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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 and deck may cripple due to the high
local intensity of the load or reaction.

In this report three different web crippling prediction formulations are compared with
experimental results from five different sources.

It is found that these web crippling formulas show considerable differences and do not
give satisfactory results consistently.



Figure 1



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 webd 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 analysis.
A theoretical analysis involves

- Nonuniform stress distribution under the applied load and the adjacent portions of the
web

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

Rd = 0.15 t2 vE fty (1-0.1v 2/t)(0.5 + ¥ 0.02 ls/t)(Z.d + (9/90)2)

The use of the equation is subject to the following limitations:
T <10t

9.3 < 200 (mm)
o > 50°

When the support consists of a round tube, z- or c-purlin, so that the nominil bearing
length becomes very small, 9‘3 may be taken equal to 10 mm.

The equation applies to both sections and deck.

The ECCS approach is based on the testing of profiled secti,
Institute of Technology in Stockholm (3). Baehre o performed at the Roya

(10) reported that th ting 78
specimens, but it is doubtful whether all these tests can be seen as 101: ::esh cﬁm‘lrgvettsts
(see the description of the Stockholm tests in chapter 3). ppung tes

The empirical formula for the ultimate web crippling load given

b
Las been modified slightly to make it applicable to aluminium also, # References § snd 10

The original formula (5) included a limitation SW(E) ¢ 170t.

2.2. The AISI approach

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

= *, . . ’ ’ - U,
Rg 1.85 ftyl33 Cl C2 Ce (291 - 0.40 SW(A)/t)(1+0.007 Qs/t)**
where

Cl =(1.22 - 0.22 £__/228)
02 =(1.06 - 0.06 /1) S 1.0

Cg=0.7+03 ©/90)2

*  Safety factor
**  When 9.5/1: > 60 the factor (1 + 0.007 ls/t) may be increased to (0.75 + 0.011 & /¢)
s
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The formula applies to beams when r/t § 6 and to deck when z/t S 7, 9.3/t S 210 and
Qs/sw(A) < 3.8,
Further limitations applied to the use of the equation are:

©z45°

5 WiA) 2200¢

The AISI approach is based on the evaluation of 58 IQOF 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
large 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:

-
R. = 1.859.0 t2f _(sin®)(1.0-0.001 l"t—Al)u.mo.oos 2 /4)1.0-0.075 v/ T/0)(1.0-0.1€, 228)

d ty

* Safety factor

The use of the equation is subject to the following limitations
S A)/t S 200

t/t S 10

The University of Waterloo approach is based on the evaluation of 90 IOF 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 BECCS use the same equations for sections and
deck too.

Besides the Cornell test specimens were sections.
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3. DIFFERENCES INWEB CRIPPLING FORMULATIONS

The three web crippling prediction formulas can be written as

2
R,=tC-C, - C_,°C - C -C
d ft’y’ T/t ls/t Sw(A) /t 78
where
Cc is a constant
Cf is a term depending on f
ty ty
Cr /t is a term depending on 1/t etc.
and
c =1 for £._ = 400 (N/mm>)
ty ty

Cert =1forr/t=0

C =1 for sw(A/t = 40

w( A{t

o)
Ce =1 for©a90

In the three web crippling formulas these terms have different forms.

1. ECCS approach
C=0.15v 210000+ 400 2.5-3.4 =11686 )

c, =VE,_/400
y
ty
Cp=1-01 St £/t < 10
. 0.5 + V7002 £_/t) L <200 (mm)
%/t 2.5 s
S
c =1
Syt
c L (s ©/907F ) o > 50°

e * 3.4



2. AISI approach

C = 1—;3-5- 3336 - 2.95 + 275 = 15172 (\D
(122 f -0.22£% /218
c . ty ty
£ 333.6
ty .
c

o/t (1.06 -0.06z/t351

(1+0.007 2 /%)
c = 3
2./t " 2.95
 (0.75 +0.011 2/t

= when Qs/t > 60

2.95
(291 - 0.40 s

sw(A)/t 2752
9 = 0.7 + 0.3 (8/90)

W(A) /t)

C
C

3. Waterloo approach

C=185-9.0°329.8-2+0.96 =10543 (N

2
(£, - 0.1f
c. .- ty

£ 329.8
ty

c =1.0-0.075v 1/t
t/t

7228)

(1.0 + 0.005 9.s/t)

2

(1.0 - 0.001 s
0.96

C,/t =

Qs

WiA) /%)

Cs /t =

w(A)

C. = sin8

e

when 9.s/t S 60

beams: r/t < 6, deckr/t < 7

d :
eck Q's/t <210

sw(A)/t < 200

9245

r/t s 10

sw(A)/t s 200
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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 ECCS approach, unlike the AISI and Waterloo approaches, does not contain a web
slenderness term. :

The values of the term Cr /t of the AISI approach decrease at a much greater rate than

the values of the ECCS and Waterloo approach.(See Figure 4).
The values of the terms Cis 1 of the ECCS and Waterloo approach are almost identical

for 9.s/t > 50.
The values of the term Ce do not show big differences.

In the Waterloo approach sin® was used because it is simpler to compute on a hand
calculator and has physical meaning as demonstrated in Figure §.

The constants C show rather big differences.

The constant C of the AISI approach is about 45% higher than the constants C of the
ECCS and Waterloo approach.

This may be caused by the relatively large reduction of the web crippling load according
to the AISI approach for increasing r/t and s wi A)/t and decreasing Q.S/t.

2R

Figure 5
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4. TESTRESULTS 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.

To 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 (1 kp = 9.807 N). Every 100th 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.

This 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 R test Was taken as

t
the largest load the section was able to sustain.
Each type of test was performed twice.
When the test loads differed more than 5% a third test was performed.

§. 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 E, 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 Mtest/M 4 is not given in Reference §.

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 capacity M 3 it appears that the moment ratios
/M':1 range from 0.28 to 0.48.

was computed by the equation Mtest a Rtest Q- ls)ld).

Mtest
(Mtest

According to Baehre (12) interaction is negligible for M/Md < 0.3. Hence it is doubtful

whether all the Stockholm tests are web crippling tests. Some teésts are probably
interaction tests.

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

7. Test results

See Table 6 Chapter §.
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Table 1.(Continuad)
PROFERTIES OF TEST SPECIMENS; STOCKHOLM TESTS
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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, 5 and 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 givea in Table 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 external load. At failure, there was a sudden bulging of the web with large
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 Mtest/M 4 Was less than 0.3.
The AISI-1980 Specification was used to compute the ultimate moment capacity M 4 The
test moment Mtest was computed by the equation

Myost * Riest @ - 1)/ 4.

7. Test results

See Table 7 Chapter 5.
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Tahle 2.

PROFERTIES OF TEST SPECIMENS; CORNELL TESTS

" NR.

54
S8
Gé
57
o8
59
40
61
62
63
64
635
bé
&7
68
69
70
71
72
73
74
7%
74
77
78
79
80
81
82
83
a4

TESTCODE

13
14
14
1?7
18
19
20
21
22
23
24
25
26
28
29
30
31
34
as
36
37
38
a9
40
a1
A2
43
44
a6
47
ag

fty

234
254
2G5
225
225
372
370
371
372
365
347
260
247
219
226
223
376
377
374
373
221
229
2463
213
224
223
371
374
385
373
368

ls

19
38
19
38
b4
19
38
64
19
ki
64
19
a8
19
3
b4
19
1?
38
64
19
38
44
19
38
b4
19
38
19
38
64

1.54
1.52
1.52
1.53
1.54
1.64
1.64
1.65
1.64
1.65
1.67
1.53
1.51
1.53
1.81
1.49
1.45
1.42
1.63
1.61
1.53
1.546
1.55%
1.50
1.54
1.55
1.49
1.69
1.68
1.70
1.60

1.54
1.52
4.55
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1.464
1.64
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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 19.0§ x 3.175 mm angles 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 lateral 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 resuiting from the restraint provided by beam flanges
when they are connected to bearing plates by machine bolts.

The third type consisted of twoc channel sections with unstiffened flanges (sections USU,
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 apgAlic ation

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 failure of each specimen the ultimate load for web crippling was recorded.

§. Pailure mode

All failure modes were consistent. ?ailure occurred in the web underneath the bearing

plate.
However, the maximum deformation is located at about % of the depth measured from

the top flange of the specimen. See Figure 15.
6. Moment ratio

The moment ratio M’cest /M q Was less than 0.3.
The AISI-1968 Specification was used to compute the ultimate moment capacity M 4
Backcalculating from the tables in Reference 8 it appears that Mtest was computed by

the equation

Mtest = Rtest 2/4.

7. Test results

See Table 8 Chapter S.
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4.4 WATERLOO TESTS (4)

1. Properties of test specimens

The test specimens consisted of profiles specially fabricated at the University of
Waterloo, as shown in Pigure 16. They were brake-formed using ASTM A61l Grade C steel

with a minimum garanteed yield stress of 228 (N/mmz). Their dimensions and properties
are given in Table 4.

2. Test setup

See Figure 17.° .
Relatively large end bearing plates were used to insure that failure would occur at the
interior load position. Spreading was prevented by bolting the lower flanges to the bearing

plate.

3. Load application

The load was applied to the test specimens by means of a 45 kN capacity hydraulic jack
through a hand operated hydraulic pump. The rate of load application was uniform up to
the failure load. :

4, Determination of the test load

The test load R was taken as the largest load the specimen was able to sustain after
which a sudden decrease in load was experienced.

§. Failure mode

See Figure 18.
The failure region for the tests was a localized failure which was restricted to the area

under the bearing plate and immediately adjacent to it.

6. Moment ratio

The moment ratio M / M. was less than 0.3.
test d

The AISI-1980 Specification was used to compute the ultimate moment capacity M 4
Mtest = Rtest @ - 9‘5) /4.

7. Test results

See Table 9 Chapter 5.



32

MNP IO CICI I eI T o Tt MO I NI IR NN R R R XA R

A R Ex Ny Y1

543N
40 &

805
205
80s
a0s
80s
80%
80%
a80s
<5
cog
S0E
2oL
508
81L
oLy
£ay
£2S
EES
a5
?215
50€
are
81g
aie
/L
a0s
805s
a0s
a0s
805
SIE
[: 242
Sie
805
a0s
805
805
80%
B80S
s
80%
655
655
o?v
o9y

t

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

L]
&

s
vs
£5
15
1]
£s
(-1 4
£%
1%
15

s
15
s
18
5
0%
05
6%
(U
05
05
05
0%
0%
05
14
0%
05
134
05
0s
05
05
14
05
05
0s
0s
e
oS
s
0s
1%

s

ng

oot
101
cot
00t
101
Tot
101
10t
101
0t
£o1
£01
£01
€or
€01
£ot
€0l
cort
1071
001
£01
£01
£01
£01
oot
GL
FAA
Y0t
001
oot
101
10V
101
10t
0ot
b6
&6
001
&6
tot
0ot
0ot
ot
0%
00t

oq

S0t
£ot
501
98

ve

v

8

230

oot
00T
101
to01
101
00t
10t
10%
(441
ey
80t
L0t
001t

" 001

66

&6

b6

631
114 4
621
g0t
o1t
00t
00t
o0t
il 14
0oZ
<ot
1ot
102
10C
101
001
zoc
661
tot
001

(y)ns

901
vot
901
(8
c8
58
8a
98
101
101
cot
<ot
oot
101
cot
g0t
20
[ ¢
401
80t
101
101
001
001
10t
1228 ¢
61
oLl
901t
=111 ¢
001
00t
101
£0<
ot
£o71
cot
02
<o
(4]
101
£0T
10
10t
101

(3)ns

0L
0c
0L
06
06
06
04
06
04
06
06
0é
06
06
06
06
05
05
oL
0L
06
0é
06
06
06
05
05
05
(T4
oL
04
06
06
05
0s
0s
05
oL
0L
(174
oL
06
06
06
06

o

ce"9
fL™Y
A 4
£1°6
£5°4
GE9
cE"Y
LY
8L°c
BE°C
ge°¢
[:}
8g"d
BE"C
8L°<
ag°c
8e°c
8E"C
ge e
[: 1 '
8E°cC
(1] 208
B8E°C
8E"C
8L°¢
1] A
1] a4
gE°c
gL c
:} A4
:] b4
[:]
: } Nt
[:1 4t
:1 4
;] et 4
BE"Z
;14
8L ¢
;1 '
;1 '
;]
acc
{: 1A
agte

£9°0 15
£8°0 15
£9°0 15
00°¢ |42)
s8°0 15
e0°0 134]
£9°0 14
£9°0 s
19°0 s
L6°0 15
670 5
670 Lat
670 <ot
12°0 ot
19°0 cot
1970 Ler
670 s
12°0 214
L4670 8¢
1270 214
670 7L
vi“t ?L
(2803 1%
vr°t &
(A~ S 214
16°0 AT
L6770 14
1670 g8c
19°0 14
1670 sZ
19°0 9L
190  $2
1970 214
o1 Jeh § =14
5577 o
¥?7°0 22
66°0 s
670 14
[~ 1 11
1?0 04
L6°0 {21
L6°0 o<
Fol=0 ¢ 14
1?°0 8T
26°0 1*14

3 st

;13
vac
a1e
66C
&LT
ved
;34
3 8
59
vie
LT
¥LT
L LA
2124
59¢
coc
viel
s9¢
veie
S92
vic
£5C
£52
£50
1£C
vee
viT
ved
g9¢Z
| XA
89C
e9C
goc
vee
| § 204
&9¢C
| 244
| {44
| § 04
e
vee
vl
{44
oo

L 7&4

L2Y )

J01-MN6E
301-UNEE
401-4h0E
J0I~-Y¥AvE
Jor-unte
401-3n51
40141t
40I-MNE
401-16ET
A01-0LET
301-19ET
A01~-05ET
JO0I-nvEX
J0I1-nEct
401-15E1
401-htZ1
401-NE0T
401-n10t%
N1-nté
40I-n60
40I-069
J01-nC9
401-0119
401-1109
401145
401~-195
A01-N&5
J01-0vS
JO1-NCS
J01-115
401-n7¢
J0I-NGE
401-0bE
401-n9C
401~-05C
01-1vT
401-nEd
401-nLT
401-n91
401-nSY
401-nvl
201-n8
A01-nL
01-n?
401-NS

IM0DI83AL

191
07t
451
a5t
{57
75t
551
(4211
£61
st
1S3
051
(1A
;141
FAAS
(44
1 41
1441
1 24
14 21
(14
ovl
481
act
LE8
k4 4
SET
vET
£ET
cex
1eT
(]
6%
a8y
et
9t
gt
(24
£zt
ezt
1t
oct
411
ast
ran

SUN

81631 007¥3Lvn fGNINIII4E 1831 30 SIIINIAH0N4
‘v ®140)



32

NﬂNﬂNNNNNNNNNNNNNNf‘lNN'NNNﬂNNNNNNNNNNNQN&INNNNNN

S9N
a0 %

80s
a0s
80%
80s
80S
80S
805
80%
18
cog
SOo8
g0t
21114
81t
oLy
£ay
£ES
££S
1%
215
S0%
;338
BIg
81
-3 3
80s
805
ao0s
805
a0
SiE
-] $4
Sig
805
80%
803
805
805
805
s
80s
655
6585
o9y
(144

1

£
vs
£5
|4
g
£
.34
£S
15
15
| -]
15
15
18
5
3]
05
o5
bV
0%
0%
05
05
(1 1+]
0
0%
14
oS
05
&V
05
0s
0%
0s
&y
0s
05
0s
0s
|44
0s
0s
05
15

0s

OOQOOO°OOOOOOQOOQOOOOOOOOOOOOQO°°°°°°°Q°°°°°°

ny

"
&

00t
101

ot -

001t
101
Tot
101
101
101
fot
12113
£01
£01
<ot
.c0%
<ot
<ot
ot
101
001
£01
£or
£ot
€0t
00t
&L
[2A
To1
007
oot
103
101
o0t
1ot
001t
1.}
.Y
001
b6
1ot
00t
001t
ot
10%
003

oq

g01
£01
S01
98
ve
ve
48
se
001
001
101
101
101
001
103
101
(324 4
34 ¢
aot
L0%
001

T 00t

&6

66

464

&2
1144
6Z1
got
volu
001
oot
00t
(41 14
002
<ot
1ot
{44
10C
1ot
oot
coc
6461
1ot
003

(V)ns

901
vor
707%
8

ce

8

88

78

103
107
c01
<ot
<ol
101
€0t
€01
£E£T
TET
601
aot
10t
1017
Qo1
001
101
119 ¢
&1
(113 4
901
S0t
0073
001
101
£0C
<o
£07
<ot
(A A
coc
cor
10t
£02
10c
10V
101

(3)ns

0L
(174
0L
06
06
06
06

06
06
04
06
04
06
06
06
0%
03
0L
0L
06
06
04
06
04
05
s
0s
0L
oL
046
06
06
0s
0s
0s
05
0L
0L
174
0L
046
06
06
04

L Sl 4
A 4
A4 4
£1°6
£5°6
GE"9
579
LY
ag"c
8g°c
8E°T
: 1o A
8E" T
BE"C
BE T
BE"¢
8E"¢
8¢
ag-c
13 204
8g°c
a8g°c
8L°<T
1120
8g°g
ag*g
1 1 a4
eg-c
ag-cd
ag°c
8L~ ¢
;] 4
8E°"c
;] 204
;1 4
: [ A
BE“Z
11 a4
:} 4
: kA
8L°"T
: ] k4
: 1 a4
;1 A
ag"z

15
15
15
| £
15
15
15
15
8¢
|35
S¢
[44 ¢
<ot
ot
<ot
Laet
5C

21

-
5S¢

5¢€
L
?L
1S

5T

-

jatd
5C
1214
(14
=14
214
9L
| £
T4
o
74

o2

8
214
14
&C
sc

14

sc
114
14

st

ate
vac
are
66T
[.Y4A
vec
81t
81¢
g9¢
vie
vLE
| f44
vie
S9C
59¢
S9C
| £24
89¢
vid
59
vic
£52
£5¢
£5C
12T
VLT
YLl
v
592
L £24
g9c
c9
s9c
[ £44
1ec
&9
[ £44
veie
| § 24
G9c
veLe
veie
| § %4
o9¢
vee

Ay

401-4N6E
4QI-NNEE
40I-MM0E

J0L-M1bT -

401-¥01E
401-MnST
401-M0CT
401-M¥rE
40I-n6LT
JOI-NLET
40I-A2€T
40I-ASEY
401-nvET
401-n8cy
40I-nSET
401-nvCy
40I-ML0T
401I-1101
401-N16
01-148
401-n69
40I-nco
401-n19
401-n09
40I-NLS
401-19%
ANE-NSS
401-1vS
401-nCS
401-01S
401-09¢€
d01-05E
401-0bE
401-098
40I-1n5C
401-nve
40I-hEC
401-0L%
401I-n9T .
40I-nGY
40I-AvE
401-n8
401-nL
401-n9
401-n%

01531

LA
091
65t
113 1
L5%
95t
est
14214
£St
ast
151
(11231
14
avt
[A4}
bAAS
2144
144}
£V
chl
1944
ov1
(3 4
aet
LET
PEY
i §
VET
£EY
44 ¢
(494
otl
621
act
(XA
et
et
ver
ECT
cet
1ct
oct
61%
211
LI

“uN

81531 00¥ALV (SN3NID34S 1531 30 SITANIH0YJ

‘v elqoy



33

CLCICICICICI NI I I L L 1 €

S43n
40 &

a80s
805
805
805
405
805
805
80s
a0s
0%
805
80s
80s
005

t

0 <s £071 ?01% L0% 0L [ ZA: 00°1 (A ] 66T 401-MAPVT T4
0 £5 001 got 90t 0L cL*9 £9°0 <ot ale J0I-4N0vT L ZA
0 £S5 <ot s0v ° 0% 0oL LY £9°0 ot 8ig J0I-MNLET I XA ¢
0 .34 101 L8 1) 06 ge*9 £9°0 <ot 81¢ A01-MNTET <l
0 £s ot oLl (44 05 £5°6 ve©t 15 <ot 401-3Mm18 L YA 1
0 s 001 gLy 2324 ¢ 05 £G°6 00°1 15 662 301-31n8L LY
0o L5 Vot vel cetl 05 s1°L 5570 15 6LT 401-M015L 491
0 vS 501 fct et +]2] cE"Y 00°1  $ 66T J01-8167 891
L] £5 £01 £LeT veES 05 SE°9 £9°0 1S a1t 401-38199 [AAS
0 9% S0t s5ct et 0% S1°¢ 58°0 L8] yac 401-NM09 991
] 55 £01 621 (1] ¢ 0s LY £9°0 s 81¢g 401I-MN4LS Sot
0 s £01 901 201 0L v.°8 00°1 15 66T J01-3115 ¥?l
1] ve 66 501 701 0L 81°¢L £5°0 13 6L2 401-Mnav £t
0 vs- 907 Vot ‘80t 0L SE°? 00°1 15 662 J0I-uney [A A
sY ny oq (v)ns (3)ns ) 4 3 81 fas 31031834, -

81831 007 NILYN 2SNINIDILS 1S3L 40 SITINIJ0M
(PENUTIUO]) "y eigOY



L4 bb ‘ b4

SLLES

B\

188 { 188 T 188 ‘
Figure 19

steel bar912  sfeelplate t=6

wood 20x20 R screw L . \
\ ¢ / 1 . !
i s ! !
\ ~ D / I | | . '.
A A i i R
- et + - C
> Zhw l >2hw for lg=0 for [S=25
[=lg+hy ;8
Figure 20

"ﬂ::_'_'r—fé ﬁ“ ‘E’“

Figure 21



35

4.5. EINDHOVEN TESTS (9)

1. Properties of test specimens

All the test sheets consisted of three full corrugations as shown in Figure 19.
The dimensions and properties of the. sheets are given in Table 5. The sheets were
roll-formed by Hoesch (Germany): type PC 750 - 55 - 0.71; distributor Prince Cladding.

2. Test setup.

See Figure 20.
2= 9.3 + SW(B)'

The clear distance between the bearing edges of the central bearing plate and the end
supports 1s smaller than 1.5 Sw(A) This was necessary for the limitation of the bending

moment.

3. Load application

For each sheet the load was applied in more than § equal steps upto 90% of the ultimate
load. When the deflection in the middle of the span was increasing at constant load at
least 2 minutes were taken before the new load was applied.

The sheets A-3, B-3, E-3 and D-1 were loaded upto the characteristic load (ultimate load
devided by 1.5). Then the load was removed and afterwards the sheets were loaded to
failure as described above.

4, Determination of the test load

Because of the large deformation of the compression flange at failure (up to 17 mm) the
test load was corrected to be the load causing a flange deformation é of hw/10 (see Figure

21.)
9. Bailure mode
See Figure 21.

6. Moment ratio

The maximum moment ratio Mtest / Md was 0.24, The ECCS - part 1 - draft - 1980 was

used to calculate the ultimate moment capacity M 4

The test moment Mtest was calculated by the equation

Rtes.t' 2

Miest A

7. Test results

See Table 10 Chapter 5.
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5. COMPARISON OF EXPERIMENTAL AND COMPUTED RESULTS

The test loads Rte ot 37° compared with the computed ultimate webd crippling !

Races Rarst ‘;“ RW:;;:; e load satd
The test loads test & e load ratios Rtest/RBCCS’ Rtest/RAISI and Rtest/RWai
listed in the Tables 6, 7, 8, 9 and 10.

A load ratio Rt est/R 4 less than 1 means that the spplied web crippling formulation |
an unsafe prediction for the ultimate web crippling load R a

For each test series the mean, standard deviation and coefficient of variation of the
ratios were calculated. A load ratio marked with * means that the test is not withir
Himits of the applied web crippling prediction formula. These load ratios are not incl
in the computation of the mean, standard deviation and coetfficient of variation. In ¢
to include tests that only just fail the limitations (as given in Chapter 2) these limitat
are enlarged by 5%. The limitations consist of restrictions to the ratios % /s 2./t

s "w(A) s
and s w(a)/t'

These ratios are also shown in the Tables 6, 7, 8, 9 and 10.

An overview of the computed means, standard deviations and coefficients of variatic
given in Table 11.

The load ratios R te st/REC cs’ Rt est/R AISI and Rte 81,'/RW“” are plotted against some
parameters in Figures 22 to 30. , :

The dashed line (Rte st/R i* 1) represents perfect correlation between R and R a4

The plots shown in Figures 22 to 30 are a selection of the available plots. Similar plots
be made for every parameter.

From Figure 22 it can be seen that the ECCS approach can probably b
introducing a web slenderness term. v be improved

For the comparison of the web crippling formulations the coefficient of variation is
most important.

The coefficient of variation, which can be seen as the standard deviation for a mean
is a measure for the scattering of the load ratios. The mean of the 10ad ratios ca .
be corrected by multiplying the web crippling prediction formulas with a constant e
The AISI and Waterloo approaches have the same coefficient of variation for 11 th
results together. * ¢!
The BECCS approach has a larger coefficient of variation. Since the Waterloo a.

a wider range of application it can be concluded that the Waterloo approach 5133 ri;ch
average results. The Waterloo approach does not give the best results for each ts' .
individually. ost se;
From Table 11 it can be seen that there are significant differences betwe

series. . °n the |
The Waterloo tests show the lowest mean of the ratios Rtest/R 4 for all the web

formulas evaluated This may be due to the test setup or load application. cripp
Because the Stockholm tests had relatively large bending moments the BCecs

was expected to give a relatively safe prediction of the web crippling loag fo Appro
test series. This is not the case. Nor do the AISI and Waterloo approaches give T te ot
unsafe prediction of the web crippling load for the Stockholm tests. & Telatyy

Apparently the web crippling prediction formulas give a prediction of the

crippling load. mMean
When a characteristic web crippling load is required (i.e. 2 web crippling 1024 whi
certain specified probability of being achieved), the web crippling equation, ch ha
multiplied by a constant K. should
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Assuming a normal distribution of the load ratios, this constant K can be calculated from
the given mean m and standard deviation s by the equation

1

K= o Tx.s

where x depends on the required probability.
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6. CONCLUSIONS

The web crippling prediction formulas evaluated do not give satisfactionary results
consistently.

Maybe this is due to the fact that the formulas have been based on test results only.

In the formulas it is assumed that the influences of the parameters r/t, s WiA) /t 9.5 /%

£ and © on the web crippling load are independent of each other.

This assumption is not based on theoretical analysis and is probably incorrect. It may be
noted that the web crippling prediction formula according to the AISI-1968 Specification
included a term ls/t S A)/t’

The three web crippling formulations give a prediction of the mean failure load, not a
characteristic failure load.

Mainly due to the differences in the basic constants C the calculated results may differ up
to about 409%.

Of the formulations evaluated the Waterloo approach gives the best results and the ECCS
approach the worst.

This may be caused by the fact that the ECCS approach lacks a web slenderness term.

The test setup, load application and determination of the failure load are not the same in
all the test series.

This might explain the differences in the test results per series. Special attention should
be paid to the fact that a section sometimes fails with unacceptable large delformations.
This failure mode is mentioned with the Stockholm tests and with the Eindhoven tests.

It is not clear in what situations this failure mode occurs.

To get a better understanding of web crippling additional research is required.

This research should concentrate on theoretical analysis.
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