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TACK - M CorrmreC ‘
Example 6-8 CHM g AM@

of

Determine the axial compressive design strength ., and the allowable design strength ﬂﬂ
L

a 2d4-fft HSS 14 > 10 > % column section. The base of the column 15 considered to be fiixxed.,

1-20 /_/ _ DIMENSIONS AND PHDPA S /0 5@ /Oc)é &
[ =50 &5, , /6 - 39.9p

while the upper end 15 assumed to be pinned. F}, — 50 ksi.

H L= 072372 N/E 57/
Table 1-11 (continued) a 2
x x Rectangular HSS _ | 7 P < ) 3 /0 : )OLIL
Dimensions and Properties IX i /77 C
b
Z-0. 23z
- : <
Design Axis M-X -
Wall | Mominal | Area, 'S
Shape Thick- wi. A Bt Rt
ness, ¢ ' s r z
in. Ib/ft in2 in.4 in.3 . in.%
HSS1 Bcd<5/a 0.581 76.33 | 21.0 3.88 245 539 67.3 5.06 92.9
=z 0.465 62.46 | 17.2 5.60 31.4 455 56.9 5.15 773
=3 0.349 a7o0 | 132 8.46 42.8 360 45.0 5.23 60.2
=36 0.291 40.35 111 10.7 52.0 308 38.5 5.27T 51.1
e 0.233 32.63 8.96 14.2 65.7 253 31.6 5.31 4.7
=3is | 0.174 24.73 6.76 20.0 89.0 193 24.2 5.35 31.7
HSS1 451 Ox<5a 0.581 93.34 | 257 14.2 21.1 68T 28.2 517 | 120
w1z 0.465 76.07 | 209 18.5 271 573 B81.8 5.23 98.8 [/\f
=3g 0.349 58.10 | 16.0 25.7 371 447 63.9 5.29 76.3 O E v
=51s | 0.291 48.86 | 13.4 31.4 45.1 380 54.3 5.32 64.6
—_ =/ 0.233 3043 | 108 30.9 57.1 310 443 5.35 52.4
—— o Xé



TABLE C-A-7.1

APPROXIMATE WYALUES OF EFFECTIVE LEMGTH FACTOR, M

BEUCKLED SHAPE OF COLUMM IS (a) (5 (c) () (=) (A
SHOWRN BY DASHED LIME. ' 4 Vo Voo Vo
it ""ij""'_j.i’“ EEa T o ka EAE T
t 1 t t t
THEORETICAL K WVALUE 0.5 0.7 1.0 2.0 2.0
RECOMMENDED DESIGN
VALUE WHEN IDEAL CONDITIONS 0.65 0.80 1.2 1.0 2 10 2.0
ARE APPROXIMATED
ERND CONDITION CODE g GOTATION FIXED AND TRANSLATION FIXED
4" ROTATION FREE AND TRANSLATION FIXED
Za  ROTATION FIXED AND TRANSLATION FREES
T ROTATION FREE AND TRANSLATION FREE
—~

/

Z)(Jmﬂ/? {df = Q&@ Q %;0»70
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fort -2

Table 1-11 (continued)
Rectangular HSS

Dimensions and Properties

f//; 4‘/q\

dy

/96 inch®

HSS16-HSS12
Axis Y-Y Workable Flat Torsion
Surface
Shape I s r Z | Depth | width J c Airea
in® in.3 in. in.? in. in. in.4 in? 2/t
HSS5 16425 541 27.0 1.60 32.5 133N - 174 60.5 317
wlfz 47.0 23.5 1.65 27.4 133 — 150 L 3.20
»¥g 38.3 19.1 1.71 21.7 14516 2916 120 397 3.23
=3B 33.2 16.6 1.73 1B.5 145/ 2905 103 33.8 3.25
w1y 27.7 13.8 1.76 15.2 147 /s 2"/ 85.2 27 .6 3.27
»=H1e 21.5 10.8 1.78 11.7 15% 16 3316 65.5 211 3.28
HSS1 4108 A07 231.5 3.98 05.1 11316 736 832 146 3.83
w1 341 68.1 4.04 7B.5 1134 T3/ 685 120 3.B7
w3g 267 53.4 4.09 60.7 12516 8716 528 a1.8 3.90
e 227 455 4.12 51.4 12% 16 8918 446 Fr.4d 3.92
——% 1 186 ar.2 414 41.8 12708 B7fa 62 GZ.6 343
M

/135 Jex /O X u”
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Figure 7.3.1
F.r vs. Slenderness

Click on image for larger view
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A Beginner's Guide to the Steel Construction Manual, 15th ad.
Chapter 7 - Concentrically Loaded Compression Members
= 2006, 2008, 2011, 2017 T. Bartlett Quimby

Section /.4

Limit State of Flexural Buckling for Slender Sections

hatched




54/0{ rf’&’)mym«amﬂ/%/ff'oﬂ

(d) For flanges of rectangular hollow structural sections (HSS), the width, b, is the
clear distance between webs less the inside corner radius on each side. For webs
of rectangular HSS, /i is the clear distance between the flanges less the inside cor-
ner radius on each side. If the corner radius is not known, & and & shall be taken
as the corresponding outside dimension minus three times the thickness, The
thickness, 1, shall be taken as the design wall thickness, per Section B4.2.

b gé éY(CIJW’M{MV&Q{ ﬂ/}wfm/:/()"’i

h _ 3/ - /4 - 3(07233) - /3\30/\\ PR
b" 3(: /h - /O 3 3 (Ozgg 730/ -l
/) x 10 AL £y py
+ %r _ 068§ FQ /// 2
(0/vmn is 4. L - 0.6 (S0Y = ?87

Sne a2



L. Slender Element Members Excluding Round HSS

The effective width, b, (for tees, this is d.; for webs, this i1s i) for slender elements
1% cletemined]:a_i follows:

(a) When A <A, |=%
b.=b (E7-2)
F
(b) When & > A, |—
F,.\ [F.
.b, = b(l— LA —I] —_Il {E-T"-E]
-"'r.r 'F'f.'r

Specification for Stractieral Seel Buildings, July 7. 2016
AMERICAN INSTITUTE OF STEEL CONSTRUCTION
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= = ) et r
hr*—-h[l-r”f-—_ﬂ] = Co = /38 (E7-3) N\ = b.
Fer JV Fey E

O - b-3t-930 igl—f(Cz é?_l_/“>z/7

Sect. ET.] MEMBERS WITH SLENDER ELEMENTS 16.1-43

—— L T—— SR (3] 5 Pk V(5D

cq1 and c2

Case Slender Element =N cy k ,
(&) Stiffened elements except walls of square and rectangular HSS 0.18 1.31 = Z O l S |

A
(b) Walls of square and rectangular HSS 0.20 1.38 ZZ t

(c) All other elements 0.22 1.49 & g
88 .ol 65
where / — 0 ~ Z
b = width of the elememt (for wees this is d; for webs this is i), in. (mm) _— \ O
¢y = effective width imperfection adjustment factor determined from Table ET7.1 Il

3957 ' 37-8

Q
T

—_—

I_:i.l_dﬁ En — /5 705 </‘ 5 06] )

idth-to-thickness ratio for the element as defined in Section B4. 1
9974

P8

w
limiting width-to-thickness ratio as defined in Table B4.1a

2

A
F,.-r = .1 £ f:..
: [" A ]

/6\p~: 39.87 /(S"

(E7-5)

l-----'ﬂ—






Sect. E7.]

MEMBERS WITH SLENDER ELEMENTS

TABLE E7.1

Effective Width Imperfection Adjustmen

cq1 and c2

hi—

Case Slender Element [N cy
(a) Stiffened elements except walls of square and rectangular HSS [ 0.18 1.3
(b) Walls of square and rectangular HSS L 0.20 1.38 -
(c) All other elements 0.22 1.49
where
b = width of the elememt (for wees this is d; for webs this is i), in. (mm)
¢y = effective width imperfection adjustment factor determined from Table ET7.1
E S, L (E7-4)
Y

A
A

width-to-thickness ratio for the element as defined in Section B4.1
limiting width-to-thickness ratio as defined in Table B4.1a

(E7-5)

RGN
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Elastic Buckling

(Long columns)

039 -~ i F_.=0877F_

Fr T ~09 (26178 =225 6o kip]

Prepared by Eng.Maged Kamel.

Inelastic Buckling
(Short columns)




% < «25/ 7@ 2/6 63 /(/7/( AUt%fS
/67 < L7 HRS /SO/J/

where ¥ — 0.233 in, A, — 10.8 in®

A, — 10.8 — 2(13.3 — 9.92)0.233 — 2(9.3 — 8.97)0.233 — 9.07 in?

. Py, — Fo, A, — 39.87 ksi(9.07 in?) — 361.6 kips
LRFD ¢,. — 0.90 ASD 2. — 1.67
= 361.6 & )
B, — 0.9(361.6 k) — 325.5 kips — — 216.5 kips

2. 1.67



investigated. To determine the available strength in axial compression, the table should be
entered at the largeﬁgs:-f Loy and L., .. where

\-
el Ly gy e

Walues of the ratio r./r, and other properties useful in the design of rectangular HS5 com-
pression members are listed at the bottom of Table 4-3.

H/e need [0 /’//70/ Z + __Z__Q_Z

/A
v = O - QO —
J}(;—SB;K j :y

’/C%;/(x /o w - 05(24/) -/9. 20
loyeg = Lx B2 . b 96

=35

r
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N
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/7 N

/
/< /JJ Table 4-3 (continued)
 _ fo kei Available Strength in
v Axial Compression, kips
Rectangular HSS

HS5S16-HSS14

J4 X160

0
i
I
;
Shape HES16 < 8> HES14 10 _ _ X ) [
1/a S/a o a 5/186 1/ - I
foas, in. 0.233 0.581 0.465 0.249 0291 0.233 4 L
I fi 39.43 93.34 T6.07 5810 48 86 39.43 0
Desian FPrllle| ©cFh | Pollic| GePn | Palllc | $ePa | Palf2e | $ePin | Palflc| 9ePn | Pall2c | GcFn [
a ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD 0
I Lol Rl Pl A - - - A E e ¥ ool D B e E Rl el Cal ot o Ea T ol = A & - e e
0 240 360 769 1160 G626 940 62 595 380 542 251 37T
6 234 352 ¥51 | 1130 611 919 454 682 354 532 247 3rz
I T 232 345 745 1120 G606 911 451 G675 352 528 246 370
' 8 229 345 rar 1110 GO0 o022 447 672 2349 524 245 368
= 9 227 341 729 1100 594 8593 444 66T 346 520 243 365
I = 10 224 336 F20 1030 587 282 439 GE0 343 515 241 363
I = 11 220 331 710 1070 579 870 434 G553 339 510 239 350
l % 12 217 326 509 1050 S50 857 429 645 335 S04 237 356
I — 13 213 320 588 1030 561 8543 424 537 331 498 235 353
= 14 209 314 G7S 1020 551 829 418 G228 327 491 232 349 l
£ 15 205 308 663 996 541 813 412 619 322 484 230 345 i
- 16 201 302 549 97a 530 TaT 405 G509 =217 476 227 341 I
= 17 196 295 635 954 519 781 398 599 312 468 224 336 i
= 18 191 288 G20 932 508 ¥i63 391 58y 306 AE0 221 332
= 19 187 280 605 910 495 745 382 574 3201 452 217 327 l
= 20 182 273 590 886 727 Jr2 560 29.5 443 214 322 '

—£-97 15 CO 2
3%/4/

g&

/0;327 P > Lcd -

—--%7- 20 ;2 >

-
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Table 4-3 (continued)
 _ fo kei Available Strength in
v Axial Compression, Kips

Rectangular HSS HSS16—-HSS14

J4 X160

[
I
I
|
Shape HES16 < 8> HES14 10 _ _ X ) [
/a4 Sfa Wi Ira 2/16 /a4 - I
fdes, iN. 0.233 0.581 0.465 0.349 0.291 0.233 &
Ib/ft 39.43 93.34 76.07 58.10 48.86 39.43 i
Desian Fallle | ©eFn | Pollle| GeFn | Palllc | GeFn | Folile | $eFu | Pallle| deFn | Palile | GeFa [
a ASD | LRFD| ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD 0
I Lol Rl ol h _a A - E palm = ol L B o | e Rl ] Ll a1 o R Latal = A -~ Lo R
o | za0 as0 | 7869 | 1160 | 626 | 940 | 462 | e9s | @60 | saz | 251 377
6 234 a52 751 1130 611 919 454 G582 354 32 247 ar2
i 7 | 232 348 | 745 | 1120 | 606 | 911 | 451 | 678 | 352 | sz28 | 246 | 370
I 8 | 229 345 | ¥37 | 1110 | 600 | 902 | 447 | 672 | 349 | 524 | 245 [ 368
. 9 | =227 341 729 | 1100 | 594 | 893 | 444 | 667 | 346 | s20 | 248 | 365
I = 10 | 224 336 | ¥20 | 1080 | 587 | 882 | 438 | 660 | 343 | 515 | 241 363
[ = 11 220 331 710 | 1070 | 579 | 870 | 434 | 653 | 338 | s10 | 239 | 360
i = 12 | 217 326 | 899 | 1050 | 570 | 857 | 429 | 645 | 335 | 504 | 237 [ 356
[ = 13 | 213 szo0 | 688 | 1030 | 561 | 843 | 424 | 637 | 331 | 498 | 235 [ 353
p 14 | 208 314 | 675 | 1020 | 551 | 829 | 418 | 628 | 327 | 491 | 232 [ 349 1
E 15 205 308 663 996G 541 813 472 519 322 A4 230 345 l
= 16 | 201 302 | 649 | 976 | 530 | 7o7 | 405 | 609 | 317 | 476 | 227 | 341 I
g 17 196 295 | B35 | 954 | 519 | 781 398 | 599 | 312 | 488 | 224 | 336 i
= 18 191 288 | 820 | 932 | 508 | 783 | 391 | 587 | 306 | 460 | 221 332
E 19 187 280 605 910 -495 F4a5 382 a4 301 452 217 327 |
= 20 182 273 | 590 | 886 727 | 372 | 560 | 295 | 443 | 214 | 322 2 i
L P 27 2 ps Lcd <19 L po2i7-7( |
| 2 /7 T °0 § 216 Yo L f-

_L<y =

-




38 D00 135 204 442 2497 371 193 290 164 246 129 194
40 82 4 124 266 399 223 334 175 252 148 223 119 179
Properties

Ag, in.# 10.8 5.7 =20.9 160 134 10.8

Ly, in? 368 BarF 573 447 380 310

Iy, in.# 127 407 341 267 227 186

e, in. 3.42 3.98 4.04 4.09 412 414

ey 1.70 1.30 1.29 1.29 1.29 1.29

ASD LRFD = Shape is slender for compression swith &, = 50 ksi; tabulated valupes have been adjusted
accordingly.
L2 = 1.67 G- = 0.90

-

Dafc /ér APV _/4;
;/Ogo /’WC-%L/

zx = 3/0 /'/7@%% )?]:QZ/C%M
T /X{ /’/75/7q

- ' X _ /)
@_/29
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