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PROJECT SCOPE

Just southwest of downtown Austin lies one of its finest public parks. Zilker Park has /
hike and bike trails, a public pool, and sports fields that are constantly in use. Every fall, :

the park is filled with fresh music at the Austin City Limits festival; at Christmas, the f@oﬁo
park is home to Austin’s Trail of Lights and the Zilker Park Christmas Tree; and every 2 ‘?_o;.c ]
spring, one day is spent celebrating the art of kite-making and flying. The park is a place

to exercise, to relax, to step away from the hot heat of paved roads.

However, much of the beauty of the park is not fully enjoyed by those who use it most

often: one of the busiest east-west commuter roads between downtown and MoPac/Loop-

1 cuts straight through the park. Barton Springs Road experiences heavy traffic every /
day of the week, but on a sunny weekend, when the full park adds to the number of cars

on the road, merging into traffic can be downright impossible.

Off Barton Springs, between the open playing fields and the botanical gardens lies
Stratford Drive, a two-lane road that cuts to the north, accessing the tennis courts and the
back soccer fields. A map of intersection of Barton Springs and Stratford Drive is shown

in Figure 1. /

Figure 1: Intersection of Barton Springs Road and Stratford in Zilker Park /
(maps.google.com)

INTERSECTION REQUIREMENTS

In an effort to alleviate congestion from left-turning traffic off Stratford Drive onto
Barton Springs Road, an overpass is to be built. The off-ramp from Stratford Drive will
exit to the right approximately three hundred feet before the existing intersection. The
ramp back on to Barton Springs will merge from the right, approximately four hundred



feet after the existing intersection. Traffic will travel a curve nearing ninety degrees,
from southbound to eastbound.

The ramp needs to accommodate one lane of traffic, adequate shoulders, and a pedestrian
walkway. Barton Springs Road, as it passes below, has a height restriction of at least
eighteen feet of vertical clearance for all driving lanes. The right-turn lane from Stratford
Drive to Barton Springs Road should stay in approximately the same location and also
carries the same vertical clearance restrictions as Barton Springs Road.

DESIGN GOALS

A satisfactory design for this location will achieve a variety of goals. Foremost, the
bridge must have adequaws for vehicular and pedestrian traffic, thus reducing the
congestlon problem currently resulting from left-turning vehicles off of Stratford Drive.

Secondly, the design should be attractive and well-suited for the location. Zilker Park is
1n an enwronmentally sensmve area, with high visibilify to Austin locals and tourists

Transportatlon (TxDOTYbndGe is justified by the need for an aesthetically appealing
bridge. An increase in cost of between five and ten en percent is considered reasonable and

acceptable.

In any bridge design, there are standard details that must be regarded. For instance, the
impact of the structure on the location, in terms of size, height, and bulk of the girders
and piers. Related to that, one must consider the transparency of the structure, or how
easily the bridge can disappear into its surroundings.

Fritz Leonhardt, bridge designer and aestheticist, stressed the importance of a high
slenderness-ratio, or, the span-to-depth ratio of the beams of a bridge. Considering the
low height of this bridge, it is important that the beams not be incredibly deep, lest the
bridge appear heavy and clumsy. The slenderness ratio should be around twenty,

Therefore the final bridge design sought should be thin, light, and open in order to rest
delicately in the large, popular park. The bridge should also ‘compliment the city’s
character, as it will become a point of interest amidst the many city-wide activities that

occur there.
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PRELIMINARY DESIGNS

Several preliminary design possibilities were considered and are described here. Basic

calculations were made to approximate sizing; this work can be found in Appendix C. .~

Each design is described below and its strengths and weaknesses evaluated in terms of
cost, aesthetics, constructability, and maintenance.

TxDOT I-BEAM BRIDGE

The I-Beam Bridge design was inspired by traditional TxDOT bridge design. This design
is known for being economical and easy to construct, but relatively unattractive when
compared with other bridges.

Preliminary Design

This preliminary design is based on standard TxDOT designs from their bridge division
website (“Bridge Standards™). Using the Thirty Foot Roadway Width design guidelines,
the foundations would be three three-foot diameter drilled shafts per bent.

One pier sits atop each of the drilled shafts. The columns tie together with a standard
bent cap, dimensioned at 3°6”by 3°3” by 30°.

Four AASHTO Type IV girders per span rest on each bent cap. Each span excluding the
central one would be one hundred feet long. The main span would be one hundred ten
feet to accommodate the height and curvature requirements at the site. The deck would
be a ten inch thick deck with barriers on the sides, as well as between the pedestrian and
traffic lanes.

Since these are standard TxDOT sections, very little further analysis was done to check
all loading conditions. It was assumed that these standard sections would support any
and all loads that in-use prestressed I-beam bridges are currently supporting.

Design Considerations

Aesthetics

This bridge was not designed to be the most appealing bridge among all the styles of
bridges that were investigated. There would be little to no consideration for aesthetics, as
cost is the driving factor behind this design.

Cost

To achieve the lowest cost, the TxDOT I[-Beam Bridge uses prefabricated elements,
which reduces on-site labor and material costs. Precast [-beams can be manufactured in
mass production, using standard forms, concrete mixes, and rebar cages.

Labor expenses are a substantial portion of any construction job, so minimizing this is
crucial in limiting total cost. Using very few cast-in-place members means less on-site
forming, which decreases the amount of labor needed.

e
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The total preliminary estimate of cost for this bridge is $515,351. The details of the cost
estimate calculation are in Table 1, and are based off the standard costs provided.

Table 1: Cost estimates for the I-Beam Bridge

Design Detail | Composition Cost
Type IV 576 cy Prestressed Concrete $172,764
Girders
Columns 72 cy Reinforced CIP Concrete $24.887
Slab 561 cy Reinforced CIP Concrete $210,370
Bent Caps 78 cy Reinforced Concrete $28.440
Foundations | 156 cy Drilled Shafts $59,887 r )
, | | Abutments 40 cy, Reinforced CIP Concrete $19,003 L &l # 8/
. b7 | Total $515,351 L /5
ébnstructabilily ‘z‘ >

Since the TxDOT I-Beam Bridge is designed from TxDOT standards, most local
contractors have experience in building similar bridges. As such, most already own the
correct equipment necessary for the project, and are familiar with the quality expected.
Familiarity with the design should also allow the project to move at a faster pace, o
minimizing disruption to the park and the costs of the workers and contractors.

Maintenance

The TxDOT I-Beam Bridge should require very little maintenance. Regular inspections
should occur to check for cracking, so that corrosion does not deteriorate the condition of
the bridge. The wearing surface will eventually have to be replaced, but this is true of all
bridges considered.

»

Advantages and Disadvantages

The advantages of using a standard TxDOT bridge focus on familiarity with the structure:
it is easier and cheaper to build a bridge in the same form as hundreds that have come
before. This standard bridge would be cheaper and easier to build than one with a unique
design.

The low final cost estimate of the TxDOT I[-Beam Bridge is due mainly to the use of

standard precast segments, which are comparatively cheap to construct at a precasting P
yard, and reduce the on-site time and work required. A shorter construction period

impacts the surrounding traffic and community less.

A simple bridge like this also has the advantage of low maintenance demands. Unlike v 2
many steel or cable-stayed bridge designs, the frequency of inspection in low. L P
Considering the cost of the inspections, this will reduce the long-term upkeep prices of e,
this bridge. . pA " qm” |

However, the drawback of this design is the appearance. There are multiple columns at ,'. 4l
each bent, giving the idea from some angles of a wall'of columns underneath the bridge. ’}‘_:,_,,., 2
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Additionally, the girders are plain and the bridge would look like the majority of other
overpasses across the state of Texas.

Since this bridge is in a visible area the aesthetic value of the bridge is very important.

While the cost of the TxDOT I-Beam Bridge may be low, some of the other designs that
were investigated can greatly improve the aesthetics of the bridge without increasing the L
cost beyond a reasonable amount.

ITxDOT U-BEAM BRIDGE

This design consists of a standard U-beam bridge with some aesthetic enhancements.
The additions are based on local themes such as the Zilker Park Kite Festival and the
expansive soccer fields next to the roadway.

Preliminary Design

The TxDOT U-Beam Bridge is divided into six spans of one hundred feet each and one
span of one hundred ten feet, as shown in Figure 2. Each span consists of three TxDOT
U40 beams. The maximum height at the center span is twenty-two feet, resulting in a y
maximum grade of 5%.

Yy
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Figure 2: TxDOT U-Beam Bridge span layout ; 7 B e i
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Each bent cap is supported by one column. The colfimns have a diameter 6f ﬁ\\?e feetand | P
range in height from four to fifteen feet. A typical pier with beams is sketched in Figure ;;J T -
3. The base of each column is covered with rugged mosaic tiles depicting local popular '; =k zw‘_ 2

park events, such as the Kite Festival. " g o
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Figure 3: Pier and beam geometry of the TxDOT U-Beam Bridge s
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Figure 4: Piers of U-Beam bridge, with mosaic tiling on the columns
Cost v 4
The design is very economical with its use of very common structural elements and
simple construction. The division of costs is presented in Table 2. These costs do not
include the mosaic tile, lighting, or the use of aesthetic aggregates. The preliminary cost
of the TXDOT U-Beam Bridge is $473,800.
Table 2: Division of costs for TxDOT U-Beam Bridge
Design Detail | Composition Cost
Columns 54.5 ¢y, Reinforced Concrete $20,400 A73 ,:a/
¢ | U40 Beams 536.9 ¢y, Prestressed Concrete (GR 8) | $161,100 —
<" | Slab 719 cy, Combination Reinforced $242,700 Jo % =
" Concrete and Prestressed Concrete
A (ot Abutments 272 cy, Reinforced CIP Concrete $10,200
0 : Bents 105 cy Reinforced CIP Concrete $39,400
“’ Total $473,800 [ ) sAeszie
& Cost <~
Constructability
The construction would be straight-forward, as each span is simply supported. The
construction of the main span would be the most difficult, but could be done in one night,
which would minimize disruption to disruption. Using prestressed sections will reduce
NN
W o % v
\hﬁb /\. M ¥ ‘~4
b S\

The railing also has aesthetic enhancements depicting local themes. This design is very
economical, constructible, and durable, due to use of common structural elements.

Design Considerations

Aesthetics

As illustrated in Figure 4, the base of each column is covered with rugged mosaic tiles
depicting local popular park events such as the kite festival. In addition, the railing also

has aesthetic enhancements depicting local themes. Lighting would be utilized to make

the columns visible at night.
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the amount of on-site construction time necessary and using standard shapes removes the
need for specially designed and built formwork. y

Maintenance

The rugged tile mosaics would require limited maintenance and use of lighting would ¢
help to prevent vandalism and subsequent clean-up. With no exposed structural steel, the
U-Beam Bridge would be very durable. With an adequate drainage system, the concrete
should stay free from major staining, although dirt and animal debris will accumulate.

The basic maintenance level of cleaning debris will be similar for all bridges. 4

If designed correctly, considering for typical load cases and long-term stress-change

effects, the prestressed U-Beams should keep their strength and require little repair. Asa
precaution, post-tensioning ducts could be installed, but the tendons not fully stressed, so

as to leave a way to re-stress the girders without destruction of the bridge, if a problem
were to occur in the future. ‘

Advantages and Disadvantages

The advantages of this design are the very low cost per square foot due to the use of U40
beams and cast-in-place columns. Construction would also be comparatively easy, as )
each span is simply supported. The main span could be constructed quickly, with very ~~
little disruption of traffic.

The simple design of the TxDOT U-Beam Bridge integrated well with the park by not /
rising too high or overshadowing the surrounding areas. The mosaics on the columns

give a more human scale to their appearance, and would require little maintenance.

The downside of the U-Beam Bridge design is in its lack of attractiveness or uniqueness.
Despite the aesthetic touches, the overall design is close to a standard TxDOT prestressed
U-beam bridge. Additionally, the bridge does not display a very high level of complexity
or originality.

ARCH BRIDGE

The Arch Bridge design is inspired by the graceful appearances of the Lamar Street and
Congress Avenue arch bridges, as shown in Figure 5. While both bridges pictured appear .~
light and have relatively high levels of transparency, the arch style of the Lamar Street .
Bridge was selected for its lower profile, which seemed more appropriate for a park "
setting. Basing the bridge design on an existing Austin bridge was thought to provide
continuity by tying the bridge design to distinctive architectural styles of the city.

/
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Figure 5: (a) Congress Avenue Bridge, (b) Lamar Street Bridge p Lv g }/
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Preliminary Design & L/ﬁr" G 4

The Arch Bridge design is laid out with the goals of forming an open, well-proportioned
structure. The chosen design uses five symmetric arches, increasing from one hundred ‘/

feet long and twelve and one half feet high at the smallest, outside arches to one hundred »
and fifty feet long and eighteen and three quarters feet high, to two hundred feet long and
twenty-five feet high for the center span. The spandrels are evenly spaced at twenty-five
feet: with each shorter span, one spandrel is removed on either side of the center of the

v
arch. A sketch of the bridge is shown in Figure 6.

W / e e, i
v 3 8 {,é 0 Figure 6: Arch Bridge prehmma{y sketchd A p 1o i
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In an attempt to avoid a sea of columns beneath the arch, and to allow for a sturdy
appearance, the supporting piers and spandrels were designed as solid walls, rather than
traditional columns. The depth of these support walls would be twenty-cight feet, leaving
a two foot overhang of the deck on either side of the superstructure. The width of the
spandrels would be one foot, and the piers two feet. By bringing adjacent arches down
into one single foundation, the majority of the shear forces balance each other and the
resultant force would be small and easily carried by anchor bolts. v

The arch itself follows the funicular shape for a distributed load in order to be in
compression at all locations and thus avoid putting the concrete into tension. As the arch
nears the center point, it narrows, both because there is less load on it at that point, and to
create a slimmer appearance of the roadway-and-arch juncture that would occur. v

The excellent limestone rock base available at the location and the efficient design of the
superstructure make for a simple foundation design. Beneath the four main pier-walls are
spread footings, extendmg two feet beyond the footprint of the wall in all directions. The
foundation sits at least one foot below the finished grade, and extends two feet in depth.
Shear forces are resisted with anchor bolts drilled and epoxied into the bedrock. v’

The outside ends of the two smallest arches land in solid abutments at the front of the
approaches. The sides of the approach ramps use textured precast panels and reinforced
earth. The weight of the earth and the roadway above provide the resistance needed from
the outward push of the arch.

The railing is designed to be open and light, and to match the arches below. A solid,
heavy railing would clash with the light- and openness of the structure, and would reduce
the apparent span-to-depth ratio. g

1%

Design Consideration

Aesthetics

As mentioned previously, the main inspiration for this bridge design is its attractive o
appearance. Since the bridge under consideration is to be constructed in a popular and
highly used public parkland, an attractive bridge with wide appeal is desired. In the
preliminary design, a constant span-to-depth ratio is used for all of the arches to give
continuity to the bridge across all five spans.

Cost

Due to the open spandrel design and utilization of the compressive strength of concrete,
the arch design offers a competitive cost for construction. Using estimated concrete
volumes and the cost data provided (reproduced in Appendix E), the Arch Bridge
superstructure would cost approximately $600,000. With the finalization of plans and
addition of substructure and abutment details, the cost would increase. Preliminary total
estimates put the project price at just over $831,000. The cost breakdown is presented in
Table 3.
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Table 3: Cost estimates for the Arch Bridgf;’/ /,_LL,_L’g(;" et 1«;;:} [ ‘“"C"yc_“fw: s éﬁ“
Design Detail | Composition [ | Cost *fz erl _a” .
- Columns and | 1600 cy Reinforced CIP Concrete / $600,000 " ) W;«“‘C {g 18 C‘E"‘{‘"( ’
W e Deck Ll }z C_‘,_,_,,v( _!5;'1“'
> _,Jg 4 Foundations 450 1b Steel Anchor Bolts L $19,125 ud | s -
‘ 14° " oo 45 cy Reinforced CIP Concrete “,—r—/ X o
A {f} ” 7% | Abutments 15 cy Precast Reinforced Concrete 1. $5, 850; - W.(LL“" o
-W‘,:,Srb Railing 2750 ft / $206,300 | — = et
..\.Iti ; .-‘{ Total i U —(__, ;J:/ : $831 275 i JF g (L=
‘V,a“' ‘;({_;Constructabilitj) s J};@ Afié) : \L o (ele ) pue Fn»zz;%:ﬁ"’f'b_
" Due to the cast-in- -place construction t quire "Ey thls de51gn hlS bridge would requlre ot & } s
more concrete work in the field than the typical TxDOT bridge, which uses precast
beams and deck panels. A more detailed design could explore using precast segments to
construct the arches, piers, and deck panels, which would decrease on-site construction -
time, but perhaps increase the cost. ks Jygoa f/u[ Z: > Ci; )
s e AR _ eil e
@ 6(//

For the cast-in-place design, the necessary manual labor was reduced by repeating L;sé q
shapes, such as the uniform spandrels and scaled arches. This repetition allows the reuse | o =+

of formwork throughout the project. Q,A ¢ Lo V@Cu ¢t
icf‘i at C'L'L\_

The main construction concern would be in disruption of traffic on Barton Springs Road *

[ qf «f""!
and the right turn lane of Stratford Lane durlng overhead construction. pocts ¥
fow LL- ws low 9 : . 423 (Q oS
Maintenance LU S ZZec

Durability requirements are not deemed to be partlcularly high for a br1dge inaparkin z2- 49%e 21
Central Texas. There is no sea spray present, deicing salts are rarely used, and there are

no significant freeze-thaw cycles. Maintenance focuses largely on the removal of graffiti.c U v

Wide walls of smooth concrete could prove too great a temptation for graffiti artists. =~ <«
Adding a textured surface, through the use of form liners, could reduce the likelihood of
graffiti. Alternatively, a paint of titanium dioxide could be applied to the concrete,

essentially making the material self-cleaning. The titanium dioxide acts as a catalyst in

the presence of ultraviolet rays in sunlight to break down organic compounds so that they
wash away easily. v

{s

v

Advantages and Disadvantages P

An arch bridge uses concrete quite efficiently, as the material is almost entirely in

compression. Using an open-spandrel bridge reduces the amount of concrete needed, and

lightens the entire structure in appearance and load:" &, -+ HLI | Ecrcttticocge i Spaas 15
e C_Lp{n._ et ( cpeé Pl v ¢ oo™ SRS &

The pier-walls are solid, however, a detail which results in a structure that is not (2D Speree 1t

necessarily very transparent. Especially from close to the side of the bridge, the bridge < 2= spo<

would look entirely solid, not light and graceful as it appears from the circle it is forming.( v (‘#‘(

Lt e =82 C
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By using a constant-width columns and span-to-depth ratio of the arches, this design has
maximized the reuse of forms. Considering that the bridge would be mainly cast-in-place
concrete, this will save time and manpower during construction.

The nature of cast- in—place concrete design requires much hicrher manpower on-site and
segmental sections. Spemﬁcally, crossing Barton Springs Road could take significant
amounts of time, requiring the closing of the roadway for possibly more than just a few
nights. Considering the heavy traffic volume, this is not a favorable scenario.

R e
This design not only blends easily with the surrounding park, staying below the tree lines
and allowing for pedestrian, bike, and vehicular traffic on, around, and below it, but also
matches other bridges in the city. Specifically, the design was based off the nearby
Lamar Street and Congress Avenue bridges, which are both open-spandrel arch designs.
This connection ties this bridge back to the local downtown and the associated
personality of the city.

KITE BRIDGE

General Description

The goal of the Kite Swing Bridge is to remove traditional column bridge supports to
make the bridge appear thin and light. A reinforced concrete pylon uses cable stays to
fully support precast concrete superstructure segments. This configuration will provide a
sleek, slender bridge that will also introduce a unique “signature bridge” to the
frequently-visited Zilker Park. A sketch of this bridge is shown in Fig Figure 7. P

in Lx; -U':J\_ J'(LL;, \

7 et

|-

S

Figure 7: Sketch of the Kite Swing Bridge

/

Preliminary Design

The centerline of the bridge will follow the geometry shown in Figure 8. A single two-
hundred foot tall reinforced concrete pylon is located at the northeast corner of the Barton
Springs and Stratford Lane intersection. This one pylon will be located close to the
horizontal radius of curvature of the superstructure. The pylon will be angled at 21.8
degrees to the vertical, away from the superstructure, and tied to the ground using a
vertical back stay.
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Figure 8: Kite Bridge geometry
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They pylon and cables will provide the entire vertical support for the bridge, and the
angle of the pylon and the presence of the back stay will minimize the live load moment
that will otherwise exist in the pylon. The large horizontal force components will be
transferred through the horizontal arch created by the superstructure in plan view to the
abutments. Sketches of the preliminary structural de51g}1 can be seen in Flgure 9 and

Figure 10.
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Figure 10: Kite Swing Bridge preliminary pylon design M I
The preliminary total cost of the pylon, cables, and substructure is $587,126. A (P - z.f’v‘
breakdown of this estimate can be seen in Table 4. pral
Table 4: Cost estimates for the Kite Swing Bridge
.+ | Design Detail | Composition Cost
0 P Superstructure | 25 — 47.5 cy Precast Prestressed $356,400
VIR ¢ Concrete Sections
XYt | Cables 83,287 Ib $125,000
&\Wﬁém‘g | Pylon 175.5 cy Reinforced Concrete $98,726 T
i B o 0 [ Columns 19 cy Reinforced Concrete $7,000 __,(Mf;',rf-"‘[ :
TP (Y] Total $587,126 | "
.:L P"%/ iﬁ"’b
Y ng Design Considerations
_ Aesthetics
_ /lluu’L Special attention was devoted to the aesthetic qualities of this design. In order to provide

/ * (¢ asleek, slender bridge, all columns were removed and the vertical forces are carried

Uffp/;; ﬂc“? o téntirely by the cable stays and the pylon. In addition, the cross-section of the
o4/ » .1 prefabricated superstructure elements is designed as a truss to efficiently use materials.
7 " This cross-section reduces the real and apparent depth of the superstructure. The results
wf v P is a design that is sleek and slender, while maintaining the goal of “keeping Austin
L7, weird.”
1L P
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Cost

As mentioned, the structural system of the Kite Swing Bridge is very efficient. Almost
all concrete members are in compression, and all members in tension utilize steel cables.
Thus, material costs have been minimized.

The estimated total cost of the bridge was found using suggested standard values.
However, these estimates were based simply on the gross per unit material costs.
Because the pylon proposed for this bridge is very inclined (21.8 degrees to the vertical),
the unit costs were increased by 50% rather than the 25% suggested in the guidelines.

Constructability i * T pee

The complex structural configuration of the Kite Swing Bridge design requires a complex
construction sequence, as the vertical support provided by the cable stays is directly
dependent on the ability of the superstructure to redirect the horizontal stay forces
through the horizontal arch. Therefore, the superstructure sections cannot be hung from
the pylons unless the full arch created by the : superstructure is in place.

superstructure will be completed most cheaply and efficiently in one stage. I-beams and
other temporary falsework will need to be constructed across Barton Springs and along
the entire length of the bridge. The precast superstructure segments will be supported on
the falsework while the cables are suspended. Once all cables are in place, the formwork
would be systematically removed to transfer the horizontal forces from the cable stays to
the arch of the superstructure. The vertical component of the cable stays will bend the
decks back up, but the initial downward stressing will help to minimize cracking.

Because the bridge is relatively short for a cable stay bridge, the hanging of the g

Maintenance

The Kite Swing Bridge will have the advantage that almost all the concrete members will
be in compression, which reduces cracking and helps prevent reinforcing bar corrosion.
As with any cable stay bridge, however, increased attention will need to be placed on
maintaining the cable stays. The cables will need to be inspected and replaced
periodically. In addition, the stress levels in the concrete superstructure will need to be
checked regularly to ensure against cracking. Post-tensioning may be required over time
to help prevent cracking, and the precast superstructure should be constructed with
additional post-tensioning ducts to allow for supplementary cables.

Advantages and Disadvantages

The slender lines of the pylon, cables, and bridge sections evolve into a light, modern,
non-traditional structure. Thus, the bridge will be aesthetically beautiful and unique,
helping to “kewr,d ” The precast superstructure elements and hollow pylon
efficiently use materials and structural shapes to reduce material costs. The nature of the
design keeps the concrete sections in compression, m1n1m1zmg cracking and reinforcing -
bar corrosion. il ot 0 sa? s o b
L = ‘/t; {}l( LWL - t "’"’(l fu»xu[, L(_ Z:é Z/ LY
Although this bridge is beautiful and efficient, it has its flawis] For one, although its cost
is comparable with more basw designs, the Kite Swing Bridge is more expensive than a

standard TxDOT prestressed concrete bridge. As mentioned above, special attention will
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and cost to the construction. The decks in each superstructure section will need post- I (
v

| =

ensioning downward prior to hanging the section to reduce the bending moments in the +
deck from the vertical force components in the cable stays. Because of the dependence
on the compressive strength of the superstructure, the entire horizontal arch will likely
have to be supported temporarily and then hung at the same time.

Additionally, this bridge will require more frequent inspections to ensure the integrity of
the stays and the post-tensioning in the segments.

TREE BRIDGE

Zilker Park and much of Austin is filled with live oak trees that are low with twisted and
curved trunks. These live oaks are the inspiration for the Tree Bridge. Two large, ;,/
curvilinear trunk-like columns are the primary supports that grow into the bridge, as

shown in Figure 11. The bridge is playful, a with decorative railing and a bark-like

surface texture.

Figure 11: Sketch of the Tree Bridge, from the northeast

Preliminary Design

The bridge design has three simply supported spans with varying cross-sections.
Detailed preliminary calculations and sketches are shown in Appendix C. Because of the
unique geometry, three sections were studied for bending and torsion: the column
centerline, the midspan, and the quarter point, which was assumed critical in torsion.

The bridge geometry is the same as for the Kite Swing Bridge, and is shown in Figure 8,
where the column centerlines are located two hundred feet from each abutment wall.
Clearance over Barton Springs Road is eighteen feet.

Design Considerations

Aesthetics

Aesthetic considerations weigh heavily on the design. The bridge is intended to have a
thin slab on heavy columns so it appears anchored and stable. Its organic curves follow
the shape of the bending forces for efficient use of concrete. Balance is suggested by
symmetry from the view of the soccer fields.
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Cost

The preliminary cost estimate is $1.6 million. This estimate is based entirely from the
volume of cast-in-place reinforced concrete that will be required in the columns, deck,
and foundations, totaling over four thousand cubic yards.

The cost is high because of the large volume of concrete necessary and the time and
money demands of cast-in-place structures. A more open design would lessen the former
problem; more repetition in the design would lessen the latter.

Constructability

The bridge would be entirely cast-in-place because of its unique geometry. This would
make construction labor-intensive, as formwork construction and rebar placement take
large amounts of time.

The most difficult section to construct crosses Barton Springs Road. Overhead work
would require temporary road closures, as the formwork requires significant shoring
during casting and until concrete is cured. It would be worthwhile to spend extra time
designing formwork and rebar cages that could be assembled elsewhere in the
construction site and then simply lifted into place across the road, ready to pour concrete.

Maintenance

Minimal maintenance is required; primarily visual inspection and deck surface re-sealing.
The large expanses of concrete may encourage graffiti artists to leave their mark,
requiring removal and leaving unattractive staining. Significant lighting in the area could
deter would-be vandals, but might detract from the natural atmosphere in the park.

Advantages and Disadvantages

The Tree Bridge is aesthetically pleasing because of its unique shape, graceful curves,
and light railing. Clean lines stay within the tree line of the park, leaving an open sky.
The simplicity of the bridge is ideal for a park as it does not distract or interfere with the
natural surroundings.

The high preliminary cost estimate is a result of the large volume of concrete and steel
required for bending. This design does not use concrete efficiently, with many sections
in tension. Unique bridge geometry requires labor intensive design and construction,
affecting the overall cost and leaving room for construction errors.
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SELECTION PROCESS

The preliminary designs were compiled and evaluated by the individual team members
using a decision matrix based on the major criteria of aesthetics, cost, constructability,
and durability. Explanations of the importance factoring for each category are given
below.

SELECTION CRITERIA

Aesthetics

The aesthetics criteria considers the proportions, order, texture, color, complexity, artistic
shaping, harmony with the environment, and character of the bridge. Thought was first
given to scoring each category individually, but the group decided it was better to provide
one score with all the subcategories in mind. Providing one overall score better
represented how well the designer had incorporated and melded together all of the
aesthetics aspects into one cohesive design.

Due to the sensitive location, aesthetics were given the highest percentage weight, 35%
of the total score.

Cost

The preliminary costs were calculated using the estimates given in the project statement
and reproduced in Appendix E. Thought was given to how each structural component
was manufactured and constructed to most accurately predict final construction costs.
Ranking was based on the bridge costs relative to the standard TxDOT [-Beam Bridge.

Cost was weighted on a scale of $500,000 to $2,000,000 with a rating of ten applied to
the low end and one for the high end. Preliminary costs were proportionally rated on that
scale. . Opet/

i g

s
L

As the bridgeis a publicly funded project, cost was determined to have the next highest
weight at 30% of the total score.

Constructability

For constructability, the primary focus was on reducing the impact to the surrounding
park and roadways while keeping the costs low. Bridges which required more in-place
formwork scored lower on constructability, as the work will impact the park and
roadways the most. Standard sections and segmental designs scored higher as they would
have less of an impact. The standard designs also scored high due to their very simple
construction requiring the least amount of skilled labor.

Due to the impact on cost and time, constructability was weighted at 20%.

20



Durability

The main factors influencing durability were the amount of exposed steel, the type of
post tensioning system, if any, and the detailing. The bridges with no exposed steel and
only prestressed or mild steel scored well, as little long-term maintenance would be
required for the structure. The use of mosaics or extremely detailed features decreased
the overall durability.

Considering that most of the bridges have similar maintenance and inspection
requirements, durability was given the lowest percent weight, at 15%.

SELECTION CRITERIA DECISION MATRIX

The decision matrix for the various preliminary designs is presented in Table 5. Each of
the individual votes are tabulated, averaged, and multiplied by the w ;htfpercentage
The cost estimates do not include substrugure abutrnent and rauhng costs, as these

would be comparable on each bridge. <77 ,b_z. ?/: (fan 220 It st =
Table 5: Select}m criteria’ decision matrix '?JCS,
, __—vhes?
Type | Cost Aesthetics | Cost | Construct. | Durability |Total|Final pe Z
o Est. / | Ratinig e Rank| /.
i Weight [ 35% | [30%/ | _ 20% 15%  |100% o
o e N 4322329 [8(6)10.10.9,10] 8.69.9,7.7
' 6 dd Beam $507kIVOte Avg, 2.667 9.000 | 8.833 7.667 4
9 " |Weighted Avg.|  0.933 2.700 | [ 1.767 1150 [6.550
A o )
A ol repor [ =, Votes 5,3,5,5,4,6 9 8(5,9,10,9,10] 7,6,7,9,7,8
5 U Beam |34 70k [Vote Avg. 4.667 9.000 8.500 7.333 2
WA’ o S Weighted Aveg. 1.633 2.700 1.700 1.100 7.133
Sn? [#gee” | — [Votes 784,598 | 8 5,7,7,6,7,5 | 6,5,9,9,8,7
44 Arch 1 $600k)|Vote Avg. 6.833 | 8.000 6.167 7.333 3
e« [ 83\ N—"Weighted Avg. | 2392 2.400 1.233 1.100  |7.125
pre ¥ Votes 77,6978 | 3 5,7,5,6,66 | 559,16,
Tree [$1.6milVote Avg. 7.333 3.000 5.833 6.500 5
Weighted Avg. 2.567 0.900 1.167 0.975 5.608
_ “IVotes 10,8,9.9,9,100  (8' [(9,%8,8,77 | 4,6,5.7.7.6
Kite : ’
-~ [1$570k [Vote Avg, 9.167 | /8.000 | [ 7.667 5.833 1
Swing
o~ Weighted Avg. | 3.208 2400 | \ 1533 0.875 |8.016 —
7 w‘_,(_-{/‘fb L" z}t & L’ &{_, ﬁ-_f.’xf Lt/’dfe — +d‘¢_¢ S A ?—"p A Lol

,./'The decision matrix resulted in the Kite Swing BHdgs being the best option, followed by 00y
/" the TXDOT U-Beam and the Arch Bridges. The TxDOT I-Beam and Tree Bridges fell - j/é

/

far behind. et

There was short debate over the final selected design, whether the Kite Swing Bridge

would be too much for the site. An informal oral survey of friends and park-users

confirmed that the group consensus that it was a unique and interesting bridge, perhaps

perfect for the city of Austin’s personality, and the project moved forward with that ——
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Selected Design

Using the criteria described above, the Kite Swing Bridge was selected for further
development. Because this bridge is very slender and sleek, and because it provides a
modern appearance, it has several desirable aesthetic traits that fit with the personality of
Austin. Moreover, its efficient use of materials reduces costs lower than or competitive
with all other options considered.

STRUCTURAL DETAILS

The final design varied little from the preliminary design described earlier. The most
significant changes involved shortening the length of the suspended bridge and increasing
the length of the approaches. This change decreased the estimated cost of the
superstructure by reducing the number of prefabricated superstructure elements that will
be needed.

An AutoCAD rendering of the bridge is shown in Figure 12, and further sketches of the
design are in Appendix A.

Figure 12: AutoCAD rendering of the Kite Swing Bridge in Zilker Park

Superstructure

A single hollow pylon sits near the center of curvature of the superstructure. Cable stays
carry the vertical loads from the superstructure back to the pylon. In order to decrease
the live load moments in the pylon, it is angled at 21.8 degrees to the vertical. A back

stay 1s provided for redundancy. The horizontal forces in the cable stays are redirected
the compressive forces in the horizontal arch created by the superstructure sections. ; [ et ,uQa
g : awe . g
These compressive forces are then resisted by the abutments. ~ b e T oY
"R __ei;ff)ac Li'!( :4{ L ‘..L.f-{"\— i (
> P g

: S : . bex - “ '
Each superstructure section is designed as a truss to minimize material weight and - e g m-lrc[*”

consumption. Only the portions of the superstructure that are under compression are o7 (€5’ L Lic
constructed with concrete. The bottom chords of the truss utilize steel cables, as they are o <" >
in tension. This minimizes the weight of each section by removing concrete that would (s

! et
/
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crack and thus provide no stiffness. The cross-section of the superstructure elements can (',/_a,'»-"

be seen in Figure 13. | o @2 i:" I
.:.L-’\Ll'"\
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\" Y. y) L/‘y Figure 13: Superstructure standard segment cross-section

The concrete located horizontally between the cable stay connections requires significant

steel reinforcement to resist the compressive forces in the top chord. This additional 19 a—L v“{/ [ . L
reinforcement and all structural details in the superstructure elements can be seen in J L 2 2075 Y, '
Appendices A and B. g e fe-:-v-’
I Lol
Load Cases o= & i s ¢ P’
- ':’,’-”-’Lﬁr - ﬁjs,t*’ﬁy o
The Kite Swing Bridge is designed for AASHTO Strength I loading, tabulated in : z_,bL.g_m- “ A
AASHTO LRFD Table 3.4.1-1 and below in Table 6. The table presents the load factors & Lo &
used for dead load, topping load, live (lane) loads, and dynamic loads (with impact &~ loats
factor). ,:Ef,&.k }[ : B
Table 6: AASHTO Strength I load factors w*L' Z»" o= -2 j_‘;&w"
Description LD. Load Factor “)':;? ' 0o [ [
Dead weight structural components DW 1.25 ”“Ij“‘ -t “;(
Wearing Surfaces DC 1.50 ¢ Uoe LA
Live Load LL 1.75 ,_t;_;,cf'h’}’ ’ ot ~
Dynamic Load Allowance IM 1,33 oy * oo O
G0 -l Gl

The wind and seismic loads were not accounted for in this design, as Strength I is a basi¢™*
load combination without wind and earthquake effects. While Strength I loading c?
controlled the design of the Kite Swing Bridge, the bridge was also checked under

Strength V (with wind) loading. This load combination was investigated using the same
model as in Strength I. The load factors for this combination are shown in Table 7.

Table 7: AASHTO Strength V load factors

Description L.D. Load Factor
Dead weight structural components DW 1.25
Wearing Surfaces DC 1.50
Live Load LI 1.35
Dynamic Load Allowance IM 1.93
Wind Load on Structure WS 0.40
Wind Load on Vehicles WL 1.00
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The bridge loads were modified using the Multiple Presence Factors in AASHTO LRFD .
Table 3.6.1.1.2-1 and in Table 8. While the intention is for the bridge to have only one

loaded vehicular lane and one pedestrian lane, a multiple presence factor for three lanes

was used, since the bridge is wide enough to accommodate two lanes of trafficanda
pedestrian lane. It is also important to note that the lane of pedestrian traffic can use the

same multiple presence factors even though the factors were developed for vehicular

traffic.

Table 8: AASHTO Multiple Presence Factors

Number of Loaded Lanes | Multiple Presence Factor

1 1.20

2 1.00

3 0.85 J/

The worst case found was under load from the HS20 Truck, Tandem, Lane Load, and
dead loads while using the multiple presence factor for one lane of traffic. This factored

loading gave the maximum loads shown in Table 9. “0
Table 9: Maximum calculated forces ‘Lﬁ;’w il J >
Force Calculated Maximum Value ¢ ,,-Z-/;i“”'r
Pylon Stay 5478F U
Moment in Pylon 10,077
Shear in Pylon 266k ‘1

Axial Force in Interior Stay Cables | 320" )
Axial Force in Exterior Stay Cables | 290°
Axial Force in Segment Underside 381°

Cables / A
Compression in Segment Underside | 109% / R = 1A% fon (&
Pipes - e Aonel
Positive Moment in Edge Beams 290"
Negative Moment in Edge Beams 1577
Axial Force in Edge Beams 573/

(compression)

/

During the design, it was felt as though it would be 1m,portant for a safe design to ensure
that if the main pylon stay were cut the bridge would/ﬁot suffer collapse. To determine
this capability the model was reanalyzed w1thout the cable and developed new loads yg(

the pylon: X 7 - 0
= Max Moment in Pylon\— 1'/'9,987“'ft 4\/ R E{/'(_. ,A-f(
»  Maximum Shear in Pylon—1018* [ -

These numbers were obtained using a three-dimensional model ,iﬁ SAP.”Some hand
calculations were done to ensure that the data obtained from SAP"W\?S accurate. These

hand calculations are included in Appendix B. ¥
Ol Py S
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During design, all resistance factors were used with AASHTO definitions; for reinforced
concrete, ¢ = 0.90; for prestressed concrete, ¢ = 1.00; for shear, ¢ = 0.90. The Kite

Swing Bridge design meets all the above factored loads and resistance factors within the e
AASHTO LRFD 2005 Specifications.

This bridge is located in Austin, Texas, and seismic conditions for the area must be

considered. The city lays in a Seismic Zone I region with acceleration coefficient of
approximately 0.02. AASHTO LRFD Article 4.7.4.1 states that no analysis is required

for a bridge in Seismic Zone I with regards to seismic loads, therefore no analysis was v
done for this case.

Foundations

Two foundation options were studied for the pylon and stay. The pylon foundation
required axial and moment capacity for structural redundancy while the stay anchor

required uplift resistance from the high tensile force. Drilled shafts were considered v
because of the construction limitations posed by high quality limestone. Grouted steel
plate anchors were also preliminarily studied based on the drilled shaft designs. Basic v

calculations are shown in Appendix B.

Geotechnical data reported high quality limestone two-feet below the existing grade with
a unit compressive strength of 18,000 psi. Comparing the compressive strengths of the
limestone with typical concrete (4000 to 5000 psi), the limestone has three times the
strength of concrete, deeming extensive foundation work unnecessary. Limestone,
however, is a heterogeneous rock with unknown discontinuities leading to extremely 7
conservative assumptions which are:

* End bearing pressure is 70% of the unit compressive strength,

= Uplift frictional resistance is 70% of the drilled shaft skin friction,

=  Modulus of elasticity of limestone ranges from 100,000 to 800,000
tons/ft?,
Unit weight of limestone is 120-pcf,
Two feet of soil does not contribute to foundation capacity,
Water table 30 to 40-feet below grade,
Factor of safety of 3, and
= Bond between grout and limestone only 80% efficient.

v

From preliminary calculations drilled shafts were deemed unnecessary as high
compressive strength limestone would be replaced with lower compressive strength
concrete. Additionally the time and equipment required for drilled shaft construction are
costly. Steel plates anchored to the limestone by grouted rods are recommended
foundation solutions as they require two-feet of excavation and up to 20-feet of coring.

A two-foot square, four-inch thick steel plate bolted to the limestone by eight two-inch
diameter steel rods grouted 10-feet is sufficient to resist the tensile force of the stay. The
pylon requires two 4-foot square, 6-inch thick steel plates on each end of the rectangular

base. Fifteen four-inch diameter steel rods per plate grouted 20-feet in limestone carries

the pylon moment that results without the stay. L
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Approaches {

-
To simplify the design and reduce costs, the approaches used take advantage of TxDOT ET ZC-‘S ”““

standards for abutment design. The approaches are flanked by sloped, vegetated areas / )

with built-in concrete planters, which will reduce the visual impact of the solid structure. ¥ ol

The side view of one approach can be seen in Figure 14. The shaded section represents ya '/"

the concrete required for shear resistance of the relatively high axial loads imparted on

the abutments by the bridge superstructure. ZApee 4* _
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Figure 14: Typical abutment section

The other portions of the abutment have W-shape foundations that will be bolted to the
underlying limestone with grouted anchors. The design varies from the TxDOT standard
in the bearing pad, which is modified to accommodate the unique concrete sections.

The materials in the abutment are normal weight reinforced concrete and Grade 60
uncoated steel. The abutment is designed for factored dead and live loads.

Railings

The railings for the Kite Swing Bridge were chosen to enhance the visually apparent
slenderness of the bridge while still providing adequate vehicular, bicycle, and pedestrian
safety. A Texas Type 421 Aesthetic Rail was chosen for the outside vehicular railing.

From Figure 15, it is apparent that this is a very transparent railing with a total height of _~
only thirty-two inches and wide openings between the two tubes of the rail.
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Figure 15: (a) T421 rail cross-section, (b) T421 rail profile (TxDOT)

The other outside railing had to be designed to provide adequate safety for bicyclists and

pedestrians. It was determined that a fifty-four inch high railing should be used due to

the following characteristics of the bicycle/pedestrian path:

A variation of the Texas Type PR1 Pedestrian Rail was chosen due to its transparency
and similarity to the Texas Type 421 Aesthetic Rail. As seen in Figure 16, the PR1
Pedestrian Rail provides a very transparent profile as well as a very modern look that
enhances the overall image of the bridge. The railing height of the PR1 is not adequate
and would have to be increased to fifty-four inches, as previously discussed.

Bicyclist may fall over railing into the path of oncoming traffic

Bridge has a drop-off of two feet or greater

A shared use path where large volume of users could cause a bicyclist to
take evasive action and collide with railing at a sharp angle
A shared use path at the end of a long descent where speeds of bicyclists

are greater
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Figure 16: (a) PRI rail cross-section, (b) PR1rail profile (TxDOT)

The railing dividing the bicycle/pedestrian path and the vehicular traffic had to meet both
requirements for traffic safety and bicyclist/pedestrian safety. A railing visually similar
to the one chosen for the outside bicycle/pedestrian rail was chosen, with the added
requirement that it must meet Test Level Index 2, TL-2, requirements for vehicular
impact.

The openness of these railings will hopefully fulfill a secondary goal, of creating a slight
sense of discomfort for drivers on the bridge. This discomfort causes drivers to slow,
making the roadway safer for the drivers themselves and for the pedestrians in the
immediately vicinity.

Traffic Layout

The vehicular and pedestrian bridge will have three barriers with railing, on the outsides
and separating the pedestrian and vehicular traffic. The width of the vehicular travel-way
is twenty-seven feet. This includes a have a seven-foot interior shoulder, a twelve-foot
lane, and an eight-foot outside shoulder. The traffic layout, shown in Figure 17, depicts
the vehicular portion and the eight foot pedestrian walkway.
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Figure 17: Traffic layout, plan view

Pedestrian safety and ease of travel was a vital concern, which is why the pedestrian

walkway is located to the right of the vehicular lane. The walkway is inset from the edge

of the bridge due to the cable stay angle, which crosses over the bridge and would limit

the height of the pedestrians at the edge. This layout allows pedestrians to enter the

bridge from the outside, as opposed to between the lanes of traffic on Stratford Lane.
However, for access from the soccer fields, pedestrians would have to cross the road. At

this location, it is recommended to install a crosswalk with street flashers and advance d
road bumps.

Standard one lane striping is required on the bridge, with additional striping to direct
traffic onto and off of the bridge. Pedestrian warning signs are also required, as is a yield
sign for merging traffic from the bridge.

AESTHETICS

As mentioned previously, this design incorporates the surroundings to provide an
aesthetically pleasing bridge for the Austin landscape. Because of the sensitive nature of
the park setting, the design attempts to minimize visual disruption to the park and o
Botanical Gardens, while being a “signature bridge” to help “keep Austin weird”.

Several aspects of the Kite Swing Bridge help accomplish these goals. For example, all
superstructure sections are slender, smooth, and symmetric in order prevent visual v
disruptions along the bridge. In addition, they are optimized as truss elements by using

single tension chords on the underside of the decks to remove unnecessary material. Asa
result, the apparent depth is reduced, and the majority of the superstructure is only ten

inches thick. Moreover, the total depth of the stiffening girder at its deepest point is only
four feet, and it slopes down to its deepest point to provide a smooth and slender

appearance. With a suspended bridge length of over 480 ft, the Kite Swing Bridge has a

very small span-to-depth ratio.
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Remembering that people often fly kites in Zilker Park, these structural characteristics are

incorporated into the bridge using a kite theme to provide a modern signature bridge for /-

Austin. The kite theme can be seen in the fact that the pylon is inclined away from the
superstructure so that it appears that it is “swinging” in the air like a kite. As a result, the

: slender lines of the pylon, cables, and bridge sections evolve into a light, modern, non-
" traditional structure.

In addition to modifying structural characteristics to improve aesthetic quality, natural
vegetation is also used accent the park and to minimize the visual impact of the bridge.
Because the bridge is so close to the Botanical Gardens, the abutments will be
constructed with grass on both sides and planters beneath the seat of the superstructure.
Natural vegetation on all parts of the abutment will minimize visual disruption to the
park, and plants and flowers in the planters on the abutments under the bridge will
beautify the area and accent the park and gardens.

CONSTRUCTION PLANNING

Construction scheduling and organization are especially important in an active pedestrian
area like Zilker Park. Although it appears at first glance to have space for construction
staging and storage, this is not the case when attempting to keep as much of the park open
as possible. This goal can be achieved through intelligent construction planning and

construction methods, even while staying on budget. Additionally, environmental >

protection, noise considerations, and road accessibility concerns must be addressed.

Timeline

Zilker Park is used year-round for town athletics, personal fitness, and annual events. It
is inevitable that construction will disrupt the daily use of the park, but a schedule can be
orchestrated to avoid the biggest of the events in the park, namely, the Fourth of July
celebrations, the Austin City Limits Music Festival (in September), and the Trail of
Lights and Christmas Tree Lighting Festival (in December).

The use of precast segments will allow for a shorter on-site time, as the segments can be
constructed before ground has even been broken on location. The critical path for
construction will be in crossing Barton Springs, as that is the most disruptive to traffic in
and through the park.

The construction schedule should be laid out so as to disrupt this annual calendar as little
as possible, perhaps by starting construction in January. v

Staging Areas

The intersection in question is situated between soccer fields, the Nature Center, and a
rocky outcropping. Centralized construction operations close to the location of the pylon
minimizes construction traffic across the roads while having enough space for trailers, /
parking, and materials. This would likely require the disabling the public use of the
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corner soccer field. The alternative option is on the south side of Barton Springs Road,
but the continual disruption of traffic would be more detrimental than the loss of the field.

Segment Placement 5

Aside from material storage, the objects with the largest potential claim on construction
space are the cranes that could be used to place the segmental sections. Because the
bridge is not terribly high or difficult to access, stationary cranes are likely the easiest =+~
method of lifting the sections into place. For the south section of the roadway, a crane
could be placed south of Barton Springs Road, thus removing the need for the segments
to be carried across the roadway (which would require closing the road to traffic).
However, when working on the northern section of the bridge, the crane would have to be
on the inside, lifting the segments over Stratford Drive, as the ground is highly uneven
and the space cramped to the west of the road. A wheeled or track-wheeled crane would
work well as it could easily relocate to different portions of the project. With all
outriggers in place, the crane will be stationary and secured for lifting.

Temporary Supports

The most efficient part of the Kite Bridge design is that it operates on the strengths of the 7
materials: the concrete sections are in compression, the steel cables in tension. These

strengths can be utilized during construction, as well: as each segment is lifted into place,

the steel cables are attached, helping to hold it up. e

Without the next box already in place, however, the system is not yet in equilibrium. It is v
necessary to design an temporary support system during construction. One such method

would be to place a temporary column on the far side of the curve. By using cables from

the temporary column to the section, the sections are pulled away from the pylon and

held in their final positions as the next piece is put into place.

Another option is to construct temporary horizontal supports where the bridge sections ~

/oo
& o

are to be placed. The segments are lifted onto the supports, secured to one another, and /<
secured to the cable stays. Once all segments are in place, the supports would be ./L:(iﬂ_’_ . 3
removed and the forces transferred into the cables and through the arch of the bridge. g i'LM
Like a vertically arched bridge, this bridge will be built from both ends, coming together Cie C/ o p .
in the middle with the keystone piece, allowmg all the boxes to rest against each other, < _csres %
pushing outwards and holding the system in place. At that point, the temporary supperts - .
would be removed, and the bridge will stand on its own. o ¥ JL 'Q“- f
52 o

The approach spans are placed using span-by-span construction, supporting underneath ; B f/-ff’-io.. sl
one single span while the boxes are placed and post-tensioned together. Once all arein - le
place, the support is removed, leaving a simply-st sugg)rted or cgllt_l_@ous system gl cle & L“"“ ”
(depending on the stressing above the piers). - Loeq

12 C hone e e l
Traffic Impact o #T o Molartd s

The critical step in this project, in terms of time and inconvenience to those driving
through the park, is the crossing of Barton Springs Road. As mentioned previously, this
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road is a high-traffic thoroughfare between MoPac to the west, and downtown Austin to

the northeast. It handles not only park traffic, but daily commuter traffic in and out of the /
city. Major over-road construction will be during the night. Traffic is at a minimum

then, and shutting the road will be less of a problem.

"4

-, ~
The Kite Swing Bridge has only one span, stretching over four hundred feet. The rest of ;%? Al [
the nine-hundred foot length of the bridge is handled in the approaches. These solid - =
structures will lie beside Barton Springs Road and Stratford Drive. ‘&ﬁ_ff)rtunately, an v
access road for within the park currently exists off Barton Springs Road; just southeast of
the intersection. This road will need to be closed with the construction of the new bridge.
As it is already only a spur off another road, this closure should not greatly impact the
traffic flow. If the city would like to keep the road, the location could be shifted to the
west a short distance, where it would either pass under the suspended deck or to the west
of the bridge entirely.

Noise Ordinance

The problem with working overnight, however, are the regulations in place in the area.
Though South Austin is known for its sound ordinances, the project will seek a waiver in
order to do some construction at night to reduce impact on the public’s park access.
Without such a waiver, the project will still work with the city to minimize construction
during major events. Due to the large amount of precast concrete used in the bridge
design, on site construction time should be minimized to reduce noise on the surrounding S
environment.

v

Site Improvements

In any construction project, it is a minor hope that the site will be left in as good of shape

as it was when the project began. In the best sense, the site will be improved by the

project. It is important to consider if there are site improvements that could take place .-
during this construction, so as to reduce future impact.

One such improvement is burying power lines through the park. The Kite Swing Bridge ~
layout requires that some lines be moved permanently, so as not to interfere with the

pylon’s final location, and others will have to be displaced temporarily so that cranes can

be used freely. As the roadways are going to be torn up and repaved anyway, it is a

perfect opportunity for the power and telephone companies to come in and bury their

lines, also removing the potential danger to park-goers, and reducing the possibility of

future power outages during stormy weather.

Another improvement is at the dividing fence between the Nature Center and the new
roadway. Currently, an old, rusting, wrought-iron fence exists just off Stratford Drive,
half-hidden by unruly growth. Considering that much of that space will be torn up to fit

the roadway and the construction machinery, it would be a good time to replace the fence )
and alter the appearance, making it look like the back of a natural area, rather than an &
overgrown, fenced-off forest.



MAINTENANCE

The Kite Swing Bridge has the advantage that almost all the concrete members will be in +”
compression, which reduces cracking and helps prevent rebar corrosion. As with any

cable stay bridge, however, increased attention will need to be placed on maintaining the
cable stays. The cables will need to be inspected and replaced periodically. In addition,

the stress levels in the concrete superstructure will need to be checked regularly to ensure
against cracking. Additional post-tensioning may be required over time to prevent

cracking, and the segments will be constructed with post-tensioning ducts available for

this purpose.

Self-Cleaning Concrete

In an effort to keep the bridge clean and to limit the required maintenance, the pylon . | e

should be constructed with self-cleaning concrete. Concrete becomes self cleaning by
adding titanium dioxide to the mixture. The titanium dioxide is photocatalytic, that is, it
causes reactions when in the presence of ultraviolet light. The resulting reaction breaks
down organic compounds such as soot and exhaust, which settle over time on concrete.
The products of the reaction are then washed away when it rains, leaving behind clean
concrete. The titanium dioxide is regenerated during the reaction, so it will continue to
function throughout the life of the bridge.

OTHER DETAILS

Lighting

Situated near one of Austin’s well-known moon towers, the site of the Zilker Park ”
Christmas tree, the proposed bridge site has a fair amount of ambient lighting. As a

result, extensive roadway lighting was not considered necessary. As well, the addition of
light poles to the bridge superstructure was thought to be a detractor from the slim profile
chosen. However, some lighting will be added to enhance pedestrian safety and to -
highlight key elements of the bridge design. y

Along the pedestrian walkway, lights will be added at the railing level to increase the
illumination of the walkway. Pathway lighting should increase the visibility of any

debris or other obstacle on the walkway and increase the pedestrian safety by creatinga ./
well-lighted environment.

y

Lighting of the pylon and the bridge superstructure will provide some additional ambient S
light to the surrounding area, while enhancing the aesthetic appeal of the bridge. The

lighting pattern will draw attention to the slender profile of the superstructure and the

handsome pylon. Additionally, having a pylon illumination system in place would allow

for easy decorating of the structure for seasonal changes or festivals, though the use of

colored or patterned light covers, as is standard on famous buildings like the Empire State
Building or the University of Texas tower. This effect can be achieved using solid or

patterned foils across the face of the permanent spotlights. %q *«“L’L%‘-’
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Drainage

Due to the heavy rains experienced in Central Texas, it is important to detail an effective
drainage system for the bridge roadway. In the spirit of Austin’s Green Building
Program, the drainage layout can be used as a rainwater collection system. The collected
rainwater is redirected to irrigate areas within Zilker Park. The rainwater would have to
be filtered before watering plants, to remove road debris and oils that come from the road
surface. A relatively simple charcoal filter or fine mesh filter should be sufficient.

The cantilevered bridge deck of the segmental sections are cast with a drip notch, in place
to control rainwater off the vertical surfaces of the sections.

ENVIRONMENTAL IMPACT

Though the construction of a bridge in a park setting will certainly mean disruption of the
currently in situ natural environment, steps will be taken to minimize the impact. Once
construction is finished, the selected design will complement the park setting with its
slender profile and minimization of columns.

Tree Removal and Replacement

Regrettably, some of the live oak trees in Zilker Park are in the proposed path of the
bridge and will have to be removed prior to construction. After completion of the
project, additional trees will be planted in the construction area and along the abutments
to provide shade for future park users. The replanting will be in accordance with the City
of Austin’s “Special Re-vegetation Criteria for Hill Country Roadway Sites.” Those
trees that can be preserved will be protected using standard methods, such as the City of
Austin Type B wood fence that protects the trees root area while maintaining a minimum
work area.

Construction Runoff

Silt fences will be installed around the entire work site to protect the watershed from
construction runoff. As well, chain link temporary fencing will be erected around the
work area to prevent it from becoming an attractive nuisance and endangering the public
safety.

Cost

The final estimated cost of the Kite Swing Bridge is based off the preliminary estimates,
updated to reflect the changes since the preliminary design. Additionally, the foundation
and railing costs were included, using volumes of concrete and steel necessary for their
construction. Previously the abutments and railings were not considered in the cost
estimate.

As designed, the Kite Swing Bridge will cost $880,431. The cost breakdown can be seen

in Table 10. — P
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Table 10: Final cost estimates for the Kite Swing Bridge

Design Detail \ Composition ] Cost
SUPERSTRUCTURE

Main Span 16 -475cy P_recast Prestressed $228,096
Concrete Sections

Cables 50,700 Ib $76,060

Pylon 210.6 cy Reinforced Concrete $118.,465
Total $422,621

FOUNDATIONS

Pylon Steel ” 2

et 7,840 Ib 6” plate $15,680 L

Steel Bolts 13,475 1b steel anchor bolts $67,000

AbUmEN | o o0 Detnftreed Coricete $77.030

Concrete

Back Stay ”

Steel Plate 650 Ib 47 plate $1,300

Back Stay

Anchor Bolts 960 1b anchor bolts $4,800
Total $165,810

RAILINGS

Bicycle Rail 1200 ft at $50/ft $60,000

Bicycle /

Vehicle Rail 900 ft at $160/ft $144,000

Vehicular | 940 f ot s90/81 $81,000

Rail

Columns 19 cy Reinforced Concrete $7,000
Total $292,000

Total $880,431

Vv

Many of the additional suggested design details, such as the use of self-cleaning concrete
and accent lighting, are not necessary for the structural integrity of the bridge, but will
add another element of interest to the project. These small costs will continue to increase
the aesthetic appearance of the bridge, both short- and long-term, and thus should be
taken into serious consideration.



SUMMARY

The intersection between Barton Springs Road and Stratford Drive is a consistent

bottleneck for traffic through Zilker Park. Motorists wanting to turn left off Stratford

Drive often experience long waits before turning across the busy Barton Springs Road,
backing up traffic and creating a dangerous situation for pedestrians and motorists alike. »
In order to alleviate this problem, a flyover bridge has been proposed to carry the left- r
turning traffic.

Due to the highly visible location of the site, an aesthetically pleasing bridge design was
desired. Aesthetics, cost, constructability, and maintenance were the criteria most

heavily considered in the design and decision processes. Through the use of a decision v
matrix with weighted rankings, a final bridge design was selected from among five
preliminary designs.

The selected design, a cable stay bridge, is believed to be aesthetically pleasing, efficient

in the use of materials, and of reasonable cost. The superstructure design and the use of a P
single pylon with no columns results in a light and slender bridge which complements the B
surrounding open park land. As well, the unique structure keeps to the popular town wockle leoge
slogan, “keep Austin weird.” PR -
Additional design features were incorporated to also keep Austin beautiful. For instance,
the abutments are clad in built-in planters to create a cascade of green instead of a wall of
textured concrete panels. Rain water collection for irrigation, lighting to highlight
aesthetics, and self-cleaning concrete in the pylon will also aid in the beautification of the
bridge and surrounding area.

The Kite Swing Bridge is a way to alleviate traffic congestion in Zilker Park while
creating a point of interest for the city.
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Strength V Load Factors and Loads

Description L.D. Load Factor
Dead weight structural components DW 1.25
Wearing Surfaces DC 1.50
Live Load Ll 1.3%
Dynamic Load Allowance IM 133
Wind Load on Structure WS 0.40
Wind Load on Vehicles WL 1.00

AASHTO Strength V load factors

Force Calculated

Maximum Value

Pylon Stay 5478"
Moment in Pylon 9796
Shear in Pylon 250"
Axial Force in Interior Stay Cables | 310°
Axial Force in Exterior Stay Cables | 290"
Axial Force in Segment Underside 351"
Cables
Compression in Segment Underside | 120"
Pipes
Positive Moment in Edge Beams 167°"
Negative Moment in Edge Beams 319"
Axial Force in Edge Beams 506"
(compression)

Maximum calculated forces for Strength V
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LSpeAnL PREELEN R

Type IV Girders Traditional TxDOT Design
Type IV Girders NO | Area |Length Vol. Vol.[NO| Vol. | Costicy | Total Cost
ea in? in in® cy cy $fcy
Main Span 788.4 1320] 1,040,688 22| 4|89.22 300 $ 26,766.67
Additional Spans 6| 788.4 1200f 946,080| 20| 4|81.11 300| $146,000.00
Superstructure
Width | Depth |Length| Vol. |Vol.[NO Cost/cy
ft ft i o cf cy $lcy
Deck 32| o067 \710) 15147 561| 1 375| $210,370.37
Bent Caps 3.25 35 /30 341| 13| 6 375| $ 28,437.50
/
Substructure /
Diam.|Height| | Vol. |Vol.|NO Cost/cy
ft ft || cf cy $lcy
Main Span Columns 3.25 18| | 149 6| 6 375| $ 12,443.65
Adjacent Spans to Main 3.25 12| | 100] 4| 6 375| $ 8,295.77
Next Set of Spans 3.25 6| 500 2| 6 375| $ 4,147.88
Abutments 3.25 2.5 32 260, 10[ 2 375| $ 7,222.22
1 417 32 133 5| 2 375/ % 3,703.70
Foundations {
Diam. |Height| | Vol. [Vol.|NO Cost/cy
ft ft || cf cy $icy
Main Span Drilled Shafts 3.5 20[ | 192 71 6 375| $ 16,035.21
Adjacent Spans to Main 3.5 20 192 7| 6 375| $ 16,035.21
Next Set of Spans 3.5 20 192 71 6 375| $ 16,035.21
Abutments 3 20 141 5/ 6 375/ $ 11,780.97
/
/
Total Cost $507,274.38
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Unit Costs
Structural Steel Shapes (GR 36)

Steel Plate (GR 45)
Steel Stays or Ropes (GR 250)

Steel Anchor Bolts (GR 120)

Reinofrced Concrete [cast-in-place] (GR 5)

Reinforced Concrete [cast-in-place or precast|

Reinforced Concrete [precast] (GR 5)

Pretensioned Concrete (GR 8)

Pretensioned Concrete (GR 14)

Post-Tensioned Concrete (GR 8)

Post-Tensioned Concrete (GR 12)
Timber — treated structural grade

All temporary Douglas Fir supports

$1.50/1b in place
$2.00/Ib in place
$1.50/1b in place

$5.00/1b; includes rock drilling
and adhesive

$375/cyd; includes forms and
GR 60 reinforcement

Premium for higher strength:
- add $15/cyd/1ksi increase

$325/cyd; includes
GR 60 reinforcement

$300/cyd; includes 270ksi
prestressing strand

$375/cyd

$375/cyd; includes 270ksi
prestressing strand

$425/cyd

$1.20/board foot

Material 33% and placement 33%,
(including connectors) of unit costs
shown for permanent construction

Cable Stays Pylons — for members having an inclination for more than 5° from

vertical, increase costs by 25%

For cable stay corrosion protection systems when cable material is used in
permanent systems, increase cable costs $1/1b.
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