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AN INVESTIGATION INTO THE INTERACTION OF FLANGES
AND WEBS IN WIDE FLANGE SHAPES

Donald L. Johnson
Senior Research Engineer
Butler Manufacturing Company

During the mid 1970's several full scale tests were run on experimental
rigid frames at the Butler Research Center and the results were no! satis.
factory when compared to predicted values using the AISC Specifications
It appeared that premature flange buckling was occurring in & portior of
the roof beam with high depth to web thickness ratios combined with hingh
width to flange thickness ratios. To investigate this problem a series
of tests were performed on beams with h/t ratios ranging from 73 to 175,
dimensions of the test beams are tabulated in Table |. A1l beams wore
15'-8" long and supported on rollers at each end. Third point loading
was applied by hydraulic cyl’nders attached to gusset plates welded o
the bottom flange at 60 in. from each support. The ten beams were 27’
the same depth with the web thickness of the middle third section varisd
to obtain the range of h/t values. To prevent lateral buckling the top
(compression) flange was braced with a horizonta] member free to =ove
vertically but restrained in the horfzontal direction. The outer w-h
sections were designed to prevent shear fallure. Results of the teur
are listed in Table 2.

The failure mode observed fn the beam tests was the same as In the rigid
frame tests. The flange and web rotated about & longitudinal as's coin-
ciding with the flange and web intersection. The flange and weh retaised
their 90° relationship. A check of AISC specifications agaln resyltes in
unconservative predictions. Two sections of the Specifications addrets
this area: "1.10.6 Reduction in Flange Stress” and “Section C-2 Strevs
Reduction Factor - Unstiffened compression Elements™. Using both resylted
in the comparison with tested values showm in Table 3.

In a review of the 1{terature, Ref. #1 explains that fn developing the
buckling equations in these two sections buckling coefficfents (k' were
arbitrarily selected to fall about midway between simply supported and
fixed along the supported edge. This results in the assumption that the
two elements, flange and web, are to some degree supporting each other
But suppose one of the elements has insufficifent stiffness to provide
even minimal support to the other element, obviously the critical buckling
stress will be lower, With this assumption it would seem reasonable to
develop design equations with k as a variable, and since beam fa'lure can-
not occur until the flange fails the critical buckling stress wi'l be
calculated for the flange. Beginning with the basic expression for
elastic buckling stress:
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We now have two equations for predicting buckling of the flange

Since this only applies to the elastic buckling range a transition curve E-6) For a given F_ the only variables are b/t of flange ar
must be provided for the reqion hetween the Fuler curve and the point siderable research Whs been conducted on the value of k for a f
where strain hardening commences. The transition curve may be taken as plates with varying edge support conditions. The cases of in®

T w7

are: (1) one edge free - opposite edge fixed where k = |
one edge free - opposite edge pinned where k = 425 In sele
value for flange buckling, AISC took what would appear to be » d ¢
tive value of 0.7 (midway between the fixed and pinned edges )
5 p. 301 and Ref, 4 p, 534). However use of any value of k greater ° 1
/ 0.425 assumes restraint from the web and 1t 1s normally assumed * |
values Tess than 0.425 would not be possible. But 1f the h/t ra |
— p o . e the web is allowed to increase to the point that the web adjace: - !
where -.D = tlendernegsg mction a ¥ ¥ proportiond 1imit compression 'L!ﬂ?! b O Lﬂ\ltlb‘!. it 15 not unreasonable
that torsfonal buckling of the flange could be induced with a
- effective k value of less than 0.425. Ref. 2 describes work
i "y Stowel] and Lundquist in this area and the resulting charts pr
Let a F values of less than 0.425 although the sections studied were !
cr sections I

S er . .- Bv solving Equations E-3 and E-6 for k given the npqriwr'a
t e i Fe /Fy from the test data, a range of k values can be computed ' o |
) shbwn™ 1n Table &, An expression for k was then derived as a 'ur '

h/t as shown in Fig_ 1. The expression \

b T
and A = 3 L - .84 |
1!1!{
seemed to fit the data,
In computing the transition curve, Ref 3 syggests values of .46 for Ao

The preceding approach to flange design has been used by our de
_{_ 5 with good success, however, 1t has been suggested that the ran
and for parameters used in the test program was too narrow for the con '
to be applied to beams with h/t values in excess of 200, There’ar ’
n can be taken as early 1985 a second test program was undertaken to extend the » .I
2{a =3 and confirm or modify the previous results. Figure 2 shows the . |
R - 1.92 (E-4) distribution for the two series of tests. In order to achieve t+

1 quired h/t values thirty foot long beams were fabricated with ’ ]
20 and 24" and nominal 0.10 web thickness. See Table 5. The ! -

loaded with four concentrated loads through gussets attached ¢ e
although values of 36 to 7 have been suggested bottom flange. f

ve e The results of the tests were similar to that of the first ser
If we assume F, > Fy then that the sections with very low b/t values (7.1) showed no ind
local buckling and failure was by lateral buckling A summary
results 1s glven in Table 6. After including these additiona
the data base and reanalyzing for k the following expression ! b b
(E-5 derived, see Table 7 and Fig. 3.

: . 405 |
88 (1~ .48)"° (E=5) (h/t)_-ﬁ
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In order to put the ahove results in the same form as the AISC Appendix
C, set E-1 equal to 0 Fy this results fn

0+ ——E (£-9)

12{1- w2 b/t) ' F
w? )b/ y

Substituting numerical values for the constants results in:

Q= 3087 x 29000 x k26200 k_

(E-10)
12(1.0.3 ‘thw_r'r' (h/e)ir
Similarly E-6 can he reduyced to
F
0+ 1.7 - 0.55 (.00616ay ¥ P . as)t.®? (E-11)

In the interest of simplicity [as fa AISC C2-1) this can be replaced with
A q{r.lqht 1ine form

F

Q= 1.793 - .00309 : A (E-12)

An examination of the curves indicates that 0 = 1.0 when

- 'J:; * 95 (€-12)

and the two curves intersect at

? JT: *195

We now have & se' of cquations that could be directly substituted for
current AISC specifications

(E-14)

4,05
(hrt) -*®

When 95%{:_-"- < b/t « 195/{—';

0, = 1.293 - .00309 %J J
F
when b/t 2 195/ &

0, = 26200 t/ [, 09

A comparison of the test results against current AISC specifi,
and the proposed specification 1s shown fn Table 8.
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No. | Depth Width flg Weh Fig h/t B/2t
1A 12.00 5.22 | 0.183 | 0.066 | 55.10| 176.3 14.3
ZA 12.02 $.2) | 0.183 | 0.067 | S4.00 | 174.0 14.3
A 12.09 5.21 | 0,183 | 0.076 | 54.40 | 154.2 14.3
A 12.05 5.22 | 0.183 | 0.076 | 54,70 153.7 14.3
SA 12.10 5.27 | 0.185 | 0.106 | 54.30] 110.7 14.5
6A 12.07 $.22 | 0.184 | 0,107 | 55.30 | 109.4 14.5
TA 12.07 5.24 | 0.183 | 0,159 | 55.10 73.6 14.2
BA 12.00 5.21 | 0.182 | 0.159 | 55.90 73.2 14.1
9A 12.10 6.42 |1 0.278 | 0.076 | 62.70| 151.9 11.5
10A 12.05 6.42 1 0.280 | 0,077 | 61.60 | 149,2 12.0
Table 1
F
D B h/t B/2t P [4
No. | Depth Width Webh Flg ule. unt.
1A 12.00 5.23|176.3 14.3 8.80 | 41.57
ZA 12.02 5.23 | 174.0 14.3 8.70 | 41.10
A 12.09 5.23 | 154.2 14.3 9.10 | 42.00
4A 12.0% %2 153.7 14.3 8.90 | 41.39
S5A 12.10 5.23 | 110.7 14.5 | 10.31 | 44.82
6A 12.07 5.22 | 109.4 14.5 | 10.25 | 44.56
A 12.07 5.24 73.6 14.2 | 11.90 | 47.90
BA 12.00 5.23 73.2 14.1 | 12.27 | 49.76
9A 12.10 .42 | 151.9 11.5 1 17.29 | 46,21 |*
10A 12.05 6.42 | 149.2 12.0 | 19.50 | 52.23
Table 2

*Fixture Failure

] ' fo | mise | arwe T
L ol Deptn width L7 | i i} e 110.8] -7 Cs
1A | 13.00 | 5.33[178.3 | 4.3 4187 [0
3 | 12,02 | 33| 17ei0 | 163 s1li0] 0
3a | 13,09 | 5,23 184.2 | 14.3 | 42,00 2
A | 12,09 | 5.32]1953.7 | .3 (erae e
sa | 12,10 | .23 ] 110.7 | 14,9 | es.02 |2
6a | 12,07 | s.32) 109.4 | 14.8 [ ee.% |1
| 1207 | s.as| 136 | 1e.2fer.90) 1
oA | 12,00 | s.33| 3.3 | 1.1 fasime |
s | 12,30 | s.e3) 3919 | 10,9 e6.01 0
108 | 12,08 | 6.42]| 149.2 | 12.0)s3:23 )0
Teble 2
“Premgture Fiatyss 00
1] k
No. | Depth h/t b/2t | Cale
1A 12.00 | 176.3 14.3 | 0.341
12.02 | 174.0 14.3 | 0,337
12.09 | 154.2 14.3 | 0.352
A 12.05 | 153.7 14.3 | 0.340
S5A 12.10 | 110.7 14.5 | 0.418
12.07 | 109.4 14.5 | 0.403
TA 12.07 73.6 14.2 | 0.474
BA 12.00 73.2 14.1 | 0.515
9A 12.10 | 151.9 11.5 | 0.241°*
10A 12.05 | 149.2 12.0] 0,351

Table 4
*“Premature Fixture Failure
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