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EXPERIMENTS ON TRAPEZOIDAL STEEL SHEETS IN BENDING

) 3)

Allan Bergfeltl Bo Edlundz) Hans Larsson

SUMMARY

The behavior of thin-walled trapezoidal steel sheets under bending
moment is studied. Experimental techniques are discussed. Atten-
tion is focused on evaluation of strain-gauge measurements (criti-
cal load determination and post-critical behavior) and on factors in-
fluencing the load carrying capacity (web buckling and load applica-

tion).

1. INTRODUCTION

Cold-formed steel sheets of trapezoidal section are widely used for
buildings in Sweden. The main consumption is for light industrial

buildings. In the year 1973 about 5- 106 m2 of such sheet was used

for roofs and about 3.5 106 m2 for wall cladding of industrial buil-
dings, which means about 80 per cent and 65 per cent respectively
of the Swedish market for this application. In Sweden the design of
thin-walled cold-formed sheets has, until recently, been based on
the AISI Specification for the Design of Light Gage Cold-Formed
Steel Structural Members {1). Since it was shown, however, that
the load carrying capacity of sheets having low web buckling stresses
may be overestimated by the method of the AISI-Specification (2),(3),
new design rules were published by the Swedish government authori-
ties in 1974 (4). In these rules the post-critical behavior of the web
is taken into account by applying an effective width concept to the

compressed part of the web.

1) 2) Professor and Associate Professor respectively, Division of
Steel and Timber Structures, Chalmers University of Techno-
logy, G&teborg, Sweden.

3) Tekn. lic., Norrbotten Steel (NJA), Building Products Division,
Luled, Sweden ; formerly Research Assistant Div. Steel and
Timber Struct., Chalmers Univ. of Technology, Goteborg,
Sweden.
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The aim of this paper is to present results and experiences from a
number of experiments on transversely loaded thin-walled trapezoi-
dal cold-formed steel sheets, some of which form the basis for the
new Swedish rules (4). The sheets were simply supported and had
various geometry and steel quality. The interest is mainly focused
on an investigation carried out at Chalmers University of Techno-
logy (2), where 21 sheets with medium web slenderness ratio {d/t=
= 110-125) were tested.

In section 2 a general discussion is given on the behavior of light
gage steel beams in bending. This discussion is of an introductory
character as is section 3, which deals with different aspects of ex-
perimental techniques. In sections 4 through 6 test results for diffe-
rent stages of beam behavior (critical, post-critical, and ultimate

behavior) are presented.

2. BEHAVIOR OF THIN-WALLED TRAPEZOIDAL SHEET IN BENDING

This paper deals with cold-formed sheets having a type of cross
section defined by Fig. 1. In the following a computational model

will be used where the sheet is regarded as an assembly of initially
plane plates having the widths a, b, and c respectively. With regard
to buckling deformations the plates are treated independently of each
other. Each individual plate is assumed to be simply supported

along its longitudinal edges, which means that these edges can

move only in the original plane of the plate. Thus the critical stress
(bifurcation stress) of the flange plate, assuming long plate and elas-
tic conditions, is

Gl = 4m® E/12 (1-v7) (a/0)® )

and similar for the web plate :

o0 = km®E/12 (1-07)(d/1)? (2)

Here v is Poisson’s ratio, E Young’s modulus and k a buckling
coefficient which is a function of the quotient d)=o'e/ot between the

edge stresses on the compression and tension side.



TRAPEZOIDAL SHEETS IN BENDING 287

In the last equation d = b may be used, although d = h/sin 8 has
given better agreement with experiment.

The behavior of a light gage beam in bending is suitably described
by the relationship between the bending moment M and the edge

stress o, of the compression ftange, Fig.2.

According to the AISI-code the design of a light gage beam should

be based on the engineering theory of bending extended by an effec-
tive width concept for the compression flange. For flange stresses
below 0.46 "ir the compression flange is regarded as fully effective.

For higher stresses the width should be reduced to the effective
0.5 RPN

width a_ = [ o - 0.218¢1] a, wherea=nir/ne. The moment at
which the yield stress is attained in the compression (or tension)
flange is regarded as the ultimate moment. which corresponds to
point A of Fig.2. Web buckling should also be checked using a rather
high buckling coefficient k = 23.9, which sometimes leads to a criti-

cal edge stress smaller than the yield stress (point B in Fig.2).

In most cases three different parts may be distinguished in the

M- rye—diagram for the plate assembly model :

1} For small bending moments the full section is active - curve OD;
the relationship is linear.

2) When the edge stress O becomes larger than the critical flange
stress o'i‘r the effective width of the compression flange is redu-
ced - curve DC ; the relationship is non-linear.

3) When the edge stress T becomes larger than the actual critical
stress of the web ”Er’ the effective width of the web will also be
reduced - curve CF.

Point D in Fig.2 corresponds to the moment MD at which the reduc-
tion of the width of the compression flange begins. When the mo-
ment is further increased above MD’ the neutral axis of the beam
will move towards the tension flange. This means that the comp-
ressed part of the web becomes larger and the critical stress of

the web plate cgr decreases {curve ch)' At a certain bending mo-
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ment MC (corresponding to point C of Fig.2) the actual edge stress
o of the plate assembly model will be equal to the critical stress
"21« of the web plate. For larger moments than MC the initially plane
web plate deflects and becomes only partly effective on the compres-
sion side (curve CF). When yielding has started in the compressed
corner {point F) the local deformations rapidly increase and the

structure finally fails by folding along one cross section.

3. EXPERIMENTAL PROCEDURE

3.1 Sheet geometry and material properties

It is important that the cross section geometry of each trapezoidal
sheet is measured accurately. All dimensions shown in Fig. 1, which
define the detailed cross section geometry, should be measured at a
few sections of the sheet. Special equipment should be used to pre-
serve the cross section geometry at least at the supports during the
test (2). The wall thickness should be measured on the pure steel
plate. If the sheet has zinc coating, small pieces are cut out from
different parts of the sheet. The coating is then removed,e.g.with the
aid of a hydrochloric acid solution (HC1 + SbCIS). In (2) the steel
thickness variation within one sheet is only a few per cent. There-
fore the average thickness of a sheet as determined from the total
weight and surface may be used.

A systematic deviation from the ideal cross section geometry exis-
ting along the whole length of the sheet ought to be of interest also

in those cases where the effect of initial out-of-flatness of the sepa-
rate plates is not the purpose of the tests. For example:the whole
compression flange may be curved in the transverse direction, which

makes it act like a cylindrical panel. see section 4.

The yield stress "y and Young’s modulus E of the sheet material

are often determined by tension tests on strips cut in the longitudinat
direction. In (2) all such tests were on 20 x 500 mm strips with zinc
coating and the mechanical properties o_ and E were evaluated dis-
regarding the contribution of zinc in the composite zinc-steel material.

Investigations at Cornell University (Karren, 1965 ; Uribe, 1968) have
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shown that the yield stress for thin steel plates as determined
from tension tests is a good and conservative approximation to

the yield stress in compression.

3.2 TL.oad application

The load is suitably applied as line loads at 2 or 4 sections of the
simply supported sheet, c.f. Figs.3 and 4. An arrangement with
two loads is somewhat simpler and requires less loading equip-
ment than a four-load-arrangement. In tests of pure bending strength,
however, the two-load-arrangement may suffer from disturbances
due to relatively large shear force and concentrated load at the
ends of the pure-moment region.

The detailing of the loading pad {material selection and width of
contact surface)has of course great influence on the web crippling
load. The term 'web crippling)here denotes the localized buckling of
the compressed part of the web under partial edge loading on the
compression flange. Fig.4a shows a test arrangement for the study

of the interaction of bending moment and concentrated load.

The risk of web crippling is eliminated if the line load is applied to
the tension flange through a 'bridge’ with supports at every trough
of the section.

A quite different solution of the loading problem is to apply an _evenly
distributed load using an air cushion or similar arrangement. This
solution, however, should only be selected if there is a demand for
the investigation of the interaction of plate and membrane action of
the top flange of the beam. In this paper only ' free buckling® of the

compression flange is discussed.

3.3 Deflection measurements

Deflections with respect to the supports are measured at midspan

with inductance transducers or dial gauges. For determination of
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the average beam deflection the transducers or gauges should be
placed at the corners of the tension flange.

The relative deflection of a single compression flange plate
measured with respect to the edges (corners) of the flange may
also be of interest. Such measurements, however, require care-
ful selection of the point (points) to be measured in order to enable

a meaningful evaluation and interpretation of the results.

3.4 Strain measurements

In nearly all of the investigations where strains have been measured
in thin-walled steel sheets a number of electrical resistant strain
gauges were attached to the surface of the sheet at one cross section.
Only a few authors report on the variation in longitudinal strain at
different cross sections or on measurement of strain in the trans-
verse direction (2, 5).

If the strain gauges are attached to one surface of the sheet only, it
is hard to make a proper interpretation of the results. With a two-
sided strain measurement membrane and bending strains may be
separated. The experimentalist must be aware of the limitations
and risks when studying strains at only one cross section, cf.(5).
The number of locations required for strain measurement in each
cross section depends on the purpose of the test. For example the
experiments reported in Reference 2 aimed at, among others, the
determination of (1) the neutral axis of the cross section. (2) the

edge membrane stress o of the compression flange, and (3) the

e
membrane and bending strains at the centre of the flange and web
plates - all at the midspan section of the sheet. For this purpose
14 strain gauges were used in one 'wave' of the cross section, see

Fig.5.

4. CRITICAL LOAD

The critical load of a light gage beam is here basically defined as

(a) the transversal load or bending moment at the bifurcation point
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of the corresponding perfect structurel)‘ For the plate assembly
model this corresponds to the smallest bifurcation load of any of

the component plates. Practical trapezoidal steel sheets with un-
stiffened plates have such proportions that buckling nearly always
starts in the compression flange. Therefore for such sheets the
critical load may be alternatively defined as

(b) the bifurcation load of the compression flange plate. Due to elas-
tic edge restraint from the webs this load may often be higher than
the theoretical critical load of the simply supported flange plate in

the plate assembly model.

As the basic definition (a) deals with changes in the behavior of the
whole sheet regarded as a unit the critical load could — from a
theoretical point of view — be determined as the limit load for the
linear part of the load-deflection diagram. From a practical point
of view, however, the definition of the experimental critical load
used by Larsson (2) is more suitable since it enables a sharp de-
termination from strain data in the following way : Measure the
average membrane strain at the edges of both the compression
flange €, ( = average of strains at gauges no.3,5, 10, and 12 in
Fig.5) and the tension flange €, {(from gauges no.1,7.8, and 14).
Compute the distance y from the compression flange to the neutral

axis from the formula

y/h =€ /(e + €) (4)

Then the bending moment at which the neutral axis starts to move
away from the compression flange is defined as the experimental
critical moment Mcr" see Fig.6. A comparison of the values Mcr
for the 21 sheets tested in Ref.2 with the theoretical critical mo-

ment M . of the associated plate assembly model, corresponding

a
to the critical stress of Eq. 1, shows good agreement for all those

sheets which have shapes of the kind used in current practice.

1) The differences in the behavior between the actual beam and the
perfect one depends on the wavelength and amplitude of the ini-
tial imperfections.



292 THIRD SPECIALTY CONFERENCE

For four beams with very wide tension flanges (c/t =320-370) the
ratio Mcr/Mcra was 1.1 to 1.3. Five beams had extremely wide
compression flanges (a/t =320-370) and probably also these flanges
were initially deformed into a cylindrical panel, which could ex-
plain the high values of their experimental critical loads :
Mcr/Mcra = 1,7 to 2.8. Another reason may be rather high rest-
raint from the webs.

Thus, in contrast to the results of Rhodes and Harvey (6), the re-
sults of Ref.2 show that for ordinary shapes of trapezoidal sheets
there is no reason for using a larger value than 4 for the buckling

coefficient in ¥q. T.

If the number of strain gauges is limited to two,the above defini-

tion (b) cou!d be used. Then choose gauges no.4 and 11, see Fig.5,
and place them as near the centre of the appearing buckle as possible.
Determine the average strain €. ( 6(4) + e(“))/2. The following
criterion ought to be efficient also for plates with relatively large
initial imperfections {7) : The point on the load-strain curve (M- €m-
curve) at which the compressive membrane axial strain €y at the
centre of the plate has its maximum value (point m in Fig.7) is

taken as an approximation of the critica! load.

u et al.(8) have suggested another criterion, which only makes
use of the strain data from the gauge on the convex side of the
buckled plate. Here the load at the point of strain reversal of that
gauge is used as a conservative approximation of the critical load

of the plate (point s in Tig. 7).

In comparison with the methods for single plates the criterion of
neutral axis movement seems to be advantageous in many cases.
The success, hut also the limitation, of this method depends on
the fact that the axial stiffness of an initially flat plate suddenty
decreases to 40 to 60 per cent of its initial value, when the load
passes its critical value. For imperfect plates the rate of this
stiffness decrease becomes smaller when the amplitude of the ini-
tial deflection grows (7). Thus the method ought to be less sharp

for plates with large initial deflections.
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As mentioned above the critical load of an initially curved plate

(cylindrical panel with radius of curvature R) is higher than that
of the corresponding flat plate (7). This means that the critical
moment MCr of a trapezoidal sheet increases with the curvature
parameter ae/Rt of the compression flange plate. For a curved
flange plate the buckling phenomenon is of a snap-through type
characterized by a sudden jump in the axial strain at the centre
of the flange plate, see Fig.9. Note that in Fig.9 the membrane
strain €m drops after snap-through to approximately the level

€ of the critical strain for the corresponding simply supported

cr, 0
flat plate.

However, curved plates with not too small curvature parameter,
say a® /Rt > 40, are imperfection-sensitive. In other words the
buckling loads obtained in a test series of nominally equal.curved
plates have a large scatter due to small initial deviations from the

perfect cylindrical form.

The writers are not aware of any investigation of the secondary
effect of horizontal compressive forces in the transverse direction
of the top flange induced by the sloping webs. Although this effect
has very small influence on the critical moments discussed in this
section, it may be of some interest in the discussion of uitimate

loads, section 6.

5. POSTCRITICAL BEHAVIOR

In the following it is assumed that buckling starts in the flange. In
the early postbuckling range of the plate assembly model only the
compression flange plate is buckled (curve DC in Fig.2). At point

C also the web plate buckles and in the late postbuckling range both
the compression flange and the compressed part of the web are par-
ticipating only with their effective widths (curve CF). The length of
the range CF depends mainly on the yield stress, the web slender-
ness parameter d/t and on the initial depth Y of the compression
zone of the web. If for example Yo is relatively small and the comp-

ression flange is wide the rate of increase in y after the flange has
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buckled is rather great ; in such a case the critical web stress
is rather high when the moment M is small, but after point D,
in the diagram, Fig.2. there will be a fast reduction of the cri-

tical web buckling stress due to the movement of the neutral axis.

It is believed that three parameters sufficg for the classification

of the postcritical behavior of light gage beams in bending, namely
{a) the width-to-thickness ratio a/t of the compression flange,

(b) the width~to-thickness ratio yo/t sin 8 of the compressed part

of the web in the full cross section (this parameter may be regarded
as the product of the parameter yo/h, which governs the buckling
coefficient k in Eq. 2, and the web slenderness parameter d/t), and
(c) the ratio yO/a sin 8 between web and flange areas on the com -
pression side, which also is the quotient between the second and the
first parameter.

The parameter a/t determines the critical flange stress r_rir. Eqg.1,
and thus governs the critical moment Mcr: W-c‘zr, which has a
bearing influence on the length of the postcritical range —a beam
with relatively small MC

r
long postcritical range. The parameter yO/t sin 8 is decisive of the

(i.e. small Mcr/Wryy) is likely to have a

critical web .b‘uckl'mg stress o . ¢ associated with the original, full

section stress distribution. When yO/t sin 8 is large, ab will be

small and vice versa. The value of the combined param(:ergég yo/a sin@
gives information on the rate of the reduction of the critical web
stress in the early postbuckling range of the beam, i.e. after the
flange has buckled. For example a large value of this parameter
means that the critical web stress will decrease at a rather slow

rate when the bending moment increases above Mcr’

The experimental determination of the M—oe—diagram may be made
through strain-gauge readings at every loading step as was the case
in Ref. 2, see for example Fig.10. Let €. denote the average edge
membrane stress of the compression flange, i.e. the mean from
strain gauges no.3,5, 10,and 12, cf.Fig.5. Then the stress oe= E-¢€
is plotted versus the moment in the diagram, Fig.10. Note that the

C

strains were measured in the line B-B (centerline of the span) only.
From the strain data in each loading step also the ratio y/h may be
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computed, Eq.4, which gives the buckling coefficient k and the
theoretical critical stress "21‘ (k) for the web plate, Fq.2,
corresponding to the actual stress distribution. This method with

d = h/sin 8 inserted into Eq.2 probably gives a somewhat conserva-
tive estimate of the critical web stress, because the width of the
flat part of the web and the edge stress ought to be reduced due to
the curved corners of the section,

Although the discussion of this section mainly deals with membrane
strain it should be pointed out that the study of bending strain may
also be worthwhile. For example in some tests of Ref.2 the bending
strain at the centre of the flange and the web was found to increase

rapidly at the critical load, cf. Figs.7.8, and 9.

Measurements of strain in the transverse direction of the sheet are
rare. In Ref.2 such measurements are reported for the top flange
of one test. The results seem to support the assumption that the
two longitudinal edges of each compression flange plate are not

kept straight in the postcritical range but are free to pull in, i.e.
they move towards each other in the region of the centre of a buckle.
One evidence is that for the measured transverse membrane strain
near the edge the approximate relationship Ezz -V E_. Ex being

the axial membrane strain, holds, which indicates zero external
stresses orthogonally to the edge (" stress-free’ edge).

The periodic deformation of the initially straight corners between
compression flange and webs induces deformations perpendicularly
to the web but also vertical displacements of the corner if the ten-

sion flange is undisplaced.

Other changes in the shape of the cross section may take place
under loading, for example a beam section consisting of three tra-
pezoidal 'waves’ may flatten out under the action of a line load.
which means that the depth h and the angle 6 of the web slope de-
crease locally. This type of deformation is mostly hampered by
the friction of the loading beam.

It was already mentioned in section 4 that in tests into the early
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postbuckling range the axial membrane strain in the centre of

an initially curved compression flange was found to be approxi-
mately equal to the critical strain of the corresponding flat plate
(i.e. the plate with the same width as the arc length of the curved
plate). Experiments have also shown that the load versus edge strain
curve of a curved plate, which is not too wide and not too curved,
after snap-though approaches the postbuckling curve of the corres-
ponding flat plate (7). Therefore, when evaluating experimental
data, e.g. computing the ultimate load, the observed critical load
for the curved plate should not be used in the formulas for load-
carrying capacity, but should be replaced by the critical load for

the corresponding fiat plate.

6. LOAD CARRYING CAPACITY

The web buckling moment Mcrb of a light gage steel beam dis-
cussed in the previous section (point C in Fig.2) may be taken as
a lower bound of the bending strength, provided the stress is be-
low the yield stress. For the 21 sheets tested in Ref. 21) the maxi-
mum moment obtained was 5 to 30 per cent greater than the pre-~

dicted lower bound Mcrb'

In the AISI Specification (1) the ultimate bending moment Mult is
computed as the moment at which the compression flange (edge)
stress Tq reaches the yield point ryy (point A in Fig. 2)2{ at which
the tension flange starts to yield ( o, = o'y). A formal web buckling

moment M is also computed using Eq.2 with k = 23.9, cf.Fig.

web
10. Then the smallest of the bending moments Mult/l .67 and

and Mweb/l.23 is allowed. Although the 21 sheets of Ref.2 have
)

rather slender websl the allowable moment according to this

1) The 21 trapezoidal steel sheets in Ref.2 were loaded to failure
with two line loads according to Fig.3. The characteristic cross
section parameters lie in the following intervals : d/t = 110-125,
a/t =30-370, c/t =30-370 . Some sections were extremely un-
symmetrical with the very wide flanges occurring either in the
compression flange or in the tension flange, cf.Ref.9.
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method is governed by the moment Mweb for 3 sheets only.

When compared with the maximum moments Mm « determined

experimentally for this particular test series theaultimate mo-
ments Mult predicted by the AISI-code were found to be too un-
conservative (2), cf.Fig. 10. In fact the actual failure loads were
only 1.0 to 1.3 times the allowable loads according to the AISI
Specification. Although the reason for the low failure loads in
these tests may be some local effects in the neighbourhood of the
concentrated line loads, see section 3.2, the results indicate,
however, that the AISI Specification ought to be revised with res-
pect to the ultimate load criteria for beams with slender webs.
Possible ways of doing this may for example be to restrict the
application of the simple method to beams with stocky webs {small
d/t), to change the safety factors or to introduce a more accurate

method for the computation of buckling ioads of slender webs.

Another approach is to try to improve the prediction of ultimate
moments by taking the postbuckling behavior of the web into account.
Recently, different such approaches based on the plate-assembly
model have been proposed (3,4,9, 10), which all aim at computing
the load at incipient yielding (point F in Fig.2). One approach uses
a concave stress diagram on the compression side of the web, si-
milar to the strain distribution found in tests. In most of these
methods an effective-width concept is applied to the compression
side of the web. For some of these approaches good agreement

with the maximum loads of the tests of Ref.2 was obtained (9. 10)}.

In order to increase the buckling strength of the web designers
have recently changed the web profile, Fig.11.

The concentrated line load application in a bending test causes two
kinds of disturbances which may reduce the failure load, cf.sec-
tion 3.2 :

(a) web crippling of the region of the web just under the concentrated
load, and

(b) buckling due to the_combined effect of moment and shear in the
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section just outside the constant-moment region ; further, in
this section bending stresses are increased in wide-flange thin-walled

beams due to shear lag.

A third disturbance occurs in sheets with sloping webs, where

(c) the slope of the webs may have some influence on the local be-
havior in the neighbourhood of concentrated loads. Due to the slope
the direct compressive stress transferred from the vertical load in-
creases when the angle 6 decreases. There is also a compressive
stress induced into the top flange of the sheet in the transverse

direction, which may reduce the load carrying capacity.

In nearly all the tests of Ref. 2 the failure mode was a local fold
at either of the two line loads. With respect to web crippling,
however, the failure loads were rather small - only 20 per cent
of the crippling load according to the Swedish rules (4). On the
other hand the maximum experimental moments were mostly 80
to 90 per cent (in three tests 95 per cent) of the ultimate moment
computed by that variant of the’total effective width’ approach,
which is recommended in Ref.4.

It is possible that in the tested sheets of Ref.2 the disturbance
from large shear forces (shear lag) and direct external forces
has caused some reduction in the load carrying capacity. The
influence of such disturbance, which occurs at the interior sup—
ports of continous beam s may be studied by the 'moment-support’
test shown in Fig.4 a. The span length L in this test should be
approximately 40 per cent of the length of each span of the proto-
type two-span beam in order to simulate the conditions at the

central support of the prototype.

7. CONCLUSIONS

It has been shown in this paper that an idealized plate assembly
model may be used for the analysis of thin-walled beams under
pure bending. The model also facilitates the understanding of
beam behavior.
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Reference was given to a limited test series comprising 21 failure
tests of trapezoidal steel sheets all having the web slenderness
ratio d/t = 115. A number of experiences from this and other test
series show the importance of proper determination of sheet geo-
metry and material properties, of a suitable load application and

of a careful selection of points for strain measurement.

It may be advantageous to define the load when the neutral axis
starts to move towards the tension flange as the experimental
critical load. It was found that the buckling coefficient k=4 in Eq.1
could be used for flange buckling in ordinary trapezoidal sheets.
Some observed high critical loads could be explained by the initial

form of the compression flange (cylindrical panel imperfection).

After the flange has buckled the theoretical critical stress of the
web will decrease due to the shift of the neutral axis. The web
buckling moment of the plate assembly model is a lower bound for
the load carrying capacity in bending.

The behavior of a trapezoidal sheet in bending is suitably repre-
sented by a M- -diagram, Fig.2. Three parameters govern the
postcritical behavior of the sheet namely a/t, yO/t sin 8. and
yO/a sin 8.

The results indicate that the method of the AISI-code ought to be
modified for beams with slender webs. Recent approaches. which
use an effective width both in flange and web, give failure loads

which agree fairly well with experimental results.
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APPENDIX - NOTATION

The following symbols are used in this paper :

a = width of compression flange :

a, = effective width of compression flange ;

b = flat width of web, see Fig.1 ;

c = width of tension flange ;

d = clear distance hetween flanges measured along the plane
of web :

E = modulus of elasticity :

h = depth of the beam section :

k = buckling coefficient

M = bending moment applied to beam ;

Mcr = experimentally determined critical moment :

Mcra = calculated buckling moment for the compression flange

Mcrb = calculated buckling moment for the web :

Mmax = maximum moment determined experimentally ;

Mult = ultimate moment according to the AISI Specification. Ref. 1 :

Mweb = web buckling moment according to AISI Specification. Ref. 1 :

t = thickness of steel sheet ( zinc coating removed ) ;

w = section modulus;

y = distance from compression flange to neutral axis ;

Yo = value of y at small loads (M s 0} ;

€ = experimentally determined strain :

€..¢ = strain at the compression and tension side of the web
respectively ;

€ = average membrane strain at centre of compression flange ;
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angle defining slope of web, Fig.1 ;

= critical stress in compression flange, Eq.1 ;

critical compression stress in web, Eq.2 ;
stress in tension flange ;

edge stress, stress on the effective width of the com-
pression flange ;

yield stress ;

Poisson’s ratio ;
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Bending moment M

A 1s the ultimate moment
calculated according to
the AlSI-code (Myit)

B is the web buckling moment
calculated according to the
AlIST1-code (Myeb)

C 1s the calculated moment
for web buckling considering
shift of neutral axis {M¢,b)

D is the critical moment for
the compression flange

F is the calculated ultimate
moment with reduced web

Edge stress Oe ® o
or web buckling stress Oc;

FIG.2 MOMENT VERSUS EDGE STRESS RELATIONSHIP FOR
THIN-WALLED BEAMS. WEB BUCKLING CRITERIA.
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FIG.4 TESTS REQUIRED BY THE RULES OF THE NATIONAL
SWEDISH BOARD OF URBAN PLANNING (4).
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FIG.6 RELATIVE POSITION OF TIIE NEUTRAL AXIS . y/h.

VERSUS APPLIED MOMENT.
Test No.9, Ref.2.
M is the theoretical flange buckling load in the plate

cra
assembly model.
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FIG.7 EXPERIMENTAL LOAD-STRAIN DIAGRAMS FOR
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Test No.9, Ref.2,
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FIG.8 EXPERIMENTAL LOAD-STRAIN DIAGRAMS FOR WEB
AND TENSION FLANGE.
Test No.9, Ref.2.
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@@ = Jump
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FIG.9 EXPERIMENTAL LOAD-STRAIN DIAGRAMS AT CENTRE

OF WIDE COMPRESSION

FLANGE .,

Test No.20, Ref.2 and Ref. 7.

c1e

FONFAFINOD ALTVIOAIS AYIHL



Moment, in pound-inch per inch

TRAPEZOIDAL SHEETS IN BENDING

313

1000 A
P_ Theory
eeee Test Moeb l
| 1
800 l 1
Mmax——'—‘;—" - l |
600 ——— { t
Moy — Jr—;—’ " | \
° l l
400 L1
ob (k=239)-—+ O,
. |
[ J o l
200 Y . | |
A 02 (k) ll ‘
| |
0 [ !
0 10 20 30 40 50

Edge stress O, and web buckling stress Of ,in ksi

FIG.10 BENDING MOMENT VERSUS EDGE STRESS ¢, AND
WEB BUCKLING STRESS rrkc’r

STEEL SHEET TEST No.9. REF.2.

RESPECTIVELY.
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FIG.11 TRAPEZOIDAL COLD-ROLILED STRETT, SHEET WITH
INTERMEDIATE FILANGE AND WED CORRUGATIONS.
(PI,LANNJA TRP 110, Norrbottiens Jirnverk AB, Luted.

Sweden)
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