EXAMPLE 5.10 Goal: Determine the available strength of a compression member with a slender
Strength of web.
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: '§ = - f Table 1-1 (continued)
d\ x z x T w-Shapes
. !; f Dimensions fm’ t - /

Web Flange Distance
Area, Depth, Work -
Shape A d Thickness, | 1, Width, m k P 7 | able
for 2 by Kovs | Kowe Gage
in? n. in, in. in. in. n. in. in. in.

W16x31° | 913159 [157:(0.275) '« | Yo | 553] §%2(0 ’hc 0.842(1% ’h 13%| 3%
x26% | 768{15.7 [15%4{0.250{ Ya | 'a | 550( §% |0 0.747{1% | % [13%] 3%

* Shape is slender for compression with F, = 50 ksi 0
¥ The actual size, combination and orientation of fastener components should be compared with the geometry of the cross section
10 engure compabibility.
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/7 /O Table 1-1 (continued)
/fam 2/’_///\/ (tm/> W-Shapes d- /§f\ hz >letw

Properties
/ wW1is-W16
'y - /12 Inch
| Compact ! Torsional
"“"‘m socu:: Axis X-X Axis Y-Y P . Properties
=1 51 7 ¥ 171 2 I s | r ] 2 J Cw
W/t 26 | te | int | ind (in| n? | in'* | n? | in | ind | in | in in.* in.*

31| 628[516 | 75 | 472|641 540 | 124 | 449{107| 708 1420155 | o461 | 79
26| 797/568 | 301 | 384 | 626 442 | 950] 349[1.02| 548 1.38/154 | 0262 | 65
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MEMBER PROPERTIES 1&6.1-17F

Width-to-Thickness Ratios: Compression Elements
Members Subject to Axial Compression

TABLE B4.1a
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CHAPTER E
DESIGN OF MEMBERS FOR COMPRESSION

16.1-33

s

This chapter addresses members subject to axial compression.

The chapter 1s organized as follows:

El. General Provisions

E2. Effecuve Length

E3. Flexural Buckling of Members without Slender Elements

E4. Torsional and Flexural-Torsional Buckling of Single Angles and Members
without Slender Elements

BS. Single-Angle Compression Members

E6. Built-Up Members

BT Members with Slender Elements >
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MEMEBERS WITH SELENDER EILEMENTS

This section applies 1o slender-element compression members,. as defimed in Section
B4.1 for eletnents in axial compression.

The nominal compressive strength, M, shall be the lowest value based on the appli-
cable limit states of flexural buckling, torsional buckling., and flexural-orsional
buckling in interaction with local buckling.
FJT='|r_.-:r="1: {E-?‘]-]'
where
A, = summation of the effective areas of the cross secbon based on redoced ef-
fective widths., b, &, or fr.. or the area as given by Egquations E7-6 or
E7-7. in2 {mamTt).
F ., = critical stress determinesd in accordance with Section E3 or E4, k=i (MPa).
For simgle angles. determine &, in accordance with Section E3 only.

User MNote: The effective area. A-. may be determaned by deductng from the gross
area, Ag. the reduction in area of each slender element determined as (B — b
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1. Slender Element Members Excluding Round HSS

I::i': The effective width, H_, (for tees, this is &, for webs, this 1s i) for slender elements
i determined as follows: 7L ’ —
o o /‘
{a) When A =< A, I = Nééﬁ/ [0 éS - Cr
or é <> /)////W IE b, = (E7-2)

;f (b)) When A > A HE
= L= 27/——”\) b, = b{l— e JF;’]JF‘”’ (E7-3)
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5 wihrere
i = widdth of the element (for tees this is @ for webs this is i) in. (muanp
cyp = effective width imperfection adjustment factor determined from Table E7T_1
EI'_-\'J
A = width-to-thickness ratio for the element as defined in Section B4_1
A, = limating width-to-thickness ratio as defined in Table B4 1a
Fo = [ o5 3';[ ]_ F, (E7-5)

= elastic local buckling siress determined according o Egquation ET-5 or an
elastic local buckling analysis, ksi (MPa)
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L. Slender Element Members Excluding Round HSS

The effective width method i1s employed for determining the reduction in capacity
due to local buckling. The effective width method was developed by von Kirman et
al. (1932), empincally modified by Winter (1947), and generalized for local-global
buckling interaction by Pekoz (1987); see Ziemian (2010) for a complete summary.
The point at which the slender element begins to influence column strength,
lﬁlu'f-':, [F . 15 a function of element slenderness from Table B4.1a and column slen-
derness as reflected through F.. This reflects the unified effective width approach
where the maximum stress in the effective width formutation 15 the column stress., F..
(as opposed o F,). This implies that columns designated as having slender elements
by Table B4.1a may not necessarily see any reduction in strength due to local buck-
ling, depending on the column stress, F,...
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where c3 is the constant associated with slendermness limits given in Table B4.1
(Geschwindner and Troemner, 2016). Combining the constanis in Equation C-E7-1
with ¢4 = c2c3 and e5 = o020y vields
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I TABLE C-E7T.1

- Constants for Use in

: Equations C-E7-12 and C-E7-13

i Table Table

I B4.1a E7.1 ke oy 2 a Cy cx

i Casa Casa

: 1 (c) 1.0 o.22 49 0.56 0.834 0184
i o (c) k.. o.22 49 0.64 0.954 0.210
: 3 (c) 1.0 n.22 49 0.45 0.671 0.148
: W ) 4 (c) 1.0 o.22 49 0.75 1.12 0246
i 3/ 5 (a) 1.0 018 31 1.49 1.95 0.351
I

i & (b} 1.0 0.20 38 1.40 1.93 0.386
: 7 (a) 1.0 0.18 31 1.40 1.83 0.330
: 8 (a) 1.0 0.18 31 1.49 1.95 0351
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C2 A F. !
Z/ é Jz |-2;—4«:1 (E7-4)

etfective width imperfection adjustment factor determined from Table E7.1
/ il (/ = / 3 / © 3 5 ) Z 3 \ S [ A = width-to-thickness ratio for the element s defined in Section B4.
b, = limiting width-to-thickness ratio as defined in Table B4.1a

T 5620 g
rét - 3424 /(g‘ lLH:[LIITr]F-" (E1-5)

= elastic local buckling stress determined according to Equation E7-5 or an
elastic local buckling analysis, ksi (MPa)
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Fy, = 50 ksi
Fog = 65 ksi

Table 6-2 (continued)
Iavailable Strength for Members
Subject to Axial, Shear,

Flexural and Combined Forces
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W16 Wl Shape W16~ W14
26¢ Brah BO8sh Ib/ft 26V arah Boagh
Palt<2e| @cPu | Pulic| $cPa | Pois2e] $oPa M/ 20 | @M | M/ S| GoMoax | M/ | oMo
Available Compressive Strength, Kips Design Available Flexural Strength, Kip-ft
ASD LRFD ASD LRFD ASD LRFD ASD LRFD ASD LRFD ASD LRFD
108 e i TEan | 1i1s00 Ti30 | 10700 (1] 110 1648 5060 FE10 4570 GEE0
154 31 TE57F0 | 11400 FO10 | 10500 [ 98.0 147 5060 FE10 4570 GREED
140 211 rs53n | 11300 6arn | 10500 _ r a2.0 138 5060 FE10 4570 GEE0
126 1G4 7480 | 11200 6220 | 10400 widn 11 B6.0 1249 50680 TE10 4570 GRE0
112 168 74320 | 11700 ‘BETO | 10300 = aQ a0.1 124 5060 TET0 4570 GEED
051 147 Fa60 | 11100 GE10 | 10200 % 10 741 111 5080 TE10 4570 GHED
B3 125 Ta000 | 11000 6750 | 10000 ‘& =n 11 621 102 S0E0 TE10 4570 &850
598 105 F220 | 10900 6680 | 10000 — R 12 591 BE.8 5060 7610 4570 BEED
505 894 Fidn | 10700 GED0 = be bl i E 13 51.5 775 50680 7E10 4570 5 S50
51.3 i TOSO | 10800 G520 GRO0 = 14 455 G54 5060 FE10 A570 GEED
44 7 67.2 | &ard |i0500 5440 oHEED = = 15 40.6 611 5060 TEID 4570 GRED
= m

39.3 ro.0 | &8sa | 10300 6350 o540 B e 16 366 55_0 5060 TE10 A570 G860
34.8 52.3 | BFs0 | 10200 G250 Qu00 B »e 17 a3z 500 5060 TE1D 4570 GEE0
31.0 4G G GaE0 1 3000 &1 60 G250 = = 18 S04 A5.7 H060 GO 45610 GE50
G570 aa 7o GOS0 5100 = E 19 8.0 421 S5050 7SO0 4550 5340
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