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Table 3. Opt. Lj/SL(BL) for the Bridge Types and Number of Segments
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L i
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3 ] !

L,=20m L Mopt SM50 SM50 SM50 SM50

Fig. 12 Example of 2 Span Continuous Topt (x10%cm*) 48.9 86.1 57.3 94.7

Girder ( BW =28m )
SHopt (kg/m) 168.4 215.8 179.1 226.8

Table 7 Optimum M , H and Sectional Dimensions at Each Segment
{(unit = mm

) X1
Seg. No. | M | H X7 X2 X X5 Xg X7 X X2
g 1 ‘2 M %5 76 78 s Xs s Xig--- Width and Thickness
1 SM50 | Hy 140 8 8 140 8 83 8 X 8 of Vertjca] Stiffener
2 M50 | Hy ] 281 13 8 330 11 83 8 X, respectively
3 SM50 | Hy | 190 9 8 215 8 83 8 X3 = 1700 mm
1 lx“ X, = 107 m , X;p= 8 mm

4 SM50 | H1 | 308 14 8 343 12 83 8 X,

X
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DESIGN SYSTEM OF HIGHWAY PLATE GIRDERS
USING OPTIMUM DESIGN DIAGRAMS

SADAJI OHKUBO*  TOSHIE OKUMURA** NOBUKI YAMAGATA***

This paper presents a simplified optimum design system for minimum cost design
of constant-depth highway plate girders on the basis of data manipulation of the
optimum design diagrams developed by the graphical optimum design method.

The optimum golutions of the girders for various design parameters are summa-
rized on moment of inertia, applied bending moment and web height, then, the op-
timized design tables and relationships are introduced for optimum steel types(M),
moment of inertias(I), segment lengths(L), girder weights(SW), sectional dimeasions
(SDIM), minimum costs, maximum resisting bending moments, optimum web heights and
optimum span ratios. The effects to the optimum design diagrams due to the changes
of unit price ratios are also investigated. From the results the following funda-
mental characteristics of the diagrams have been clarified.

1) Optimum M, I, SW for each girder segment may be determined directly from the
BM-Opt.M, I, SW relationships without regard to the type of a girder. According
as bending moments increase, higher strength steels are selected as optimum steel
types. The arrangement of optimum steel types and moment of inertias of the girder
segments therefore differ with values of the maximum bending moment diagram. How-
ever, the optimum segment length ratios do not change so much with span lengths
and web heights, and they may be represented by a particular set of the ratios for
a specific segment number and girder type with quite few exceptioms.

2) The minimum cost of the plate girder with specific span length, bridge width
and number of segments is varied concavely with web height on the whole. The op-
timum web heights which give the global minimum costs at the span lengths change
stepwise and keep constant values for fairly wide ranges of span lengths.

3) The most economical span ratio(Wopt) for the 3 span continuous girder super-
structures with nonuniform cross sections may be decided as almost 1.20~1.25.
However, it should be emphasized also that the relative differences of girder costs
in the range of span ratio from 1.10 to 1.35 are considerably small as less than
0.7%. On the contrary, for the girder with uniform cross section Ygnt reduces
with bridge lengths from 1.10~0.95 for bridge length 60~120m and the relative
differences of the costs are changed so much as the order of several percents.

4) Optimum steel type, moment of inertia and length to be used for each girder
segment are extremely insensitive to a wide variety of the unit price ratios of
workmen(CP) to steel plates(BP), CP/BP=0.023~0.136, except the case CP/BP=0.0
which is an uncosiderable case in the practical design problems. The optimum
design diagrams presented in this paper therefore may be applicable for a wide
range of economic fluctuations with sufficient accuracy.

By using the optimum design diagrams as optimized data banks, the minimum cost
design of highway plate girders with various design parameters may be carried out
by the simple design procedures. The main computation required for the design is
girder analysis only and most part of the design decisions can be made straightly
from the diagrams. If the girder designed by the diagrams does not satisfy the
displacement constraints, design variables M, I and L of the girder may be modi-
fied by the graphical optimization procedure.

The design systems proposed in this paper may be utilized as one of the element
design programs for specific structures in a general purpose system optimization
program for highway bridges.

* Department of Civil Engineering, Ehime University
*% Department of Foundation Engineering, Saitama University
*%*% Graduate Student, Department of Civil Engineering, Ehime University



