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SUMMARY

Since the use of end and load stiffeners is frequently impractical in thin-walled
cold-formed steel construction, the webs of beams a.nd deck oay cripple due to the high
local intensity of the load or reaction.
In this report three different web crippling prediction formulations are compared wit:1
experimental results from five different sources.
It is found that these web crippling formulas show considera.ble differences and do not
give satisfactory results consistently.
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1.3. Outline

Chapter 2 of this report describes the three web crippling formulations evaluated.
Chapter 3 states the differences in these web crippling prediction formulas.
Chapter 4 gives the necessary information of the test series used to compare the web
crippling prediction formulas with the test results.
Chapter 5 contains the comparison between the. test loads and the ultimate web crippling
loads computed with the three web crippling formulations.
Chapter 6 states the conclusions.
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2. FORMULATIONS EVALUATED

The three formulations evaluated have been based on test results, not on theoretical
analysis.
This is due to the complexity of the theoretical an&1ysls.
A theoretical analysis involves
_ Nonuniform stress distribution under the applied load and the ad'acent portions of the

web
BlAstic and inelastic stability of the web element
LocAl yielding in the immediate region of load applicAtion
The effect of the inside bend radius (bending of the webs out of the plane)

The web crippling prediction formulas evaluated are:

2.1. The BCCS approach

In- the BCCS-1983 Recommendations (1 and 2) the web crippling load is predicted by the
equation

The use of the equation is sub'ect to the following limitations:
r < lOt
is < 200 (mm)

e) 500

When the support consists of a round tube, z- or e-purlln, so that the nomin.d bearing
length becomes very small, is may be taken equal to 10 mm.
The equation applies to both sections and deck.

The BCCS approach is based on the testing of profUed sections performed at the Royal
Institute of Technology in Stockholm (3). Baehre (10) nported that the testing involved 78
specimens, but it is doubtful whether all these tests can be seen as tOF web crippling tests
(see the description of the Stockholm tests in chapter 3). .
The empirical formula for the ultimate web crippling load given m References 5 and 10
has been modified slightly to make it applicable to aluminium also.
The original formula (5) included a limitation sW(B) < 170t.

2.2. The AISI approach

In the AISI-1980 Specification (3) the web crippling load is obtained by the equation

Rd • 1.8S*.fty/33o C1 C2tCe" (291 - 0.40 SW<Alt)(l+0.007 l/t)**
where
C1 =(1.22 - 0.22 fty1228)
C

2
=(1.06 - 0.06 r/t) S 1.0

2Ce =0.7 + 0.3 (8/90)

* Safety factor
** When 1 It) 60 the factor (l + 0.007 2. It) may be increased to (0.75 + O.Oll 1 It)

s s s



rlt ~ 7, 2. It ~ 210 ands
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The formula applies to beams when rlt ~ 6 and to deck when

9./sW<A) < 3.5.
Further limitations applied to the use of the equation are:
e!i: 45

0

sW<A) ~ 200 t

The AISI approach is based on the evaluation of 58 rOF tests (8).
The tests included 28 tests performed at the University of Missouri-Rolla and 30 tests
performed at Cornell University.

Some additional tests have been conducted for the purpose of determining the effect of
luge bearing lengths on web crippling.

2.3. The University of Waterloo approach

A modification of the AISI approach was reached in a research project conducted at the
University of Waterloo (4).
The web crippling formula is:

* 2 sW<A) r-:-:-.
R

d
= 1.85·9.0 t fty(sin6)(1.0-0.001~ )(1.0+0.005 9./t)(1.0-O.075 v r/t)(1.0-0.1fty'228)

* Safety factor

The use of the equation is subject to the following limitations
sw<A/t ~ 200
rlt ~ 10

The University of Waterloo approach is based on the evaluation of 90 rOF tests (4).
These tests included 59 tests performed at the University of Waterloo and 31 tests
performed at Cornell University.

The University of Waterloo approach was developed for deck (multi-web cold formed steel
sections). In this study it is also applied to sections.
This is reasonable because the AISI and BCCS use the same equations for sections and
deck too.
Besides the Cornell test specimens were sections.



3. DIFFERENCES IN WEB CRIPPLING FORMULATIONS

The three web crippling prediction formulAs CAn be written &s

2
Rd=t.C'Cf . C It' C l It'Cs It'Ca

ty r s W<A)
where
C
Cf

tv
Cr/t
And

is A constAnt
is A term depending on fty

is A term depending on r/t etc.

2= 1 for fty =400 CN/mm )

=1 for rlt =0

=1 for 15/t =200

o= 1 for e • 90

In the three web crippling formulas these term. hAve different forms.

1. ECCS Approach

C • 0.15 .) 210 000 ./4'00. 2.5 . 3.4 = 11686 (N)

2.5

Cr / t = 1 - 0.1 JrJi

CO.5 + ..; 0.02 2. It)
s

C =1
sW(A) It

(2.4 + (e/90f)
Ce • 3.4

r/t < 10
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2. AISI approach

C .. 1.
3
8
3
5 . 3336·2.95 . 275 .. 15172 (N)

333.6

2
<1.22 ft - 0.22 f t I 228)

Y YC
f

..
tv

C
r/t

.. (1.06 - 0.06 r/t) ~ 1 beams: r/t < 6, deck r/t < 7

<1 + 0.007 2./t)

C2. It" 2.95
5 .

(0.75 + 0.011 2.
5
It)

.. 2.95

(291 - 0.40 5w<A/t)
C ..

sw<Aft 275
2Ce .. 0.7 + 0.3 (e/90)

when 2. It ~ 60
5

when 2.
5
It > 60

deck: 2. I <210
5 t

3. Waterloo allproach

C = 1.85·9.0 • 329.8 ·2 • 0.96 .. 10543 (N)

2
(fty - 0.1 fty 1228)

Cf .. 329.8
tv

C
r/t

.. 1.0 - 0.075 ./7it r/t ~ 10

<1.0 + 0.005 2. It )
5

C2./t = 2

(1.0 - 0.001 5w<A/t)
C sw(A{t .. 0.96

Ce .. sin e
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For a comparison of the terms see Figure 4.

The most striking difference between the three web crippling prediction formulas is that
the BCCS approach. unlike the AlSI and Waterloo approaches. does not contain a web
slenderness term.
The values of the term Cr/t of the AlSI approach decrease at a much greater rate than
the values of the BCCS and Waterloo approach.(See Figure 4).
The vdues of the terms C

b/t
of the ECCS and Waterloo approach are almost identicd

for 9. It > 50.s
The vdues of the term Ce do not show big differences.
In the Waterloo approach sine was used because it is simpler to compute on a hand
cdculator and has physical meaning as demonstrated in Figure S.
The constants C show rather big differences.
The constant C of the AlSI approach is about 45% higher than the constants C of the
BCCS and Waterloo approach.
This may be caused by the relatively large reduction of the web crippling load according
to the AISI approach for increasing rlt and SW(A/t And decreasing 9./t.

R

Rease

Rease

R

Figure 5
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4. TBSTRBSULTS USED

4.1. STOCKHOLM TESTS (5)

1. Properties of test specimens

The configuration of the test specimens is shown in Figure 6. The dimensions and
properties are given in Table 1.

2. Test setup

See Figure 7.
1'0 prevent spreading the tension flanges were connected with a strip in the middle of the
span. It is assumed that the central bearing plate and the end supports had the same
bearing length.

3. Load application

The loading speed was 20 kp per minute (l kp = 9.807 m. Bvery lOOth kp the load was kept
constant for about 20 seconds to read the dial indicators (used to measure the
deformations). Circa 300 kp before failure the dial indicators were read every 50th kp.

4. Determination of the test load

The test load was taken as the largest load the section was able to sustain.
'!'his. criterion was suitable for the sections (with small bending radii) showing small
deformations at failure. Sections with large bending radii failed with large deformations.
These deformations were too large to be accepted in practice.
Yet, lacking a better failure criterion, for these tests too the test load Rtest was taken as
the largest load the section was able to sustain.
Bach type of test was performed twice.
When the test loads differed more than 5% a third test was perf9rmed.

5. Failure mode

. Several types of failure occurred during the. testing:
failure in the middle of the span (type M, Figure 8)
failure at the end supports (type B, Figure 8)
failure by sway of the whole section (type S, Figure 8)
failure of the top flange over the whole length of the section (type V, Figure 8)
failure in the middle of the span after failure at the end supports and stiffening the
section at the end supports with a wooden block between the top flange and the
bearing plate (type Mo)

The failure types S and V do not occur in practice.
In this report only tests with failure mode M are included.
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6. Moment ratio

The moment ratio MtestlMd is not given in Reference 5.
It is reported that the span length was taken so short that the influence of the bending
moment on the ultimate web crippling load was negligible. However. using the ECCS-1983
to calculate the ultimate moment ca.pacity Md it appears that the moment ratios

MtestlMd range from 0.28 to 0.48.
<M

t
t was computed by the equation Mt t" it t (2. - 2. )/4).es es es s

According to 13aehre (12) interaction is negligible for WMd < 0.3. Hence it is doubtful
whether all the Stockholm tests are web crippling tests. Some tests a.re probably
interaction tests.

Since the BeeS approach was based on the Stockholm tests, the tests with moments ra.tios
larger than 0.3 are also included in this study.

7. Test results

See Table 6 Chapter 5.



Table 1.
P~OPE~TIES OF TEST 6PECIHENSJ STOCKHOLH TESTS

HR. TESTCO[lE fly lli t r 0 1i~(E) 5~(A) bo b'J h. 1 • OF
UEBS

1 1-2-1 366 40 1.02 10.40 90 50 49 100 50 0 260 2

2 1-3-1 366 40 1.02 10.40 90 50 49 100 50 0 260 2

3 1-4-2 366 40 1.02 10.40 90 100 99 100 50 0 460 2

'I 1-5-2 366 40 1.02 10.40 91 100 99 100 50 0 460 2

5 1-6-2 366 40 1.02 10.50 66 100 99 100 50 0 460 2

6 1-10-5 366 40 1.02 10.40 70 100 99 100 50 0 460 2

7 1-11-5 366 40 1.02 10.40 70 100 99 100 50 0 460 2

8 1-13-8 366 40 1.02 10.40 50 100 99 100 50 0 460 2

9 1-14-8 366 40 1.02 10.40 49 100 99 100 50 0 460 2

10 1-15-8 366 40 1.02 10.40 50 100 99 100 50 0 460 2

11 2-1-5 366 40 1.02 1.40 72 100 99 100 50 0 460 2

12 2-2-5 366 40 1.02 1.30 71 100 99 100 50 0 460 2

13 2-3-5 366 40 1.02 1.20 71 100 99 100 50 0 460 2

14 2-4-5 366 40 1.02 5.30 .71 100 99 100 50 0 460 2

15 2-5-5 366 40 1.02 5.20 70 100 99 100 50 0 460 2

16 2-7-8 366 40 1.02 1.60 50 100 99 100 50 0 460 2

17 2-6-6 366 40 1.02 1.10 50 100 99 100 50 0 460 2

18 2-10-6 366 40 1.02 5.50 49 100 99 100 50 0 460 2

19 2-11-8 366 40 1.02 5.40 50 100 99 100 50 0 460 2

20 3-1-4 384 40 0.58 1.30 69 50 49 100 50 0 260 2

21 3-3-4 384 40 0.50 1.30 70 50 49 100 50 0 260 2

22 3-5-4 384 40 0.58 2.70 70 50 49 100 50 0 260 2 ...oJ

23 3-6-4 384 40 0.58 2.70 70 50 49 100 50 0 260 2 0

24 3-7-4 384 40 0.58 5.20 70 50 49 100 50 0 260 2

25 3-8-4 0.58 5.00 69 50 49 100 50 0 260 2
384 40 0 260 2

26 3-9-4 384 0.58 5.20 69 50 49 100 50
40 0 460 2

27 3-10-5 384 40 0.58 1.30 70 100 99 100 50
460 2

28 3-11-5 364 40 0.58 1.30 71 100 99 100 50 0

100 99 100 50 0 460 2

29 3-13-5 364 40 0.58 2.80 68 460 2
100 99 100 50 0

30 3-14-5 384 40 0.58 2.90 71 0 460 2
100 99 100 50

31 3-16-5 384 40 0.58 4.60 68 50 0 460 2
4.90 71 100 99 100

32 3-17-5 384 40 0.58 99 100 50 0 460 2

33 4-1-5 274 40 0.93 5.JO 71 100 50 0 460 2
40 0.95 5.30 70 100 99 100

34 4-2-5 274 71 100 99 100 50 0 430 2

35 4-4-5 274 70 0.93 5.20 99 100 50 0 430 2
70 0.94 5.30 70 100

36 4-5-5 274 100 50 0 430 2
70 0.95 5.40 69 100 99

37 4-6-5 274 99 100 50 0 400 2
0.92 5.30 70 100

38 4-7-5 274 100 100 99 100 50 0 400 2

4-8-5 274 100 0.97 5.30 70
39 100 0.93 5.30 70 100 99 100 50 0 400 2

40 "-9-5 27.. 5.50 70 100 99 100 50 0 430 2
4-10-5 366 70 1.02

41 5.40 71 100 99 100 50 0 430 2
"-U-5 366 70 1.02

..2 1.02 5.40 71 100 99 100 50 0 400 2
"-12-5 366 100

43
..-13-5 366 100 1.02 5.30 72 100 99 100 50 0 400 2....

..5 4-15-5 366 100 1.02 5.30 69 100 99 100 50 0 400 2



Table 1.(Cont1nu.d)
PROPERTIES OF TEST SPECIHENS. STOCKHOLH TESTS

HR. TESTCOllE ftV 15 t r 0 sw(E) fjiw(A) bo bu hs 1 4 OF
WEBS

46 4-17-7 3D4 40 0.58 3.30 50 50 49 100 50 0 260 2
47 4-22-7 384 100 0.58 3.50 51 50 "'9 100 50 0 200 2
48 4-24-7 384 100 0.58 3.60 51 50 49 100 50 0 200 2
49 4-25-7 244 40 0 .. 52 2.60 52 50 49 100 50 0 260 2
50 4-26-7 244 40 0.52 1.40 52 50 49 100 50 0 260 2
51 4-20-7 244 70 0.52 2.40 50 50 49 100 50 0 230 2
52 4-29-7 244 70 0.52 2.70 50 50 49 100 50 0 230 2
53 4-33-7 244 100 0.52 2.40 51 50 49 100 50 0 200 2

tv.....
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4.2. CORNELL TESTS

A complete description of these tests is reputed to have been given in Reference 8. Since
this was not available References 4, Sand 9 have been used.

1. Properties of test specimens

The test sections used in the Cornell Study are shown in Figure 9. The dimensions and
properties are given in Ta.ble 2. Only the overall length of the stiffeners is given, the
dimensions of the curved and straight portions of the stiffeners were not available.

2. Test setup

See Figure 10.

3. Load application

4. Determination of the test load

5. Failure mode

During the progress of a test at moderately high loads but still before failure the webs
deflected inwards out of their plane (see Figure 11>.
This deflections were relatively small and extended throughout the depth of a web in the
vicinity of the externa.lload. At failure, there was a sudden bulging of the web with la.rge
deflections under and in the immediate vicinity of the central bearing plate, as shown in
Figure 12.

6. Moment ratio

According to Reference 4 the moment ratio MtestlMd was less tha.n 0.3.
The AISI-1980 Specification was used to compute the ultimate moment capa.city Md' The
test moment M

test
was computed by the eQ.uation

Mt t" Rt t (1 - 2. ) I 4.es es s

7. Test results

See Table 7 Cha.pter S.
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Figure 12



TobIe 2.
PROPERTIES OF TEST SPECIMENS, CORNELL TESTS

HR. TESTCODE (tv Iii t r 0 liw(E) liW(A) I bo bu hli 1 • OF
IJEIlS

54 13 234 19 1.54 1.54 90 151 149 49 100 25 610 2
55 14 254 3B 1.52 1.52 90 151 149 49 100 25 610 2
56 16 255 19 1.52 4.55 90 151 149 49 100 25 610 2
57 17 225 3B 1.53 4.60 90 151 149 49 100 25 610 2
58 18 225 64 1.54 4.61 90 151 149 49 100 25 610 2
59 19 372 19 1.64 1.64 90 151 149 49 100 25 610 2
60 20 370 30 1.66 1.66 90 151 149 49 100 25 610 2
61 21 371 64 1.65 1.65 90 151 149 49 100 25 610 2
62 22 372 19 1.64 4.92 90 151 149 49 100 25 610 2
63 23 365 3B 1.65 4.95 90 151 149 49 100 ? ... 610 2-'"64 24 367 64 1.67 5.02 90 151 149 49 100 25 610 2
65 25 260 19 1.53 1.53 90 227 226 37 75 0 914 2
66 26 247 3B 1.51 1.51 90 227 226 37 75 0 914 2
67 28 219 19 1.53 4.58 90 227 226 37 75 0 914 2
68 29 220 3B 1.51 4.53 90 227 226 37 75 0 914 2 N
69 30 223 64 1.49 4.47 90 227 226 37 75 0 914 2 11I

70 31 376 19 1.65 1.65 90 227 225 37 75 0 914 2
71 34 377 19 1.62 4.B5 90 227 225 37 75 0 914 2
72 35 374 38 1.63 4.00 90 227 ?")~ 37 75 0 914 2--"'73 36 373 64 1.61 4.82 90 227 225 37 75 0 914 2
74 37 221 19 1.53 1.53 90 303 ~02 37 75 0 1219 2
75 30 229 3B 1.56 1.56 90 303 302 37 75 0 1219 2
76 39 263 64 1.55 1.55 90 303 302 37 75 0 121'.. 2
77 40 213 19 1.50 4.51 90 303 302 37 75 0 1219 2
78 41 224 30 1.54 4.63 r/o 303 302 37 75 0 1219 2
79 42 223 64 1 ... .,. 4.64 90 3()3 301 37 75 0 1219 2......
00 43 371 19 1.69 1.69 90 J03 301 37 7 L

- 0 1219 2.1

01 44 374 3B 1.69 1.69 90 303 301 37 75 0 1219 2
02 46 305 19 1.60 5.03 90 30J 301 37 75 0 121'.. 2
B3 47 373 JO 1.70 5.10 90 J03 301 37 75 0 1219 2
04 40 368 64 1.60 5.04 90 303 301 37 75 0 1219 2
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4.3. MISSOURI-ROLLA TESTS (8)

1. Properties of test specimens

Three different types of cross-sectional configurations of beam specimen were used. The
first type consisted of two channel sections (section SU, Figure 13). The channels were
braced by 19.05 x 19.05 x 3.175 mm a.ngles at the compression flange and 3.175 x 19.05
rectangular bars at the tension flange.
Self tapping screws were used for connections. The intervals of braces were prOvided such
that the latera.! buckling of each individual channel section was prevented.
The second type of beam specimens (section MSU, Figure 13) was fabricated in the same
manner as the first type except that the beam flanges were connected to the bearing
plates by machine bolts. The purpose of this arrangement was to evaluate the possible
improvement of web crippling loads resulting from the restraint provided by beam flanges
when they are connected to bearing plates by machine bolts.
The third type consisted of two channel sections with unstiffened flanges (sections USU I

Figure 13). The braces of the tension and compression flanges were provided in the same
manner as the first type. The dimensions and properties are given in Table 3.

2. Test setup

See Figure 14.

3. Load application

During the test the loads were applied by an increment of 15% of the predicted ultimate
load. The duration for each load increment was approximately five minutes.

4. Determination of the test load

After 'fallure of each specimen the ultimate load for web crippling was recorded.

5. Fallure mode

All fallure modes were consistent. Failure occurred in the web underneath the bearing
plate.
However, the maximum deformation is located at about ~4 of the depth measured from
the top flange of the specimen. See Figure 15.

6. Moment ratio

The moment ratio Mtest / Md was less than 0.3.
The AISI-1968 Specification was used to compute the ultimate moment capacity Md.
Backca1culating from the tables in Reference 8 it appears that Mtest was computed by
the equatian
Mtest s Rtest 1/4.

7. Test results

See Table 8 Chapter 5.
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