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Compression Members

» Building Columns

» Frame Bracing

> Truss Members 7A7 7A7

Member is subjected to
compression force through
P the centroid of section

Axial Force (Compression)

Compressive Stress :
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Compression v.s. Tension Members

» Tension causes lengthening of member.

» Compression causes buckling of member.
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» Bolted connection reduces an area of tension member.

» Bolted can taking load in compression member.
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Load Transfer to Column
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Elevation View

Column Load Table

o | 4th Floor | B1 - 20t | B2 = 4.0t
% Column = 1.0t | Column = 1.0t
3rd Floor | Total = 7.5t | Total =14.0t
B1 = 20t | B2 = 40t

3th FlI
~ °°" | B3 45t | 2B3 9.0t
g‘ 13.5 m | Column 1.0t | Column 1.0t
N Total = 7.5t | Total =140t
2rd Floor | gym =15.0t | Sum =28.0t
B1 = 20t | B2 = 40t

2rd Fl
~ | 2rd Floor | oq _ 45t |2B3 = 9.0t
g l4.0m Column = 1.2t | Column = 1.2t
N Total = 7.71 | Total =142t
Ground Sum =227t | Sum =422t




How can column fail?

m Compression
m Flexural or Lateral Buckling
B Local Buckling

m Torsional Buckling

Buckling Types
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Buckling
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Buckling of column due to
axial compressive load P

Buckling is the sudden large deformation of a member
due to slightly increase of an existing axial compression.

Critical Load

Equilibrium types: w A

Stable Unstable Neutral
+ AP
Unstable
Equilibrium
::—-;\BIFURCATION — NEUTRAL
Stable Critical Load, P,
Equilibrium

= Max. compression load
-1 0 that column can support
just before buckling




Columns with Pinned Ends

p Ideal column: - perfectly straight
p - linearly elastic material
B - - no imperfections
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Bending-moment

L : M=-Po - 192 o
. :I¢ dx®> equation

v

A ' A Differential equation d*v P 0

of deflected curve  dx2 ' E|"

P

General solution: v(x) = C, sin[\/g x] + C, COSL\/E x}

Boundary conditions: v(0) =0 —» GC, =

0
v(L) =0 - C, sin[\/E L} =0
El

sin \/FL =0 - EL:nrc . n=123,...
El El

Critical load P, occurs at the minimum load when n = 1

P _ n°El

T — Euler’s formula

Leonhard Euler (1707-1783)

The greatest mathematician of all time
- Critical load of slender column buckling
- Analysis and the theory of numbers
- Calculus of variations
- Theory of the Motions of Rigid Bodies

He produced almost half his total works
despite the total blindness.




Buckling about the Weakest Axis | From p, - Z.E!

L2

| = least moment of inertia
Which axis give the least moment of inertia?

For symmetry section, =

use minimum of [, and /,
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Imin y Imax min y
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Angle section Angle section
equal legs Unequal legs

Critical Stress

Dividing critical load by cross-sectional area

P, rm’El

GCF 2
A AL
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Radius of gyration r =.7/4 \

\
Op f------ Proportional limit
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Critical stress o, =——— |
(L/r) ! Euler’s curve

Slenderness ratio L/r :
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#206197 5-1 (a) W250x175 1weniaroganyuenn 5.0 was wWANTUTIOANBOY
1 1a0l% F.S. = 2 auydliimanil Proportional Limit = 2,500 .0./%4.% 1ag (b) ¥4 e
(a) $1Tae ] N1 2.5 UAT
B9 (a) W250X 175 (A= 56.24 %32, r,=10.4 ¥, r, = 4.18 BY.)
1 Y A A
A1 realigane r = 4.18 .
L/r = 5.0(100)/4.18 = 119.6
- 7*(2.1x10°) ) )
ANNOAVDY — = > =1,448 N.A/HN < 2,500 A.D/BYN OK
A (119.6)

teneg luyiepaaan

(b) L/r = 2.5(100)/4.18 = 59.81

A P 7[2(2.1><106)
AINOAVDY — = —==5,791 n.a./%8.> > 2,500 N.A/¥N.° NG
A (59.81)
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l Pipe or tube l /1\‘
column—__ Base plate i
welded to column j

Welded or bolted f f
connection n I

ﬁj Stiffening plates/ —

— =1 welded to flange il
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Column in Unbraced Frame

‘ Columns in an unbraced frame resist
i P lateral deflection entirely on its own
\ bending stiffness.

\ Effective length KL will exceed the
‘ actual length L.

KL — |




Ideal Effective Length Factor
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Model Example K

( 0.65

Type of Columns

» Short column - Failed by material strength
» Intermediate column - Failed by inelastic buckling
» Long column - Failed by elastic buckling

\ \
v \
\ \
v \

Short Intermediate Long
Yielding Yielding & Buckling Buckling



Column Buckling Strength from Experiment

> ,
\ Euler’s formula

N

L/r =—p

Short Column fails by Yielding, Long Column fails by Buckling

So, What happen to Intermediate Column ? Fails by ???

Buckling strength
vs. slenderness
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Where is section A-A 2
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Elastic vs. Inelastic Buckling

P/A ,

Euler’s formula:

0.50F, § == ==---=------- R, _ 7°E
A (KL/TY

- — — — = = = =

KL/r

Y
. A

Ce

2 2 2
n°E n°E 2n°E
Elastic Buckling = 0.50F, = s =— mmp C. =
(L/r) C; F,




AISC Formulas P, {1_(;@)2}

2C?

c

Allowable Compressive Stress
2

c, - f27z E
Fy

Elastic Buckling:

_—>

% F, = . > FS. = 2312
- >G 23(KL/r)
Inelastic Buckling: 1 (KL/r)2
2c: |7 F.S. Variable
KL <C F. = 3
PR [5+3(KL/r)_(KL/r)
3 8C, 8C

Buckling Axis

Columns normally buckle laterally (the cross-section moves sideways).
It occurs about the axis which has the highest value of L /r.
This is usually the y-y axis, but both must be considered.

Buckling about x-x axis in the y-y plane
Deflected

x 1 t
/ positions

Buckling about y-y axis
in the x-x plane

__________________________

| Usually, r, > r,
> X-X = strong axis

y-y = weak axis

But...




A106199 52 aeNnsaussoaneoyld P yoadr W300 X 94 yasessuaslugl

l p 591 mida W300X94 n.AL/ALA = 119.8 .2, r,=7.51 %)

[ 2 ] 9
"Qﬂi@\ﬁlllfﬂullﬂﬂﬂﬂlluu-ﬂﬂﬁﬂgu 1NN1519 5.1 1% K= 0.8

N
.- |

27°(2.1x10%)

= 128.8
2,500
W300x106 5m KL _ 0.80300) _ 5
r 7.51

1199910 KL/r < C, M3 Inuazuuududaraanldaunis (5.8)

3
3 8(128.8) 8(128.8)
P

- (53)°

2(128.8)* | )

F, = =1,264 kg/cm
1.81

usasaieonly P=FA, = (1.26)(119.8) = 15 AU u

MANUIN U A3 Nﬁ?%}?TJﬂTiﬂaﬂ!!ﬂﬂ@dﬁ’@?ﬂ]‘f?m!?di‘i’ﬂ

KL/r from 1 to 200

15799 9.1
1 cll 7] o ars ar
wihauseneanluasasAaInIssuLsIan
AW ULKANNAIAIASIN 2,500 NA./TN.2
KL Fa KL Fa KL Fa KL Fa KL Fa
r (kg/cm?) r (kg/cm?) r (kg/lcm?) r (kg/lcm?) r (kg/cm?)
1 1497 41 1332 81 1072 121 729.0 161 4172
2 1495 42 1326 82 1064 122 719.3 162 412.0
3 1492 43 1321 83 1056 123 709.6 163 407.0
4 1489 44 1315 84 1049 124 699.8 164 402.1
5 1486 45 1310 85 1041 125 689.9 165 3972
6 1483 46 1304 86 1033 126 680.0 166 392.4
7 1480 47 1298 87 1025 127 670.0 167 387.7
8 1476 48 1292 88 1018 128 659.9 168 383.1
9 1473 49 1287 89 1010 129 649.8 169 3786
10 1470 50 1281 90 1002 130 639.9 170 3742
11 1466 51 1275 91 993.7 131 630.1 171 369.8
12 1463 52 1269 92 085.7 132 620.6 172 3655
13 1459 53 1263 93 9775 133 611.3 173 361.3
14 1456 54 1256 94 969.4 134 602.2 174 3572
15 1452 55 1250 95 961.2 135 593.3 175 353.1




#198199 5-3 l¥avulensseenuuuadtandluasten v.1 Nasausidaneenly

Y o ]
P Gll@ﬂlﬁ”lﬁu"l@lﬂﬂigﬂ@ll Tﬂﬂﬂ"l KL = 6.0 tunsg

PL1.2 X 50 cm At o o
| ] F T I9N1 MC380a100 Yiun 67.3 NN./U.
MC380 x 100 Y
hed i AR . 3 _ 2 4
67.3 kg/m 39.2 Cm (A—85.71 G]jlj. Py IX_1 7,600 G‘]jlj. ’
——130cm|l—= l

| =671 %3.% c = 2.50 %3.)
y y

4 4 9y
Y

nunmdanaua A = 1.2(50) + 2(85.71) = 231.42 au.?

y NNAIY = 1.2(50)(0.6) +2(85.71)(20.2)
231.42

=15.12 .

I. = 2(17,600) + 2(85.71)(20.2-15.12)> + (1/12)(50)(1.2)}
+ (1.2)(50)(15.12-0.6)2

52,281 .4

I, = 2(671) + 2(85.71)(15+2.5 + (1/12)(1.2)(50)? = 66,339 .

antosgaves = 22201 _15.03 .
231.42

KL_ 600 _

r 15.03

NAINN V.1 F, = 1,337 n.n./au.?

P=F,A, =1337(231.42) = 309.4 au
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X - X = Strong axis (LNUUAN)
y -y = Weak axis (kN1984)

mm = Lateral support against

buckling about weak axis
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KL=2m
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2m

]
1 =

I Y 1
AIDY NN 5-4 NATUINIAIVBUT W250X66.5 G’fﬁumiﬁmqmmﬂmNﬂuGlmmamﬂu

KL=4m

A A 2 g Aq v
ADNAITNYTT 7.2 mmﬁluumuﬂu X-X LASNAITHYTT 3.6 mmﬁluumuﬂu y-y L‘Hﬁﬂ‘ﬂﬁle}f

3 (% d' = 1 cs' 1
19y A36 3ATDITULUVIANYUN Uarguuazuvvsaudundareais

591 A W250x66.5 (A= 84.7 B2, r,=10.8 ¥, r, = 6.29 H.)

KL, _1(360)
r, 629

KL, 0.8(720)
r. 10.8

53

1AAIT N V.1 F_= 1,238 n.n./au.’

P = (1.238)(84.7) = 105 AU

=57 (Enadauuu) (AIVN)




End of Lecture 05



