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NONLINEAR BEHAVIOUR OF SOLID RIB TWO-HINGED ARCHES STIFFENED
BY SIDE TIES
Yukio MAEDA* and Masa HAYASHI*

1. Introduction

A new structural type of bridge named '"a solid rib two-hinged arch stiffened
by side ties" was firstly applied to Ohmishima Bridge in the Inland Sea Cross
Bridge Projects. This new type arch is more economical and scientific from the
point of structural behaviour than an ordinary solid rib fixed or two-hinged
arch. There is a possibility that the arch ribs of this type may show a geo-
metrical nonlinearity because it may become more slender.

In this paper, various nonlinear behaviours of this new type arch are
examined by numerical analysis with a matrix method based on the finite dis-
placement theory, and Ohmishima Bridge is used as a numerical model at the
analysis.

2. Structural Configuration

The main structure of the new type arch is a solid rib two-hinged arch of
half-through type, and it is stiffened by two side ties fixed to abutments at
both side spans, respectively. The structural characteristics of this new type
arch are that a bending moment of an arch rib is less than a fixed or two-
hinged arch, namely the bending moment does not occur at its springing and the
maximum moment as a two-hinged arch is reduced by the stiffening ties. In
addition, the main arch is supported in plane elastically by two triangular
frames composed of a rib, a tie and an abutment. Therefore, the arch is
regarded as an arch with a span length between two points at which the side
ties are connected to the arch rib.

The span length of Ohmishima Bridge is 297 meters and its rise ratio is 1/6,
and the slenderness ratio of its arch rib is about 224.

In order to examine the stiffening effect of ties, numerical calculations
are performed for a two-hinged arch stiffened by only one side tie, too.

3. Geometrical Nonlinearity

The geometrical nonlinearity which appears in the bending moment and stress
due to live loads of the rib is less than one half in comparison with that in
two-hinged arches, and is less than one third for seismic loads acting in the
horizontal direction.

Concerning its spatial behaviour, the nonlinear values of bending moment of
the rib due to wind loads or seismic loads acting in the direction of out-of-
plane are from ten to fifteen percents larger than the linear values.

4. Ultimate Strength

The ultimate strength of the arch is calculated by an elasto-plastic analy-
sis taking its geometrical nonlinearity into consideration.

The in-plane strength of an arch stiffened by two ties for dead and live
loads is about fifty percents larger than that of an arch stiffened by one tie,
and the strength of the former for dead and seismic loads is about twice as
large as that of the latter. The safety load factor of the former for these
loads is from two to four.

The out-of-plane ultimate strength of Ohmishima Bridge is about three times
as large as the strength for the wind load used in its design.

5. Conclusion

The bending moment of a rib in this new type arch is a very little in com-
parison with a fixed or two-hinged arch, and two stiffening ties are effective
for the reduction of geometrical nonlinearity and for the increase of ultimate
strength.

* Department of Civil Engineering, Osaka University



