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The Twin Cable-Stayed Composite Bridge at Baytown, Texas
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SUMMARY

This cable-stayed bridge with a main span of 381 m has two independent composite beams.
The twin diamond shaped concrete towers rise about 130 metres above ground. Each beam
comprises a steel grid from exterior main girders and cross-girders with a concrete roadway
slab on top which was designed for composite action under dead and live load. The stay
cables consist of strands within a poly-ethylene pipe and cement grout.

RESUME

Ce pont haubané, d'une portée centrale de 381 m, présente deux tabliers indépendants a
construction mixte. Chaque tablier est composé de poutres principales en treillis métallique
reliées par des entretoises métalliques et surmontées d'une dalle en béton servant de
chaussée; I'ensemble agissant comme construction mixte pour le poids propre et pour les
surcharges. Les pylénes jumelés sont formés d'un Y renversé et atteignent une hauteur de
130 m. Les haubans sont composés de torons parailéles entourés d’'une gaine en polyéthyléne
et protégés d’'un coulis de ciment.

ZUSAMMENFASSUNG

Diese Schragkabelbriicke mit einer Hauptspannweite von 381 m besitzt zwei Verbundtrager,
die aus einem Stahltragerrost und Quertragern bestehen. Die Betonfahrbahnplatte wurde fir
Verbundwirkung unter standigen Lasten und Verkehrslast bemessen. Die rhombusformigen
Doppelpylone erreichen 130 m Hohe. Die parallelen Litzen der Schragkabel werden durch
Polyaethylen-Rohren mit Zementinjektion geschitzt.
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1 INTRODUCTION

The bridge crosses the Houston Ship Channel 20 miles east of Houston between the
cities Baytown and LaPorte in the State of Texas, USA, where it replaces the
severely restrictive two-lane Baytown tunnel by an eight-lane high Tevel
crossing. It is the first cable-stayed bridge with two superstructures, and its
total deck area of about 32 800 m2 makes it one of the largest cable-stayed
bridges to date.

In accordance with current US requirements alternate steel and concrete designs
were prepared. In 1987 four bids ranging from 91.3 to 126.5 million dollars were
received for the total project including the approach bridges, with all bidders
selecting the steel-composite main bridge.

Construction started in 1987, and the bridge will be opened in 1991.

2 OVERALL SYSTEM

The cable-stayed bridge is continuous over its length of 675 m, see Fig. 1. The
beam is supported by stay cables in a semi-fan arrangement at about 15 m inter-
vals.

Fig. 1 General Layout

The support conditions render a completely symmetric structure. The beams are
connected to each tower with flexible neoprene bearings, 250 mm high, which
follow the temperature movements by shear deformation and distribute longitudi-
nal forces equally to both towers. The anchorpiers are connected to the beams by
rotational bearings. They are slender enough to follow the temperature movements
of the beam by deflection. The vertical beam rotations are taken by strip seals
above the anchor piers, the Tongitudinal movements are accommodated by expansion
Joints above the next piers. Transverse wind loads are taken by bumpers at the
towers, and at the anchor piers.

The bridge is located in a hurricane prone area near the Gulf of Mexico. The
basic design wind speed for a 100 year return period was determined as 50 m/sec
at 10 m height with a duration of 10 minutes. Wind tunnel tests were performed
on a section model (scale 1:96, [1]) and a full bridge model (scale 1:250, [2]).
The test results and an independent analytical investigation showed that the
bridge is aerodynamically stable for laminar wind with a speed in excess of
67 m/sec. For a turbulence intensity of 12% the peak-to-peak deflection at mid-
span comes to 1.65 m.

The structural design was done in accordance with the AASHTO Bridge Specifica-
tion, amended as required by other US and international codes.



A H.S. SVENSSON, T.G. LOVETT 319

3 COMPOSITE BEAM
3.1 Structural Details

The four tlanes with full shoulders require a roadway width of 22 m for each
direction of travel. Two, three and four cable planes for supporting the roadway
transversely were investigated. It was found that two independent beams - each
supported by two outer cable planes, see Fig. 6, - are most economic. The cross-
section of an individual beam is shown in Fig. 2. It consists of a steel grid
composite with a concrete roadway slab.

The outside main girders have one continuous longitudinal stiffener, see Fig. 3.
The vertical stiffeners at 5.2 m intervals are welded to the main girders,
except for the regions of high moments near the center and the ends of the
bridge where they are bolted to the bottom flanges due to fatigue. A1l floor
beams are field bolted to the vertical stiffeners, see Figs. 2 and 3.
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Fig.2 Individual Beam Cross-Section
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Fig.3 Edge Girder Detail
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Fig.4 Stay Cable Anchorage at Beam

3.2 Design

The overall beam forces under permanent loads were chosen similar to those for a
beam rigidly supported at the cable anchorpoints, except for the midspan and end
regions where a positive camber is introduced to provide additional compression
in the roadway slab. Composite action for dead load was to be achieved by
casting the roadway slab onto a continuously supported steel grid on ground
The deck was thus under compression in transverse direction also as top flange
of a simply supported girder under dead load.

The shrinkage and creep values were calculated in accordance with the CEB-FIP
Model Code [3], which resulted in approximately the following ratios of moduli
of elasticity for permanent loads:

n, = 6.0 initially and for transient loads

ny = 12.5 at opening for traffic

n, = 18.0 after creep has taken place

(W/C = 0.35, relat. humidity 75%, age of deck at installation 1 month).

The overall girder moments due to live
load increased by up to 26% in the
ultimate 1imit state due to non-linear
effects of the rather slender deck with
a main span to depth ratio of about ! in
200, compare Fig. 4 and [4]. The main
girder shear studs are designed for the
combined action of 1local and overall
shear, and cable force introduction. An
assumed 1limited amount of slip and
plastic deformation of the studs in the
ultimate Timit state Ted to the uniform
arrangement of shear studs over the
length of the beam. The introduction of
the shear force from the 300 mm thick
concrete edge beam into the regular 200
mm thick slab (see Fig. 3) proved to be
critical.

Fig.5 Non-1linear increase of Live
Load Moments

The sizing of the slab was governed by ultimate strength and crack control under
service conditions. The plate girder stability was calcutated in accordance with

[5].
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3.3 Contractor’s Option

Instead of the proposed continuous roadway slab the contractor opted to use
precast slabs connected by cast-in-place joints on top of the floor beams.Due to
the resulting loss of composite action for dead load this required additiaonal
640 t of structural steel, or an increase of 17% from 121 kg/mz to 141 kg/mz.

4 STAY CABLES

The stay cables were sized in accordance with the PTI-Recommendations [6]. They
were specified as shop-fabricated parallel strand HiAm cables in PE-pipes with
cement grout and a wrapping with a laminated Tedlar tape, see [4] and [7] for
further details.

The structure was designed to permit the exchange of any stay cable in
conjunction with a reduction of live load to two lanes and reduced safety
factors. Additionally, any stay cable can be accidentally severed under full
1ive load without structural instability.

The contractor opted for in-situ fabricated parallel strand cables with wedge
anchorages in PE-pipes and cement grout.

5 TOWERS

The towers are shown in Fig. 5. Their legs and the tie beams underneath the
decks have box sections with a minimum wall thickness of 305 mm.
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Fig.6 Tower Layout Fig.7 Tower Cable Anchorage

The double diamond shape 1is a natural progression from the twin decks. The A-
frames on top of the decks reduce the torsional rotations of the beam signi-
ficantly by forming a triangular space frame, compare [4]. By Jjoining the two
lower A-frames at deck Tevel, a truss is created which carries the transverse
wind loads in tension and compression to the two foundations. The transverse
width of the towerlegs can thus be small. In longitudinal direction the tower
legs act as cantilevers in bending, especially during construction. Those widths
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have thus to be significantly greater. The tie beams act as direct tension
Tembers and are fully post-tensioned against the outward thrust from the tower
egs.

At the towerhead the stay cables pass through steel pipes embedded in the tower
walls, see Fig. 7. They are individually anchored inside on steel bearing plates
resting on concrete corbels. The horizontal cable components are tied back with
alternating loop tendons so that each cable anchorage region is confined by the
radial forces from the loops.

6 CONSTRUCTION

From the four foundation alternates shown on the bid drawings th contractor
opted to use 500 mm square precast prestressed concrete piles. They were driven
from the artificial island on the LaPorte side and the existing levee on the
Baytown side, see Fig. 1. 3.60 m thick CIP pile caps formed the basis for the
toweriegs.

The towers were built in 4.5 m sections with jumping forms. For the first tower
all four legs were built in parallel. For the second tower the two inner Tower
legs were built first, and then the outer legs were tied back to them.

The beams are constructed by free cantilevering from the towers outwards. The
contractor opted to build the two beams in parallel with auxiliary tie-downs.
The steel grids for each pair of cables are lifted up and connected in place.
The precast slabs are then positioned and the cast-in-place joints poured before
proceeding to the next section.
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