=2 HEEL JI=x

(column and frame stabillity:
an overview)



1. 1S &= (column or axial stability)

1.1 M2

NI (slender) 2= 2| Zt=0ll 2 8t AL Atél



“ZREO AAAD): M X2 (stability), SM < ZH= (stability)....”

: =00l st AES (strut)2 S0 Atddl (B AKX S0 [HE Su?)



“Weight (gravity loading): otZotdd = 54,
It #2 B2 E g (law of nature)”

»
X 'w(
. . » -
- - . o X b '--‘l

“X=2(buckling) —‘?-Xﬂ?} =
(stocky column, &=F)

Intermediate or slender column,
SAF L= HFHEIS)

7
“Xt=2(buckling) OH

U= Fe=AT

=0 2E2IMZIF =0
22X 287




0

“%-‘-I S /<\:|-EH9_| g'!?r” / Straight configuration

N —p B ::-:—%—:—:%-— =) e N

Stable w
o)
Unstable A

Neutra| p—

\ Deflected configuration

{a) Simply supported column

Unstable equilibrium in straight configuration

N/

Deflected configuration

_ _ _ E NGt
A28 £= AHGHS (buckling i
or critical |Oad)9—| /-ll'g / Bifurcation point
* =5 J_(-|'|_O| I’__E’é*, Dl;f— X AOS \ Stable equilibrium in a straight configuration
HAEH= BERHANE SOA &F B
Jts (a perplexing subject) 3
* “(&}g §|. g = ”I,J. @ 0|'§ 3'_|. notl ‘o” {b) Axial force VS deflection relationship



Equilibrium types

Stable W
Unstable A

Neutral p—

A

. Stability surface

P < Pcr (stable EQ)

l

|

|

l “DlAéla”
= Hlﬂo}&'

T

Point A

P > Pcr (unstable EQ)



Euler (1744) & =206tS: E21-8 Xl XXX A2 “perfect column”2| Xt =
of=s (EHHotEEQ = A)

i |° Ely"+Py=0; y"+k*y=0
f 3 %% where k? :i
}‘y.‘P y = Asin(kx) + B cos(kx)

. I ELY" (boundary conditions; y(0) =0, y(L) =0)

Eé/ y= Asm(\/iL) o\/iL nP:”E'

© Q “J=2Mo2 gt &=(slender column)oil
HE (MS2 =SS0 2280 =2)”

I
|
:
|
El= &2&& ¢ E
:
|
I

1
. P, = i = Euler buckling load =P,
|
1

“= ZDEHMAIO] BT OF HP 9 =27



2. 72 x=& 0l Hl= (K factor)

XNEZAH0ILHE B2, Euler)|SU 0|ES €

= TABLE 4.1 Effective Length Factors K for Centrally Loaded Columns
= =] o = . — — - with Various Idealized End Conditions
otolol=0 s8¢ 8 . JIsUl SItH=E =
= - Buckled shape of (a) (b) (d) (e)
al' j-l al § Ol OH DI'B column is shown by b l ‘
dashed line. ) o
Fixed &4 -+ Free S
IK/ =051 | 1 ZA
{
Theoretical K value 20 0
Fixed 77 o Fixed 77277, Kl=2l Recommended K value

when ideal conditions 0.65 0.80 1.2 1.0 2.10 20
are approximated

'
H Kﬁ/é Rotation fixed Translation fixed
(a) !
\ V//
A . otation fi Translation fixed
i) End-condition code R g .
\
\ = =
\ @ Rotation fixed Translation free
\
T ? Rotation free Translation free

7°El 1 7°El P Euler
parabola

(KL K2 L2 K? |
P, #°El/A #°E(r*) r»°E 7°E
A (KL (KL (KL/1)* (& A14m)




“S8dE IS %EH 6}5
ot= #*5& NN

J}
)||'=I
m Mk
3 I-H
= .L

(Ju dgmental

“Massive” beam of trussed
frame Ot& S&3& ._g)

9'|i-|2-| EO'

Table 4.12]
£ & I8 S5t

TABLE 4.1 Effective Length Factors K for Centrally Loaded Columns
with Various Idealized End Conditions

Framed

~ )
Column T

“Hinged”
Supports 777~

Buckled shape of (a) (b) (d) (e) U]
column is shown by * ‘ ‘
""" i . g Z &

| dashed line. T
' {
1 v
' K=2.0 (f)
1 —-Z. ; l
b .
! .

1 \

; | y [

1 X [

] X .

h /

y L 7 % ; 7
/ t ¢ f 3 )
/' Theoretical K value 0.5 0.7 1.0 20 20
7
// Recommended K value
when ideal conditions 0.65 0.80 1.2 0 10 20

are approximated

Translation fixed

/777 Rotation fixed

v/
Rotation free

Rotation fixed

Translation fixed

End-condition code
Translation free

J ~ 2
“Fixedu K ',' K_l'o (C) ? Rotation free Translation free
Supports - 777 ua “Massive” plate girder
| =~ 7
| [
I I
I I
“Fix” :
I I “Laterally braced”
‘\
_ K=0. [ |/
“le” O 5 (a) I I
] ]




A v §
/
)
I
|
LEI| !
\
\
\
\
Vo
) 4 \I<§
A N
P _p - 7°El
“ ot (oL)

Effect of “Intermediate Bracing”

2 Mot RE22=Z0l2

"

.

7
N-—¢/

77/

0

72El
(0.5L)°

cr e

:4)(

g 20| HHE WS 2'JKIJKITXH—I

“= j|_
4 Bracing

P, <P, = AF,

-
I

E3oz 24 9s,
=)
v \
N
N
\ -
N
N
?§ \ “XDI,
1 ST
/§ . Bracing”
AR
1
\ N
A N
7’El

A (0.33L)2 =9xP, < Py = AFy



AEE 22 84482 H=cl=0l thet &k

(S0l A @ 25t= alignment chart2 0| 235l & 010ts)

A A AR
l L, El % l L, 5EI %
A f~——"" A —
/ I
! I
| 1 =
L El' |
! 1
! |
%B B%
G,= 0.50, G5= 0; K= 0.59 G,=0.1, Gg=0; K=0.52
LR P, =% = P—37OP
T K? 059 =287k, TK? 0522

“T=2UHEE0| 2 30% SCHe”

BZB DU B2 AIUNE, OIS TS XA B4 ROt 0LI2Y,
) =

/| o T o

(2 System Problem&




3. JFMZ2= 0§ HIJIMZ=Z (Braced vs. Unbraced frames)

H=A Z2L HAHS 87 +E8H =19 O F

| |
| |
| |
1 ':Ic : 1.
o vl g o “OHMBE: BF
sidesway HE 2
Bk BIEN ¥ BT 7 t”ﬂ gt ¢ QAIE gl-g
anlE ' _ Ze ) ret = -
@ 7, = e < it ® p, - DEFle= (00 Bt S RIL IRt &=
Sidesway prevented ( &< /\0>c & XHSEI- 7

[ ]

“tS CHO| Ot &”

I P, = T2ELce H - -
\ : Sidesway permiﬂed‘ K o, UC)
Wy \ .
\\ : Braced Frame2| 0
\
e

“SHtelel & JFA”



4. PUHIEZXO| K Factor

X2 FRL2ERNMIIASHESSOIEE SXZAI2E A0l CHEF 113 XI6H A
(eigenvalue analysis)0ll 2|61 Kgt=S ol OF R & 0|Lt, Hl &2 BCHE & S4H 0l
H=2

GablsSol JtE 2 &S 0IXl= 28 B 2 I|s=2 =

deflection analysis)0ll 2loll Kgt2 7ot= LEO0| BSEHZ R0 A AIEdt= &
2 & (Nomograph or alignment chart method)

Subframe Buckling AnalysisOl & A
(not Entire Frame)

- -~

-




“<4-1> THS 0l &Y

—~——

“Braced” frame model
(sidesway prevented)

“Unbraced” frame model
(sidesway permitted)

Nomograph or alignment chart

; ©
~
o B ] [ |

o
(S
|

°
|

09

0.8 -

07 -

06 |

05 -
(a)
Sidesway prevented

GB Ga K GB
oL % 200 "

?8'3 = 100.0 10.0 ¥ 100.0
OFE 50.0 - i 50.0 |-
3'8 - 30.0 — 5.0 4 30.0 [—
3.0 | 20.0 — i0J: 20.0 |-
20 |- - 3
| 10.0 — 0+ 10.0 |-
9.0 — b 9.0 |-
8.0 80|
(1)8 =, 7.0 - 70
9 6.0 — 6.0 |-
0.8 |— i I
07— 5.0 - 0
06— 4.0 — 2.0+ 40|
0.5 [— i
u 3.0 30
0.4 |- i
0.3 [— 2.0 : 20 -
- 1.5 4 /!

02 ~
a 1.0/} I ~ 1.0
P i
01| e B
i ~ o
oL 0 1.0-L ol
(b)
Sidesway permitted

* S EIEEX: BEZ2d 150, 2 BN BZH 2002 23R

20

(T

ZCHZHIO OfLICH “ATHZEI" It ER
2ol &UE2=2 IS0l bloh Z(stiff) &=
2 7ail=2Z0l= 20s (=0 tst

Z0tXIEZ D
U= &1




= -
9| XIJ|S (Leaning column)
[m = m === — = ST T T s m s s m e —m e —— == — === ==
1 * Leaning column (Y XJIS): ZH 8lXL IIS2=A :
1 CHSt JE&E2 zeroll IS (B3R SLE Ol &4 &Xst I
I X9 I M0 &Hsts 02 MEG| AH L AIZ20A CHdloH I
e e e e e e e e e e o mm e o Em o mm o mm Em o Em o Em o e Em o Em o mm Em mm Em o mm o mm mm o mm mm md
P
i A M Al
! — -
= TTOF . /B Qa/L
/B i
'\| __, Leaning i
P column i
/ A
iAo ~
“““ PA+QA
P
=20 Sidesway A Jt MU= 2 Configuration
Pl P 1 D18 EFJFHE AU UJI o= &2 (QA/L)M 2ol XXl :
FojoF BtCFH M2tM J1S ABIF A2 S [, 0l JIS0| BeamOfl = :
= | 25l RUES (PA+QA)JL EICH 01242 SEE JISO2A9
: \ | ABIISO0l (P+Q)=E 0 2ol =2 B3R sSotth. F, IS |
3P I AB= PBF B0 QUXIOH (P+Q)0Hl CHEHO! & A Sl O OF StCE. I
k \/ﬁki:\/:xk e e E e e e e e e e ——— -
2 S ]
: L= nomographUIA SH&E Kt AXME &SAI2I OIS PRIE
|XISHESE SHHE SLE S US” I
Example : & XJ|1S2 ¢tEHH0N O|Xl= Sak= 7| |Ist HgA L4



“Perimeter’” moment frame

(&= AIE0| BI1E8 A2 AIEE: 1HIES S EER ML
&2, 2, 3, or 4-way moment connection 31| JIS)

® © ¢

M

©
©

45000
9000 9000 \ 9000 , 9000 . s’muo 1 ETYSTTTCwEY
H-414x405x18x28
1] . ” ¥ i
Leahing cl)I umn oetonond
\ H-606x201x12x2
£ ittt fudoibuiodunthn o r= H-428x407x20x35
@‘ =T :I'T : \. P Or—— S L — 3 T T H606x201x12x2( .
(I ' wll
3 : : . \ ' 1 :,-. : jﬂixmlxlzﬂl f
> 1 r"; :ﬁ";";"ﬁi"'—"'—"';";";';";"E .";l I. P g
' ! ! | X ! H-458x417x30x50 [-588x300x12x2 2
@_ — :‘: : i ) | ;" : H-588x300x12x2 S’
. by ! —] Ly -
§ § ! i ! l ! : H 588x300x12x2
1 = L T
1] : : I I : H-498x432x45x70 H-588x300x12x2!
+— Izn 2 b R '
AN i | 7 ' : H-588:300x12x2
8 o R e E s e s M - 1
s i nlt 77 Z 77 77
": S LT - ! : 9m | 9m i 9m ;
O3 'z e e Lz, ™ rm
//((Beam $8400, Column SM490TMC, Rolled Shape) ' :moment frame elevation
“Perimeter” moment frames
1) DHIBS 2 RWUE L H4s EHSX 2. P
OF & 91 D] SAIOIX % FEHR Il massivedt & Ko [|arcoumsiesoy e
X

2)

> ES =
= Lean Nomograph
(BHL0 22, SEFC 51) o > P

moment frame columns



Ol
i
=
H
mo

= 9 X1 J1=2l Destablizing Effect

A C
Hinge (shear)
connection
B D
\ N\
SE2"II 22X &MAMQ erAE A
otists & 40t US

“IlE X2 DIsABS’-:'
(2P + Q)2 3t XX
=Xl 2EZ KO E}':*”



= 0| &2 & (Column Curve)

& S2F/EF2 "HEH” H=2HSS BHEol0F)

o2 - O

5. Euler “&t&d” X
1l

(2388, =S AF0

(residual stress)

Coupon

Cools first(compressive

Cools last tensile
residual stress) v

residual stress

Average stress P/A

+03 oy ksi

17 A}

U \

{ |
II I\
‘.T_______________________________T:;l
\ /
S /,

. Uneven cooling and self-equilibrium of hot-rolled steel shapes



« XJ|2&A (initial imperfection):
(real column = imperfect column)

Geometric Imperfections: 1) out-of-straightness, and 2) out-of-plumbness

P
}
S Y
An initial crookedness of column
500 .
8 =1/1000 L { (Eurocode) / a maximum
fabrication tolerance (AISC)=
“1/1000 times the column length”
Y




Column Curve for Real Column

Yield \ ‘ Elastic
P stress Inelastic buckling buckling
AT A buckling [~ \ i
B \ .
Fy s T e 1
. ‘7 If perfect
7
—— column
axial
stress
~050F |= = — —| = Marigblestrenaths _ _ _ _ — =
y depending on shape,
and_residual stress.
Short Intermediate—length Long
columns columns columns

Note:

1) FE2 =222 0|3

/

Slenderness ratio [r)

- . Kl
Effective slenderness ratio =—

2 "SAF"0 £

r

2) cHEA Column Curve: CRC/SSRC/AISC-LRFD (= U

st

H&tEH O &=

s

==
S

Cé_l)_




AISC-LRFD (2

= A
StH AEHD|ZE) Column Curve
(“HL AHB"ZN 2E HHF A IISHTE &E, liberal)
B, “AE Y OIEXIE fitting (US S&7?)”
by ITE RS 14 “F ot &2A=s AXNE L 27
Fy ==+t E, = 0.658%F, | o
== - ! .
Curves are [ 1 7°E
. "‘ppf‘”‘i“ﬁ‘“i‘yia“_gei“_/ Fo 08775 - —7 |
: v 08T ,(KLJ !
I AR / iLr
“Inelastic” : “Elastic” !n't'al _ Euler
' imperfection formula
1.5 A,
F
/ A= FA QA ):(ﬁ'j >
r T°E
F
k) B
r 7°E
2 2
(ﬁj _15% [TE _15% 7(2100)
r F, 2.4(SS400) or 3.3(SM 490)

=139(SS4002] A A7)
=119(SM 4902] S| A7)



Ol KI: StAHI2HEN £ HI D=0l 218 AD (CD) JISS S22 &tEdl

Hinge (shear)

4m connection
i -
om am “Doto| QF £F Q8
(&, IS &)”
* P E /
Lo a2 R824 4 (K, =1.0)
2.5.,7]°5 B SS400 (F, =2.4 t/cm?, E = 2,100 t/cm?)

3.7]% H —400X 400X 13X 21(1I, =66,000cm*, 1, =22,400cm*, i, =17.5¢cm, i, =10.1 cm)
4. . H—-600X 200X11X17 (1, =77,600cm*)



Solution :
(1) alignment chartel] 2] S+ H U] " - & &= 2 o]
66000/ 400 66000/400

G, = =0;G, = = 1.70; K, ~1.25
0 77600/800

leaning column&- 1&g B A K, =K, x /22:) P =1.25x+/1.5 =1.53
(2) A /H L] A7gH] vl nle] o] 8k governing F= EE WA

( KL) = 1.53(400) =35.0 versus( KL) = 1.0(400) =39.6 (governs)
X Y

r 175 r 10.1
(3) 2 E3t 5 A

A (= T2 A 7)) K' ,/ if / (22400 =043 <150(R e F= 99)

F,=0658"F, = 0.6580'43 Fy =0.93x2.4=2.2(t/cm?)
~.P, =P =AF, =(172)(2.2) =378(ton);
P, (design strength) = ¢P,. = (0.85)(378) = 321 (ton)




6. =2 OtH L AEE FI SHS

6.1 Beam-column (p-delta effect) member
(axial force plus moment)

6.2 Flexural-torsional (beam) stability and local
buckling

6.3 Beam-Column Design Equation (P-M
Interaction Curve)



6.1 Beam-column member (p-delta or P-Delta effect)
(B4 "BHE SFIJH=+"2 XHal)
P

P P i
A
| : |
o
P — ¢ effect (member effect) P — A effect ( frame effect)
P \ P
1 . P
A
B ——Cn_>10 \ | M, = L B,-— < >10
1—£ 6—1—) Mligfn,M*" Pé L | / M'f;gﬂ"‘; PA 1— ZP
I:)ek : i & o Z pek
S v

ST
(a) (b)



6.2 Flexural-torsional (beam) stability and local buckling

* “Local” buckling:FLB (flange local buckling), WLB (web local
buckling), =-5J1 dHl Mlets 3 LIS (“compact” section)

rol

Material and Geometric Nonlinear
Postbuckling Analysis of Deep Column Specimen
(SPECIMEN DEEP-140-T)

(a) Box girder

“True” Plastic Hinge in
DB Connection

Oy

(b) Plate girder

H-"588X3007X12X20 H-582X300X12X17




Ol
o
in
um
Fo IIHJ
Olow

“UAZES Y= HEH (Ix>> ly)”

T 2
M., :E\/EIyGJ +(7E/L)’I,C

. Lateral (Flexural) Torsional Buckling
(LTB, entire buckling)

“%‘HI%%H%OH det= Ulxle A

SOl =2: L (FIHA2), ),

oIX
(< §E
BRIILCHE), GJ (H/EE ?: &), etc.”

KXIAH2I Ol =20l BOI0F 22 MUT &3 JDis, S0l A= S

P

f<F
= Ao
)
= I/
(a)
| TS

‘\
|
| .
(c)

g@“ T &

“FLB, WLB, LTBJ} 2t X| &= [}
ASDUE MpOl £ JHS”



Compact
shapes

LP
No Inelastic Elastic
instability .= LTB. | LTB
E
L, =1.761, |—
F
y

7} H -600X 200X11X17 (S5400)2] 7 -5

L, =1.76r, E =1.76(4.12cm) 2100 =214cm
Fy 24

‘g= SHXTE EXXH0F 010 US
(fundamentals of bracing)



6.3 Beam-Column Design Equation (P-M
Interaction Curve)

¢P,
“FEX=Z0I0t

P,
, I ) S22 2ACH2
= CHAFSH .
(ZICHAEE P) 1
Mu N
\\

024P,

Mu 09 ¢anf ¢th
=

“FLB, WLB, LTB=
DeHGHH 2 EH&Z”

(- O dh
O TT =
(EICHASBE M)

‘PM: 2F M=
(interactlon = ol )”



S22 HIE £HAa PHEE FY6= A= 0| EM X E X
O XD 2SN, Los 02 L= SUEEHAN Qo AXME
= PQHEE S = UCHL 8 X EHRAE2 0l

St2AdT2ZA R0 HAS 2061 € HE column curveE

HIAISED QULCEH.

PES0H USSP 2T NN SUAMDE O F
01218 ZRI0IA JISETHO| X8R
S AXONE Helsts REIIEK
o



