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Suggestions on Long Span Suspension Bridge Structures

YOSHIAKI NAKAYAMA

General

When steel structures are used for the main towers of long span suspension
bridges, the following construction types are used for the sectional shapes of
main shafts. One, is the steel plate cell structure with a closed section (there
may be one or several cells) and the other, the column-truss type structure con-
sisting of numerous columns, as in the case of the George Washington Bridge.

Nowadays, however, the steel plate cell structure is usually used on account
of its compactness, simple architectural beauty and its advantages regarding the
structure of shafts.

If suspension bridges become more larger in the future, the following pro-
blems with the construction of the main tower of cell structure will arise.

(1) If unit blocks are made larger, then taking into account the construc-
tion period, the unit weight will increase and at the same time, larger facili-
ties for manufacturing, transportation and erection will be required. This is
particularly true of construction type cranes (e.g. creeper cranes, etc.), which
prove to be rather troublesome if enlarged.

(2) The functions of damping equipment, which is to prevent the wind oscil-
lation caused by the Karman vortex during construction, cannot be ensured due to
the increase in the height of the main tower and that in the length of span.

(3) Since a large sectional area is required, many cells become necessary,
and the construction period has to be extended, causing complications in con-
struction.

In order to cope with these problems, we would like to suggest the follow-
ing proposal. 1Instead of using a cell structure with a closed section, as many
columns as possible should be arranged around the main shaft. By binding columns
together only with tie beams with an I cross-section and forming a rigid frame
structure, a main shaft may be built. This method is very similar to that with
tall tubular steel buildings with a very high slenderness ratio.

Wide flange section for heavy columns with as rolled members (e.g. 608 x
477 x 90/125, A = 1,519 cm?) is used as column. Tie beams have an I shaped
built-up section made of steel plate. The rigidity ratio of a column to a beam
may be chosen freely by adjusting the depth, space and plate thickness of this
tie beam. Thus by selecting the appropriate rigidity ratio of a column to a
beam, it will not be necessary to select a slender main shaft as sufficient
flexibility can be obtained without doing so. Thus some space can be secured
inside the tower, and work can be carried out easy.

Since columns are arranged around the main shaft mainly in the sectinocal
area, sectional efficiency is good and affects the flexibility mentioned above.

In constructing a main tower, many universal construction machines with
re-latively small capacities (e.g. four 30t cranes for each main shaft) can be
used to reduce the construction period.

Since the main shafts are wind-ventilated structures, the wind oscillation
caused by the Karman vortex can be prevented and damping are not necessary. If
the space between horizontally placed columns is such, that effects of aerodyna-
mic intereference can be reduced to a minimum, the static wind pressure does
not have to be increased.

The numerically controlled machines used for the construction of high-rise
steel buildings can be used for this construction. Just before or soon after
the completion of a suspension bridge, aluminium or stainless steel curtain walls
are placed so as to cover columns and beams. These are beneficial from the view-
points of the appearance and maintenance. Much internal space can also be pro-
vided, depending on the tower.

Nippon Kokan, K.K. Steel Structure and Construction Dept.
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