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Solved problem 4.9

--------------------------------------------------------------· 
A w 12 fss~:,:t~. ts~:2 al 00th S'tehL~n th weak diw;ft;ut JI D 
lion al Lhc lhi rtl point~. us shuwn in 1 ;igurc . 11 . A992 steel j s u~ . l)clcnni nc 
the availahle cotnprc. s1vc strength. 
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Minor and major buckling lengths

------------------4 --.:_9 -----zrif-/ _i_Zj ______________________ ~ 
1\ W 12 X _')~~ 24 feet. long, 1s pinned at both ends and hraccd in th "\.Vcak direc­
tion al lhc thinl poin~. ~1s ~htlwn in l;igurc . 11. A992 steel is used. J)clcrmj nc 
th available co111prcss1vc strengtll_ • 
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Steps to solve the problem and options

--------------------------------------------------------------· 
/I v01;!..able Co"'1/f,w,/ve strenj t--h Can be evo.L~ed f;,-0 ,.. 

f/,e /a!lowinc:5 6hrv of tlo»f: 

G L l.- ll',./1'on aff:e, check/'nq fhe Vo. Lue of 
/_ e11e,ai d 

1 _ £.J e fJr ~ f3' er 
l· r -- o~t=-F? h (}.) ~ <( 4·1 !'frrt • 

4,7/ F a Fj 

/- Use t'{:;.J,(e 4-1) w;-th the f./<L)J -repvlred 
c~ecl<. (l<l)x ~ (kL)r :{kl L-X s~ lee( the bJ3<je>"' 
~ e;r {kl)!) .g ..;;tC---- V0tlvte 
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Available Critical Stress for Compression Members

The third option-Table 4-14/4-22

--------------------------------------------------------------· 
T/;e f/;1r<I opt/on is /7rom Cable. 4-ZZ..➔ Ccntfrvefloi,, 

I /YJ()h ~ L- 14 
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Which direction controls?



What is(Kl)y eq?

--------------------------------------------------------------· 

QfJ bJ ,,,,·v I?, "I! J4 f- L) :J 

( J:l) Fake -= U< L )x 

( % );=-c.ke :s (f;f ) for f-cJ'J,/~ 
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(Kl)y eq equation

--------------------------------------------------------------· 
Available strengths in axial compression are given for W-shapes with Fy = 50 ksi (ASTM 
A992). The tabulated values are given for the effective length with respect to the y-axis 
(KL)y- However, the effective length with respect to the x-axis (KL)x must also be investi­
gated. To determine the available strength in axial compression, the table should be entered 
at the larger of (KL)y and (KL)y eq, where 

(KL) = (KL)x 
Y eq rx 

(4-1) 

Values of the ratio rxlry and other properties useful in the design of W-shape compression 
members are listed at the bottom of Table 4-1. 
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Sketch for buckling about y direction

--------------------------------------------------------------· 
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Estimate Kl/r for x and y directions
--------------------------------------------------------------· 

A w 12 fss~:,:t~. ts~:2 al 00th S'tehL~n th weak diw;ft;ut JI D 
lion al Lhc lhi rtl point~. us shuwn in 1 ;igurc . 11 . A992 steel j s u~. l)clcnni nc 
the availahle co1nprc. s1vc strength. Tobie ./- J 

fa J-zt f' L 
"l'i/ fJ = So 1er: 



Get final Fe

--------------------------------------------------------------· 
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Use appropriate Fcr equation and find available strength

\, ' -== 40. 22 ~.>,,' 
1 0 ---------------~, ----------,----

F ,/Fy \ Fe, -i(o6ssF:::.:}::ckhng Lf!FD cfrc Fc,,, 
(Long columns) ; O ,tj V = ..:36, 2 O } 

0.39 --------------------
1
---- Fer = 0.877 Fe Z:, ~S ,' 

Inelastic Buckling 
(Short columns) f; ~ 3/.2/Jl(l7) 

r- 7' 1t3. q3 _ K/f ...s 

f 17 :: 46-22( 17-) 7. J;o3- 43 k/p-1 
/2c / .. ~7 
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Use second option-Table  4-1-Find LRFD value

--------------------------------------------------------------· 

Table 4-1 (continued) 

Available Strength in 
~~f ompression, kips 

W12 ~ W-Shapes 

Shape W12x 
lb/ft 58 53 50 45 

'J ~'(1es1· n 
Pnlflc 4>t;Pn Pnlflc cl>cPn Pnlflc ¢cPn Pnl flc 

·e(!.; I ASD LRFD ASD LRFD ASD LRFD ASD . \ V , ,,, 0 509 765 467 702 437 657 392 
eff.:. 
t~» 

....... 6 479 720 439 660 396 595 355 
7 469 705 429 646 382 574 342 c 

0 8 457 687 419 629 367 551 329 :p 
9 445 668 407 611 350 526 313 ftl 

!,;. 
► 10 431 647 394 592 332 500 297 CII -0 11 416 625 380 571 314 472 281 ! :s 12 400 601 365 549 295 443 263 

Fy = 50 ksi 

40 

¢cPn Pnlflc cl>cPn 

LRFD ASD LRFD 
589 350 526 
534 317 476 
515 305 459 
494 293 440 
471 279 420 
447 265 398 
422 250 375 
396 234 352 

1'c \n-= 6Z5 hf s 
}a r ( k L) r :. I/ 

for (kL)r~ /2 

Cfc r)/1 -= 061 .k}f~ 

fJ )»fer /4 [o.{/o>, 

9afn = 6Z5-( 625-6g~O ·41 
-= o/5.IS f : 

l j 13 384 577 350 526 275 413 246 369 218 328 
14 367 551 334 502 255 384 228 343 202 304 
•r '-"= - r,.r - - . ,,. ,.rr ._.._. ""- .... " i--...,.,_ ....... 

ct Pn ~ 016 k1'fs. : 
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Use second option-Table  4-1-Find ASD value

--------------------------------------------------------------· 
0, 0~ 

. 
~ Jlc ~ l 1 /OY) ti 

Table 4-1 (continued) 

Available Strength in 
Axial Compression, kips 

W12 'W11,xsg W-Shapes 
I 

Shape ~ W12x 
lb/ft 58 53 50 45 

Design 
Paine $cPo Paine ~ Po Paine ¢cPn Paine 

ASD LRFD ASD LRFD ASD LRFD ASD 
0 509 765 467 702 437 657 392 

... "'- 6 479 720 439 660 396 595 355 
7 469 705 429 646 382 574 342 c~ 

C 8 457 687 419 629 367 551 329 .:: 
9 445 668 407 611 350 526 313 "' .. 

>, 
10 431 647 394 592 332 500 297 OI -C ,,_.11 416 625 380 571 314 472 281 ! 400 601 365 549 295 443 263 ,; 12 

f! 13 384 577 350 526 275 413 246 
'Iii 14 367 551 334 502 255 384 228 
"' • r ,_,._.,,._ rhr - • ~h hrr '--"•-"-.. 

"'ra"'1 ~ e 6 ./,~ 4-1 

Fy = 50 ksi 
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QcPn Paine ~ Po 

LRFD ASD LRFD 
589 350 526 
534 317 476 
515 305 459 
494 293 440 
471 279 420 
447 265 398 
422 250 375 
396 234 352 
369 218 328 
343 202 304 
hAA i___.. ,._~- hh• 

J( ◊r = I I. 4,{fj_' l 
ltz_ = 416 k/fJ • 
./2_ c.. 

I< ar (kL)r:. I/ 

for (kL)r~ /2 

f h .: 4,oo ~1'f J 
J'l..,C 

fJ )»fer /4 [o.{/o>, 

fri -= \di 6 ,.. (I r,) (o- 40'.i fl cC T ~ 
:: 4o!!J .. qs 
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Use table 4-22-LRFD value

--------------------------------------------------------------· ;rhirtl (JS e /a b u. 
ort/(), ,:, q-'t-"2..- - 4. 

5={lk2...--y 
Table 4 - 22 (continued) ;nC 

s A 
Available Critical Stress for G.:. !e: 

@ l I? 'f D Compression Members t ~,. 
Fy - 35 k.sl F, 36ks.i F, = '2ksJ ,., ,, 

46 lcsi F-, 50ttsl 
,-

Fr:,/!lc c>cFc:r For/Cl,: ~ Fa For/De ~er F.,I~ e.Fcr F~~ ~ Fer 
KL KL KL KL KL ...--

' lad ksl - ICsl ksf - ksJ ksl - k:sl ksl -, J ksJ ks.I -
r r r r 

ASO LRFD A.SD UIFD ASD . UIR> • ASO LRFO ASD LRFD - -
54 ,a_ 27 1 54 "l.8..5 27-8 54 ~ -0 3"1 _6 54 22:.6- 1340 54 24-2- 36_.-!t 

55 "1-8- 0 2 7 _0 55 "tS-- 4 27 6 55 20_-9 ' ~ -4 55 22.S 338 ss 24..0 36. "l 

56 "17_9 26. 8 56 "1-8.3 27-5 .56 20.7 I 3 -. 2 "'56 ·22..3 33.5 56 ?'11:;8 358 
57 17.7 2 6 . 7 57 ~&2 27. 3 57 _20. 6- 3"1 .0 57 :22.:-. ~3 57 23..6 35-5 
56 "1 7_6 26_5 58 "lS.T 27 1 S8 2:0.S - - 30_7 58 22:0 330 58 23..4 35-2 

59 -.7.5 2 6 . 4 59 ~7..9 2 70 59 20.:3 ' 30.5 519 .Z--. . 8 32-8 59 23.:Z- ~..9 
60 ,_:1 7 .4 26..2 60 T7:8 26-8 60 "20.2 . - 30.3 60 ~ -6 32..5 60 23.-0 3.<:-6 . 



Use table 4-22-ASD value

--------------------------------------------------------------· ;rhirtl (JS e M b U.I/ L-
I- I ra ..., 7{._"'-- ----:::- ::, s '-' • s 5 L) 

or i/() ti - '-' (.., - y /7 - } 7. 0 
Table 4-22 (continued) '8 - 't'J ch i--

Available Critical Stress for 
1 

f/SD 
Fy - 35 k.sl 

54 , a _ 
55 "1- 8 . 0 
56 "17_9 
57 1 7 _7 
56 "1 7_6 
59 -.7_5 
60 

27 1 
2 7 _0 
26. 8 
26. 7 
26. 5 

Compression Members 

F, 36ks.i F, = '2ksJ ,., 46 lcsi F-, 50 ttsJ 

For/Cl,: ~ Fa For/De ~er KL ~~ e.Fcr 
~ t--ksl--+--ks- 1 -1 K: _ 1c:s1 ____ 1cs1_ .... r ksJ ks.I 

A.SD 

54 "1.8..5 
55 "18-. 4 
56 "1-8.3 
57 ~&2 
58 TS.T 
59 
60 

-r 
UIFD ASD UIR> ASO LRFO ASD LR.FD 
27_a-:- 54:::-:----;=;;::2::::1 .~o~--=:n:-:-:_&:--::~s:--:.-4~~7""-:-J--:34:-:-_-:o~:--:54::-::---:-:~=:---:36=-::_~~-----
276 55 20.-9 . 3"' . 4 55 338 S5 36. "l ~ 
2T.s 56 20.7 I 3-. 2 "'56 33..s 56 zaa 3s a 
27_3 57 _20. 6- 3"1 .0 57 :22.:-. ~ 3 57 23..6 35-5 
271 
270 
26.8 

S8 20; ~ 30_ 7 58 22:0 33 0 58 23..4 35-2 
59 20.:3 • 30.5 519 -21 . 8 32.8 59 23.:Z- ~_g 
60 '20.2 30.3 60 ~ -6 32.5 60 23.-0 3.<:- 6 
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