuaUdY column bracing GLWgowoKSalU

20 anwwn | Tadidu| Wi | wede [Tuwudanuien| Saiilassu

Tas |wihda| was

BAFAMAGH

mm mm mm | em” | kesm ' em om’
HxB | w v a Ix Iy ix [ iy | zx | zy
100x50 | 5 | 7 8 11.85| 9.30| 187| 14.8]3.98| 1.12| 87.5] 5.91
100x100| 6 | 8 10 | 21.90] 17.2 383 134|418 2.47] 76.5] 26.7
150x150| 7 | 10| 11 | 40.14| 31.5 | 1640] 563[6.39| 3.75] 219] 75.1
175x175| 7.5 | 11 | 12 | 51.21] 40.2 | 2880] 98| 7.50] 4.38] 330] 112
200x200| 8 | 12 [ 138 | 63.53] 49.9 | 4720] 1600]8.62] 5.02] 472] 160

T

4

|

H200x200

A

‘ Rigid wall

DL=40T +LL=60T

H1 5
00x30 ‘ Rigid wall

Ly

H100x50 ‘ L.
Rigid wall

Column lateral bracing - 3 (Example)
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Column: H200x200x7x10, Fy =365MPa,L,=3m
Bracing: H100x50x5x7, Fy =365MPa,L,,=4m
Loading: DL = 40T LL = 60T

as>vdauuuia Column 31 Strength IWgvwaRSDIUGIY
SSi Steel Design Mobile Application (HY370 IR F, =
370 MPa) IaA1 P, = 174.7T Wo1seu1 FS = Q = 1.67 a:l0
P.ow (ASD) = 174.7/167 = 104.6T > 40+60 = 100T OK

g Caleulation < Calculation < Calculation X Caleulation @ Py

Fulgeport o Fulloport et Fulreport  Coun FlRoport oot

T ‘ Rigid wall
¥ DL=40T+LL=60T
L H100x50 ‘ Rigid wall

8 L
o
X
8J H100x50 ‘ .
~ Rigid wall
ju

A




Column lateral bracing - 3 (Example)
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- Column: H200x200x7x10, F, = 365 MPa, L, =3 m Tre]  Rigid vl

Bracing: H100x100x6x8, F, = 365 MPa, L, =4 m m
Loading: DL = 40T LL = 60T

« usvAns:AU Column bracing = 0.01P, = 0.01*100 = 1T ¥ DL=40T+LL=60T

asd>vaouuuia Column bracing 31 Strength LWgOWDHKSD(U H100X100
o SSI Steel Design Mobile Application [a P, (HI00x50) X Rigid wall
=159T H8D P, (ASD) = 159/2 = 0.8T < 1T Not OK
o
* WWuyua Column bracing 10u HI0OX100x6x8 :1G P, = g b
1447 H§a Pallow (ASD)=14.4/2=72T>1T OK 8 H100x100 o
~ _-{ Rigid wall
+ Qs29asuuuia Column bracing 31 Stiffness IWgoWoHSD (U T
By, (ASD) = Q (8P,/L,,) = 2*(8*100/3) =533 T/m = 5,333
kg/cm IRgUAU Axial stiffness upv Column bracing = B, = .
AE/L = (219 cm?)(2,000,000 ksc)/400 cm = 109,500
kg/cm > 5,333 kg/cm OK A

Column lateral bracing: Point Bracing Example
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- 5 . . ‘ DL=40T+LL=60T ‘
22810 DVASIVADUAITUNVUII YDVLEND

LK&N HSS 300x200x12 mm &1 9 Was Waa § g g

971 SS400 ATMSAEIU fu chuHLv 1/3 udv 3

A>WEdLE lagAuddi Su DL ua: LL 40 ua: Q 3m
60 Tons cuadu s:uumgumoudto Wuria T HSS100x50

LH&N HSS 100x50x3.2 mm W1Qas:K319 support oo A ®

AHWAU 5 m ludnuruzus:Ado

[
3
w
3

* Step 1 AUdaU required compression force ' HSS100x50

A o

-
0
0

* Step 2: FAMUDAU required bracing force

3m
* Step 3: ANUDTU required bracing stiffness

A

« Step 4: AUDEU available bracing strength

 Step 5: ANUDU available bracing stiffness ' h
0 =
* Step 6: 1SD0dDU bracing strength & stiffness M

Column lateral bracing: Point Bracing Example
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* @IDEH1IV DVASIVADUAIGUNTVUIIW YDVLAID Step1  Aud@uU required compressive strength
LHaN HSS 300x200x12 mm €12 9 WAs Waa

A>WegdLET Tagmudda Su DL na: LL 40 ua:
60 Tons cnuadu s:uuMGuNVYY Wurid P, =DL+LL P, =12D+16L

LH&N HSS 100x50%3.2 mm W1Qs:H310 support =40+60=100T =12(40) +16(60) =144 T
AHAU 5 m ludnueuzus:ADY

Step2: FAUdeU required brace force (required moment)

P, =P, P, =P,

P, =100T P, =144T

Py, =0.01xP,=1T Py, =001xP,=14T

M,, = P,L/4 = 1x5/4 M,, =P,L/4=14x5/4
=1,250 kg-m =1,705 kg-m

Column lateral bracing: Point Bracing Example

#WeLoveSteelConstruction

+ dadw DVOSIVADUAITUNIVYIY YDVLATD Step3: AUDTU required braced stiffness
IHaN HSS 300x200x12 mm €12 9 LWAS Waa
mmssioromsmgyn o 30 | I
ANUEIdLET lagmudsd Su DL ua: LL 40 ua:
60 Tons MuEIAU s:uUASUMVYDW Wurid B, = Q% (8 r) B, =L * (8 Pr)

= ot br L br
LHan HSS 100x50x3.2 mm W1QS:KJ10 support br
AHAU 5 m ludnuruzus:ApY

=2*(3*%) =ﬁ*(8*%
=5333T/m =512T/m
* Step 3: FMUDTU required bracing stiffness 7. SIMPLE BEAM—CONCENTRATED LOAD AT CENTER
=N R ,\,., Cew PR
i M o T

"F amax (stooimtotiond) . . . .

L o (wmxcd Yoo = ran—nn




Column lateral bracing: Point Bracing Example
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@9g10 H00SIVFDUMBUNIVUIN UDVLAD
LRan HSS 300x200x12 mm €13 9 as Waa
9711 SS400 AiAMSANEU tu chukuo 1/3 udv
AW lasAud>d $U DL wa: LL 40 ua:
60 Tons cua1AU s:uuAIgUNMYYIY Wund
LHan HSS 100x50x3.2 mm W1Qs:K31v support
AHVAU 5 m ludnuru:us:Apo

Step 3: ANUDTU required bracing stiffness

Step3: FAUDEU required braced stiffness

L Bul? LBl
br = 48E br ~"48E
_533.3*%1,000%5° _512%1,000%532
48%*2x107 ~ 48%2x107
=6,944.01cm* =6,666.67 cm*
7. SIMPLE BEAM—CONCENTRATED LOAD AT CENTER
— Total aulv Unform Loag . . . . =29
R 1 g A=V
+ s (st ot o oad)

Column lateral bracing: Point Bracing Example
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* 2910 D0ASIVADUAITUNVIYI W YDVLAND
LK&N HSS 300x200x12 mm &1 9 Was Waa
911 SS400 AdnsAgu tu chukudv 1/3 udo
AW lagAudoid U DL wa: LL 40 ua:
60 Tons cuadu s:uumgumoudto Wuria
LHaN HSS 100x50x3.2 mm W1Qs:H310 support 20\ p
fiHoAU 5 m udnueuzus:Aav P =(477]L,,,

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

(2n—1)

L 2n J
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 c; Ly can by en 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 = Ly,. This substitution is also permitted for beam point lateral
bracing in Equation A-6-8.

Step3: AIUDEU required braced stiffness

6.2. COLUMN BRACING

(C-A-6-5)

* Step 3: ANUDTU required bracing stiffness

Column lateral bracing: Point Bracing Example
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29810 YVASIVADUAGUNIVYIIY YDVLAND
LRan HSS 300x200x12 mm €13 9 as Waa
971 SS400 ATMSAEU U cdukuw 1/3 udv
A>WegdLET Tagmudda Su DL na: LL 40 ua:
60 Tons cnuadu s:uuMGuNVYY Wurid
LHan HSS 100x50x3.2 mm W1Qs:K31v support
AHVAU 5 m ludnuru:us:ApY

Step 3: ANUDTU required bracing stiffness

Step3: FAUDEU required braced stiffness

2n-1 _ 2x(2)-1 _
2n - 2x2 " 9070
L, =397m(P,=100T) L, =414m (P, =144T)

- * P _ ) P,
By =0.75*[Q x (sr;)] Bpr =0.75 [$ x (Bf:,)]

100 _ 1 144
= 0752 x (8% 557)] =075 [g7e X (8% 777)]
=30226 T/m =27826 T/m

=3,022.6 kg/cm =2,7826 kg/cm

Column lateral bracing: Point Bracing Example

#WeLoveSteelConstruction

* 2910 D0ASIVADUAITUNVIYI W YDVLAND Step3: AIUDEU required braced stiffness
LHan HSS 300x200x12 mm &1 9 Was waa
971 SS400 ANsAEU fu KLY 1/3 v
AL Ioamumu $u DL ua: LL 40 ua:
60 Tons muahdu s:uumgunoudio Wurid

Lﬁ_an HSS 100x50x3.2 mm W1Qs:H31 support L, =397m(P,=100T) L, =414m(P,=144T)
AHAU 5 m tudnuauzus:AdY
By =3,0226 kg/cm Bor =2,782.6 kg/cm
3 3
* Step 3: AMUD?U required bracing stiffness

_3,0226%53 _2,7826%53

~ 48%2x107 ~ 48%2x107

=3,935.68 cm* =3,62318 cm*




Column lateral bracing: Point Bracing Example
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(210 0OSIVADUATUNIVUIIY UDLAND
LRan HSS 300x200x12 mm €13 9 as Waa
971 SS400 ATMSAEU U kv 1/3 usv
A>WeEdLET Tagmudda Su DL na: LL 40 ua:
60 Tons cnuadu s:uuMGuNVYY Wurid
LHan HSS 100x50x3.2 mm W1Qs:K31v support
AHVAU 5 m ludnuru:us:Apo

Step 4: AUdeU available brace strength

910 SSI Steel Design App
Audeurndosulutuuddauay HSS 100x50x3.2 mm

M, =708 kg-m

Step 5: ANudeU available brace stiffness

10 SSI Steel Design App
Aludeu stiffness (moment of inertia) U9V HSS 100x50x3.2 mm

I, = 11872 cm?
l,=3952cm*

Column lateral bracing: Point Bracing Example

#WeLoveSteelConstruction

+ @2¢10 200SI9FDUMTUNIVUII UdVLAD
LK&N HSS 300x200x12 mm &1 9 Was Waa
971 SS400 ATMSAEIU fu chuHLv 1/3 udv
AUEIdLET lagmudsl Su DL ua: LL 40 ua:
60 Tons cuadu s:uumgumoudto Wuria
LH&N HSS 100x50x3.2 mm W1Qas:K310 support
AHWAU 5 m ludnuruzus:Aoo

* Step 6: 1S2vadU bracing strength & stiffness

Step 6: 1SDVdDU brace strength & stiffness

Check brace strength
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,, =3,93568 cm?* l,, =362318cm*
I, =T1872cm? <l,, NG I, =T872cm*<l, NG

X X

dpulWUULNQUDY bracing member (HSS100x50x3.2 Iiwd)

Column lateral bracing: Point Bracing Example

#WeLoveSteelConstruction

+ (2810 0OSIVADUATUNTVUIIY UDVLAND
LRan HSS 300x200x12 mm €13 9 as Waa
971 SS400 ATMSAEU U cdukuw 1/3 udv
A>WegdLET Tagmudda Su DL na: LL 40 ua:
60 Tons cnuadu s:uuMGuNVYY Wurid
LHan HSS 100x50x3.2 mm W1Qs:K31v support
AHVAU 5 m ludnuru:us:ApY

* Step 6: 1S29adU bracing strength & stiffness

Step 6: 1SDVADU brace strength & stiffness

IWUYUIQUDY bracing member 10U HSS250x150x6.0

Check brace strength
M, =125T-m M, =1705T-m

M./Q =9.3/167 oM, = 0.9%(93)
=557T-m>M, OK =837T-m>M, OK

Check brace stiffness
l,, =3,93568 cm* l, =3,62318cm*
I, =4,028cm? >, OK I, =4028cm*>l,, OK

x4

mMsAmguniv
UvaIHSUAIU

Beam lateral
bracing

#WeLoveSteelConstruction
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1 [4M,C,
Bur =3 (T=8) (LRFD) (a-6n)
b \Lprho
AM,Cy
=8 (—) (ASD) (-67)
Bor s
L0pnsdisnd
2.0 dwdusiiuiadlodyan e annitgn dmdinsden _
JEE R, ¢ = 0.75 (LRFD)
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st undhasitisan Teld Q = 2.00 (ASD)
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M, Cq ®-7) 3w - = 3o - =
Py = 0.02 (—— 2.3.21  NISAEULUUIA asailkuldumsAmguduniunisoa uuutduda??
usvlunudunu?? .

0 o e o o ¥ oo o
. ﬂ”lﬁ\'ﬁ'l)h.lLﬂuﬁﬂﬂﬂﬁaﬂﬂ"ﬁﬂaﬁﬁﬁ&lu FDURNUATUETIVDIATUATUIUIN
P E

wazaRWUaNADINTTRIAE AN

luAcRaaawiua =1 (L2MCe (n-8n) Mz = 00204 6:9) BooL digaeuashideiuluaudFaiitesnismnsdaed; e
mschunuusolu Bor T 9\ Lprh (LRFD) 3 3 oy £ oy o P 4 yig s o
brite 15UBIAEUAIUININ vashuaid meluisaruemiunanan ghinfugn
uusunu?? . ] irlaelinsdanguiminussnlu LRFD vde ASD (fafu-
Bbr:—lf a u)
-5 TRS——
Beee b, = And &
Ho il shuden ()
10M,.C, [GEY) %, " P "
Bor = Q(L—;") (ASD) (2-8%) I ——— Rueih fu
bre Bor = 22 (5" (e (@110) wissF s ()
" .
InElyarr\Cn c = smenenuasiviaeiiumhoussdagee (an)
n = dnuwesiunidignddunasaaieniig
) t = sserenunuasdiuiaeiiiunieusigen o)
ool . Bor = Q :l-“ (’Cﬁ) (ASD) (2-119) tw = ATMMUITBAUDIAY (131)
¢ = 0.75 (LRFD) = b e ) b te = AwmwessucRARYLA ()
e = oo ! AL i Br = aiwaiifoeimsvesssuuddulasn ([ /o)
Q = 2.00 (ASD) T LRFD 0 ASD @) 33E (L5hotd  teb? @12) fuz = amdidEA s b
Bsec = e = + T Mdwmereneadie ([Hwu-uuAsdou)
0

Beam lateral bracing -1

v i - #WeLoveSteelConstruction
2.3.22 Asmdunuusaiteas nsoilkuldumsAgudhununisda uuudaliion??

dwiumsmdudunstinuuusedas I fulundeimuadselud ll:iE)FnulﬁOﬂ'\SdQCTDO'\ﬂIUlUUC:I—UDﬂ (M*) mu

.
(1) fdwasmduiiFasmarenilmieausvesauAnaR AN 9-9 w13 9:1fia compression zone Auvuua: tension
fhemmeniunanndugsaaiioyynlildiuaudduegfudiidisy Zzone Gua1vBvY compression zone uuud
Tuuddniidanis M, Teetdsuluanddaisoms M, foddmiigiiganann AWeNegUv: buckling saullnuaoUu
fromeTey , , « Tuwud (M*) LN compression f top chord
(2) giiviuavasAduiisosntsdoniianienIee R UAIILIINaNN1H 2-10 E_j_\)U"Iﬂ uunquov lateral bracing Jodooun
uaz a-11 laglidn L/n = 1.0 nuidauovANUaIISAMUNIULSY strength
(3) adviuadumsiiadeasadnaamn ua:anuasadunmumstdgsuy stiffness
33Et] (2-13) _ 2 ° 5o
Bsec = 12h, * MSWISTUN L1SUDINIUUNUSLANAISAEU

ndvdksSuAu AISC 360-16: Appendix 6
Jwunaanwdu 2 Us:tan




Beam lateral bracing - 2

#WeLoveSteelConstruction

Oo—-20n0 O

Beam lateral bracing -3

#WeLoveSteelConstruction

Strength: Qs>daaumavsuusoldau

Rigid lagwoisaun A 1% udvusvdalu
. . wall compression flange = 0.01M,/h,
° AISsAMyuUNIvVUIVAIRSUAMAU US:lﬂnn 1 The required shear strength of the bracing system is
3 Stiffness: as>vasuAUAIWISO
Lateral bracing o—0o o Vir = 0,01[——’“;,6’} (A-6-5) dunmumisidgsuonusoldou upo
a4 R . Point Lateral Bracing Slab/Deck
e yau=nLna beam buckl]ng ﬂ']ua:-[u buckle and, the required shear stiffness of the bracing system is
DDANIYUIV S:UU bracing dANUauisadu B :l[%j (LRFD) (A6-60)
" - " ] — - hrllo
lateral translation” (wWaAUKaN awl 010 v v 4;W v A4
da ddina torsion 1A) pur = 2221 ) s (A-5:6)
* 1a) Panel lateral bracing: pfluKangnA1gu . * 1a) Panel lateral bracing: murangnAgu o peam
a
momooaa slab/deck N@auldAUYQNUNU o f:t”;‘al mom\mau slab/deck A@ouLdAiURQNUNU _ Lateral
2:lilpdDudaDnMVTY Deck Bracing 2:litAdduddanNvTNY [ | Bracing
1b) Point lateral bracing: MuHrangnAgu I [ Plan |
NVYIVAYAULDYNADLUNNU rigid wall —
A A A A
- Oo—20n0 O - - -
Beam lateral bracing -4 Beam lateral bracing: Point Bracing Example
#WelLoveSteelConstruction Rigid #WeLoveSteelConstruction
wall
+ @adip DVOSIDEDUATUNVUIIY YBVAIU H500x250x12x6
IK&nLEoUUSzNDU VLN 500x250x12x6 €13 12 o 7+
In the direction perpendicular to the longitudinal axis of the beam. the required d o | was nUﬂ‘ISF]'IUU o cnur(uonanawmu lao € 3’}6\ \A/\S‘S
strength of end and intermediate point braces is . . muc‘Du U DL ya: LL 400 ua: 800 kg/m n ) \(\(7" o ‘?‘?,b
Point Lateral Bracing muddu s:uuAmgumounv Wurisnaunado N [ »g" &)
Py = 0. oz[M Ca ] (A-6-T) HSS 4" KU 3.2 mm L1AsQ SS400
o 6m 6m
and, the required stiffness of the brace is + Step I Fludeu required strength
Bor = L[ l()LA/[_’/f"’ j (LRFD) (A-6-8a) ¢ Strength: msqoaauﬁ1§o§uttso§o * Step 2: AMUd?U required bracing strength Stepl:  Mudnlrequired strength
L Togwdseun A 2% vdvusvdalu
By = ( 10M,Cq ] (ASD) (A-6-8b) compression flange = 0.02M,/h, * Step 3: AUDTU required bracing stiffness W, =DL+LL = 400+800 W, =12D + 16L = 1.2(400)+1.6(800)
br Lych, ’ ~1200 ke/m =1760 kg/m
* Stiffness: asddansuAUAWNSD * Step 4: AUdeU available bracing strength M. =W.L%/8 M =W.L/8
AumMuMsSIdYSUDINUSIDA YDV ® 1200228 17601278
MUBREMIUNVTID  Step 5: ANUD?U available bracing stiffness M, =21600 kg-m M, =31,680kg-m

1b) Point lateral bracmg mUHanﬂnmﬂu
NodvAIuMUBDLNCDLINAU ng1d wall

P, =0.02(M,Cy/h)

Step 6: 1S20adU bracing strength & stiffness

=0.02 (M,/47.6)

P, =0.02(MCy/ho)
=002 (M,/476)




Beam lateral bracing: Point Bracing Example

#WeLoveSteelConstruction

* @2DH10 2VASIVADUAITUNTVUII YDV
H&AWGDUUS:NBU UINQ 500x250x12x6 €13 12
was AgnsAdu au durdodvnatomu lag
AUADT Su DL ya: LL 400 ua: 800 kg/m
mwadu s:uuAgunvuY Wuranaunasw
HSS 4” Ku1 3.2 mm thsa SS400

* Step 2: AMUD?U required brace force

Step 2: AuD®U required brace force

P, =908 kg P, =1331kg
Required brace force = P ¢
Py = Py,/2cos0

Required brace force = P, ¢
Py =Py, /2cos0

=908/2*(45/75) =1331/2%(45/75)
=756 kg =1109 kg
H500x250x12x6

45m

Beam lateral bracing: Point Bracing Example

#WeLoveSteelConstruction

+ @22H1Y 20ASIVADUAMIGTUNTOUI UDVATU
IK&nLEDUUSzNDU VLN 500x250x12x6 €13 12
was AgMsASU au churdoAvnatomu log
AUADT Su DL ya: LL 400 ua: 800 kg/m
muddu s:uuAmgumounv Wurisnaunado
HSS 4” Ku1 3.2 mm Lasa SS400

« Step 3: AUDTU required braced stiffness

&
2
&"Q\
Step 3: ANUDTU required braced stiffness

—

4
4

Bor

H500x250x12x6

45m

Required
stiffness

Beam lateral bracing: Point Bracing Example

#WeLoveSteelConstruction

* (2DH10 2VASIVADUAITUNTVIUII YDV
IH&AWGDUUS:NBU UNQ 500x250x12x6 €13 12
was AgnsAdu au durdodvnatomu lag
AUADT Su DL ya: LL 400 ua: 800 kg/m
mwadu s:uuAgunvuY Wuranaunasy
HSS 4" Ku1 3.2 mm thsa SS400

* Step 3: FUDeU required braced stiffness

\a°
&
Step 3: AUD®U required braced stiffness @
2
[
a0 | ____wro_____EAE
Q =200 @ -075
M, =M, M, -,
10M;.Cq
= Q@ 1 ,10M,.C
B (——— Loho ) Bbr w( Lbr:‘,,d
10(21,600)+1.0
=200 (—————) __1 (10(31680)+10.
6.0(0476) 075 ¢ 6.0(0.476) )
=B A 147,899 kg/m

Step 4: AudeU Available braced strength

Ssl

Q =167 g =030
% -3512/167-3227T
op, =090%3512=

316T

stiffness

Beam lateral bracing: Point Bracing Example

#WeLoveSteelConstruction

+ @22H1Y 20ASIVADUAMIGTUNTOUI UDVATU
IK&nLEoUUSzNDU VLN 500x250x12x6 €13 12
was AgMsASU au churdoAvnatomu log
AUADT SuU DL ya: LL 400 ua: 800 kg/m
muddu s:uuAmgumounv Wurisnaunado
HSS 4” Ku1 3.2 mm Lasa SS400

« Step 3: AUD?U required braced stiffness

&
2
&"Q\
Step 3: ANUDTU required braced stiffness

B, = 151261 kg/m

Required

BB, = 147,899 kg/m

Step 5: ANUDeU available brace stiffness

Stiffness fuAANVYDY actual bracing = AE/LTag P, ; = AE/L * A
Required stiffness aglunAMYAvaINAULLIEDUBVAU

uci Py ¢ =Py /2cosO ua: P, = AE/L * A= AE/L * A, cos0

H3D P, /2cosO = AE/L * A, cosb

or = [2AE/L cos?0] A,
\_V—/

Available brace stiffness

stiffness




Beam lateral bracing: Point Bracing Example

#WeLoveSteelConstruction

* @2DH10 2VASIVADUAITUNTVUII YDV
H&AWGDUUS:NBU UINQ 500x250x12x6 €13 12
was AgnsAdu au durdodvnatomu lag
AUADU Su DL ya: LL 400 ua: 800 kg/m
awuardu s:uufigumoude Wuronaunasw
HSS 4” Ku1 3.2 mm thsa SS400

Step 3: AUDTU required braced stiffness

e, = 151261 kg/m Bo, = 147,899 kg/m

Required

stiffness

Beam lateral bracing -5

#WeLoveSteelConstruction

« mMsAguUNVTIEIRSUAIU UszLAnA 2
Torsional bracing

« yruzALAQ beam lateral buckling lag
wqbinssu v:iAan1sta twist naletdu

Slab

Deck

|
O O O [m]

Continuous Torsional Bracing

Step 5: fudtu available brace stiffness lateral torsional buckling TUwSaua fiu v v
B - 2AEcos?0 _ 2(1117)(2x107) G2 . . . _ s
T T * 2a) Point torsional bracing: mMuKangnm
+ Step 3: fudRU required braced stiffness = 26,808 kg/cm = 2,680,800 kg/m > [3, oK guNIVUIVAOYAUBDYNCDLITNIAUAIUKANDAN
(HUvNdgnaAU U
Step 6: 1SDdDU brace strength & stiffness Bor51.ona
2b) Continuous torsional bracing: mUHan racing
b /0 =322T>P =152T OK nﬂmaumomoo:)u av (FI'\UUE)UJ'I\)‘E\) HSD
=3. > =1 _ _ _. .
i b Op,-316T>P, =222T 0K deck ndawhAumMuKanandKdvNagaaniu
A A
- - O [} O O
Beam lateral bracing -6 SO ——— Beam lateral bracing -7 |
#WeLoveSteelConstruction uov mUU?UﬁGWmﬁ“}U lag . #WeLoveSteelConstruction Al
Wo1stun A 2% wavluwuddaniialu or
_ ‘ AU=0.02M, D
About the longitudinal axis of the beam, the required flexural strength of the brace ‘
s Stiffness: sJ>daauAdIWAIWNSA (a) The brace strength requirement per unit length along the beam shall be taken as O [m} [} O

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

and, the required flexural stiffness of the brace is:

__ B
Bor 7[1- o ]
Buec

* 2a) Point torsional bracmg mUHaﬂﬂﬂm
Uum\JU'l\)CDFJmuuaanaalmﬂUFnUHanan
CDHU\)nE)Elﬂcmu

(A-6-10)

Gumumsidaguoniuwud oo
muspenthuIMEgU

Point
Torsional
Bracing

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,,
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 stiffness shall be taken as:

3.3En
12h,

(A-6-13)

sec =

2b) Continuous torsional bracing: AmuHan
nnmﬂumomooaa av (ﬂ'lUUE)ED"I\)ﬂ) HSD

I '

deck AdalnAumuURdn3ndOHUvADgdaAU

v

Continuous Torsional Bracing

Strength: ns:aaauﬁ1§o§ulu1uud
(IGM] muvaunmmmau log
Wwoseun i 2% vavluwuddaniatu

AU = 0.02M,

Stiffness: as>dd@aundwaIwISH
Aunumsiadoudo web AUKAN
onluud AiaAuMURAN




Overall stability of system

#WeLoveSteelConstruction

Aol HoonuuuAIsAVITNAI831 adssmwiunwsou (overall stability) AGA WS UTUD:dDY
Wd1stuNGd8 Tilaw: compression member (La1) K3d flexural member (AU) ddIacdKOVLAIU

) || | Overall
| | stability, OK?

I > | Overall
stability, OK?

II

Purlin Lateral Bracing

#WeLoveSteelConstruction

Purlin 32 uU 1asuusv v:1Aa
Msaac (flexure) laganacdio
purlin tWuutuu pin end Unuuo:
1AQ compression

mMsAEU purlin 1§ metal sheet
10u Panel lateral bracing &v
ADvASIVADU shear strength
ua: stiffness uov metal sheet
SuweowalHU IRgUAU moment
AaAU purlin

» lunsellna reverse moment
A IWAUaUMelY 19 brace
purlin d2® tie rod AUV Gv
9:1iia compression

Truss or Rigid Frame Lateral Bracing

#WeLoveSteelConstruction

» UnA@ Truss girder K32 Rigid
frame Und:noonNUUUIHGDY
Suusv gravity load ua: uplift
90 internal pressure dU
iopvonusvau

msnaunAlUunuov tension /
compression dowalRNIsAEU
nwdvdavAnoUnuuddy
purlin ua:unawadoe fly brace

+ anuruzmsA0u Point lateral
bracing lagdavwoisauny
axial strength uas stiffness r
udv_purlin (IKUauWIsauLaN
QNAYUGDY metal sheet)
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