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LOCAL BUCKLING

Local buckling primarily
depends on the ratio, b/t, of
the width (b) and thickness
(¢) of the plate elements that
builds up a section.
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LOCAL BUCKLING
Based on the width /thickness ratio steel sections are defined as

Compact: A compact section reaches its cross-sectional
material strength, or capacity, before local
buckling occurs.

Non-Compact: In anon-compact section, only a portion of
the cross-section reaches its yield strength before
local buckling occurs.

Slender: In a slender section, the cross-section does not
yield and the strength of the member is governed
by local buckling.

The use of slender sections as compression members is not
efficient or economical; therefore, the use of slender section in
design practice is not recommended.
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" Desig- | Nom. | Area, | Depth, Web

)6 nation ‘”’;:"' A in2 d.in e Thickness R e

/ Width, | Thick- t, in L s, r L s, r,

by, in ness, ins ins in ins ins in
ths, in

W10 x 68 20 10.4 10.13 0.77 047 394 75.7 444 134 26.4 2.59
W10 x 60 176 10.22 10.08 0.68 042 341 66.7 439 116 23 257
W10 x 54 158 1009 10.03 0615 037 303 60 437 103 206 2.56
W10 x 49 14.4 9.98 10 0.56 034 272 54.6 435 93.4 187 2.54
W10 x 45 133 101 8.02 0.62 432 53.4
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EXAMPLE: X X
Determine the allowable compressive load carrying capacity

of the column shown in Fig. It consists of W10x45 section "_”_’:f [ ] Sy
having A992 (F, = 50 ksi) steel. There are hinge support at —

top and bottom that allows rotation in any direction. Also the P P
column has weak direction support (braced) at mid-height so l ¢

that lateral deflection is prevented in x direction. Use ASD Y
approach. % T \
SOLUTION: [

For W10x45 section, from AISC Manual Chart we have \[ I \

! il P S ——— |
A =13.3 in? r,=4.32 in, 1,=2.01 in. :L\o\ ¥ |l |
X — strong axis | l

!
y — weak axis | ) /
Column length, L = (13x2) x12 = 312 in. I /\13' . ;{
Possibility of buckling in both x and y directions to be checked. / |
~>x WLl >y
Buckling in y direction causes bending about x axis or strong
axis. For strong axis buckling, the buckling shape is like a half Tp Tp
sine wave over full column length. Thus for strong (or xaxis)  yeak-axis Strong-axis
axis buckling, K, = 1.0 buckling buckling
= N
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K,L/r =1.0x312/4.32 = 72.22
=m2E/(K.L/r)? = 3.14?x29000/(72.2)* = 54.82 Kksi. (> F,, note)
And 4, 71\J(E/FV) 4.71V(29000/50) = 113.43 .. K,L/r, <4. 71\/(E/Fy) \/

;
Fe |:0 6587 ] F, =[0.65805%/5482)]50= 34.13 ksi

Nominal strength for x-axis buckling P, . = F_ A, = 34.13x13.3 = 454 Kip

car 'g

Buckling in x direction causes bending about y axis or weak axis. For weak
axis buckling, the buckling shape is like a full sine wave over full column
length. Thus for weak (or y axis) axis buckling, K, = 0.5

~KL/r,=05x312/2.01 = 77.61
~.F,, = 2E/(K,L/r,)? = 3.14?x29000/(77.61)? = 47.47 ksi.

F.. [0 658F. } = [0.658(50/4747)]50= 32.17 Ksi

e
Nominal strength for y axis buckling P, = F, A4, = 32.17x13.3 = 427.9 Kip (
wpyright @Sawer +, P = smaller of P, and P, = 427.9 Kip : J

~. Allowable strength P=P, /Q=427.9/1.67 = 256.2 Kip

- OTA"



Limiting Width-
Width Thickness Ratios
Thick-
ness Xp Ar

| Ratio (compact) (noncompact) | Example
12| Uniform N b/t 1.12/E/F, 1.40,/E7F, '""";
flanges of /
rectangular box and /
hollow structural /
sections of uniform /
thickness subject to /

NA

0.07E/Fy

0.11E/F,

0.31E/F,
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LOCAL BUCKLING

There are also two type of
elements of a column section :

Stiffened:

Stiffened elements are supported along
both edges parallel to the applied axial
load. An example of this is the web of an
I-shaped column where the flanges are
connected on either end of the web.

Unstiffened:

An unstiffened element has only one
unsupported edge parallel to the axial
load—for example, the outstanding
flange of an I-shaped column that is
connected to the web on one edge and
free along the other edge.

NV JIIYII M VMV MY v

unstiffened element:
flange 1s supported at one
end and free at the other

/

r

web is supported

i at both ends

9 u (\)

"~ stiffened element:
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@) Ques Investigate the local stability of the following section.

Flange Buckling Check
by 8

A= — =4
2t

¢
Ap = 0.38\/E/F,, = 0.38\/29000/50 =9.15
Since A(4) < Ap(9.15), flange is compact.

~ Web Buckling Check

h 12
—_—_——=—— =24

w 0.5
Ap = 3-76\/E/Fy = 3.76\/29(110/50 = 90.6

Since A(24) < Ap(90.6), web is also compact.
Ans. Section is compa
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Slender Flange Sections

When the width/thickness ratio A [=b/(2t/)] exceeds the limit 4,
of AISC-B4, the section is referred to as "slender” and must be
treated in accordance with AISC-F3.2(b). The nominal strength of
such a section is

_ 0.9Ek.S,
= —

M, [Eq. F3-2, page 49, AISC 360-05]

. where 0.35 = k. = 0.763
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Table 1-1 (continued)

T W Shapes
{
—— Dimensions
e
Web Flange | Distance
Shape | A d Thickness, | ¢, | Width, | Thickness, k k | T | able
" 2 bl 'I k~ k~ m
in.2 in. in. in. in. in. in. | in. | in. | in. | in
W16x100 | 29.5 [17.0 |17 [0.585| % | 56 [10.4 | 10%s | 0.9851 1.39 |17 [1Ys 13| 5%
%89 | 262 116.8 [16% 0525 2 | V& |10.4 | 10%: (0875 " |1.28 |1% |1V1s
77 | 226 1165 116'2/0.455| 716 | e [10.3 | 107 |0.760] % |1.16 (1% |1Vis
x67¢ | 19.7 |16.3 |16%8/0.395| ¥s | %6 [10.2 | 10" |0.665] 'Vi8|1.07 |15 |1
W16<57 16.8 [16.4 |16%6]0.430| 716 | V4 | 7.12]1 7Y [0.715| "Wae!1.12 |1%s | s |135 328
x50¢ | 14.7 116.3 [16%]0.380| ¥s | 3¢ | 7.07| 7% [0630| 5 |1.03 [1516 | "Yhe
<45¢ | 13.3 [16.1 116%|0.345| ¥s | ¥e | 7.04|7 10.565| %6 |0.96711%s | e
x40¢ | 11.8 |16.0 |16 |0.305| 516 | 3¢ | 7.00| 7 0.505| % 10.907|1%s | e
%365 | 10.6 1159 |15710.295| 56 | % | 6.99|7  10.430| "¢ [0.832(1Vs | Y4
W16x31° | 9.13115.9 (157810275 e | Vs | 5.53|5Y% |0.440| 7he |0.842{1"e | ¥+ [13%| 3%
265 | 7.68015.7 [15%0.250] s | Vs | 5.50|5% |0345| % |074711%e | % [1356] 3%
W14x730" 1215  [22.4 |22%]3.07 |36 |196 |17.0 | 1776 14.01 |4'%6]5.51 |6%s | 2¥s 1o 371238
<665" 1196  |21.6 |121%}2.83 |2'%e|1716 [17.7 | 17% |4.52 |4'2 |5.12 |5%%e|2%s 3-7'/23°|
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Table 1-1 (continued)
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W Shapes
Properties
W16 - W14
Compact Torsional
Nom-| - section Axis X-X Axis Y-Y Properties
nal | Criteria fu | ho
Wi, J Cw
o | h | 1 g | ¢£| Z E L & L] =2

b/t 2t | t | int | in® |in | ind | int | ind | in | in? | in | in | int in.$
100| 529|243 | 1490 | 175 |[7.10| 198 | 186 | 357 |251| 549 | 292160 | 7.73 | 11900
89| 592/27.0 | 1300 | 155 | 7.05| 175 | 163 | 314 |249| 481 | 288(159 | 545 | 10200
77| 677|312 | 1110 | 134 | 7.00( 150 | 138 | 269 (247 41.1 | 285/158 | 357 | 8590
67| 770|359 | 954 | 117 | 696|130 | 119 | 232|246 355 | 282(157 | 239 | 7300
57| 4.98[330 | 758 | 922|672/ 105 | 431|121 |1.60| 189 | 1.92[157 | 222 | 2660
50| 561/37.4 | 659 | 81.0 | 668 920 | 372 | 105 |159| 163 | 1.89{156 | 152 | 2270
45| 623|411 | 586 | 727 | 665 823 | 328 | 9.34/1.57| 145 | 188156 | 1.1 1990
40| 6.93[465 | 518 | 647 | 663 730 | 289 | 825157 | 127 | 1.86{155 | 0794 | 1730
36| 812|481 | 448 | 565 | 651| 640 | 245 | 700[1.52| 10.8 | 183|154 | 0545 1460
31| 6.28(516 | 375 | 47.2 | 641| 540 | 124 | 449/1.17| 7.08] 142/154 | 0461 739
26| 7.97/56.8 | 301 | 384 | 626] 442 | 959 349 1.12| 548 1.38[153 | 0262 | 565
730| 1.82| 3.71|14300 [1280 | 8.17[1660 (4720 |527 |4.69 ms 568(17.5 |1450 362000
665| 1.05| 403(12400 {1150 | 7.98[1480 |4170 [472 |462|7 557(17.1 1120 305000




supports a reinforced concrete floor slab that provides continuous
e lateral support of compression flange. The service dead load is
450 Ibift and service live load is 550 l/ft. Does the beam has
< adequate moment strength?

o 4 ' W16X 31, A992
JIILITILT], rooe
{ LL=550 bt

L 0%
.

Problem. The following beam is W 16x 31 of A992 steel. It :

: Check
From Table 1-1, by = 5.53in, = 0.44 in.
by  5.53
2t T 2x0.44

Ap—0.381/E/F -038\/2 0/50 =9.15 > 6.28

Since, A < Ap for flange, there is no local buckling in flange.

~ Waeb Check
- From Table 1-1, d = 15.9in, kjo, = 0.842inand ty = 0.275in ,

A=

h d—zkd” 15.9 — 2x0.842
A=— = = 51.7
o 0.275

Ap = 3.76‘/5/}' =3. 76\/2 /50 = 90.5 > 51.7

Since, A < Ap for web, there is no local buckling in web either.




@) Determine Capacity

Since, both flange and web have no local buckling, the section can O
o reach up to plastic moment before failure.
o From Table 1-1, Z, = 54 in’.

Mp = ’:ny = 50%54 = 2700 k-in
dpMn = dpMp = 0.9x 2700 kein = 2430 k-in202.5 k-t

Determine Demand
The dead load should be increased by self weight (31 Ib/ft) of the
beam since given dead load (450 IbAt) is excluded of self weight.

wp = 450 + 31 = 481 IbAt
w; = 550 Ib/ft
wy = 1.2wp + 1.6w;
= 1.2x481 + 1.6x 550 = 1457 Ib/ft = 1.46 kAt

wyl?  1.46x307

Since, ppMp(202.5 kHt) > My(164.3 kft), the section W 16x31
has adequate moment capacity.

Ans. Yes. The beam has adequate moment strength.

M, = = 164.3 kit < ppM,,




