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A DESIGN METHOD FOR ORTHOGONALLY STIFFENED
PLATES WITH OR WITHOUT STRINGERS SUBJECTED
TO UNIAXIAL COMPRESSION

By Hiroshi NAKAI*, Yoneyoshi TAIDO**
Toshiyuki KITADA*** and Hidenao HAYASHI****

A design method based on the column approach is proposed for evaluating the ultimate
strength of orthogonally stiffened wide plates with some heavy longitudinal stiffeners
(stringers) in steel box girder bridges including the main box girders of cable stayed
bridges. The method is verified by the elasto-plastic and large deflexion analysis (F.E.
M.). It is shown that the dimensions of transverse stiffeners in orthogonally stiffened wide
plates with small aspect ratio can be greatly reduced without significant variation of the
ultimate strength either by increasing the size of the longitudinal stiffeners or by replacing
some longitudinal stiffeners with stringers so proportioned that the elastic buckling
strength remains constant. The required stiffness of the flange plate of the stringer to
avoid lateral-torsional buckling is also investigated by the F.E M.

1. INTRODUCTION

The following points should be taken into consideration when designing slender compression flanges

having many longitudinal stiffeners.

1) The effect of a non-uniform stress distribution due to shear lag upon the ultimate strength of wide
compression flanges may not be negligible, because the non-uniformity of stress distribution is much
larger than that of ordinary box girders.

2) The ultimate stress of a longitudinally stiffened panel between transverse stiffeners is close to that
of an effective stiffener? consisting of a longitudinal stiffener and associated effective plating,
because the buckling mode of the multi-stiffened panel with small aspect ratio is flat in the transverse
direction except for the small part of the plate panel near the junction edges of flange and web plates.
Therefore, the ultimate strength can be somewhat different from the basic strength specified in
JSHB?, which is based on the experimental results of specimens with few longitudinal stiffeners.

3) Transverse stiffeners of a multi-stiffened plate of small aspect ratio designed according to JSHB
may lead to impractically large dimensions. This is because J SHB assumes the transverse stiffeners
to be at nodal lines of the elastic buckling mode and thus they are required to have a large stiffness,

4) Transverse bending of the box girder cannot be neglected. It is necessary to design the compression
flange as a stiffened plate under biaxially applied in-plane stresses.

5) Considerable shearing stress due to bending, torsion and distortion of the main girder occurs in the
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flange plate because of the slender cross-section of main girder. The shearing stress may decrease the
ultimate strength of compression flange.
According to the researches by Dowling”, Lamas® and Jetteur-Maquoi-Massonnet?, the effect of the

elastic shear lag phenomenon on the ultimate strength can be generally neglected except for very wide box
girders with a span length shorter than about 4 times of their width. However, ductility may be necessary

both in the outer longitudinal stiffeners near the webs and in the outer plate panels, A survey of dimensions
of flange plates in box girder bridges, constructed in Japan, showed that this effect can be neglected in
bridge structures,

The first indication of the problem concerning 3) was reported by Mikami-Dogaki-Yonezawa? 1, who
suggested a design method based on the elastic and elasto-plastic buckling theories such that overall
buckling occurs across the transverse stiffeners. Yoshida-Maegawa!" also presented some figures for the
design of orthogonally stiffened plates based on the elasto-plastic buckling theory. The ultimate strength
of orthogonally stiffened plates was investigated by Komatsu-Kitada-Nara™ by F.E. M. Some ex-
perimental results™ ¥ are also available, but it is difficult to use them for developing a design method
because of diffenrences between the boundary conditions of specimens and actual flanges of bridges,

The size of transverse stiffeners can also be reduced by replacing some longitudinal stiffeners with
stringers”. An experimental study of such orthogonally stiffened plates with stringers under uniaxial
compression was carried out by Smith', but information useful to this study cannot be obtained, because
the specimens were designed against overall buckling.

A lot of researches on the column approach using the effective stiffener for calculating the ultimate
strength of longitudinally stiffened plates have been executed, since the collapse of four box girder bridges
around 1970. Among them, the methods of Chatterjee-Dowling!® and Little! are adopted respectively in
BS 5400 Part3” and the design recommendation proposed for AASHTOY.

In this paper, a design method taking account of point 1) through3) mentioned in this section, is
proposed for orthogonally stiffened plates with or without stringers. It concerns the design of longitudinal
stiffeners, transverse stiffeners and stringers, and also the proposition of both a modified column
approach to predict the ultimate strength and a criterion for checking buckling instability. The column
approach for longitudinally stiffened plates in Ref. 1) is modified in order to cope with the orthogonally
stiffened plates with or without stringers,

Points 4) and5) are still under research and are not discussed further here,

2. A DESIGN METHOD OF ORTHOGONALLY STIFFENED PLATES WITH STRIN-
GERS

(1) Method for Stiffening Plates under Compression

Three kinds of stiffening method in Fig. 1 can be considered in a plate panel with all the edges simply
supported at the locations of web plates and diaphragms, where Fig. 1 (a) shows a longitudinally stiffened
plate, Fig.1 (b) an orthogonally stiffened plate whose transverse stiffeners are situated to reduce the size
of longitudinal stiffeners and Fig. 1 (c) an orthogonally stiffened plate with a stringer arranged to decrease
the dimensions of transverse stiffeners,

(2) Modified Column Approach

Although local buckling of the plate panels is considered, longitudinal stiffeners, transverse stiffeners
and stringers are not subject to local buckling.

In the modified column approach, a pseudo-stiffened plate is used as illustrated in Fig, 2, which has
features as follows :

1) No transverse stiffeners or transverse stringers exist in the pseudo-stiffened plate,

2)  The cross-section of pseudo-stiffened plate is the same as that of an orthogonally stiffened plate

under consideration,
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Fig.2 Modified Column Approach.

(b Orthogonally stiffened plate 3) The length of pseudo-stiffened plate, L.,

is decided so as to equalize the elastic buckling
e stress of pseudo-stiffened plate, o%,, to that
of the orthogonally stiffened plate, o, The
elastic buckling stress, ¢.,, is discussed later
in the paper. The column approach” can be
Location of web plate applied to the pseudo-stiffened plate with the
(¢) Orthogonally sfiffened plafe with o stringer slight simplification by neglecting any special
Fig.1 Various Stiffened Plates, treatment for the plate panels beside the
unloaded edges. This is justifiable because of
the assumption that the effect of restraining deflexion along the unloaded edges upon the ultimate strength
is negligible in case of the orthogonally stiffened plate with small aspect ratio.
Therefore, the ultimate stress of stiffened plate, &g, is given by .
_ — At besr t
L e S R (1)

in which G, is the ultimate stress of effective stiffener as follows? ;
Gesm/ v=1.0, (X;,<0.2)

=@ Nt B Xosr— Y Aerr+ 8, (0.2<A0,<1.2)

where A, is the slenderness parameter of effective stiffener given by

L SO Lot e
/\eff_ - E Ters o ( 3 )

and Les, . effective length of pseudo-stiffened plate, which can be calculated by o., in Eq. (10),

A, . cross-sectional area of longitudinal stiffener,
oy . yield stress,
E : young's modulus,
Tesr - vadius of gyration of effective stiffener.
The parameter o, B, ¥ and § in Eq. (2), for some steel grades specified in JSHB are shown in Table 1
together with the nominal yield siress, ¢%. According to Ref. 1), the effective width, b,,, inEq. (1) is

given by
be T .
bff=%30'702‘Ri7-1'640. R§+0.654'Rp+0.926 .......................................................... (4)
1 Y
where
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Table 1 Coefficients o and §. Bottom flange plate
B Effective shffener [~ WeP plate
73]
Steel grade | ¢35 (MPa) | fre/ev | o | B | T | B L1y L,
Side plate parel
sS4l 235 0.30 |0223(0550|0914| 1136 5 Average stress o
e
SM50 314 0.25 1029406380886/ 1.135
SM53 353 0.22 10299/0.618/0852; 1.135 Stress distribution
due to shear lag
SM58 451 0.20 |0425/0.820/0903| 1.142 . o .
Fig.3 Stress Distribution in Compression Flange.

Ro=0.5264/Goon/ E +(By/ B) -eeveesesemrees it (5)

Iterative calculation is necessary in predicting the ultimate stress, because the calculation of Eq. (1)
needs b, of Eq. (4). Good convergence can be obtained by two iterations starting from substituting o,
into Eq. (5) instead of Togn.

The effective width, b.,, obtained from Ref. 26) may be used for biaxial loads, if the transverse load is
not predominant.

(3) Criteria for Buckling Instability

As mentioned in the INTRODUCTION, the effect of shear lag phenomenon upon the ultimate strength is
considered to be negligible in compression flanges used in bridge girders. Therefore, a criterion given by
the following equation can be used to check the buckling instability of orthogonally stiffened plates with or

without stringers :

L o e, (6)

o=

0 Iy
where 7 is the average applied stress as illustrated in Fig. 3 and p is a load factor which varies with the
combinations of applied loads specified in JSHB, » being the safety factor expected in JSHB (=1.7).

The following criterion should also be checked in the side plate panels between web plates and outer

longitudinal stiffeners in case of compression flanges with significant shear lag phenomenon, because it
seems that ductility is necessary in the side plate panels :

L e e (7)

where ¢, is the maximum applied stress in a flange plate and 7, is the ultimate stress of a simply supported
plate under compression given by substituting the following plate slenderness, R, into Eq. (4 ) instead of
R».

RR=0-526'M'(1)1/2§) .......................................................................................... (8)

(4) Elastic Buckling Stress of Orthogonally Stiffened Plates with Stringers

The elastic buckling stress, ¢, is required not only to find L., but also to design the stiffeners and
stringers.

It can be assumed that a buckling mode of the stiffened plate, illustrated in Fig. 1 (c), is represented by

w:ansmﬁn.’;_”x.sm—a_”y ...................................................................................... (9)

Subsequently, ¢, is deduced by applying the Ritz’s method to an orthogonally anisotropic plate with

discrete stringers on which longitudinal and transverse stiffeners are smeared. Thus, ., can be
approximated by :
- 7 _fp(m eV, (my EL (o EL im\ El
oo D (T Y () B (B (B 10
where
F¥om - Ao/ Do+ A/ Dy Ag/ Bgrrevemrmmeeesmememeee et e et (11)

a=a/b . aspect ratio,
t . thickness of plate panel.
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A, . cross-sectional area of stringer,

L, I, I, . geometrical moment of inertia of longitudinal stiffener, stringer and transverse stiffener with

respect to surface to which stiffeners are welded.

The value of ¢, should be minimized with respect to the number of half waves, m, which may vary from 1
to the number of transverse stiffeners, 7, Simple and practical formulae for calculating ., of
orthogonally stiffened plates without stringers are detailed in Ref. ).

(5) Dimensioning Stiffeners and Stringers

A reasonable design method of dimensioning stiffeners and stringers can be proposed, if the ordinary
design method adopted in Japan is taken into account as follows :

1) First, the longitudinal stiffeners are so designed that their relative stiffness to plate, 7, coincides

with the minimum required stiffness specified in JSHB, 7, e

2) Then, the transverse stiffeners are designed according to JSHB so that their geometrical moment of
inertia, [, is equal to the minimum required stiffness in JSHB, I, ..

3) Finally, if the transverse stiffeners obtained in the above design are too heavey, their size should
be reduced either by increasing the stiffness of longitudinal stiffeners or by situating stringers such
that the elastic buckling strength remains constant.

In the case of an orthogonally stiffened plate where the longitudinal stiffeners have 7, greater than ¥, e,

the required geometrical moment of intertia of transverse stiffener, [¥ is approximated by :

n+1
I;k;m. g T (12)

which is derived by neglecting the first term in the right hand side of Eq. (10) and equalizing the elastic
buckling strength of the orthogonally stiffened panel and the longitudinally stiffened panel and where

,7:71/7”% a:=at/b .......................................................................................... (13)a‘b
and 7, is the number of longitudinal stiffeners. In a similar way to Eq. (12), the required geometrical
moment of inertia of a stringer, [¥ is approximately given by :

| t* 1 , @ netl
I§=[ E (n,+1)- puc — 77} '(nl+1)'Il,req_W' P L e (14)
where n, : number of longitudinal stiffeners between stringers,

ns . number of stringers,
In this equation, the same m as in Eq. (10) should be used.
(6) Design Examples
The relationship between [¥ and [, are shown in Fig. 4 for the stiffened plate of $=6.9m, @=7.25m,
b, =40 cm and n,=3.

It can be seen from Fig. 4 that the variation of I} due to increasing [, from the minimum required value in

4
”2% (m=3)"

201 %{__J m=| Transverse
I’ me2 shiffener Table 2 Dimensions of Transverse
! ~= Web plate = . .
< 16 L=t m=3 Stiffeners and Stringer.

g0 060868133

mode ) (mm)

{a) Longitudinal stiffener

without stringer Transverse 2%«,)1
t=16mm Stringer \Without stiffener Ta
(m=1) stringer 3
/ e
Tl ITETEY
5-28”’4 6.72m shffener| Stringer
b=12.0M With 24O<:,j 300
stringer g 5 ST =
(b) With stringer 3
4 H .
Iy (em®) Fig.5 Orthogonally Stiffened Plates.
Fig.4 Relationships between J¥ and J,. (a=9m, n,=2).
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JSHB, 1., is considerable in the case of m=2, but slight when m=1. Significant reduction in the size
of transverse stiffeners can be achieved by designing the orthogonally stiffened plate so that overall
buckling occurs.

The minimum required cross-sections of transverse stiffeners and stringer in orthogonally stiffened
plates with or without a stringer, illustrated in Fig. 5, are shown in Table 2. As the stringer is not located
at the center, it is designed by using the elastic buckling stress”*" derived for an orthogonally stiffened
plate with asymmetrical cross-section. Table2 shows that the size of transverse stiffeners can be
considerably reduced by using a stringer.

3.  VERIFICATION OF MODIFIED COLUMN APPROACH

(1) Longitudinally Stiffened Plates

The ultimate strength of a longitudinally stiffened plate under uniaxial compression, shown in Fig.6,
was analyzed by F. E. M. 2% in order to verify the column approach in Ref, 1), and to compare with the
methods in BS 5400 Part3?, AASHTOY JSHB? and DASt Ri(12%?.

For this study, only a part of the stiffened plate need be analyzed (see Fig.6), because all the
longitudinal stiffeners are assumed to have the same initial deflexions, and the effect of boundary condition
along the unloaded edges upon the ultimate strength of the stiffened plates of n,>4 is to be negligible as
reported in Ref. 24) . Triangular plate elements and column elements are adopted respectively for the plate
and longitudinal stiffeners of F.E. M. model.

The yield stress of the model is 2 400 kg/cm® (235 MPa) . According to Ref. 25), a residual stress field,
shown in Fig. 7, is adopted, where the average compressive stresses are taken as (. 3 gy in the plate panel
and (.2 oy in the stiffeners. The following initial deflection is used in this analysis.

_ @ omx, be o Bam o mY el
W=7 00" Sin at+150 sin = " -sin° (15)

{a) Plate panei {b) Longitudinal
stiffener
Fig.6 Analytical Model for Longitudinally Stiffened Fig.7 Residual Stress Distribution.
Plates.
1.0
1.0
.8 s
e [ —
: e
4 32) 22
4L <omom DAST Ri-OI P o2
-—snm= AASHTO 8) . %:2; TRC; %)2
- BS 5400 7) ® jsrpd ~ke BS 5400 7) JsHB 2
~w-@-= COLUMN APPROACH 1) o COLUNN APPROACH 1)
2L —e——F.EM I2) 2 F —e— FEMI2)
frc =- 0.3 8y Y1/Ytreq=1.0 fre=-03¢y Yt/ Yt,req=20
Ol o . 0
2TTTAT T TR0y ssan 20 A0 TR B0 (ssan
0304 06 08 10 T2 14 16 Rp G 02 04 06 0B 10 12 14 186 g,

Fig.8 Ultimate Strength Curves of Longitudinally Stiffened Fig.9 Ultimate Strength Curves of Longitudinally Stiffened
Plate (%/%ree=1.0). Plate (%/%rea=2.0).
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These numerical results are plotted in Figs. 8 and 9, where the results given by the column approach
agree well with those by the F. E. M. All the specifications except for JSHB also seem to predict good
results, if one considers that the magnitudes of relevant initial imperfections are different for each
country.

Since 7, is reduced as a function of (,/#)?, where £, is the thickness of plate corresponding to R,=
0.5, the slope of strength curves in these figures is not steep in the region of stocky plate (say Rz<0.5).

(2) Orthogonally Stiffened Plates

In order to examine the accuracy of the modified culumn approach, the ultimate strength of an
orthogonally stiffened plate, illustrated in Fig. 10, was analyzed by the F.E M. and the numerical
results are compared with the predicted strength by the modified column approach. Advantage is taken of
symmetry to analyse only the portion as shown in Fig. 10.

The parameters in the analysis are as follows

Rz=0.71 and 1.0

%/ Yirea=1,2.5,5,7.5 and 7=y
where ¥, is the minimum required relative stiffness of longitudinal stiffener in the plate without
transverse stiffeners. The pseudo-stiffened plate corresponding to each orthogonally stiffened plate is
also analyzed.

The yield stress of the plates is taken as g,==2 400 kg/cm? (235 MPa). The same residual stress
distribution as in the previous subsection is used. The initial deflexion is given as the superposition of two
or three of the following modes :

_a_ vsin ZY. (or Lo, e YY) e
]OOO -sin -+ sin =F b <or 1000 "SI Leff sin =~ ) (16)
o ay b e T e
1000 sin 2*-sin 52 b 150 sin =%-sin 57 b, (17, 18)
The numerical results are plotted in Fig. 11
i %3?%59@ together with the results by the modified column

approach. The column approach strength is a little

i

conservative, but its variation with %/% e is
similar to that given by the F. E. M. The

@ ol s !
& | . . .
| ..
é I i el | conservative result in the modified column

ay Lot Loy Log Jor Lot approach is due to the use of more severe initial
| a | a a = b:240cm

SS
e

deflexion, i. e. it is given by the first term in Eq.

mmi&m grompresson (15) rather than that given by Egs. (16) and (17)

Fig.10 Analytical Model for Orthogonally Stiffened Plates. used in the F.E. M.
1.0 10
Bom § =

[ %

e A e — — DT
0.5+ 05
F o —O— Wo(bs/150,a¢/1000) L
—8— Wo(b1/150,at/1000,a/1000)} Elasto plastic —O— Wo(bg/150, 04 /1000)
-<x~ Pseudo- shffened plate analysis ' —&-- Pseudo-stiffened plate } Elasto - plastic
-+ Modified column approach = Modified column approach: analysis
I *
| Ve Vt,req* i Yi=Ynreq
0 PR PR N SO ROUN S o el - o]
1.0 50 10.0 1.0 5.0 10.0

Yo/ Yg,req

Yt/ 7e,req
a) The case of Rp=0.71

b) The case of Rp=1.0
Fig.11 Variation of Ultimate Strength of Orthogonally Stiffened Plates with Stiffness of Longitudinal Stiffener.
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(3) Orthogonally Stiffened Plates with a Stringer

The applicability of the modified column approach to an orthogonally stiffened plate with a stringer is
verified by analyzing the elasto-plastic and finite displacement behaviour of two orthogonally stiffened
plates with or without a stringer in Fig. 12 by means of the F. E. M. 2 The orthogonally stiffened plate
without a stringer has the longitudinal and transverse stiffeners with the minimum required stiffness
specified in JSHB. In order to reduce the stiffness of transverse stiffeners to half that in the case without
stringer, a stringer is situated on another orthogonally stiffened plate to keep the elastic buckling stress
constant,

The material properties and the residual stress distribution are the same as the previous subsections,
except that only the global initial deflexion given by Eq. (16) is adopted in this .analysis.

The numerical results are shown in Fig, 13. It can be seen that the ultimate strength and the mean
compressive stress-centre deflexion curves are not significantly changed by situating the stringer to reduce
the size of transverse stiffeners.

The predicted strength by the modified column approach is also plotted in the figure. The conservative
result does not deny the applicability of the modified column approach, because it may be caused by the
difference in initial deflexions adopted in these methods.

Transverse  stiffener Longitudinal stiffener

a a ?sg*n,
S.S. (X3

N

0633

m@;m:FWm

==t

! [ Stringer Tespm/gy]
»J =5 wifhout 0749
T 8- wilh 0744

]
% @ ~—Modified column approach
I

Compression Compression @ =b = 288cm 0 — * -
e AT < t =1.2cm [Rp=0.71) Lomosr 10 (wmo+wm)/$0

Fig.12 Analytical Model for Orthogonally Stiffened Plates Fig.13 Mean Compressive Stress-
with/without Stringer. Centre Deflexion Curves.

0.51

I 1

b

Stringer

i
U
o f
il

4. DESIGN METHOD OF STRINGER AGAINST LATERAL TOSIONAL BUCKLING

A method for designing a stringer against lateral-torsional buckling is investigated. As shown in Fig. 14,
a continuous compression plate with one longitudinal edge simply supported and the other longitudinal edge
stiffened is used as an analytical model for the F. E. M. Although there may be interaction between the
stringer and the stiffened plate, it is not considered here because .

1) Analysis is easy.

2) The simple design method can be obtained.

3) The analytical model under uniaxial compression is conservative, because the compression stress at
the top of the stringer is smaller than at the bottom due to the existence of the global bending moment
of the main girder under consideration.

A required moment of inertia of top stiffener,

I*, is proposed by Bleich™ based on the elastic M bt wi=bw/ 100

buckling theory. The verification of [* is examined
by the F.E. M. ™®®
Use is made of triangular plate elements and

column elements in the F. E. M. model. The re- iital 038y w2 =bw/I50

at
. L . ) —— R G
sidual stress and initial deflextion, shown in (el Analytical mod) stress | deflection
Fig. 14, are adopted. A local initial deflexion Fig. 14 Analytical Model and Initial lmperfections for
having the highest sensitivity to the local buckling Stringer,
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strength of the web panel is neglected, because our attention is mainly directed to the ultimate strength

of a lateral-torsional buckling mode.

The numerical results are shown in Fig. 15 for the plates of A (owrt 25 aw 1)
web slenderness b,/1,=25 and 35 with the geometrical o - Tiig-if:déjgz_ﬂ
moment of inertia of top stiffener ;= (0.5~4.0) X I%. In the Gl —
figure, the ultimate strength of the web panels taken as 223/1332 R
simply supported plate are also plotted for comparison. It can O%1 5 are uitimate srength gaw-3
be seen that the ultimate strength of lateral-torsional & ’ S'T:y wpone;_opms - mv;:"””
buckling mode is greater than the local ultimate strength of e
the web panel in the stiffness range : Fig.15 Relationships between oypm/oy and I/IF.

If/I;‘lS_%Z-O ...................................................... (19)
5. CONCLUSION

(1) A modified column approach for calculating the ultimate strength of orthogonally stiffened plates
with or without stringers under uniaxial compression is proposed by a natural extension of the ordinary
column approach for longitudinally stiffened plates,

(2) The ultimate strength does not significantly change, when the size of transverse stiffeners is
reduced if either the stiffness of longitudinal stiffeners is increased or stringers are situated such that the
elastic buckling strength remains constant.

(3) The required moment of inertia of the top stiffener of the stringer should be taken as twice the
value proposed by Bleich.

6. ACKNOWLEDGEMENTS

This study was financially supported by the Ministry of Education of Japan and the Hanshin Expressway
Public Corporation. The authors are indebted to Mr. J. Noguchi of Sogo Engineering Inc., and Mr. A.
Nohara of Kobe Steel Ltd. (a formerly post-graduated Student of Osaka City University) for their helps
in the numerical calculations, Thanks are also due to Dr. A.F. Dier of Imperial College for his helpful
advices in finishing this paper.

REFERENCES

1) Komatsu, S. and Kitada, T, : Practical Method of Calculation for the Ultimate Strength of Stiffened Plates under Compression,
Proc. of JSCE, No.302, Oct., pp.1~13, 1980 (in Japanese).

2) Japan Road Association : Specifications for Highway Bridges in Japan (JSHB), February, 1980 (in Japanese).

3) Nakai, H. and Kitada, T. : A Design Method of Wide Stiffened Flange under Compression, Hanshin Expressway Public
Corporation and Disaster Science Institution, Oct., 1982 (in Japanese).

4) Dowling, P. J. : Codified Design Methods for Wide Steel Compression Flanges, The Design of Steel Bridges, edited by Rockey
and Evans, Paper No.16, pp.307~328, 1981.

5) . Lamas, A. R. G. : Influence of Shear Lag on Collapse of Wide Flange Girders, Thesis for Ph. D, Imperial College, London,
1977.

6) Jetter, P, Maquoi, R. and Massonnet, C. : Simulation of the Behaviour of Stiffened Box Girders with and without Shear Lag. |,
Thin-Walled Structures, No.1, pp.211~237, 1983.

7) British Standards Institution : BS 5400 Steel, Concrete and Composite Bridges, Part3, Code of Practice for Design of Steel
Bridges, 1982.

8) Federal Highway Administration : Proposed Design Specification for Steel Box Girder Bridges, Final Report, No. FHWA-TS-
80-205, January 1980.

9) Mikami, I, Dogaki, M. and Yonezawa, H. : Inelastic Buckling of Continuous Stiffened Plates under Compression, Proc. of
JSCE, No.298, pp.17~29, June 1980 (in Japanese).

10) Mikami, I, Dogaki, M. and Yonezawa, H. : Survey of Experimental Studies and Evaluation of Practical Methods for
Calculating the Strength in Stiffened Plates under Compression, Proc. of JSCE, No.334, pp. 181~184, June 1983 (in Japanese)

11) Yoshida, H. and Maegawa, K. : Analysis of Buckling Strength of Plates with Longitudinal and Transverse Stiffeners, Proc. of

309s



64

12)

13)

14)

15)

16)

17)

18)
19)

20)

21)

22)
23)

24)

25)

26)

H, Nakal, Y, Tampo, T, Kitapa and H, HavAsHI

JSCE, No.282, pp.15~29, 1979 (in Japanese).
Komatsu, S., Kitada, T. and Nara, S. : Elasto- Plastic Analysis of Orthogonally Stiffened Plates with Initial Imperfections
under Uniaxial Compression, Computer & Structure, Vol. 11, pp.429~437, 1980.
Komatsu, S., Ushio, M., Kitada, T. and Nara, S. : An Experimental Study on the Ultimate Strength of Orthogonally Stiffened
Plates under Uniaxial Compression, Proc. of JSCE, No.288, pp.13~28, August 1979 (in Japanese).
Maeda, Y. and Hikasa, T. : On Compression Strength of Stiffened Plate (No. 1), Proc. of Annual Conference of JSCE, 1-284,
Nov. 1977 (in Japanese).
Smith, C. S. ! Compression Strength of Welded Steel Ship Grillages, Trans. of Royal Institution of Naval Architects, Vol. 117,
pp. 325~359, 1975.
Chatterjee, S. and Dowling, P.J. : Design of Box Girder Compression Flanges, Steel Plated Structures, edited by Dowling,
Harding and Frieze, pp.196~228, 1977.
Little, G.H. : Stiffened Steel Compression Panels-Theoretical Failure Analysis, The Structural Engineer, No.2,
VOL. 54 pp. 489 ~500, Dec. 1976.
Bleich, F. : Buckling Strength of Metal Structure, McGRAW HILL, pp.360~380, 1952.
Miki, T., Nakai, H. and Kitada, T. : Ultimate Strength of Outstanding Plates with the Free Edge Stiffened under Compression,
Proc. of Annual Conference of JSCE, I-116, Oct. 1979 (in Japanese).
Komatsu, S. and Kitada, T. : A Study on Ultimate Strength of Compression Plate with Initial Imperfections, Proc. of JSCE,
No. 270, pp.1~14, 1978.
Nohara, A., Nakai, H., Kitada, T. and Taido, Y. : Design of Wide Stiffened Plates with Stringers, Proc. of Annual
Conference of JSCE, I1-120, Sep. 1983 (in Japanese).
Deutscher AusschuB fir Stahlbau : Beulsicherheitsnachweise fiir Platten, Richtlinie 012 (DASt Ri 012), 1978 (in German).
Komatsu, S. and Kitada, T. : Elasto-Plastic Finite Displacement Analysis of Longitudinally Stiffened Plates in Compression,
Proc. of JSCE, No.296, pp.1~12, April 1980 (in Japanese).
Komatsu, S. ! Statistical Study on the Initial Deformations and the Ultimate Strength of Steel Bridge Members, JSSC, Vol. 16,
No. 170, pp.10~43, April 1980 (in Japanese).
Komatsu, S., Ushio, M. and Kitada, T. : An Experimentai Study on Residual Stresses and Initial Deformations of Stiffened
Plates, Proc. of JSCE, Proc. of JSCE, No.265, pp.25~35, Sep. 1977 (in Japanese).
Dier, A. F. and Dowling, P. J. : The Strength of Plates Subjeéted to Biaxial Forces, Behaviour of Thin-Walled Structures,
ELSEVIER, edited by J. Rhodes and J. Spence, pp.329~353, 1984.

(Received April 23 1985)

310s



