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TAURANGA HARBOUR CROSSING
STELLA PASSAGE BRIDGE — SEISMIC DESIGN

M. J. Bloxam?® and P. J. North2

ABSTRACT

Th@s paper describes the seismic design of the Stella Passage
Bridge which was constructed in 1986 to 1988 as part of the
Tauranga Harbour Crossing, a road link between Tauranga and Mount

Maunganui.

The .bridge is a 12 span, 478m long incrementally launched
continuous prestressed concrete box girder with expansion joints
at both abutments. Seismic restraint is provided by means of
shear keys to ductile cantilever single stem pier columns
supported on large diameter bored pile cylinder foundations.

INTRODUCTION

The Tauranga Harbour Crossing was constructed
between March 1986 and March 1988 to provide
a direct road link between Tauranga and Mount
Maunganui. The harbour crossing consists of
a 478m bridge over the Stella Passage, a
causeway constructed on a tidal sand bank and
an 80m bridge over a secondary channel at the
Mount Maunganui end. Hydraulic studies showed
that the impact of the causeway on the bed
levels in the harbour would be minor for the
length of bridge provided. The general
arrangement of the crossing is shown in
figure 1.

The crossing was designed by Murray-North Ltd
for Fletcher Construction Co Ltd who were
awarded the design and build tender by the
Tauranga Harbour Bridge Committee.

This paper describes the philosophy behind
the selection of the structural form of the
Stella Passage Bridge and the way in which it
will resist seismic loads.

BRIDGE FORM AND CONSTRUCTION TECHNIQUES

The bridge form was decided during the tender
stage after preliminary design and costing of
various alternative types of structure by the
contractor and the designers. An incre-
mentally launched prestressed concrete box
girder was selected as the most cost
competitive form of construction for the
bridge which at that stage was to be straight
in plan but with a vertical curve.
Subsequently the crossing was realigned by
the client and a horizontal curve was

Murray-North Limited, Hamilton

Murray-North Limited, Auckland

introduced over the bridge 1length. By
compounding the horizontal and vertical
curves to give a circular curve on an
inclined plane it was still possible to
construct the bridge using the incremental
launching method.

The superstructure consists of a single cell
concrete box girder continuous over all
supports with expansion Jjoints at both
abutments. The span arrangement adopted was
34m, 10 spans of 41m, and 34m, giving a total
bridge 1length of 478m between abutment
bearing lines.

The incremental launching method has been
described elsewhere [ref. 6]. In this case
the segment lengths chosen were 13.67m (1/3
span) and the pushing abutment was at the
Tauranga end. Figure 2 shows the super-
structure partially launched.

The pier and Mount Maunganui abutment
foundations consist of large diameter bored
cylinders founded up to 32 metres below the
sea bed. The Tauranga abutment was founded on
raked driven tube piles designed to provide
the large horizontal reaction for launching
the superstructure. The pier cylinders were
capped by a beam at sea level with single
stem circular pier columns rising to support
the pier capping beam on which the box girder
bearings sat.

The bridge form is shown in figure 3.

SUBSOIL CONDITIONS

Several stages of subsoil investigations were
undertaken over many years as the project
moved through its various stages from
conception to construction. To facilitate
final design, a series of investigation bore
holes were sunk over the 1length of the
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FIGURE 1. TAURANGA HARBOUR CROSSING: GENERAL ARRANGEMENT .
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bridge. During construction the data base was
widened by CPT testing at each pier position
to assist in final selection of the founding
level.

All materials encountered in the offshore
bore holes were sands, silty sands, sandy
silts, shell or gravels. Raymond numbers and
CPT cone resistance provided in situ soil
strength data needed for foundation design.
Soil stiffness under both horizontal and
vertical loadings were interpreted on the
basis of published correlations for the types
of soils encountered.

DESIGN STANDARDS

The design standard for this bridge was the
M.W.D. "Highway Bridge Design Brief" CDP
701/D September 1978 and the N.Z. National
Society for Earthquake Engineering design
philosophy for seismic design of bridges [2].
These two documents have been combined in
effect in a draft update of CDP 701/D dated
January 1985. The revision affected Section
2.4 of CDP 701/D, Earthquake Resistant
Design, which is consistent with the NZNSEE
approach but expands on its application. The
January 1985 revision was used for the design
but modified by the use of the inelastic
design spectra published by Priestley and
Park [3] (see figure 4).

The design conformed with the usual NZ

standards and where appropriate the
conditions of BS5400 [4] were applied.

DESIGN PHILOSOPHY

To a large extent the design philosophy for
the bridge was tied to the choice of the
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construction method for the superstructure.
The incremental launching resulted in a
continuous box girder superstructure of
constant cross section without expansion
joints from one abutment to the other.
Although the concrete was up to eighteen
months old when the superstructure was in its
final position and connected to the
substructure, the remaining shortening due to
creep and shrinkage was calculated to be
256mm and design thermal shortening of the
deck was #112mm. The design philosophy
adopted had to accommodate these
superstructure shortenings whilst still
providing horizontal restraint to traffic,
wind and seismic loadings.

The bridge vertical geometry was a summit
curve with maximum pier height at midspan and
short piers near the abutments. The centre
piers would therefore be the longest offering
the greatest potential for ductility.
Shipping lanes were also central requiring
the central piers to be designed for ship
impact in addition to normal loadings.

Taking these factors into consideration it
was decided to provide longitudinal restraint
to the bridge superstructure at the three
central ‘'anchor' piers. Lateral restraint is
provided at each pier and the abutments.

LONGITUDINAL SEISMIC BEHAVIOUR

Once the superstructure was in its final
position it was connected to the three
central anchor piers by shear keys. These
shear keys consist of a heavy fabricated
steel box section concreted into the pier
column capping beam and protruding through
the box girder soffit slab (see figure 5).
The shear keys were installed in an oversized
boxout in the pier capping beam before the
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