
THE CONGRESS AVENUE BRIDGE:
100 YEARS OF AN AUSTIN-CHANGING ICON
By Nestor R. Rubiano, PhD, P.E., Structural Consultants, Inc., Austin, TX

Introduction

The Concrete Bridge (1909-1910)

The Congress Avenue Bridge over the Lady Bird Lake has been an

icon of the city of Austin for just over a hundred years and still is.

Over all these years, however, the shape, size and structural system

of the bridge have evolved, sometimes slightly and sometimes

dramatically.

This concrete arch bridge was built between 1909 and 1910 to

replace an old steel truss structure. It became an unequaled icon of

downtown Austin for a number of reasons. First due to its

transportation value: it originally linked central Austin with South

Austin, then linked Austin with San Antonio and now is part of a

main arterial road in Central/South Austin. The bridge is a city

treasure for its aesthetic value – to both the downtown area and

water sports enthusiasts. Most recently, this iconic structure has

become an important tourist attraction, primarily because of its

unconventional “residents” – the Mexican Free-tail bats that

inhabit its crevices.

Recent studies conducted by the City of Austin have identified this

bridge as a possible candidate to support the crossing of the lake by

a line of Light Rail Transit (Reference 1). As part of a preliminary

structural evaluation, an investigation of the evolution of the bridge

was performed (Reference 2).

As the bridge has just marked its first century of service, an

overview of its past, present and future reveals how a bridge can

adjust to transportation needs without losing its identity and

maintaining its structural soundness.

This article attempts to trace the milestones that have marked the

evolution of the bridge since its construction until today, mostly

from a structural engineer's point of view. It is not meant to be a

complete historical record.

Before 1869, crossing the Colorado River from downtown Austin

into South Austin was done by ferry. That year, a pontoon bridge

was built along Brazos Street (very close to Congress Avenue) but

less than a year later, it was destroyed by flood. After this disaster,

ferries continued providing river crossings until 1876, when a

wooden bridge was built.

In 1883, a span of the wooden bridge collapsed when a cattle herd

was crossing it. The following year, a wrought iron truss

replacement was built. That structure was manufactured by the

King Iron Bridge and Manufacturing Company of Cleveland,

Ohio, and had a roadway width of 20 ft and a total length of 910 ft

(see Figure 1).

When Travis County purchased the iron bridge in 1886, the river

crossing, which had always been tolled, became free for the first

time. Later that year, a local newspaper article declared that this

bridge was expected “to stand as long as time lasts.”

In the early twentieth century, it was clear that due to increased

traffic, a wider bridge was necessary, so a new concrete bridge was

conceived. Figure 2 shows a view of the bridge from the south bank

of the river.

Between 1909 and 1910, contractor William P. Carmichael

Company from Williamsport, Indiana, built the new bridge for

Travis County after moving the old iron bridge onto new piers for

use while the new bridge was constructed. The old iron bridge was

later relocated to Moore's crossing over Onion Creek (south side of

what is now the Austin Bergstrom International Airport near

Burleson road).

The design of the bridge incorporated a 38-ft wide roadway and

two 5-ft wide sidewalks, protected with heavy aesthetic concrete

rails. To accommodate this configuration, a total deck with of 51

feet 10 inches was built. On each side of the bridge centerline, 10-ft

electric railway tracks were installed for use by the electric

streetcar of theAustin Rapid Transit established in 1891.

The eight-span concrete bridge built totaled 950 ft, using 30-ft wide

barrel arches. The arches, supported by heavy concrete piers

founded on the river bed limestone, had a thickness of 5 ft at the

spring line and 2.75 ft at the crown, and a rise of 19.5 ft.

Continued on page 6
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CORROSION IN REINFORCED CONCRETE
Continued from page 12

SUMMARY

Each of these tests described provides slightly different

information related to the state of corrosion in concrete

structures. The relative strengths and weaknesses of each

method are shown in Table 4. All the corrosion test methods

presented produce measurements at a single point in time.

Environmental changes such as temperature, humidity, and

oxygen availability will impact the corrosion mechanism. To

improve measurements, they should be repeated under

different conditions that relate to seasonal variations. These

results can then be averaged to gain an understanding of the

average corrosion rate over longer periods of time.

This article reviewed the basic corrosion mechanism in

reinforced concrete and three common nondestructive

measurement techniques. Typically, these techniques are used

to investigate a potential need for repairs and to develop an

effective repair strategy. After a repair, these same techniques

can be used to examine the effectiveness. In coordination with

the previously described test methods, it is advisable that

chloride ion and carbonation profiles be determined, which

relate to the state of the passivating layer that is so crucial to

corrosion resistance. Corrosion of steel in concrete is not a

simple or commonly understood process - investigations

should be conducted by experienced professionals.
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Figure 2 – Congress Avenue Bridge (circa 1940)

Figure 1 – The Iron Bridge Half Cell Potential
Measurement

Concrete
Resistivity

Corrosion Rate
Measurement

�

�

Fast
Standardized test
method

�

�

Provides no corrosion
rate measurement
Requires moist concrete

Strengths Weaknesses

Table 4 – Comparison of Corrosion Measurement Methods

�Provides actual
corrosion rate
measurement

�Fast �

�

Not a standardized test
Has geometric constraints

�

�

Not a standardized test
Slower than other methods



CONGRESSAVENUE BRIDGE

Continued from page 4)

Spandrel walls initiating at the arches served as supports for the

bridge deck (see Figure 3). The Spandrel walls, running transverse

to the bridge centerline, are supported by the arches; they are 29.5 ft

long by 1.25 ft wide and are spaced at 7.25 ft on center.

On both sides of each spandrel wall, short beam overhangs

extended to support the deck beyond the edge of the arches (as

shown in Figure 3).

A typical original interior bent was composed of a concrete pier

wall, 30.0 ft wide by 4.0 ft thick, supported by a 25-ft tall tapered

pier below. The pier varied in width from 38 ft at the top to 42.25 ft

at the bottom and has rounded ends. The depth of the pier tapered

from 8 ft at the top to 12 ft at the bottom. The pier was supported on

a rectangular footing with a width of 44 ft, depth of 16 ft and

variable height (depending on the depth of the rock layer on the

riverbed).

The gravity-type abutments were built using massive unreinforced

concrete. In the north abutment, existing wingwalls (lateral walls

that retain the abutment fill) were re-used while in the south

abutment, new reinforced concrete wingwalls with timber piles

were built.

At the time of construction, the foundation soil was reported as blue

shale rock.Athin layer of “white” rock, presumably limestone, was

found above the shale near the south end of the bridge. In the

drawings of the original 1909 design, test holes are shown at many

of the piers. They also show the bearing rock stratum at elevations

varying from 410 ft to 420 ft.

In the early years of the bridge, the Colorado River did not have a

flood control system.As a result, the water level fluctuated greatly

depending on the weather and the season. Records and resident

accounts describe extreme changes from almost drought

conditions with no water crossing under the bridge to river flooding

which overtopped the bridge on more than one occasion. In the

original 1909 bridge drawings, the low and high water elevations

are shown as 427.0 ft and 449.0 ft, respectively. (For reference, the

elevation at the top of the deck is approximately 472 ft.)

Several attempts to regulate the river level with dams were tried

over the years. Austin Dam was built between 1890 and 1893

upstream of the bridge. It stabilized the river level at about 16 ft

below the pier copings and created a 20-mile man-made lake

(originally called Lake McDonald). The dam, however, was

destroyed by a flood in 1900.

A second Austin Dam was built from 1909 to 1912 at the same

location as the first one.Amassive flood destroyed this second dam

as well. The flooding issue then continued and in 1935 a major

flood overtopped the bridge. Fortunately, the bridge was not

damaged during this event.

Finally, a newAustin Dam was built atop the remains of two earlier

structures between 1938 and 1940, fifty years after the first dam

was built. After it was completed, it was re-named the Tom Miller

Dam, in honor of one ofAustin’s most famous mayors. It re-created

the 20-mile lake which extended to the downtown district and

which was named Lake Austin on the west side (near the dam) and

Town Lake on the East side. In addition to flood control, the dam

also provided hydroelectric power and water storage for the city.

Several bridges with similar structural systems were built in the

early 1900s across Texas. Dallas, Houston and Fort Worth had this

type of bridge built to cross rivers and a few of them have been

included in historical registries. Figure 4 shows two such bridges

that are still in use today: the Houston Street Viaduct in Dallas and

the North Main Street Bridge in Fort Worth.

With the increase in popularity of private vehicles, the streetcars

lost favor and eventually the rail tracks were removed from the

bridge to provide more space for vehicular traffic.

In the 1955-1956 period, the bridge deck was slightly widened to a

53-ft overall width. The main purpose of this widening was to

increase the roadway width by 6 ft to a total of 44 ft to

accommodate four 11-ft lanes of vehicular traffic. The deck

structure was not modified except for a newly added layer of

pavement and modifications to the sidewalks described below.

The original decorative but heavy concrete railings, including

regularly spaced pedestals, were removed from both sides of the

bridge. The sidewalks were removed, or rebuilt using a reinforced

concrete beam-and-slab structure, preserving the existing utility

conduits which ran below them. The width of the new sidewalks

was reduced to 4.5 feet from the original 5.0 ft.

New light aluminum railing was bolted to the side of the deck

completely clearing the sidewalk surface. New utility lines, added

to those exiting from the bridge construction, were installed under

the new sidewalk. Additional light poles were also installed along

the bridge, at pier locations, supported by concrete brackets.

At that time, the substructure (arches, piers and foundations) was

not modified. Figure 5 shows a view of the widened bridge from the

river.

1955-1956 Widening

(continued on page 7)
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800.557.3134

CONCRETE SCANNING
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most experienced in Texas

How was the key reinforcement

placed in your structure?

Houston/SE Texas 281.446.7363

San Antonio/ 210.775.1637
Corpus Christi

Austin/Waco 512.551.0336

Dallas/Ft Worth 972.432.6666

Our specialty is “volumetric” as-built surveys of concrete and masonry structures.
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Figure 4 – Houston Street Viaduct (Dallas) and N. Main Street Bridge (Fort Worth)

Figure 3 – Structural System of the Congress Avenue Bridge



Page 7

THE STRUCTURAL ENGINEER

S
T

R
U

C
T

U
R

A
L

A
S

S
O

C
IA

T
I O

N

ENGINEERS

THE STRUCTURAL ENGINEER

S
T

R
U

C
T

U
R

A
L

A
S

S
O

C
IA

T
I O

N

ENGINEERS

TEXAS

Page 14

CONGRESS BRIDGE
Continued from page 6

1977-1980 Reconstruction

In the early 1970s, deterioration of the deck and elements of the

substructure was evident and eventually led to the partial closure of

the bridge in 1974. In 1976, the City retained a consultant to conduct

an improvement study of the bridge, including the possibility of

widening of the structure (see Reference 6). As part of this study a

detailed inspection of the bridge was conducted both above and

under water.

Based on the recommendations of this study, the bridge

superstructure was replaced and significantly widened between

1977 and 1980, following the provisions of the AASHTO Standard

Specification for Highway Bridges (1977 Interim). Precast

prestressed box beams were used to entirely replace the original

superstructure of the bridge (see Figure 6).

Beams were transversely tied using post-tensioning strands at their

1/5 points and void spaces between beams (shear keys) were filled

with structural concrete. A 12-in slotted drain pipe ran below the

curbs, embedded in a cast-in-place concrete beam formed between

the second and third precast beams from the edge. A 1/2-in two

course surface treatment was provided over the 1 1/2-inACPlayer.

The bridge deck was widened to 81 feet 2 inches and the roadway

width increased to 60 ft to accommodate five lanes of vehicular

traffic (two 11-ft lanes in each direction and a 12-ft middle lane).

The centerline of the entire bridge deck was maintained level at an

elevation of 471.9 ft.

The sidewalks were widened to 8 ft and 1 ft 4inch curbs were added.

A concrete parapet 13 in wide by 3 in high was provided at the

exterior edge of the sidewalks for the aluminum combination rail

type C3-E. Lighting standard supports were provided at various

locations at both edges of the deck. (Continued on page 8)

Figure 5 – Congress Avenue Bridge after widening (circa 1959)

Figure 6 – Precast Concrete Box Beams

CORROSION DENSITY CLASSIFICATION RECOMMENDED
REVALUATION SCHEDULE

CORROSION IN REINFORCED CONCRETE .

A diagram of the test apparatus is shown in figure 7. This test
method determines the ability of ions to flow in the concrete and
therefore gives a relativistic rate of corrosion. More current is
indicative of a potentially greater corrosion rate.

The outer two electrodes provide a source of alternating current

along the surface of the concrete and the inner two electrodes are

used to measure the resulting voltage. All four electrodes must be

equally spaced, typically 2 in. (50 mm), along a single line. The

typical spacing may need to be altered based on the details of the

concrete member being tested.

Although HCPs can give an indication of the likelihood of active

corrosion, the test does not provide definitive information on the

rate of the active corrosion. Resistivity testing only provides a

relative indication of corrosion. It is important to directly measure

the rate of active corrosion because, although part of a structure

may be experiencing corrosion, the rate of corrosion may be low

enough that significant section loss and structural damage may not

occur for many years. Thus, it may be possible to delay

remediation until a future date, which may be beneficial, based on

operational or financial concerns. Conversely, the measured rate of

corrosion may be very high, indicating need for expeditious repair

or rehabilitation.

Corrosion rate testing uses the polarization resistance technique.

The testing system requires the use of three electrodes: the first is

the reinforcing steel at the location where the corrosion rate is to be

measured, the second is a counter-electrode that is a metallic object

used to apply the polarizing current to the steel, and the third is a

standard half-cell for measuring the potential change in response to

the applied current from the counter-electrode to the steel. The

sensor contains two concentric stainless steel electrodes. The outer

ring confines the polarization current to a known area directly

below the sensor. The sensor also has three half-cell reference

electrodes. The outer two reference electrodes are used to monitor

the confining current.

Corrosion rate testing involves applying a current to a given

section of reinforcing steel and measuring the corresponding

increases in half-cell potential. The amount of current required to

change the potential is proportional to the corrosion rate of the steel

in the specific test area at the specific time of testing. The current is

confined to the area of steel directly below the sensor. The

corrosion current density can be calculated in microamperes per

square centimeter of steel surface area. The measured results are

then used to determine the state of the corrosion. Higher current

densities are indicative of more active corrosion.

Continued from page 12

Continued on page 17

Corrosion Rate Measurements

Table 3 – Interpretation of Corrosion Rate Measurements

RESISTIVITY CORROSION RISK

>100 k cm Negligible corrsion, concrete is too dry

50-100 k cm Low corrosion risk

10-50 k cm Moderate to High corrosion risk

<10 k cm Resistivity does not control corrosion

Ω

Ω

Ω

Ω

Table 2– Interpretation of Resistivity Measurements

Figure 7 – Diagram of Resistivity Test Device (Adapted from Malhotra & Carino
2004)

<0.1 A/cm2

0.1-0.5 A/cm2

05. - 1 A/cm2

>1 A/cm2

μ

μ

μ

μ

Passive

Low

Moderate

High

After 10 years

After 5 years

After 2 years

Remediation may be

required
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CONGRESSAVENUE BRIDGE
Continued from page 7

Continued on page 18

Although the original arches were not modified, the tops of the

original spandrel walls were cut 6 inches under bottom of box

beams (at elevation 467.3 ft), effectively unloading the arches,

which then carried only their self weight and the weight of the

spandrel walls. Two 14-in x 5-in precast concrete beams were

added at the top of the spandrel walls to tie them together and

anchor them to the piers and abutments. Unloading the arch was

highly desirable as the 1976 study referenced above cited

significant cracking and deterioration in the arches (this was

backed up by calculated overstress).

The upper part of every pier was removed above elevation 451.0,

and the remaining portion of the pier wall was extended by 3.0 ft on

either end. A flared reinforced concrete bent cap was added with a

base of 36.0 ft and a total length of 81.2 ft at top of cap (Elev.

467.93), generating 22.6 ft tapered cantilevers on both ends. These

extensions were necessary to support all the box beams. These

modifications effectively transformed the pier walls into deep-cap

hammerhead bents. Figures 7 and 8 show these cantilevers.

In the 1977 construction drawings, results of geotechnical test

holes showed gray limestone at an elevation of about 415 ft in the

channel. In the south abutment, soft shale was found between 400 ft

and 405 ft. In the north abutment gray limestone was found above

elevation 430 ft.

The approximate normal water level shown in the 1977 drawings is

428.6 ft, which is about 43 ft under the deck level.

At some date after the 1980 widening, the deck was re-striped to

add a lane. Currently, the bridge accommodates six 10-ft lanes of

vehicular traffic (3 in each direction). See Figure 8 for a typical

section of the bridge showing its current configuration.

In the early 1980s, a large Mexican Free-tail bat colony of about 1.5

million bats moved to the bridge, spending the summer of every

year there and nesting in the 1.75-inch gaps between box beam

bottom flanges.

At the time, limited knowledge about the effect of bats on bridges

led the public and concerned professionals to ask for their

eradication as a pest. However, studies led first by the Texas

Department of Transportation (TxDOT) in 1995 (see Reference 4)

and then, by Bat Conservation International in 1999 (see Reference

5) concluded that no bridge damage would result. These studies

also included an evaluation of the potential impact on the health

and safety of bridge maintenance workers and the public, the effect

on water quality, the significance of bridges to bat populations and

the conditions bats require to nest.

Nowadays, the bats living under the deck of the bridge are a major

tourist attraction of downtown Austin during the summer months.

They also help the local agriculture by consuming large quantities

of insect pests.

The Bats

Figure 7 – Pier Cantilever Extensions

Figure 8 – Current configuration of the bridge
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In November 2006, the bridge was renamed the Ann W. Richards

Congress Avenue Bridge in honor of the late Ann W. Richards, the

45th Governor of Texas and an Austin resident. Figure 9 shows a

dedicatory plaque installed on the south abutment of the bridge. A

year later, Town Lake was renamed the Lady Bird Lake in honor of

the late Lady Bird Johnson, former First Lady of the United States

and also a long-timeAustin resident.

The bridge is currently in

good condition with

some minor problems.

T x D O T c o n d i t i o n

assessments and load

r a t i n g s , p e r f o r m e d

periodically, show minor

v e r t i c a l c r a c k s i n

a b u t m e n t s a n d

w i n g w a l l s , s o m e

diagonal shear/ flexural cracking in the flared pier extensions,

longitudinal cracks in the asphalt deck surface, clogged deck

slotted drains, transverse hairline cracks along the curbs and

bulging expansion joints in the sidewalks.

A recent detailed inspection of the bridge (see Reference 2)

confirmed the findings of the TxDOT inspection reports.

Additionally, vertical stains from possible water infiltration were

noticed on overhangs of every pier cap. The precast concrete box

beams appeared to be in good condition with no visible signs of

distress as seen from under the bridge. Staining on the bottom of

some beams was observed at longitudinal joints, which could be

due to water infiltration and/or bat droppings.

Relatively minor variations of the river bed had been measured in

recent years but no pier scour had been observed. During the recent

construction of a pedestrian bridge over the lake not far from the

Congress Avenue Bridge, the normal water surface elevation was

measured at 428.3 ft and the 100-year flood water surface elevation

estimated as 446 ft. These elevations were consistent with previous

measurements.

In summary, the bridge is in good structural shape and only minor

repairs are required to avoid internal damage generated by

penetrating water or other substances through the observed cracks.

The City of Austin is planning to build a new Urban Rail system

that would travel in multiple directions north and south of

downtown. One such line would cross the Lady Bird Lake and

extend to South Austin and eventually to the airport. The Congress

Avenue Bridge has been identified in several studies sponsored by

the City (see References 1 and 8) as an alternative for the light rail

transit line that would cross the lake. Other alternatives include

using a different existing bridge or building a new bridge in the

vicinity.

If the proposed inclusion of this bridge along one of the Austin

Urban Rail lines is approved, it would bring back the rail tracks to

the bridge that were part of its original design about 100 years ago.

This time, however, the tracks would carry modern light rail

vehicles that would have almost no resemblance to the old

streetcars.

A preliminary bridge evaluation of the structural capacity of the

bridge to accommodate and support the light rail vehicles and the

associated infrastructure (see Reference 2) determined that

strengthening of the superstructure and possibly the substructure

would be necessary, but that the cost of this work would probably

be lower than the construction of a completely new bridge. To avoid

any effect on the bridge’s bat population, any retrofit would have to

be completed between late fall and spring, when the colony travels

south.

This article was based partly on the research conducted by P.E.

Structural Consultants, Inc. (team member of theAustin Urban Rail

Partners JV) for the report cited in Reference 2 which was

developed for the Department of Transportation of the City of

Austin.

The author is indebted to Lisa C. Powell and Janet S. Rubiano for

reading the manuscript and suggesting badly needed corrections.
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Figure 9 – Dedicatory Plaque

REGISTRATION By 9/30/2011 After 9/30/2011

SEAoT Members & Members

of other SEA’s $285.00 $310.00

Non Members $410.00 $435.00

Companion Program $100.00 $100.00

Banquet: $ 65.00 $ 65.00

Golf (per player) $125.00 $125.00

SPONSORS

The Conference is made possible in part thanks to the generous

sponsorship of the following companies

Conference Sponsorships

Golf Sponsorships:

Vulcraft

Hilti Inc

NelsonArchitectural Engineering

SimpsonAnchor Systems

Concrete Reinforcing Steel Institute

Hilti Inc

Delta Structural Technology Inc.

Pieresearch

Please add your company name to the list of sponsors:

- Platinum

. - Gold

- Gold

- Silver

- Bronze

. Golf - Gold

- Golf Hole

- Golf Hole

Platinum: $3,000; Banquet: $2,000; Gold: $1,500; Silver:

$1,000; Bronze Sponsor: $500; Patron: $300. In addition to

recognition before and during the conference, Platinum and Gold

sponsors all receive a full page advertisement insertion in the

Conference brochure, Silver sponsors receive a half page.

Banquet sponsors receive a full page advertisement insertion in

theAwards brochure.

Luncheon Sponsor: $500; Closest to the Pin: $200; Longest

Drive: $200; Hole Sponsor: $100

To become a sponsor, contact Liz Stansfeld at (512) 301-2744 or

email State@seaot.org

Enterprises, Inc.
Specialty Commercial Contractor

NCTRC , HUB, WBE Certified

Architectural & Structural Restoration,

Waterproofing, Composite Strengthening,

Epoxy/Urethane Injection, Polymer Floors

(800) 375-6136 TX, LA, AR, OK

E-mail:

A, DBE

solutions@mobileenterprises.com

www.mobileenterprises.comWeb:

MOBILE

Received ICRI 2006 Project of the Year Award




