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Abstract: Current American design provisions treat unstiffened elements under stress gradients as if they were uniformly compressed fo
effective width calculations. Australian, British, and European design provisions allow accurate calculation of the elastic buckling
coefficient, however, the same effective width equation for compressed elements is used for elements with stress gradients. In all case
the design provisions produce conservative bending capacities for sections containing unstiffened elements under stress gradients. Ti
paper presents a design method for calculating the effective width of these elements, based on plate test results of unstiffened elemert
under strain gradients varying from pure compression to pure bending. It is shown that both elastic and plastic effective widths may be
derived from the test results, and effective width methods based on both principles may be used for design.
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Introduction both longitudinal edgeare quite limited. In the 1970s the appli-
cability of the effective width concept to unstiffened elements

Open thin-walled sections usually consist of stiffened and unstiff- under uniform compression was studied in detail by Kalyanara-
ened component plates. If these elements are sufficiently slenderman et al.(1977), who tested a large number of beams and short
the section will locally buckle at a load less than the ultimate load columns that contained web elements that were fully effective.
carrying capacity. The section will continue to resist load after Tests of a similar nature previously reported by Wintg947,
local bUCkling due to the redistribution of Iongitudinal stress from 197Q and the experimenta| and ana|ytica| research by Ka|yanara_
the most flexible regions. This redistribution may be simplified man et al. led to the adoption of the effective width approach for

for d-esign purposes b_y assuming that_ certair_1 regions of the CroS{uniformly compressed unstiffened elements in the 1986 edition of
section remain effective up to the yield point of the material, o alg) Specification.

while the remainder is ineffective in resisting load. The effective Beam tests on sections that contain fully effective webs and

width method is a universal tool, as it may be applied to any _. . ; .
. e . simple edge stiffeners subjected to stress gradients have been re-
section geometry. Current specifications for the design of open )
. . - - i ported by Wintern1947; Desmond et al(1981); and Rogers and
thin-walled section provide equations for determining the effec- A
Schuster(1996, and on open channels with inclined flanges

tive width of stiffened and unstiffened elements, and the ultimate ’ .
capacity of the section is calculated from the effective section UNder stress gradients by Rhod2600. Single plate test data for

properties. However, for cross sections in bending with unstiff- unstiffened elements with stress gradients have only been re-
ened elements under stress gradients, current design provisiongorted by Rhodes et a(1975, where results of four tests on
have been shown to by unduly conservati@ick and Rasmus-  individual plates simply supported on three sides are given for
sen 1999, varying values of load eccentricity. Due to the lack of test data,
Extensive experimental and analytical studies on stiffened el- the AISI (1996 treats unstiffened elements with stress gradients
ements(supported along both longitudinal edgémve been car-  as if they were uniformly compressed for effective width calcu-
ried out and have led to well-established equations for the esti- |ations. The Australian, British, and European codes allow accu-
mation of the effective width of such elements in uniform rate calculation of the elastic buckling coefficient, however, the
compression and under stress gradients. In comparison, experisame effective width equation for compressed elements is used
mental investigations on unstiffened eleme(gapported along  for elements with stress gradients. In all cases, the design provi-

sions produce bending capacities up to 50% conservative for sec-
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Fig. 1. Deriving elastic effective widths from plate tests of compressive strain at the unsupported edge, zero at the supported edge

Plastic Strains in Sections f
Ny E (1)
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In order that a coherent design solution may be obtained from the
test results, one must first examine the strain condition that exists

in structural sections at ultimate. For sections where the unstiff- . kw’E 2
ened element is in pure compression, such as compression mem- o ) 2
bers and 1-sections and channel sections in major axis bending, 12(1-v9) T

there is no difference to the design philosophy if the ultimate
strain is at the yield strain or at two times the yield strain, for
example, as far as the flange is concerned, since as the unstiffened
element is assumed to be at the yield stress in both situations, arComparison of Elastic and Plastic Effective Widths
effective width at the yield stress is applicable. When we consider
an I-section in minor axis bending, however, if the maximum The use of elastic effective widths adjacent to the supported edge,
strain in the section at ultimate is the yield strain, an effective or plastic effective widths at a eccentricity to the supported edge,
width with a stress gradient varying from the yield stress to zero is central to the design philosophy and to the ensuing design
stress would be appropriatbereafter termed an elastic effective equations for unstiffened elements under strain gradients. For the
width). If the strain gradient, or curvature, was infinitely large load case of compressive strain at the free edge and zero strain at
(fully plastic sectiof, an effective width with a stress gradient of the supported edge, the elastic effective width is calculated by
constant yield stress would be approprigtereafter termed a  equating the ultimate axial force on the element in the test to a
plastic effective width For most practical sections one would stress block that varies linearly from yield at the unsupported
expect a strain condition at ultimate somewhere between theseedge of the effective width to zero at the supported edge of the
two conditions. element(Fig. 1). The plastic effective width is calculated by
Experimental studies by Chick and Rasmus$2899 and eqguating the same ultimate axial force on the element in the test
Rusch and Lindnef2001) on I-sections in minor axis bending, to a stress block of constant yield stress on the effective width
and Rhode$2000); Beale et al(2001); and Yiu and Pekoz2002) (Fig. 2). For this load case, elastic effective widths will be of the
on plain channel sections in minor axis bending, have shown thatorder of two times the magnitude of those assuming plastic effec-
these sections often exhibit postelastic behavior. For example, artive widths.
I-section in minor axis bending with flange slenderness[E®. Calculations have shown that for the strain gradients tested,
(1)] tested by Chick1997 reached a curvature of 2.1 times the both elastic and plastic effective widths satisfy the ultimate axial
yield curvature at ultimate, and a similar section with flange slen- force on the element in the tegwith the exception of the load
derness of 1.44 tested by Rusch and Lind(801) reached a case of compressive strain at the supported edge and zero strain at
curvature of approximately 3 times the yield curvature. Experi- the free edge, where the ultimate axial force is slightly underes-
ments on plain channels and channels with inclined flanges intimated by the elastic effective width equations for less slender
minor axis bendingproducing compression at the flange) tiyy elements The plastic effective width is positioned at an eccen-
Rhodeq2000 showed full plastic capacity fdy/t ratios less than  tricity to the supported edge, such that the moment of the yield
15, and postelastic capacity up to approximately 30. A similar block (about the supported edgis equal to the moment at ulti-
result was found by Beale et g2001) from tests on plain chan-  mate in the testéabout the supported edgd he elastic effective
nels in minor axis bending. Yiu and Pek@001) proposed that  width, congruent with current design standards is positioned ad-
plain channels in minor axis bendirfgroducing compression at  jacent to the supported edge, and the linear stress block has a
the flange tip exhibit postelastic capacity for flange slenderness fixed eccentricity of two-thirds of the elastic effective width. The

ratios less than 0.859. plastic effective width method is thus a two degree of freedom
N
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Fig. 2. Deriving plastic effective widths from plate tests of compressive strain at the unsupported edge, zero at the supported edge
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solution(effective width and eccentricijycapable of representing  supported edge is used. The eccentricity of the effective width

both axial force and moment at ultimate, while the elastic method from the supported and unsupported edges, designated eccentrici-

is a one degree of freedom soluti@@ffective width. Calculations tyl (eccl) and eccentricity Zec), respectively, in Fig. 2, may

have shown that the elastic effective width method underestimatesbe deduced from the eccentricity of the force and the effective

the ultimate moment in the tests. width. For strain gradients where tension exists in the element,
It is shown in a companion papéBambach and Rasmussen the plastic effective width factafb./b) gives the effective width

20043, that good agreement with tests on structural sections, in- of the compressed portioof the element.

cluding I-sections and channel sections in minor axis bending,

can be achieved by using inelastic stress distributions. For unstiff-

ened elements in bending, these stress distributions involve conE|astic Effective Width Results

stant(plastio stress blocks at yield on the effective widths. The

proposed inelastic design calculation is consistent with the designThe elastic effective widths are calculated from the applied com-

procedure for cross sections containing stiffened compression el-pressive axial forcéN) at the ultimate condition in the tests. The

ements described in Secs. 3.3.2.3 and cB8]1 df-AS/NZS 4600 applied force stress blockc,y) is equilibrated to an effective

(1996 and the AISI Specificatioi2001), respectively. It is also  width with a linearly varying stress distributiaFig. 1). For the

consistent with the experimental observation discussed in the predoad case shown in Fig. 1, the equation for the elastic effective

vious section that cross sections containing unstiffened elementsyidth is given by Eq.(5). For strain gradients where tension

under strain gradients often have ultimate compressive strains exexists in the element, the elastic effective width fadior gives

ceeding the yield strain in their ultimate limit state. Plastic effec- the total effective width of the element, measured from the sup-

tive widths, therefore, satisfy exactly the ultimate force and mo- ported edge, and is thus congruent with the effective width factor

ment values from the plate tests and are congruent with the(p) currently used in international design standards.

proposed inelastic design model for structural sections.

As previously stated, elastic effective widths are congruent N
with element design in current standards, however, the moment £ bt
capacity in the plate tests in underestimated. It is shown in the p= 2(?—““) =2 s (5)

y y

companion pape(Bambach and Rasmussen 20D4aat while

elastic effective widths underestimate the moment capacity of the

plate tests, good agreement with tests on structural sections can be

achieved with the inelastic model. Since both elastic and plastic Strength Curves

effective width methods are applicable, elastic and plastic effec-

tiv_e widths are derived from the plate tests and are presented i”Strength curves are presented for all load cases in Figs. 3-7 and

this paper. show both elastic effective width resulfs) and plastic effective
width results(b./b), derived from both unwelded and welded
plate tests. The residual stress pattern induced in the welded

Plastic Effective Width and Eccentricity Results specimens consisted of tension blocks at yield along both longi-
tudinal edges, and a region of approximately constant compres-

The plastic effective widths and eccentricities are calculated from sjye stress elsewhere, approximating that existing in flame-cut

the stress values of the applied compressive axial fajeand plate elements. The average compressive stress for all welded

bending momentM) at the ultimate condition in the tests. The specimens was 104 MPa. Further details of the process and the

values of equivalent uniform streddc,) and bending stress  magnitude of residual stresses induced are given in Bambach and

(fuur) derived from the ultimate force and moment are presented Rasmusser2001). All curves are plotted with respect to the non-

in Bambach and Rasmussgt004b, as are the values of strain at  dimensionalized slenderness rafifq. (1)] where the critical

the ultimate condition. The applied force and moment stress buckling stresgf,,) is calculated by Eq(2).

blocks are equilibrated to an effective width at full yigkig. 2). The buckling coefficientk) used in Eq.(2) is calculated for

The effective width is calculated such that the net forces are each strain gradient form the finite Strip progrﬁhﬂNWALL(Pa_

equal, and the eccentricity is calculated such that the moments Ofpangelis and Hancock 199%ising the asymptotic value found

the stress blocks about the supported edge are equal. For the loagith |arge half-wavelengths. This is the theoretical solution for a

case shown in F|g 2, the equations for the plastiC effective width plate Simply Supported on three sides with the remaining |ongitu_

(by) and eccentricity of the resultant force of the yield stress block dinal edge free. It is noted that the buckling coefficients given in

from the supported edgecq are given by Appendix F of AS/NZS 46001996 [the same as those in Table
N 4.2 of Eurocode 3, Part 1996, are approximately the same
— as these. Comparisons of the elastic buckling stress results ob-
b_e: fC_ult: bt 3 tained from the tests with theoretical solutions show sufficient
b f, f agreementwithin 4%) such that the boundary conditions applied
by the test rig may be assumed to be simply suppdiBesgnbach
four  Fvu N M and Rasmussen 2004However, due to the inherent scatter in
ecc b 5 e oot | bt test results for elastic buckling stresgesie to the susceptibility
T: b = b (4) to imperfectiong, it is more convenient to use the theoretical
yre y-e solution for the plate buckling coefficieBambach and Rasmus-
Eq. (3) for the plastic effective width is used for all load cases sen 2004
tested. Eq(4) for the eccentricity will differ depending on the For all load cases, strength curves were fitted to the test results

load case being analyzed, however, for all load cases the principleusing a curve of best fit approach. It was found that power curves
of equating the moment of the ultimate stress blocks about the give the best overall result for plastic effective widths, when con-
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Fig. 3. Strength curve for pure compression plate tests compared with Winter formulas and section tests of Kalyanarania@7&y, &.
=0.43

sidering that the curve must give a good approximation of the testinternational design standards. The equations for the strength
data, while maintaining a convenient form for structural design. curves derived from plate test results for the four strain gradients
With these two considerations in mind, the coefficients of the tested are presented in Fig. 8.

power curves were adjusted until reasonable agreement with the

test results was achieved. A similar procedure was applied to the
elastic effective width results, where the coefficients of the Winter
formula for stiffened compression elements were adjusted until The elastic and plastic effective width reduction fact@snoted
reasonable agreement with the test results was achieved. Particuby p andb/b, respectively derived from the plate tests for pure

lar emphasis when deriving elastic effective width equations was compression have the same magnitude, since the effective width
given to maintaining a form congruent with that currently used in is assumed to be at the yield stress for both cases, and the effec-

Pure Compression

15 1
Free edge Free edge
[ b ss $s b ss ss
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be + 4 b
haid . ecc2 +
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Fig. 4. Strength curve—compressive strain at the unsupported edge,Fig. 5. Strength curve—compressive strain at the unsupported edge,
zero at the supported eddes0.57 zero at the supported eddes0.57
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175 tion at large slenderness values, while sitting slightly below at
Free edge smaller slenderness values, particularly at slenderness values
b Ss Ss around 1.5, where both the writers’ test results and those by Ka-
L5 SS lyanaraman are overpredicted by the Winter curve for unstiffened
+ elements.
125 | 2 a
+ Compressive Strain at the Free Edge, Zero
A at the Supported Edge
be ! In Fig. 4 it is shown that a reduced plastic effective width equa-
—p tion is required compared with the case of pure compression,
bo 75 however, the elastic effective width results are in reasonable
) agreement with the Winter equation for stiffened compression el-
ements. The eccentricity of the plastic effective width from the
o0s | supported edgdeccl) and from the unsupported eddec?)
(Fig. 2) are given by Eqs(6)—«8) and are shown in Fig.5.
For A<0.654:
025 |
O A Unwelded Plate Tests % =1- b_e (6)
X + Welded Plate Tests Plastic(—) b b
0 ' ' ' ' For \ > 0.654:
0 0.5 1 15 2 2.5 3 3.5
Slenderness - A eccl
—=0.45 (7
Fig. 6. Strength curve—compressive strain at the unsupported edge,
zero at the supported eddes1.70
2 055-2=¢ ®
b : b=

tive widths are adjacent to the supported edge. The plastic effec-
tive width equation for this load case is given in Fig. 8 and is
compared with the Winte1947 equation for stiffened compres-
sion elements and the Wint€d970 equation for unstiffened
compression elements in Fig.(®e Winter equations are printed

in Fig. 3). Compared with the equations in Fig. 3 are the writers
plate test results and those by Kalyanaraman e(1877 on
cold-formed sections. The plastic effective width equation pro-
posed by the writers converges with the Winter unstiffened equa-

1.5
Free edge
b SS SS
125 SS
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be e
"b'“’p g\
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075 | 2 Elastic(p)
0s | e
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+ Welded Plate Tests
02s | O Abaqus (FEM) Result .
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Fig. 7. Strength curve—pure bending=0.85

JOURNAL

Compressive Strain at the Supported Edge, Zero
at the Unsupported Edge

In Fig. 6 it is shown that a reduced plastic effective width equa-
tion is required compared with the case of pure compression,
however, the elastic effective width results are in reasonable
agreement with the Winter equation for stiffened compression el-
ements. The eccentricity of the plastic effective width from the
supported edge was found to be negligible and has been assumed
to be zero.

Pure Bending with Compression at the Unsupported
Edge

The ultimate condition when deriving plastic effective widths for
this load case is taken as the point at which the bending stress is
a maximum. Due to limitations of the strokes of the actuators, the
ultimate condition could not be reached in the tests. Analysis
using the FEM progranABAQUSwas compared with the test
results for the range tested and used to determine the ultimate
moment. TheABAQUSmodel incorporates the measured material
properties and imperfections. Further details are presented in
Bambach and Rasmuss&004h. The ABAQUSresults for this

load case are shown in Fig. 7, the plastic effective width factor for
the compressed portionf the unstiffened element is found to be
approximately zero for all slenderness ratios analyzed. This is due
to the fact that the net force on the section at ultimate is in tension
and is at a magnitude slightly greater than the force created by
assuming half the width of the element is at yield in tension. The
results for the effective widths are slightly negative, since the
assumed stress state is elastic perfectly plastic, whereas in reality
strain hardening occurs in the tension zone. It is noted that at the
ultimate condition for plastic effective widths for this load case,
being the point at which the moment is a maximum, the strain on
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Fig. 8. Elastic and plastic effective width equations derived from plate tests

the element is as high as 40 times the yield strain, a condition notdesign equations somewhat for plastic effective widths of ele-
commonly found in sections. The assumption that this is the ulti- ments with maximum compressive strain at the unsupported edge,
mate condition then produces a conservative result for plasticand produces a slightly conservative solution.
effective widths for this load case. The ultimate condition when deriving elastic effective widths

It should be noted that there is no limit applied to this load for this load case is taken as the point at which first yield occurs
case for the slenderness ratio beneath which the element will bein the element. Since the tension zone remains fully effective, this
fully effective. The reason that even the least slender elementcorresponds to the point at which the strain at the supported edge
analyzed(slenderness ratio 0.14s fully ineffective in the com- reaches the yield strain. It is noted that the elastic effective width
pressed portion at ultimate is due to imperfections. While the equation that corresponds to the test data approaches 0.5 as the
theoretical buckling stress is approximately 600 MPa, lateral dis- Slenderness approaches the practical limit of @&fg. 7), such
tions, and the nature of the applied strain gradieompression at
the unsupported edge and tension at the supported éigach
that lateral displacements develop rapidly, as observed in the
tests. Theoretically there exists a slenderness ratio where the eleThere are no test results for this load case due to the fact that
ment is so stocky that even with imperfections negligible lateral preliminary investigations revealed that the buckling coefficient
displacements occur and the element is fully effective. However, for this load case is very higi23.8. As a result, very largb/t
the assumption that for all slenderness ratios for this load case theatios in Eg.(2) are required in order to obtain elastic buckling
compressed portion of the element is ineffective, simplifies the stresses. The current limit dw't ratios for unstiffened elements

Pure Bending with Tension at the Unsupported Edge
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Fig. 9. Elastic effective widths—strain gradients with maximum compressive strain at the unsupported edge

in AS/NZS 4600(1996 is 60, and from Eq(1) this produces a  strain ratios({s) of 0, 1, and —1 are shown as solid curves in the
slenderness ratio of 0.Gassuming a yield stress of 300 Mpa  figures. The dashed lines in the figures are the results for inter-
Slenderness ratios of 0.76/t ratio 99, 1.0 (b/t ratio 130, and mediate edge strain ratios, derived as linear approximations be-
1.275(b/t ratio 155 were analyzed wittABAQUSand found to  tween the edge strain ratios tested. Corresponding curves for plas-
be fully effective plastically at ultimate, as one might expect, tic effective widths are presented in Bambach and Rasmussen
since the strain gradient of compression at the supported edge ang>002).
tension at the unsupported edge is very stable and does not en- The equations for intermediate edge strain ratios are presented
courage the development of lateral displacements. Theoretically 3¢ 4 general design methods piasticeffective widths in Fig. 11,
there exists a slenderness ratio where the element is so slendef, 5 similar format to Appendix F of AS/NZS 4600996 and
that lateral displacements occur in the compressed zone and qable 4.2 of Eurocode 3. Part 1(Buropean Committee for Stan-
portion then t_)ecor_ne_s ineffective, however, this is al/ratio . dardisation 1996 In Fig. 11 the equations for the buckling coef-
beyond practical limits, and we can assume then that practical . . .

. . . . .~ ficient (k) are unchanged and are based on the assumption that the
unstiffened elements under this strain gradient are fully effective . T .

unstiffened element is simply supported. The proposed plastic

lastically (and are correspondingly fully effective elasticall . . . . L .
zls@ y( P ay y y effective width equations have been inserted in lieu of those in

This result may be further verified if one considers the com- AS/NZS 4600 and Eurocode 3. It is noted that Appendix F of
pressed portion of the unstiffened element to be similar to a stiff- AS/NZS 4600 refers téy) as the ratio of the edge stresses cal-
ened element under a strain gradient varying from yield to zero culated on the basis of tifall section, and is thus congruent with
strain. In AS/NZS 4601996, the element has a buckling coef- the ratio of edge strains described in this paper.
ficient (k) of 8 and is fully effective when the slenderness ratio is The equations for intermediate edge strain ratios are presented
less than 0.673, producingldt ratio from Eq.(2) of 46.7 (as-  &s a general design method felastic effective widths by Egs.
suming a yield stress of 300 MpaThus the unstiffened element  (9=(13). The advantage of this model is that the effective width
under bending is fully effective up to b/t ratio of (2 46.7) factor (p) multiplied by the gross element width gives the effec-
=93.4, which is beyond the limit60) specified for unstiffened  tive width of the element measured from the supported edge,
elements in AS/NZS 46001996. Again we have the result that ~ which is congruent with current standards. The buckling coeffi-
for all practical unstiffened elements under this load case, the cients(k) given in Fig. 11 may be used in conjuction with Eqg.
element is fully effective. (9«13). The edge strain ratil) is expressed as the ratio of the

ede stresses calculated on the basis offtliesection. The effect
of this on the calculated capacities of sections containing unstiff-

Design Methods for Effective Widths of Unstiffened ened elements is presented in the companion paper by Bambach
Elements and Rasmussef20043. The elastic effective width equations are

as follows:
The plate test results for effective widths of unstiffened elements ~ Where the compressive stress increases toward the unstiffened
under strain gradients are plotted in Figs. 9 and 10diastic edge of the element:

effective widths. The equations presented in Fig. 8 for tested edgeFor = 0:

JOURNAL OF STRUCTURAL ENGINEERING © ASCE / OCTOBER 2004 / 1617

Downloaded 29 Sep 2011 to 128.220.58.64. Redistribution subject to ASCE license or copyright. Visit http://www.ascelibrary.org



1.25

O+
[+
I

0.25 7 O Unwelded Plate Tests =1

2

A
X Welded Plate Tests =1 L;HM%{
2

0O Unwelded Plate Tests  y=0
+ Welded Plate Tests y=0 be

0 0.5 1 1.5 2 25 3 35
Slenderness - »

Fig. 10. Elastic effective widths—strain gradients with maximum compressive strain at the supported edge

=, =<1 9 =—, p=1 11
P N P ©) P N P (11)
For ¢<0: For ¢<0:
0.221 - 0.22
(1 j 2()\ lb)) (l B )
p=(1-19) N , ops1 (10) p=(l+p)———— p=1 (12)
Where the compressive stress decreases toward the unstiffened £
edge of the element: §=-2 (13
For ¢=0: fy
wheref}, f,=edge stresses calculated on the basis of the full sec-
Stress distribution (compressive posiave) Eifeotive width and ecosniricity tion.
For 1>y20:
f. + |If] . -3
2, I+ |6 % 044 ) <1
eccl et | Conclusions
eccl be
b b —— Plate test results for unstiffened elements under a variety of strain
H’I“L’f be =2 b gradients are presented in the form of strength curves, and equa-
;=°'4(1+V’);" % tions for predicting the effective widths are derived. It is shown
f%wéﬂﬂﬂﬂﬂfl ecc? be that the difference between welded and unwelded plate test results
2 fao] fu8C02| =5 =°‘55(1+V’)"7,‘ is small, such that the same effective width equations may be
be applied to both cases. This conclusion applies to a residual stress
T P T pattern with tension at both longitudinal edges and approximately
f; For 1>y20; constant compression elsewhere, as is found in flame-cut plate
aﬂﬂ]ﬂﬂ]ﬂ@fz be _ elements.
Z =020+ * <1 . . . . ..
be 5 ety It is shown that plastic effective widths at an eccentricity from
T the supported edge may be derived from the plate test results and
I_L_rgt_' represent exactly both the ultimate force and moment in the plate
=] tests. Elastic effective widths adjacent to the supported edge may
fy b 06a+pa -0y < , e -
Mf p = 06d+w) VoS also be derived from the plate test results, satisfying the ultimate
2 force but underestimating the ultimate moment in the plate tests.
b, Both elastic and plastic effective widths are derived from the plate
mmm‘!’n;fifﬁm(k) { . } o's;sj‘;j‘;'u > I 1.7?;{1‘7‘_1‘”, I o test resul_ts, and _gene_ral design eguations for predicting elastic
NOTE: /iand ; are edge siresses calculated on the basis of the full ssction and plastic effective widths of unstiffened elements under stress

. . - i ) ) gradients are presented. In the companion p&Beambach and
Fig. _11. Plate buckllng_coeﬁlments a_nd plastic effective widths of Rasmussen 2004athe elastic effective width equations obtained
unstiffened elements with stress gradient herein are used to produce a general design procedure for sections
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that contain unstiffened elements under stress gradients, and are ing.” PhD thesis, Dept. of Civil Engineering, Univ. of Sydney, Syd-

shown to compare well with section test of 1-sections and channel

sections in minor axis bending.
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