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. Abstract— It is regulated that the maximum deflection of web plates of bridges is less than one-
two hundred fiftieth of the height of web plate. However, there is no specific back ground for this
value. In this study, relation between initial deflection and ultimate strength of web buckling was
investigated numerically. Three loading patterns were examined. One was bending, the second
was shear and the third was combination of bending and shear. Choosing the values of initial
deflection of web plate as 1/250, 1/150 and 1/100, ultimate buckling strength was compared.

INTRODUCTION

It is described in Japanese Specifications for Highway Bridges [1] that initial deflection

of web plate of plate girder bridges should be less than one two hundred fiftieth of the

height of the web plate. However, the value of one two hundred fiftieth was not based on -
sufficient studies. It has been pointed out that further investigations are necessary.

Studies on this problem of initial deflection have been carried out in the past exper-
imentally and numerically. Moriwaki et al. [2] conducted some experiments and applied
shear force and pure bending to the plate girder specimens with some initial deflections.
They concluded that the allowable maximum initial deflection could be conservative for
the girders subjected to shear forces. Fujino et al. [3] also concluded that allowable ini-

tial deflection could be greater than one two hundred fiftieth for the girders subjected to
combination of shear and bending.

As numerical investigation, Nara et al. [4] studied the ultimate buckling strength of
web plate subjected to shear force by the finite element method. Initial deflection was
set as much as one one hundred fiftieth of the height of web plate. Geometrical figure of
initial deflection was chosen as some buckling mode shapes. They concluded that little
difference of ultimate buckling strength was observed among those cases. On the other
hand, few numerical study of influence of initial deflection on ultimate strength of girder
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Fig. 2 web plate under three loading patterns

subjected to pure bending and combination of bending and shear has been conducted.

Excessive regulation should be avoided in a point of view of reasonable design. The
objective of this study is to investigate influence of initial deflection on ultimate buck-
ling strength of web plate of plate girder bridges numerically. By numerical analysis, it
is easier to change initial deflection parametrically than experiment. In this study, nu-
merical investigation of geometrical nonlinear analysis by the finite element method was
conducted.. - Larger initial deflection than the specification was given to web. plate and .
reduction of ultimate buckling strength was compared. Not only pure bending and shear
but combination of bending and shear can be considered numerically in this study. That
has never been considered in the previous studies. As the first step of the study, welding
residual stress was not considered with the view to focusing on the relationship between
ultimate buckling strength and initial deflection.

MODEL OF ANALYSES

In this study, a bridge shown in Fig. 1 is taken into account. This bridge is continuous
‘plate girder bridge of about 100m long and consists of three spans. This is a typical
bridge designed by the Japanese Specifications for Highway Bridges. The height of girder
is 2m. Interval of vertical stiffeners is 1.5m and the thickness of web plate is 10mm. This
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Fig. 3 model of analyses

configuration is typical for plate girder bridge of this bridge length. z axis is set along
longitudinal axis of the bridge. y axis is set in the vertical direction. z axis is set lateral
direction of the bridge. Ana.lytlcal models w111 be explamed based on thls coordinate
system.

Considering the uniformly distributed dead load, three loading patterns should be
investigated. One is a portion of end support where shear force is dominant. The second
is a portion of mid-span where bending moment is dominant. The third is a portion of
intermediate support where combination of bending and shear is applied. Thus, as shown
in Fig. 2, three parts were considered by the analyses.

As the analytical model, one panel was taken out of the part subjected to shear force.
One panel was also taken out of the part subjected to bending. Three panels were taken
out of the part subjected to combination of shear and bending. Both upper and lower
flanges and vertical stiffeners were modeled in the analyses. All the analytical models
have horizontal stiffeners as well. Honzonta.l stiffeners were located at 20% of the web
height of compression side.

When applying only bendign or only shear, it is generally possible to converge non-
linear analyses by either load or displacement control. However, in case of combination
of bending and shear, it is difficult to converge nonlinear analyses by applying bending
and shear separately and loading them independently. In this study, cantilevers were put
. at the both ends of the panels as shown in Fig. 3(b). By applying concentrated loads at
the ends of cantilevers, combination of shear and bending can be applied. Bending force
can be changed by the length of cantilever.

The width of a panel was 150cm and the height of a panel was 200cm. One panel

" was divided into 32 by 48 finite element meshes. The width of flange panels was 550mm

and the thickness of flange panels was 28mm. Flange panels were divided into 8 by 32

finite element meshes. The size of the each element was about 4cm square. This size is
fine enough for the nonlinear analyses.

Type of steel was SM490Y. Stress strain curve ﬁ'as assumed as bi-linear, as shown in
Fig. 4. The strain hardening factor was one one hundredth of elastic modulus. ABAQUS
code was used for the analyses and kinematic hardening rule was applied.
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Fig. 5 initial deflection of one panel model
Distribution of initial deflection w(z,y) was given by Eq.(1).

w(z,y) = ﬁ-sm —z sin hy (1)

Where h is length between horizontal stiffener and flange plate in tension, a is width
of a panel. w(z,y), h and a are shown in Fig. 5. A is 1/250. In such case, A .is the
_allowable maximum initial deflection by the present specxﬁcatxons A was chosen as 1/150

and 1/ 100. Tha.t means larger initial deflection regulated in Japanese Specifications for -
Highway Bridges.

ONE PANEL MODEL UNDER PURE BENDING

Numerical analyses in case of one panel subjected to bending were carried out. Boundary
conditions were shown in Fig. 6. In the figure, z axis was chosen along the longitudinal
axis of bridge. y axis was chosen in the direction of girder height. z axis was chosen
in the direction of anti-plane. Displacement of z direction u; was fixed at both left and
right edges in Fig. 6. Since flange plates have rotational rigidity with respect to the z
axis, rotation 0, at four corners were constrained. Displacement in the z direction u;
was fixed at the middle of the flange plates. Displacement was controlled for nonlinear

analysis and bending moment was applied by giving displacement at left and right edges
as shown in Fig. 6.
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Fig. 6 boundary condition of one panel model under pure bending
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Fig. 7 relationship between maximum deflection and bending moment
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Fig. 9 relationship between maximum deflection and shear force

Fig. 7 shows the relationship between maximum deflection and applied bending mo-
ment. At every node of the panel, initial deflection wo and deflection caused by the
loading w were added. The maximum value of wy + w was selected in the panel. The
horizontal axis is the maximum displacement (wg + w)maz of the panel normalized by
thickness of the web plate #,,. On both of the edges of the panel, nodal force can be
calculated. Neutral axis can be found by distribution of those nodal forces. Bending
moment can be calculated by multiplying nodal force and the distance from the neutral
axis? “The vertical axis“is bending moment normalized by My. Where My -is bending-
moment when upper and lower flanges start to yield.

In Fig. 7, deflection-bending moment curve in cases of .initial deflection of 1/250,
1/150 and 1/100 of the web height were shown. There can be observed little difference

in the ultimate strength among those cases. The ultimate buckling strength in case of
1/100 was reduced by 0.9% comparing with the case of 1/250.

ONE PANEL MODEL UNDER SHEAR FORCE

Fig. 8 shows boundary conditions for one panel model subjected to shear force. On both
of the edges, displacement in the z direction u, was constrained. Displacement in the z
direction u; was constrained on the left side of the model. Displacement in the y direction
uy is constrained at left side of the lower flange. Shear force was applied on both of the
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edges and displacement control method was applied for nonlinear analyses.

Fig. 9 shows the relationship between maximum displacement on the panel and shear
force. Same as Fig. 7, on each node of the web, initial deflection wy and deflection by the
load w were added. The maximum value of wo + w was chosen. The horizontal axis is the
maximum normalized displacement by the thickness of web plate ¢,,. Shear force ”S” can
be obtained by adding nodal forces on both edges. The vertical axis was normalized shear
force by shear yielding force Sy. As shown in Fig. 9, three patterns of initial deflection
were investigated. Ultimate buckling strengths of three cases are not different from each
other. Ultimate buckling strength was reduced by 1.04% by changing initial deflection
from 1/250 to 1/100. o

THREE PANEL MODEL SUBJECTED TO COMBINED LOAD

Analyses of panels subjected to shear-and bending at intermediate support were con-
ducted. The model is shown in Fig. 11. There are one and half panel each side of the
support. The total number of panels is three. Vertical stiffeners were attached on both
sides of the support. In order to keep the ratio of shear and bending constant, elastic
beam elements were added to the both sides of the panels. Concentrated loads were ap-.
plied to both ends of the beam elements. Ratio of shear and bending were determined by
the span length of the bridge model. By adding beam elements, local concentrated load
would take place around the vicinity of connection of beam and panel. In order to avoid
such load concentration, half panel were attached at each side of the model. This is the
reason of one and half panel on both sides of the support.

Fig. 10 shows configuration of initial deflection of three panel model. Directions of
initial deflection are different from each other about the support. Half panels at each
side of the model were attached to avoid stress concentration. Initial deflection was not
given. Boundary conditions are shown in Fig. 11. Displacement in the y direction u,
was constrained at the support and all the degrees of freedom were constrained at the
center of the support. At each end of elastic beam, displacement in the z direction u,
and rotation with respect to the z and y axes 6 and 6, were constrained.
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Fig. 11 boundary condition of three panels under combined load
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Fig. 12(a) shows the relationship between normalized maximum displacement (wq
w)maz/tw of the panels and normalized bending moment M/My. Fig. 12(b) shows the
relationship between normalized maximum displacement (wg + W)maz/tw of the panels
and normalized shear force S/Sy. The normalized maximum displacement was obtained
the same way as the previous loading cases. That is, wp is initial deflection at each node
and w is deflection at each node.

Ultimate buckling strength does not change in each of the cases of initial deflection
of 1/250, 1/150 and 1/100. Ultimate buckling strength was decreased by 0.38% in case
of initial deflection of 1/100 comparing with 1/250. Fig. 13 shows contour maps of von
Mises equivalent stress. Cases of initial deflection of 1/250 and 1/100 are shown. Figs
13(a), (b) and (c) are the cases of normalized bending moment of 0.98, 1.11 and 1.08
respectively. In Fig. 13(a), plastic region is slightly larger in case of 1/100 than 1/250.
However, around and after the ultimate strength as shown, Fig.s 13(b) and (c), little
difference can be observed in stress distribution. ‘

CONCLUSIONS

In this study, ultimate buckling strength was investigated numerically in case of larger
initial deflection than that of specified in the Japanese Specifications for Highway Bridges.
Although this is one of the case studies, most of the bridges designed by the Japanese

Specifications for Highway Bridges have similar configuration. Conclusions in this study
are applicable for most of the bridges.

It is made to be possible that numerical analyses of combined loaci of shear and
bending, by attaching elastic beam from the both edge of the panel.

Three cases of initial deflection were compared. One was 1/250 of the height of web
plate. Second was 1/150 and the third was 1/100. Three loading pattern were investi-
gated, bending, shear and combination of bending and shear. In all the loading patterns,
ultimate buckling strength was not decreased according as larger initial deflection. Ulti-
mate buckling strength was decreased by at most 1.04% in case of shear force.

* For further study, welding residual stress of the girder should be considered.
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It is regulated that the maximum deflection of web plates of bridges is less than one-two hundred
fiftieth of the height of web plate. However, there is no specific back ground for this value. In this
study, relation between initial deflection and ultimate strength of web buckling was investigated
numerically. Three loading patterns were examined. One was bending, the second was shear
and the third was combination of bending and shear. Choosing the values of initial deflection
of web plate as 1/250, 1/150 and 1/100, ultimate buckling strength was compared.

Key Words : finite element method, nonlinear analysis, bi-linear model, kinematic harden-
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Influence of Initial Imperfection on the Strength of Plate Girder Web
Subjected to Bending
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ABSTRACT

It is regulated in the Japanese Steel Highway Bridge Code that maximum amount of
initial imperfection of a plate girder web panel should be less than one-two hundred fiftieth of
the height of web panels. However, there is neither specific theoretical nor experimental
background for this value.

In this study, a central panel subjected to pure bending moment is numerically
investigated as for the effects of initial deflections and residual stresses on the ultimate strength
as well as the load deflection behavior.

INTRODUCTION

Many researchers have conducted the experimental and theoretical studies about the
ultimate strength of the plate girders, and found the in-plane tensile stress field action. And the
results have been introduced into the structural design code, so that plate structures are generally
designed with the expectation of the post-buckling strength of their component plates (Kuranisi
1988). However, though, it is recognized that the initial imperfection influences the ultimate
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strength of plate girders, very few studies concerning to their quantitative aspects have been
conducted. This may be mainly because that in order to include the initial imperfection, the
calculation must be performed with not only the geometrical and material non-linearity, but also
with the complicated residual stress distributions. And to do this it is required to have both the
development of large computers and the advance in the structural analysis. On the other hand, in
the experimental approach, it is very difficult to systematically simulate the actual behavior,
because it requires both high control quality in manufacturing test specimens and high quality in
measurement (Komatu 1980). ,

It is regulated in the JSHB specification (Japanese Road Association 1996) and in most
codes worldwide that maximum amount of initial deflections of a web panel should be less than
one-two hundred fiftieth of the height of the web panel. However, there is neither specific
theoretical nor experimental background for this value, namely, it is not based on an adequate
researches or investigations. And as for residual stresses, it is only taken into account simply by
the reduction of the factor of safety in the JSHB specification.

In such a context, the purpose of the present paper is set to investigate numerically the
effects of initial imperfections of a web panel on the ultimate strength as well as on the load
deflection behavior. Here, the ultimate strengths of plate girder panels are calculated with varied
initial deflections and residual stresses. Considered dimensions of the plate girder fall within the
scope of the JSHB Codes, and such load conditions are applied that are typical for actual
structures. As the first step, focused structure in this paper is a central part of a plate girder,
which is subjected to the pure bending.

OBJECTIVE STRUCTURE AND ANALYTICAL MODEL

In this research, a typical plate girder bridge is taken into account, which is a three-span
continuous plate girder bridge of about 90 meters in total length, and about 36 meters mid-span,
and designed based on the JSHB code. The image of the mid-span structure is as shown in Fig.1,
and the portion of the structure to be analyzed was selected from this structure. The
vertical-stiffener is arranged at intervals of 1.5 meters. The height and the thickness of the web
panel are 2 meters, and 10 millimeters, respectively. The objective structural portion is chosen
from the central part of the girder, which is predominantly subjected to the bending moment
caused by the dead load. As shown in Fig.2, an analytical model is constructed as the following:
one panel of a main girder which possesses flanges and horizontal-stiffener is taken out, the
width and the thickness of the flanges are 550 millimeters, and 28 millimeters, respectively. The

Fig.1. Objective structure Fig.2. Extraction of analytical model (pure bending)



location of the horizontal-stiffener is such that the distance between the compression flange and
the horizontal-stiffener is 20% of the web height.  To clarify the influence of
horizontal-stiffener, a model without the horizontal-stiffener is also examined.

The nonlinear analysis is performed by the use of DIANA, a general-purpose FEM code.
Web panel, flanges and horizontal-stiffener are modeled by using curved shell element, each
element is composed of four nodes, and the size of an element is about four centimeters. Web -
panel is divided into 1536 elements (48 elements in longitudinal-direction, 32 in-
vertical- dlrecnon) flange is into 320 elements, and horizontal-stiffener into 160 elements. The
material is assumed to be SM490Y steel, whose tensile yielding stress is set to 3600kgf/cm
The stress-strain relation of the steel material is modeled as bi-linear model. The tangent
modulus E; after yielding is set to 1% of the Young’s modulus. Also applied are the kinematical
hardening rule with the von-Mises yielding function and the associated flow rule.

As is shown in Fig.3 initial out-of-plane deflection wy of a web panel is given by the
bi-harmonic half wave as shown in Eq.(1), which has the maximum value at the center part of
the web panel.

y

h . #ax .
w(x,y) = Xsm Tsm W D

Where the height of the web panel A is 2000 millimeters, the width g is 1500 millimeters, and A
determines the relative size of the initial deflection. Allowable limit for this value is 250 in the
JSHB regulation. When the horizontal-stiffener was arranged, h1 as shown in Fig.3 is utilized
instead of A itself.

a=1500mm

_ 400mim
h=2000mm a=1500mm
/ Y (u=1600m e
X

X \ P
k S 2

not-stiffened ' stiffened

‘Fig.3. Initial deflection shapes of the web panel

The size of initial deflection of web panels is chosen from the followmg values: h/50,
h/100, h/150, h/200, h/250, and h/300.

INFLUENCE OF INITIAL IMPERFECTION ON THE LOAD-DEFLECTION CURVES

Web panel without horizontal stiffener

The analytical model and the geometric boundary condition are shown in Fig.4. In the
figure, longitudinal direction is taken as X-axis, vertical direction as Y-axis, and out-of-plane
direction Z-axis. The panel is simply supported on the both edges, it is assumed that
vertical-stiffeners at both edges possess sufficient out-of plane bending rigidity, and the panel
will not deflect in out-of-plane direction. The displacements in X, Y-directions are fixed at the




center of the panel. And also at the four corners, the rotation of the panel around X-axis is fixed,
to reflect the vertical-stiffener, and to reflect the torsional rigidity of the flanges. The loading to
give bending moment is controlled by forced displacements as shown in Fig.4.

Residual stresses are also taken into account in this analysis. Stress distribution pattern
(Fukumoto 1987) applied in this study is shown in Fig.5. The distribution is assumed to be
constant in the longitudinal direction. At the connection between the web plate and a flange, the
residual stress is set to the yielding stress of the model steel material.
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Fig.4 Analytical model without h-stiffener Fig.5  Residual stress distribution for
without h-stiffener model

Fig.6 and 7 show the relationship between the load and out-of-plane deflection. The
abscissa is taken as the maximum deflection among the whole nodal points, which includes
initial deflection, and is divided by web thickness to give non-dimensional value. The ordinate is
taken as the applied moment, and is divided by the yielding moment to give non-dimensional
one. '

Fig.6 shows the analytical results without the residual stress. The decrease of ultimate
strength is hardly recognized in cases with h/300, h/250, h/200 and h/150. A bit of the strength
decrease can be seen when initial deflection grows more than h/150. But the decrease of
ultimate strength even in the case of h/50 is only about 2.8%, compared with the case of h/250,
which is the one regulated in the specification of JSHB.
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Fig.7 Load-deflection relationships with

Fig.6 Load-deflection relationships without residual stress residual stress



Residual stress is not considered

Fig.8 Deformed configurations and stress contour
map

Fig.7 shows the analytical results when the
residual stress is considered. As for the ultimate
strength itself, the tendency to decrease with the
increase of initial deflection is similar to the case of
Fig.6, where the residual stress is not considered.
And the decrease of ultimate strength in the case of
h/50 is about 6.3%, compared with the case of h/250.
Together with the increase in the load, the maximum
out-of-plane deflection point moves as shown in
Fig.9. Fig.(a) shows the cases in which the residual
stress are considered, and the initial deflection are
taken as h/200 or less. Fig. (b) shows the cases for
larger initial deflections. It is clear from Fig.8, that
buckling configurations on the compression side are
different between the cases with and without residual
stresses. For this reason, the analysis stops soon after
the moment reaches its maximum, in the case of
h/200 or less when the residual stress is considered.
Moreover, it can be concluded that the residual stress
dose not work disadvantageously for these cases in
the sense of ultimate strength.

The area in the plasticity region on both
compression and tension sides in web plate is larger
in the case when the residual stress is considered than
in the case when not considered.

Web panel with horizontal stiffener

ultimate strength

Fig.9 Shifts of the maximum deflection

point on web plate
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Fig.10 Analysis model with h-stiffener
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The analytical model and the boundary conditions when the horizontal-stiffener is
arranged are shown in Fig.10. The horizontal-stiffener is designed to have 120 millimeters width
and 9 millimeters thickness. Other analytical conditions and boundary conditions are similar in

case of the panels without a horizontal-stiffener.
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Fig.11 shows the distribution of the residual stress in longitudinal direction, in case when
a horizontal-stiffener is considered. The distribution is assumed to be constant in the
longitudinal direction. Induced maximum residual stress in this case is 50% of the yielding
stress of the model steel material, and locates at the connection between web plate and flange,
and also at the connection between web plate and the horizontal-stiffener.

Fig.12 and 13 show the relationships between the load and out-of-plane deflection when the
horizontal-stiffener is placed. The abscissa and the ordinate are taken same as the previous case
of without a horizontal stiffener. ,

The analytical results for the case without residual stress is shown in Fig.12. As same as
the case when a horizontal-stiffener is not considered, the decrease of strength is hardly seen in
cases of h/300, h/250 and h/200. The decrease of the ultimate strength in case of h/50 is about
3.6%, compared with the case of h/250. Out-of-plane deflection is scarcely caused even at the
ultimate strength, because of the effect of rigidity of a horizontal-stiffener.

Fig.13 similarly shows the analytical results for the case with the previously mentioned
residual stress. When the strengths are compared with the cases where the residual stress are not
considered, the tendency of the strength decrease is similar in both cases. Here, because the



calculation did not settle, the result is not shown for h/300. The decrease of ultimate strength in
case of h/50 is about 7.8%, compared with the case of h/250. The influence of the residual stress
for the cases of small initial deflections, namely, h/250, h/200 and h/150, appears remarkably in
the beginning of the loading. The out-of-plane deflection develops immediately after the initial
loading.

Stress contour line charts at the maximum ultimate strength states are shown in Fig.14.
The distributions of the plasticity region are similar for both cases with and without residual
stresses. The shifts of maximum out-of-plane deflection points, associated with the increases in
the load, is in the vertical direction on the symmetrical axis all through the loading process as
shown in Fig.15, in case when the residual stress is not considered.

CONCLUSIONS

In this research, clarification of the
degree of the strength reduction is aimed when
the limitation on the initial deflection of web
panels are loosened from the one  specified
in the Japanese Steel Highway Bridges Code.
The central panel of a typical practical plate
girder subjected to the pure bending moment is
examined by the use of FEM with the size of
initial deflection and the amount of residual
stress as the parameters. The conclusion 7300 17550 17200 1% 17100 /%
obtained from this research can be summarized, Maximum initial deflection
together with Fig.16, as follows. B : horizontal-stiffener is considered

Next problems to be solved in the future @ : horizontal-stiffener, and residual stress (0.5 oy)

¢
A

®

k_ JOR S
My : yielding stress

non-dimensional moment M/My

ey

are the similar effects in the cases of such are both considered
loadings as the one which is given for the
panel at a middle support and the one which is
given for the panel at an end support, where
combined bending and shear loading, and Fig.16 Eﬂ'f:cts of the initial imperfection on the
shear loading, are applied, respectively. Ultimate Strength

: both h-stiffener, and residual stress are
not assumed
: only residual stress is considered (1.00y)

- In all the investigated cases in this research, the ultimate strength has more or less decreased,
associated with the increase of the initial deflection.

+ The change of the distribution pattern of the plasticity region (yielded zone) at maximum
strength is not remarkable, even when the residual stress is considered.

* The decrease in the ultimate strength caused by the residual stress is at most 3% within the
cases considered in this paper, and it can be said that the residual stress hardly influences the
ultimate strength in the case of pure bending.

* The decrease rate of the strength in the case of h/50 initial deflection is about 6%, compared
with that of the case of h/250 initial deflection.

+ The decrease of the strength is at most 5 % for the practical relaxing case of h/150 initial
deflection, compared with that of the present maximum allowable initial deflection case.
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Influence of Initial Imperfection on the Ultimate Strength of Plate Girder Web Panel
Subjected to Pure Bending and Shear
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Abstract--1t is regulated in the Japanese Specification for Highway Bridges that maximum initial deflection of a web
panel in a stee] plate girder should be less than one-two hundred fiftieth of the height of the web panel. However, there is
no specific clear background for this value, it is based on neither analytical nor experimental evidences.

In such a context, the purpose of the present study is set to investigate numerically the influence of initial
imperfections of a web panel on the ultimate strength as well as on the load deflection behavior. Here, the ultimate
strengths of plate girder panels are parametrically calculated with initial deflections and residual stresses as the
parameters. Two loading conditions are applied, that are typical for actual structures, one is pure bending and the other is
shear.

INTRODUCTION

It is regulated in the JSHBY and in most codes worldwide that maximum amount of initial deflection of a
web panel should be less than one-two hundred fiftieth of the height of the web panel. However, there is
neither specific theoretical nor experimental background for this value, namely, it is not based on an
adequate researches or investigations. And as for residual stresses, it is taken into account in only the
allowable axial compressive stress simply by the factor of safety in the J SHB?. It is current tendency that
the allowable stress design method is shifting to the limit state design method, and so to clarify the effects
of those factors is getting more necessity and indispensability.

In such a context, the purpose of the present study is set to investigate numerically the effects of initial
imperfections of a web panel on the ultimate strength as well as on the load deflection behavior. Here, the
ultimate strengths of plate girder panels are calculated by the use of FEM with the varied magnitude and
shape of the initial deflections, and with the varied magnitude of residual stresses. Considered dimensions
of the plate girder fall within the scope of the JSHB, and such load conditions are applied that are typical
for actual structures with moderate span length. One is pure bending and the other is shear. Combined
loading of bending and shear is not considered in this paper. As for bending loading, examined are the
effects of initial deflection shape and amount on the ultimate strength. Considered shapes are bi-harmonic



wave mode and buckling mode obtained by nonlinear analysis. Bi-harmonic wave mode is the one
generally used for modeling initial deflections. On the other hand, buckling mode shape is critical as an
initial deflection and it is the most disadvantageous shape for ultimate strength”. As for shear loading,
magnitudes of residual stress and initial deflection are taken as parameters, to examine the effect on the
ultimate strength. As results the relationships are revealed between initial imperfections and ultimate
strengths, and also revealed is the degree of the strength reduction when the limitation on the initial
deflection of web panels are loosened from the one specified in the JSHB.

THREE-SPAN CONTINUOUS PLATE GIRDER BRIDGE AND THE OBJECTIVE
PANELS

In this research, a standard plate girder bridge shown in Fig.1 is taken into account. This is a three-span
continuous bridge with 90 meters total length, and has 36 meters central-span. The design is based on the
JSHB. The vertical-stiffener is arranged at intervals of 1.5 meters. The height and the thickness of the web
panel are 2 meters, and 10 millimeters, respectively. This configuration is typical for plate girders of this
bridge length. The portions of the structure to be analyzed are selected from this structure.

Fig.l. Objective structure-Typical three span continuous bridge with moderate span length

The objective structural portion is chosen from the central and end part of the girder as shown in Fig.2,
which are predominantly subjected to bending moment and shear caused by its dead load, respectively.
The analytical models are constructed as the following: one panel of a main girder which possesses flanges
and horizontal-stiffener is taken out, the width and the thickness of the flanges are 550 millimeters, and 28
millimeters, respectively. The location of the horizontal-stiffener is such that the distance between the
compression flange and the horizontal-stiffener is 20% of the web height. To clarify the influence of
horizontal-stiffener, a model without the horizontal-stiffener is also examined. '

Here, longitudinal direction, vertical direction and out-of-plane direction are taken as X-axis, Y -axis,
and Z-axis, respectively. The nonlinear analysis is performed by the use of DIANA, a general-purpose
structural analysis FEM code. The web panel, flanges and the horizontal-stiffener are modeled by using
shell element, each element is composed of four nodes, and the size of an element is about four centimeters.
Web panel is divided into 1536 elements (32 elements in longitudinal-direction, 48 in vertical-direction),
flange is into 320 elements, and horizontal-stiffener into 160 elements.
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Fig2. Extraction of analytical model

The material is assumed to be SM490Y steel, whose stress-strain relation is modeled by bi-linear
model as shown in Fig3. Tensile yielding stress is set to 3600kgf/cm’. The tangent modulus E, after
yielding is set to 1% of the Young’s modulus. Also applied are the kinematical hardening rule with the
von-Mises yielding function and the associated flow rule. The loading to give bending moment and
shearing force are controlled by forced displacements .

A 0 ,=3600kgf/cm’
/ + kinematical hardening rule
E=F/100 + von-Mises yielding function

+ associated flow rule
E E Young’s modulus

—>

equivalent stress

equivalent strain

Fig3. Bi-linear model of the steel

INITIAL IMPERFECTION OF THE I SECTION PANEL

Initial Deflection
As is shown in Fig.4 initial out-of-plane deflection wy of a web panel is given by the bi-harmonic half wave
as shown in Eq.(1), which has the maximum value at the center part of the web panel,

nmx . nxy

wo(x,y) = isin sin @
A a h,

where the height of the web panel h is 2000 millimeters, the width a is 1500 millimeters, and A determines
the relative magnitude of the initial deflection. Allowable limit for this value is 250 in the JSHB regulation.
The magnitude of initial deflection of web panels is chosen in the range from h/300 up to h/50.



Fig4. Initial deflection shapes of the web panel

Residual Stress

Residual stresses are taken into account in the case of the shear loading in this study. Stress distribution
pattern applied is shown in Fig.5. The distribution is assumed to be constant in the longitudinal direction.
This distribution is decided based on the existing literatures®*, because there exist no measured values for
residual stresses in the actual plate panels.

b4 b2 b4 tensile residual stress : T,

il B

<
‘; h/6 O é
0= 0= a3600kgfiem’ AN A I

O = a1200kgf/cm’ o
0= O =1800kgflcm’
0S =1 : aconstant ? 02 =T00kgflcm’ ‘J

ribpd &) bplin S

2 Un 0'"2
flange web panel flange web panel
(2) without h-stiffener (b) with h-stiffener

Fig.5 Distribution of residual stress

Fig5.(a) shows the distribution in the case without horizontal stiffener, and Fig.(b) shows that in the
case with a horizontal stiffener. Here, b is the width of flange.

At the connection between the web plate and a flange, the residual stress takes the maximum value
and is equal to the yielding stress of the model steel material in the case when a=1. In this study, to
investigate the effect of the magnitude of the residual stress, the cases with a=0.5 and a=0.8 as well as
=0 are also examined. In the case with horizontal stiffener, as a first step, introduced residual stress has
50% of the yielding stress of model material as its maximum, as shown in Fig.5(b).



ANALYTICAL RESULTS FOR THE END PANEL SUBJECTED TO SHEAR

Boundary Conditions

Fig.6 shows geometric boundary conditions for one panel analytical model subjected to shear force. Fig.(a)
and Fig.(b) shows the model without and with horizontal stiffener, respectively. On both of the edges,
displacement in the z direction u, is constrained. Displacement in the x direction u, is constrained on the
left side of the model. Shear force is applied on the right side of the model. The loading to give shear force
is controlled by forced displacements as shown in Fig.6.

ﬂ

I¢—- h=2000mm —)l

)

t.=1Gmm

X.YZ : fixed
YZ : fixed
—>>—>—>

XY, Z : fixed

|
!

Y a=1500mm ~— Y =
i e e 'S L ssomm
X A t=28mm A t=28mm
(a) without h-stiffener (b) with h-stiffener
Fig.6 Analytical model of end panel

Web Panel without Horizontal Stiffener
Fig.7, 8 and 9 show the relationships between the shear force and out-of-plane deflection. The abscissa is
taken as the non-dimensional maximum deflection [w+wy) £, among the whole nodal points, which
includes initial deflection wy, ¢, denotes the web thickness. The ordinate is taken as the non-dimensional
applied shear force S/ Sy, Sy denotes the yielding shear force. Fig.7 shows the analytical results without the
residual stress. The decrease of ultimate strength is hardly recognized among the cases with h/300
h/250,h/200 and h/150.

g: - L Sy : vielding shear force

0.7 ~~~~~~~~~ - — ——— o
0.6 f [ —-$— maximum initial

05 deflection
04 f——Mh L 00
0.3 t——-/FF. e ] £ B/250
- 0.2 : h/200
: f
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0 1 2 3 4 5 8

non-dimensional shear force S/Sy
non-dimensional shear force S/Sy

non-dimensional maximum deflection | Wot W | pu/ t non-dimensional maximum deflection | Wt W | md t
Fig.7 Load-deflection relationships without Fig.8 Load-deflection relationships with
residual stress residual stress (maximum residual stress: 0.5 0'y)



A bit of the strength decrease can be seen when initial deflection grows more than h/150. But the
decrease of ultimate strength even in the case of h/50 is only about 6.3%, compared with the case of h/250,
which is the regulation value in the specification of JSHB.

Fig.8 shows the analytical results when the maximum residual stress is taken as 50%. As for the
ultimate strength itself, the tendency to decrease with the increase of initial deflection is similar to the case
of Fig.7, where the residual stress is not considered. And the decrease of ultimate strength in the case of
h/50 is about 7.6%, compared with the case of h/250. Fig.9 shows the cases when the maximum residual
stress is taken as the yielding stress itself. In this case, the decrease of ultimate strength in the case of h/50 is
about 8.1%, compared with the case of h/250. Fig.10 and Fig.11 show the configurations of out-of-plane
deformations at A-A section shown in Fig.6, for the

> 0.0 Sy : yielding shear force
casc where maximum initial deflection is h250. & os I ‘
Fig.10 shows the case in which the residual stress is g 07
not considered. In this case, owing to the existence of % 0.6 ~—--¢ maximum initial
the initial deflection, the out-of-plane deflection at the g g‘i $ deflection
center of web plate becomes larger with the increase .§ 0:3 1 O: 5328
of shear force. Fig.11 shows the case in which the & 0.2 — &A%
residual stress is considered. In this case, owing to the 'g °'; 1 ) : gi
existence of the residual stress, the out-of-plane = o 1 s 3 4 5 8
deflection becomes larger in the negative direction up ~ Pon-dlimensional maximum deflection | WotW | pus/ 10
to S/ Sy = 081. Fig.9 Load-deflection relationships with
residual stress (maximum residual stress 1.0 O'y)
200 0
€ W20 —a—0803 S/Sy Ehalyrs o8 SISy
o 180 \ —a—0.805 @ 180 g\ _ . 0306
g 160 - g-gg: 5 160 i *—0.811
ol e\ im 4 o
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g o l— — 4 o -
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out-of-plane deflection (cm) out-of-plane deflection (cm)
Fig.10 Deformed configuration at A-A section Fig.11 Deformed configuration at A-A section
(residual stress is not considered) (maximum residual stress 1.0 0'y)

Fig.12 shows contour maps of von Mises equivalent stress on the surface of web panel and deformed
configurations at the maximum ultimate strength state. Both cases with and without residual stress are
shown for the case where maximum initial deflection is h/250. The maximum value of von Mises
equivalent stress is 4950kgf/cm?® when the residual stress is not considered, and 3740kgf/cm® when the
residual stress is considered.
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without residual stress

with residual stress

Fig.12 Deformed configurations and stress contour map
at maximum ultimate strength (maximum initial deflection: h/250)

Web Panel with Horizontal Stiffener _

The analytical model and the boundary conditions when the horizontal-stiffener is arranged are shown in
Fig.6 (b). Fig.13 and 14 show the relationships between the load and out-of-plane maximum deflection.
The abscissa and the ordinate are taken same as the previous case of without a horizontal stiffener. The
analytical results for the case without residual stress is shown in Fig.13.

As same as the case when a horizontal-stiffener is not considered, the decrease of strength is hardly
seen in cases up to h/150. The decrease of the ultimate strength in case of h/50 is about 5.4%, compared
with the case of h/250. Fig.14 shows the analytical results for the case when the maximum residual stress is
50% of the yielding stress. When the strengths are compared with the cases where the residual stress is not
considered, the tendency of the strength decrease is similar in both cases. The decrease of ultimate strength
in case of h/50 is about 3.8%, compared with the case of lv250.
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Fig.13 Load-deflection relationships without Fig.14 Load-deflection relationships with
residual stress residual stress(maximum residual stress 0.5 Oy)

Fig.15 and Fig.16 show the configurations of out-of-plane deformations at A-A section shown in Fig.6.
Fig.15 shows the case in which the residual stress is considered and when maximum initial deflection is set



to be h/250. In this case, owing to the existence of the initial deflection, the out-of-plane deflection at the
center of web plate becomes larger with the increase of shear force. Fig.16 shows the case in which the
residual stress is considered and also when maximum initial deflection is set t be h/50. In this case, the
direction of out-of-plane deflection changes in the opposite direction, when normalized shear force exceeds
0.491.
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Fig.15 Deformed configuration at A-A section Fig.16 Deformed configuration at A-A section
(maximum initial deflection h/250) (maximum initial deflection /50)

Fig.17 shows contour maps of von Mises equivalent stress on the surface of web panel and deformed
configurations at the maximum ultimate strength state. In both cases, namely, with and without residual
stress, maximum initial deflection is set to be h/250. The maximum value of von Mises equivalent stress is
3860kgf/cm’ when the residual stress is not considered, and 5260kgf/cm® when the residual stress is
considered. '
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Fig.17 Deformed configurations and stress contour map
at maximum ultimate strength (maximum initial deflection: h/250)



ANALYTICAL RESULT FOR THE MID PANELS SUBJECTED TO PURE
BENDING

With Horizontal Stiffener And Without Residual Stress

Numerical analyses for the mid panels with the horizontal-stiffener subjected to pure bending were carried
out. In this study, focused were the effects of initial deflection shape on the ultimate strength. Two initial
deflection shapes were considered, the one was bi-harmonic wave mode which was described in chapter
two, and the other was buckling mode itself.

Fig.18 shows the finite element mesh, and the geometrical boundary conditions are shown in Fig.19.
The horizontal-stiffener is designed to have 120 millimeters width and 9 millimeters thickness, and the
model is similar with the one considered in case where the panel is subjected to shear. The panel is simply
supported on the both edges, it is assumed that vertical-stiffeners at both edges possess sufficient out-of
plane bending rigidity, and the panel will not deflect in out-of-plane direction. The displacements in X,
Y-directions are fixed at the center of the panel. And also at the four comners, the rotation of the panel
around X-axis is fixed, to reflect the vertical-stiffener, and to reflect the torsional rigidity of the flanges. The
loading to give bending moment is controlled by forced displacements as shown in Fig.19.

The residual stress was not considered, to clarify the influence of initial deflection shape on the
ultimate strength. The analysis in which residual stress was considered is reported in reference [6].
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-

Fig.18 Finite element mesh with h-stiffener Fig.19 Boundary condition of the model
subjected to pure bending

Fig.20 shows the shape of initial deflection, which is called as buckling mode. It is the calculated
deformation shape at the ultimate strength in case in which initial imperfections, that are residual stress and
initial deflection, were not taken into account.

Fig.21 shows the relationships between the load and out-of-plane deflection. The abscissa is taken as
the non-dimensional maximum deflection among the whole nodal points, which includes initial deflection
wi. The ordinate is taken as the applied moment non-dimensionalized by the yielding moment.
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Compression side Tension side
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Fig.20 Initial deflection shape (Buckling mode)

Fig.21. (a) is an analytical result, by the use of bi-harmonic wave mode as an initial deflection. The
decrease of ultimate strength is hardly seen among the cases with h/300, /250, and h/200. A bit of the
strength decrease can be seen when initial deflection grows more than h/200. But the decrease of ultimate
strength is only about 0.35%, and about 0.95% compared with the case of h/250 even in the case of h/150
and the case of h/100,respectively. ‘

The analytical result for the case of buckling mode to be an initial deflection is shown in Fig21. (b).
As for the ultimate strength itself, the tendency to decrease with the increase of initial deflection is similar
to the case of Fig.21. (a). The decrease of ultimate strength in the case of h/150 and the case of h/100 is
only about 0.79%, and 1.84%, compared with the case of h/250, respectively.
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- Fig.21 Load-Deflection relationships when subjected to pure bending

CONCLUSIONS

In this research, clarification of the degree of the strength reduction is aimed when the limitation on the
initial deflection of web panels are loosened from the one specified in the Japanese Specification for
Highway Bridges. Examined loading conditions are pure bending and shear. The investigation is made
through the use of FEM with the magnitudes of initial deflection and the residual stress to be parameters.
And as for bending, examined is the effect of shape of the initial deflection such as buckling mode and
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bi-harmonic wave mode on ultimate strength of the I-section member. The conclusion obtained from this
research can be summarized, as follows:

Shear Loading Case
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Fig22 Effects of the initial imperfections on ultimate strength in case subjected to shear

The decrease rate of the strength in the cases of h/S0 as maximum initial deflection is about 12%,
compared with that of the case of /250 as maximum initial deflection.

* The decrease of the strength is at most 5% for the practical relaxing case of h/150 as maximum initial

deflection, compared with that of present maximum allowable initial deflection case.
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Fig.23 Effects of the initial deflection on the ultimate strength in cases subjected to pure bending

In both cases, investigated in this research, the ultimate strength has more or less decreased, associated
with the increase of the initial deflection.

The decrease in the ultimate strength by the use of initial deflection to be the buckling mode is about 2%,
compared with the case of bi-harmonic wave mode as initial deflection. There is no difference in the



tendency for the decrease of ultimate strength.
* The decrease of the strength is at most 5 % for the practical relaxing case of h/150 as maximum initial
deflection, compared with that of the present maximum allowable initial deflection case.
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ABSTRACT
The Japanese Specification for Highway Bridges (JSHB) describes that maximum initial
deflection of a web panel in a steel plate girder should be less than one-two hundred fiftieth of
the height of the web panel. However, there is no specific background for this value. It is
based on neither analytical nor experimental evidences.

In such a context, the purpose of the present study is to investigate the influence of initial
imperfections of a web panel on the ultimate strength as well as on the load-deflection
behavior numerically. The ultimate strengths of plate girder panels were parametrically
calculated with initial deflections as the parameter.

1.INTRODUCTION

The JSHBY and in most codes worldwide describe that maximum amount of initial deflection
of a web panel should be less than one-two hundred fiftieth of the height of the web panel.
However, there is neither specific theoretical nor experimental background for this value,
namely, it is not based on an adequate researches. In the J SHB?, as for residual stresses it is
taken into account in only the allowable axial compressive stress simply by the factor of
safety. It is current tendency that the allowable stress design method is shifting to the limit
state design method. It is necessary to investigate the effects of those factors.

In such a context, the purpose of the present study is to investigate numerically the
effects of initial imperfections of a web panel on the ultimate strength as well as on the load
deflection behavior. The ultimate strengths of plate girder panels were calculated by the FEM
with the varied magnitude and shape of the initial deflections. Configuration of the plate
girder bridge considered in this study satisfies the JSHB. The span length is about 40 meters.
That is typical length for highway bridges. Loading conditions considered in this study are
applicable for most of the highway bridges in Japan. As the first step, focused structure in this
paper was a central part of a plate girder which was subjected to the pure bending. The effects
of initial deflection shape and amount on the ultimate strength were examined. Considered
shapes were half sinusoidal wave mode and buckling mode obtained by nonlinear analysis.
Half sinusoidal wave mode is the one generally used for modeling initial deflections. On the
other hand, buckling mode shape is critical as an initial deflection and it is the most



disadvantageous shape for ultimate strength®. Relationships between initial deflection and
ultimate strengths were investigated. The possibility of regulation was discussed for
appropriate value of initial imperfection.

2. OBJECTIVE STRUCTURE AND ANALYTICAL MODEL

A standard plate girder bridge shown in Fig.1 was taken into account. This is a three-span
continuous bridge with 90 meter total length, and has 36 meter central-span. The design was
based on the JSHB. The vertical-stiffener was arranged at intervals of 1.5 meters. The height
and the thickness of the web panel were 2 meters, and 10 millimeters, respectively. This
configuration is typical for plate girders of this bridge length. The portions of the structure to
be analyzed were selected from this structure.

Fig.1. Objective structure-Typical three span continuous bridge with moderate span length

The objective structural portion was the central part of the girder as shown in Fig.2,
which was predominantly subjected to bending moment caused by its dead load. The
analytical models were constructed in the following: one panel of a main girder with flanges
and horizontal-stiffener was taken out. The width and the thickness of the flanges were 550
millimeters, and 28 millimeters, respectively. The location of the horizontal-stiffener was
20% of the web height from the flange plate under compression.

Longitudinal direction, vertical direction, and out-of-plane direction are taken as X-axis,
Y-axis, and Z-axis, respectively. The nonlinear analyses were performed by DIANA, a
general-purpose structural analysis FEM code. The web panel, flanges and the
horizontal-stiffener were modeled by using shell element. Each element was composed of
four nodes, and the size of an element was about four centimeters. Web panel was divided
into 1536 elements (32 elements in longitudinal-direction, 48 in vertical-direction), flange
was into 320 elements, and horizontal-stiffener into 160 elements.

dead load
R ARG R R

_—

P A,

- /(\ § from mid-span portion
Lo

Fig.2. Extraction of analytical model

The material was assumed to be JIS SM490Y steel of which stress-strain relation was
modeled by bi-linear model as shown in Fig.3. Tensile yielding stress is 3600kgf/cm®. The



tangent modulus E, after yielding was set to 1% of the Young’s modulus E. The kinematical
hardening rule with the von-Mises yielding function and the associated flow rule were
employed. Displacement control was applied for the loading.

A 0',=3600kgf/cm’
* kinematical hardening rule
= * von-Mises yielding function
» associated flow rule

equivalent stress

E E:Young’s modulus

.
-

equivalent strain

Fig.3. Bi-linear model of the steel

3.INITIAL DEFLECTION OF THE I-SECTION PANEL
Two types of initial deflection shape were considered. One was half sinusoidal wave and the
other was buckling mode.

Initial out-of-plane deflection wq of a web panel was given by half sinusoidal wave as
shown in Eq.(1). The maximum value at the center part of the web panel could be seen.

ey = B Ty

Where h is the height of the web panel and a is the width of the web panel. A is 2000
millimeters and a is 1500 millimeters. A determines the relative magnitude of the initial
deflection. Allowable limit for this value is 250 in the JSHB regulation. The magnitude of
initial deflection of web panels was chosen in the range from h/300 up to h/50.

Fig.4 shows the shape of initial deflection of buckling mode. It was deformation shape at
the ultimate strength obtained by calculation. Initial imperfections of residual stress and initial
deflection were not taken into account.

Compression side

Compression side Tension side

Tension side

Fig.4 Initial deflection shape (Buckling mode)

4.ANALYTICAL RESULT SUBJECTED TO PURE BENDING

Numerical analyses for the mid panels with the horizontal-stiffener subjected to pure bending
were carried out. In this study, the focus was on the effects of initial deflection shape on the
ultimate strength. Two initial deflection shapes were considered. The one was half sinusoidal
wave mode, and the other was buckling mode.

Fig.5 shows the finite element mesh, and the geometrical boundary conditions are shown
in Fig.6. The horizontal-stiffener was designed to have 120 millimeter width and 9 millimeter
thickness. The panel was simply supported on the both edges. It was assumed that
vertical-stiffeners at both edges possessed sufficient out-of plane bending rigidity, and the



panel would not be deflected in out-of-plane direction. The displacements in X, Y-directions
were fixed at the center of the panel. At four corners, the rotation of the panel around X-axis
was fixed, considering the vertical-stiffener and the torsional rigidity of the flanges. The
loading to apply bending moment was controlled by constraint of displacements as shown in
Fig.6.

The residual stress was not considered in order to clarify the influence of initial
deflection shape on the ultimate strength. The analysis in which residual stress was considered
was reported in reference [4].

X,Y:fixed

ot ]

H-Staff 120% 9 ¢

X,Z : fixed
600mm ___.I
h=2000mm ‘J

-

o Lot ekl

——— |
750mm 1750mm b=550mm
| x o=1500mm t=28mm

Fig.6 Boundary condition of the model
subjected to pure bending

Fig.7 shows the relationships between. the load and out-of-plane deflection. The
horizontal axis is the non-dimensional maximum deflection among all the nodal points of web
panel which includes initial deflection wy. The vertical axis is represented by (wot+w)/t,.
Where wy is initial deflection, ¢, is thickness of web plate, and w is out-of-plane displacement
obtained by the analysis.

Fig.7. (a) is an analytical result by the use of half sinusoidal wave mode as an initial
deflection. The decrease of ultimate strength could not be seen among the cases of 4/300,
h/250, and A/200. A bit of the strength decrease could be seen when initial deflection became
more than #/200. The decrease of ultimate strength was only about 0.35% and about 0.95%
compared with the case of #/250 even in the case of #/150 and the case of #/100, respectively.

The analytical result for the case of buckling mode of an initial deflection is shown in
Fig.7. (b). As for the ultimate strength itself, the tendency to decrease with the increase of
initial deflection was similar to the case of Fig.7. (a). The decrease of ultimate strength in the
case of A/150 and the case of A/100 was only about 0.79%, and 1.84%, compared with the
case of h/250, respectively.

Fig.5 Finite element mesh with h-stiffener

My: yielding moment My: yielding moment

Lol 12 > 12

- 1 Ry i 7777‘5 o . E I ,‘ B e
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(a) half sinusoidal wave mode for the initial deflection (b) buckling mode for the initial deflection

Fig.7 Load-Deflection relationships when subjected to pure bending
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Fig.8 Deformed configuration at I-I section

Fig.8 shows the configurations of out-of-plane deformations at I-I section. Fig.8.(a)
shows the case that the half sinusoidal wave mode for the initial deflection and maximum
initial deflection is #/200. In this case, owing to the existence of the initial deflection, the
out-of-plane deflection changed the mode with the increase of bending moment.

Fig.8.(b) shows the case in which the buckling mode for the initial deflection and also
when maximum initial deflection was 4/250. In this case, the out-of-plane deflection at the
center part of plate became larger with the increase of bending moment and the shape of
deformation at the ultimate strength was similar to shape of the initial deflection.

buckling mode

Fig.9 Deformed configurations and stress contour map at maximum ultimate strength
(Maximum initial deflection: 4/250)

Fig.9 shows contour maps of von-Mises equivalent stress at the ultimate strength. The

distributions of the plasticity region were similar for both cases of half sinusoidal wave mode
and buckling mode.

CONCLUSIONS

In this research, effect of larger initial deflection than the value specified in the JSHB on
ultimate buckling strength reduction was investigated. Examined loading condition was pure
bending. Numerical analyses by FEM were carried out considering two parameters. One was
magnitude of initial deflection and the other was shape of the initial deflection such as
buckling mode and half sinusoidal wave mode. The conclusion obtained from this research



could be summarized together with Fig.10, as follows:

Cal

§ 1.16

E 114 -

E

1S

E J 112 e e

= initial deflection

2 11| @ :halfsinusoidal wave mode- - -\ -
g W : buckling mode

E 1ot i}
= . . .

g My: yielding moment

= 106

h/300 h/250 h/200 h/150 h/100 h/50
maximum initial deflection

Fig.10 Effects of the initial deflection on the ultimate strength

* In both cases of initial deflection shapes investigated in this research, the ultimate strength
decreased, associated with the increase of the initial deflection.

* Compared with the case of half sinusoidal wave mode as initial deflection, the decrease in
the ultimate strength of buckling mode as the initial deflection was about 2%. There was no
difference in the tendency for the decrease of ultimate strength.

* The decrease of the strength was at most 0.5 % for the practical relaxing case of h/150 as
maximum initial deflection, compared with that of the present maximum allowable initial
deflection case.
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