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1 Introduction 
MnDOT Bridge 2440 carries T.H. 65 (3rd Avenue South) over the Mississippi River in 
downtown Minneapolis.  The bridge consists of six distinct units: the south abutment, 
two steel beam spans, five ribbed arch spans, two barrel arch spans, two prestressed 
concrete beam spans, and the north abutment.  The arches are of the Melan arch 
construction which consists of a lattice work of steel I-beams, assembled approximating 
the shape of the arch, laid in a series near the undersurface of the arch.  The concrete 
in the resulting steel-rib and concrete barrel serves a dual protective and structural 
purpose [1].   

The bridge is located a short distance upstream of the St. Anthony Falls and spans a 
horseshoe dam which predates the bridge (Figure 1 in Appendix A).  The bridge was 
built with a curved “S” shaped alignment to avoid failures of the limestone bedrock that 
occurred between 1869 and 1875 [2].  The bridge was constructed between 1915 and 
1918 and has undergone one major concrete repair project in 1979 followed by a joint 
replacement project in 2004.  The 1979 repair consisted of complete deck removal, new 
light standards, extending the spandrel columns, raising the roadway grade by five feet, 
replacing the approach spans at both ends of the bridge, cleaning and reinstallation of 
the 1939 railing, and pier repair.  

2 Scope of the Report 
In response to a routine underwater inspection in 2012 that identified severe concrete 
deterioration around the upstream third of the Pier 5 concrete footing seal, HDR was 
retained to perform an investigation involving a review of historical information 
surrounding the construction of both Bridge 2440 and nearby relevant features, and 
develop plans and specifications to repair the deterioration.   

3 Geological Setting 
The geology in the area consists of minor surface deposits containing glacial drift from 
the Pleistocene period, a bedrock formation consisting of Platteville Limestone, a thin 
layer of Glenwood shale, and the St. Peter Sandstone formation (Figures 2 & 3).  At the 
end of the last ice age (approximately twelve thousand years ago), the falls were 
located near downtown St. Paul. The falls progressed upstream to the present location 
due to the natural erosion of the underlying sandstone formation (Figure 4).  Plunging 
water from the falls created a deep plunge pool at the base of the falls which eroded the 
soft St. Peter Sandstone and undermined the overlying limestone bedrock forming the 
riverbed.  The falls migrated upstream as limestone ledges broke off due to lack of 
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support from below.  As the falls moved upstream, the limestone layer became thinner, 
accelerating the migration.  This migration was arrested in 1887 by the construction of 
the spillway [3].   

The Platteville Limestone formation at the St. Anthony Falls is wedge shaped.  It thins 
from approximately 13 feet thick at the falls to disappear entirely approximately one-
third of the way through Nicollet Island.  At Pier 5 the limestone bedrock is nominally 9 
feet thick (see page 22 of 1968 HNTB Report [2] in Appendix B).   

4 Relevant Site History 
The initial development of the City of Minneapolis is due in large part to the availability 
of hydro-mechanical and hydro-electric power from the relatively large Mississippi flows 
and hydraulic head at the falls.  Initially the primary operations were timber sawmills 
where trees cut from the forests to the north were floated downstream for processing.  
As the forests became depleted, operations shifted to grain milling.  Minneapolis was 
the largest grain milling center in the world for many decades due in large part to the 
falls.  As electrical power became more available, the grain milling operations gradually 
shut down. The electrical hydropower plant is the last major vestige of the area’s 
industrial operations. 

In 1837 a treaty was established between the Dakota and U.S. government which 
allowed development of the east bank (north side of the river in this area).  In order to 
direct the logs to the east bank, a rock filled timber crib structure was constructed 
upstream into the river in 1849.  This is now the north side of the horseshoe dam.  The 
south half of the dam was added in 1856 [3].  With the construction of the south side of 
the horseshoe dam, a large number of grain milling operations established near and 
beyond the current lock location. The 1800’s era rock filled timber dam was eventually 
capped with concrete and the original structure remains largely in place (Figures 5 & 6).  
The downstream edge of Pier 5’s concrete footing seal lies immediately adjacent the 
horseshoe dam (Figure 7).   

Typical hydro-mechanical installations near the St. Anthony Falls consisted of a nearly 
horizontal tunnel mined into the easily excavated St. Peter Sandstone and exposed at 
the downstream bank.  Near the source of water, there was a vertical drop shaft 
extending through the hard Platteville limestone.  A large number of such old tunnels 
remain and are located further downstream of the 3rd Avenue Bridge and seepage cutoff 
with five or six tunnels under the old Main Street hydro project on the north side and a 
number of other tunnels beneath the old mills on the south side.   
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4.1 Eastman Tunnel  
William W. Eastman decided to develop a tunnel in the late 1860’s; the construction of 
which nearly resulted in the complete loss of the St. Anthony Falls.  In order to develop 
a saw mill using water power at the site, he started the tunnel in the sandstone at the 
downstream end but planned to extend the tunnel all the way to Nicollet Island.  He was 
not aware that the Platteville Limestone thickness decreased as it neared the island and 
that it wouldn’t have sufficient strength to withstand the weight of the water above.  As 
his crews approached Nicollet Island the tunnel collapsed and an uncontrolled flow of 
water resulted (Figure 8).  The failure occurred rapidly and washed out a large channel, 
much wider than the original tunnel. Eventually both the tunnel and the collapse were 
filled.  Initial reports indicated desperate attempts to block the washout with rock, logs 
etc.  Later earthen dams were constructed in order to block off and repair the washed 
out area.  The exact material used to fill in the collapse is unknown. The remains of the 
Eastman tunnel are located between Piers 5 and 6 (Figure 9).   

Between 1874 and 1876 an underground seepage cutoff wall was constructed by the 
U.S. Army Corps of Engineers.  The concrete “government cutoff wall” was built into the 
St. Peter Sandstone 35-50 feet deep and between 4 and 11 feet wide.  At 1900 feet 
long, the wall crosses the entire width of the river (Figures 9 & 10).  The purpose of this 
wall was to prevent further erosion of the sandstone layer due to the collapse of the 
Eastman tunnel. 

4.2 Saint Anthony Falls Spillway Protection 
The first protection of St. Anthony Falls was constructed in 1887 and consisted of a rock 
filled timber crib support structure covered with a wood apron.  In the late 1950’s and 
early 1960’s the Northern States Power Company (NSP) replaced the wood and rock 
filled structure with a concrete spillway and sheet pile downstream toe (Figures 11 & 
12).   

In conjunction with other work efforts in the late 1980’s, four soil borings were taken and 
piezometers were installed by NSP and located approximately along the centerline of 
the horseshoe dam.  Two piezometers were located upstream of the “government cutoff 
wall” and two piezometers were located downstream.  The furthest upstream is directly 
to the south of Pier 5 (slightly downstream and between pier 3 and pier 4).  The boring 
operation was used to establish geologic conditions and measure the seepage and 
pressure conditions as a part of the Federal Energy Regulatory Commission (FERC) 
dam safety program.  To date no excess pressure or seepage issues have been 
recorded.    
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4.3 Upper and Lower St. Anthony Falls Lock and Dam 
In the late 1950’s the milling operations in Minneapolis had all but ceased, resulting in 
an economic downturn for the area. Hoping to attract more business to the city, a 
decision was made to construct the Upper St. Anthony Lock (Figure 13).  The 
construction included the locks, elimination of the milling operations water supplies and 
the construction of cellular sheet pile dolphins to protect against vessels going over the 
horseshoe dam and spillway.  The cellular sheet pile is supported by the bedrock.  NSP 
has also installed a cable between the dolphins for additional small boater safety. The 
upper and lower lock construction was completed in 1963. 

5 Pier 5 Available Data 
5.1 Construction 
Originally named the St. Anthony Falls Bridge, MnDOT Bridge 2440 was built between 
1915 and 1918.  The final alignment was chosen to avoid constructing pier foundations 
on the limestone bedrock failures caused by the 1869 Eastman tunnel collapse (Figure 
4).  Two 165-foot tall cableways were constructed on each bank of the river to facilitate 
material delivery and placement for the bridge’s construction.  

There appears to have been two different cofferdam designs based on the construction 
plan and corroborated by construction photos.  A timber design was provided for the 
shallower piers (Piers 3 and 4) and a steel sheeting cofferdam for the deeper Piers 1, 2, 
5, 6, 7, and 8 (Figures 14-16).  In each case, the cofferdams were set directly on the 
bedrock; the plans do not indicate that the foundation was subcut into the bedrock.  The 
cofferdam details indicate timber bracing was constructed inside the structure to resist 
the hydrostatic pressure.  There is a high likelihood that this bracing remained within the 
footing concrete at the conclusion of construction. 

Sediment was removed mechanically from within the cofferdam through the use of 
orange-peel buckets (Figures 17 & 18).   Photos show laborers cleaning out cofferdams 
with hand shovels as well.  Evidence suggests that removing the sediment from within 
the cofferdam was not completed effectively.  Figure 19 identifies concrete erosion of 
Pier 4 soon after construction which is likely related to foreign deleterious material 
mixing with the concrete at the time of casting. 

Sandbags were placed outside the cofferdam around the bottom and supplemented 
with pumping to control minor infiltration.  Where pumping was ineffective, a concrete 
pad was cast underwater up to 6 feet thick.  This occurred at Piers 1, 2, 5, and 7 [4].  
This pad utilized a different concrete mix ratio (1:2:4) than the piers cast “in the dry” 
(1:3:6).  The 1:2:4 concrete mix would have provided higher strength and reduced 
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permeability (a common engineering practice at the time).  Concrete was batched in 
units of 1 cubic yard and placed with a bucket that held two batches.  There is no 
evidence in the original plan that the foundations were reinforced with steel.  
Construction photos show minimal steel reinforcing in the general area of the arch 
spring line (Figures 20 & 21). 

Once the pier footings were constructed, additional pier concrete was placed up to an 
elevation above the waterline.  A section of arch lattice reinforcement (part of the Melan 
system) used to anchor the arch into the center of the pier was cast with a final pour 
near the spring line.  Pier construction was completed in less than two years with no 
cessation during the winter months except when temperatures dropped below 0°F.  
Form and material temperatures were closely monitored and controlled using tarps and 
heaters [4]. 

The Pier 5 foundation is a large massive structure with a width of 37 feet, a height of 31 
feet, and a length of 114 feet.  Fully supported, the bearing pressure is approximately 
6600 psf.  For reasons indicated in the report, it is assumed the foundation is a plain 
non-reinforced concrete structure.   

5.2 1968 Repair Project and Associated Report 
In 1968, after over 50 years of service, a major repair project was programed.  The 
rehabilitation, which took place between 1979 and 1980, included new abutments, new 
deck, new spandrel columns and caps to accommodate a 5-foot raise in grade, 
refurbished traffic rail, and more functional pedestrian railings.   

Six concrete/bedrock cores were taken in and around Pier 5 during the 1968 bridge 
inspection (Figure 22).  The complete report is included in Appendix B.  Two of the 
cores (3-4 and 3-5) included material from the concrete footing.  The log for core 3-4 
indicated that decayed wood was hit at the concrete/bedrock interface (this core is in 
the approximate location of the current void).  Core log 3-5 stated “lower portions badly 
fractured and easier drilling – possibly leaner concrete”. 

The logs show the limestone bedrock being relatively level, with the top of bedrock 
varying from elevation 782.6 to 784.6.  Cores taken along the side of the pier closest to 
the horseshoe dam (logs 3-6, 3-7, 3-8 and 3-9) show loose sand material (it was not 
sampled).  This is consistent with the bed loam sediment found in the area which 
typically consists of clean “quartz like” particles with occasional debris such as trees or 
branches.  

A repair detail from a 1961 maintenance operation responding to deteriorated concrete 
in the footings of Piers 1 and 2 was also included in the report (Figure 23).  The 
suggested repairs indicate additional reinforced concrete may have been added to 
armor or protect the nose.    
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5.3 1993 Bridge Scour Investigation 
Bridge 2440 has many distinguishing characteristics that make its scour evaluation 
unique.  The bridge piers straddle an unusual horseshoe shaped dam and a U.S. Army 
Corps of Engineers operated river navigation lock.  These make for complex geometry 
and flow patterns near several of the piers.  In addition, all of the piers are founded on 
bedrock [3].  A 1993 scour study concluded that there was very little likelihood that pier 
stability would be compromised for flows up to and including the 500-year flood event. 
The limestone upon which the piers rest shows very little tendency towards erosion, 
even where it has continuously been exposed to rapidly flowing water for 75 years [3].    

5.4 Underwater Inspections 
The earliest underwater inspection report obtained by HDR indicated small penetrations 
of the concrete footing seal at the upstream nose of Pier 5 of up to 3 feet.  Table 1 
summarizes the major underwater inspection findings at Pier 5 since 1992.  The 
inspection reports show that a void has been present since at least 1992 and has 
gradually increased in size at each inspection.    

In November 2012, an underwater inspection commissioned by the Minnesota 
Department of Transportation was conducted by Collins Engineers, Inc.  The inspection 
report indicated that a concrete void located in the upstream nose of the Pier 5 footing 
had “increased significantly compared to what was reported during the 2004 and 2008 
inspections.”  Typical horizontal penetrations of the cavity ranged from 6 feet to 14 feet 
with vertical dimensions between 1 and 3 feet. 

 

Table 1: Summary of Pier 5 Void Measurements from Underwater Inspections 

Inspection 
Date Pier 5 Findings Inspection Sketches 

1992 

 
Undermining pockets at the upstream 
nose with maximum penetration under 
the footing of 3 feet. 
 

Not Available 
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Table 1 (continued): Summary of Pier 5 Void Measurements from Underwater Inspections 

1996 

 

Concrete and steel reinforcing debris on 
channel bottom around upstream and north 
side of pier.  Vertical face of footing bell 
exposed as shown with undermining pockets 
at south and north sides of upstream nose.  
South cavity was 8’ wide x 2.5’ high x 6.5’ 
deep.  North cavity was 8’ wide x 2.5’ high x 3’ 
deep.  Exposed vertical height of footing was 
10’ including the footing bevel. 

 

2000 

 

The upstream nose of Pier 5 was undermined 
from the start of the nose on the upstream east 
side to the centerline of the upstream arch on 
the west side.  The void was 1 to 3 feet high 
with more than 4 feet of penetration. 

 

2004 

 

Pier 5 has a void 3 feet high, 6 feet long and 
up to 18 inches of penetration on the west side 
near the upstream nose.  There is also a void 
of 6 inches x 6 inches x 18 inches on the 
upstream nose. 

 

 

 

N 
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Table 1 (continued): Summary of Pier 5 Void Measurements from Underwater Inspections 

2008 

 

The footing at Pier 5 was exposed around the 
upstream 1/3 of the pier with typical vertical 
exposure of 3 to 4 feet.  The footing was also 
undermined (undercut) at the upstream nose 
of the pier with vertical cavity height of 2 feet 
and typical penetration of 2 to 3 feet deep.  
The concrete of the footing at the upstream 
end exhibited deterioration with typical 
penetrations of 2 feet and maximum 
penetration of 3 feet.                   

2012 

 

The footing at Pier 5 was exposed down to the 
bedrock around the upstream 1/3 of the pier.  
The footing was also undermined (undercut) at 
the upstream nose of the pier.  The concrete of 
the footing at the upstream end exhibited 
deterioration and a cavity into the footing with 
typical penetrations of 6 feet and maximum 
penetration of approximately 14 feet.  The 
vertical cavity height was typically 1 foot with a 
maximum of 3 feet. 

 

6 Subsurface Exploration 
During the winter of 2014, an underwater inspection using Blue View Imaging Sonar 
and a geotechnical exploration by AET was performed on Pier 5.  The extent of work 
was limited due to winter conditions and safety concerns.  The AET subsurface 
exploration report is included in Appendix E and sonar screen shots by Blue View are in 
Appendix F.  

AET’s subsurface exploration consisted of geotechnical/concrete investigations similar 
to what had been performed in 1968 at Pier 5 (see Appendix B).  The geotechnical 
information was unchanged and the concrete data was substantially the same.  The 
core was performed from the bridge deck, through the lower portion of the pier concrete 
footing, the Platteville Limestone, Glenwood Shale, and into the St. Peter Sandstone.  A 
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petrographic analysis was performed on representative concrete samples and a 
pressure transducer was placed in the St. Peter Sandstone to measure any uplift 
pressures.   

The results of the coring investigation indicate that the concrete is fractured.  A void was 
also present as the core approached the bedrock interface.  The Platteville Limestone 
and the Glenwood Shale bedrock had a thickness of approximately 8.7 feet and 1.8 feet 
respectfully at the core location (see location drawing in Appendix E). 

The petrographic analysis of the concrete sample indicated good overall concrete 
however the concrete was not air entrained and the coarse aggregate was large.  The 
concrete had some crystalline deposits suggesting water movement through the 
concrete and there were also a few alkali silica reactive quartzite particles, both of these 
conditions were considered minor and innocuous. 

Pressure measurements in the lower St. Peter Sandstone were performed to establish if 
uplift pressure conditions existed.  The potential exists for such conditions due to the 
unknowns related to the nearby Eastman tunnel collapse and the fact the Platteville 
Limestone and Glenwood Shale ends a short distance upstream.  After the coring 
operation, a pressure transducer was placed in the St. Peter Sandstone at elevation 
768.5 and grouted in place (normal river elevation is 798.8).  The transducer did not 
record any water pressure indicating it was above the phreatic surface.  This indicates 
that the uplift pressure in the St. Peter Sandstone is not a significant factor and that 
uplift for a cofferdam should not be a significant design issue.   

The results of the Blue View sonar inspection are included in Appendix F.  They indicate 
the approximate extent of Pier 5 and the location of the deterioration, and are in good 
general agreement with the November 2012 Underwater Inspection.   

7 Potential Causes of Pier 5 Deterioration 
The original plans do not indicate that the pier foundations were sub cut into the 
bedrock.  In addition, no detailed information is available which demonstrates how well 
the bedrock was cleaned off or the cofferdam was pumped dry prior to casting.  It is 
likely that the deterioration was initiated due to poor construction quality control resulting 
from placing concrete on a surface that was not completely cleaned of sediment. 

Based on the information available at the time of this report the deterioration in the 
footing of Pier 5 is most likely due to sediment at the bottom of the cofferdam that was 
not adequately removed prior to placement of the concrete footing seal.  A layer or 
“ribbon” of sediment could have been left on the limestone bedrock.  Timbers, used to 
support the cofferdam, may have also been left in place creating further potential for 
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future voids.  A thin “shell” of concrete may have then encapsulated the defect which  
was gradually washed away over the years leaving a cavity.   Available records indicate 
that Pier 5 was not completely dewatered when the concrete seal was cast [4].   It was 
also excavated primarily with an orange peel bucket and the rock in the cofferdam was 
cleaned by divers with water jets.  This method would have removed large portions of 
sediment and debris but left considerable amounts behind. 

Other possible, although unlikely, causes of the deterioration are: 

• Scour of Bedrock – The bedrock, as discussed in the 1993 scour report, is 
highly resistant to scour.  Pier 5 is located in an area of relatively low flow 
velocities due to its location immediately above the dam in water depths 
around 16 feet.  Other piers are located on bedrock that has been exposed to 
much more aggressive scour conditions with higher flow velocities without 
experiencing scour or the type of material loss noted at Pier 5.  Also, as 
reported, the cavity appears to be in the concrete and not the bedrock.   

• Subsidence of the Bedrock – Any subsidence would have likely impacted 
the whole structure.  For a rigid concrete multiple arch bridge, it would be 
expected that subsidence would cause structural distress in the form of 
superstructure cracking.  No such distress has been indicated.   

• Washout of Concrete – The concrete cores taken by AET (Appendix E) 
indicate that the concrete near the bedrock interface is fractured and of poor 
quality.  This is consistent with the poor construction quality control that 
presumably occurred during placement of the concrete into the water.  
However, Pier 5 is a relatively massive pier and, with fractured interlocking 
pieces of concrete, it would require a lot of force to cause the long, low 
undermining observed.  Since the pier is submerged in relatively deep water, 
there isn’t a lot of differential pressure, and the water velocities are relatively 
low.  This is not a likely cause of the deterioration. 

8 Conclusion 
It is the conclusion of the authors of this report that certain contemporary construction 
controls and design standards were not employed during the construction of Bridge 
2440 that could have led to its advanced concrete deterioration.  These poor 
construction methods include the casting of concrete into non-potable water, the lack of 
steel reinforcement, and possibly not cleaning out all sand, sediment, or timbers in the 
cofferdam before pouring concrete.  Thus, it is doubtful the observed deterioration is 
due to scour; rather, it is most likely due to poor quality control and the difficulty in 
dewatering and cleaning the cofferdam during the time of original construction. 
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9 Recommendation 
Based on the available information, it is the author’s recommendation that the damaged 
area be encapsulated with reinforced concrete and that the void be cleaned and 
pressure grouted.  The work could be performed with a cofferdam or underwater with 
divers.  However, based on the difficulty, cost, and risks associated with installation of a 
cofferdam, performing the work underwater is recommended. This may require some 
special construction quality control procedures.    

Cleaning the void and the immediate area around the pier may require displacement of 
the river bottom material.  Available information indicates that the material consists of 
logs, sand, and gravel sediment.  The removal of all wood material is recommended 
and the sand and gravel material should be able to be displaced with minimal 
turbulence or “plume”.  The sand and gravel material is limited in area and will settle out 
within a few minutes or short distance from the pier. 
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Other Sources of Information 
• Conversations with WSB inspectors 
• COE Lock and Dam plans 
• Original construction photos 
• 1916 Bridge plans 
• 1979 Repair plans 
• 2004 Repair plans 
• 1996, 2000, 2004, 2008, 2012 Underwater inspection reports 
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Figure 1: Aerial view of Bridge 2440 and the horseshoe dam. 
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Xcel Hydro  
Plant 
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Figure 2: General geologic profile [3]. 

 

Figure 3: View of the Saint Anthony Falls before the spillway was constructed showing the limestone ledges 
[6]. 
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Figure 4: Recession of the falls between 1680 and 1887 [5]. 
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Figure 5: Upper Saint Anthony Falls’ first spillway ca. 1896 looking (approx.) north-northeast from current 
Upper St. Anthony Falls Lock and Dam. The International Stock Food Company (Exposition Building) can be 
seen in the background. 

 

Figure 6: Aerial view of Saint Anthony Falls ca. 1950 before the Upper Lock and Dam was constructed. 
looking north 
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Figure 7: Pier 5 cofferdam and horseshoe dam. 

 

Figure 8: Left; Photo of tunnel collapse of 1869 on Hennepin Island near St. Anthony Falls [5].  Right; A 
portion of the tunnel collapse showing the East Side Platform Sawmills and Hennepin Island in the 
background [6]. 
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Figure 9 Location of break in limestone due to Eastman Tunnel and seepage cutoff wall [4]. 
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Figure 10: Location of cutoff wall relative to navigation channel. 
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Figure 11: Spillway during construction of Br 2440.  One of the construction towers can be seen at the top 
left. 

 

 

Figure 12: Horseshoe dam and arch ribs during construction. 
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Figure 13: Saint Anthony Falls area in the 1950's showing the proposed locations of the lock and dam. 
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Figure 14: Left) Deep pier cofferdam detail.  Note that Pier 2 (originally 1) has been erased and that Piers 3 (4) 
and 4(5) are erroneously included on this detail.  Right) Shallow pier cofferdam detail.  This detail refers to 
Piers 3 (2) and 4(3). 
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Figure 15: Shallower timber cofferdam during construction. 

 

 

Figure 16: Deep pier cofferdam sheeting details. 
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Figure 17: Removing sediment from cofferdam with orange peel bucket. 

 

Figure 18: Pier 5 cofferdam being cleared of debris and silt. 
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Figure 19: Pier 4 concrete deterioration soon after construction. 

 

 

Figure 20: Reinforcement where the steel in the Melan arches connects with the pier. 
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Figure 21: View of reinforcement in the spring line area of pier. 

 

Figure 22: Locations of Pier 5 cores [2]. 
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Figure 23: Pier 1 and 2 repair detail [2]. 
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Bridge Number: 2440

Common Name: Third Avenue Bridge

TH 65 (Third Avenue S.)
Mississippi River, railroad, and city streets
0.3 Miles Northeast of Jct. TH 952A

Minneapolis
Hennepin

UTM:

15
4981072
479448

Quad:

Minneapolis 

1983

State

Mainline

The Third Avenue Bridge is individually eligible under Criterion C for its engineering significance 
and under Criterion A as a contributing element to the St. Anthony Falls Industrial Historic 
District.  

The Third Avenue Bridge is an example of Melan arch construction.  In 1894, Viennese engineer 
Josef Melan received an American patent for his innovative reinforcing system.  It consisted "of a 
number of steel I-beams bent approximately to the shape of the arch axis and laid in a parallel 
series near the undersurface of the arch. The resulting structure might be regarded as a 
combination of the steel-rib arch and the concrete barrel, the concrete serving a protective as 
much as a structural purpose" (Frame 1988:3).  The first American bridge to embody the Melan 
system reportedly was a small highway span designed by German-born engineer Fritz von 
Emperger and built by William S. Hewett at Rock Rapids, Iowa, the same year as the patent.  
Several small but early Melan bridges were built and designed by Hewett in Minneapolis and Saint 
Paul for the Twin Cities Rapid Transit and survive today as park structures (Frame 1988:3).  The 

Location:

7.5 Minute Series

Present Owner:
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Significance Statement:
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Third Avenue Bridge is significant because it reflects the design and engineering of Josef Melan’s 
reinforcing system.  

In 1912, Minneapolis planners solicited designs for a concrete-arch bridge from a New York-
based company, the Concrete-Steel Engineering Co.  The Third Avenue Bridge was to be 
constructed just above the St. Anthony Falls, originally planned to be to the north of the final 
location. The proposal, which called for sinking piers into the weak stratum that had caused the 
collapse of the Eastman Tunnel in the 1860s, was not well received by the public or the power 
companies (since a collapse of the falls would impact its power capabilities). 

Frederick W. Capellen, Minneapolis city engineer, devised a solution by altering the bridge 
location and leapfrogging the bridge arches over the dangerous limestone breaks (Westbrook 
1983:18).  As described by A. M. Richter in an Engineering News article from 1915 (pp. 1269-
1270):

"While bridge engineer for the city in previous years, Capellen had built six bridges across the 
Mississippi River and acquired a thorough knowledge of river conditions.  He refused to approve 
the proposed location.  The City Council then rejected the plans and instructed him to design a 
steel bridge that could be constructed without endangering the falls or affecting water-power-
rights.  

"His proposed location is shown on the plan, and his design included one span of 434 feet to clear 
entirely the area of the limestone breaks.  The trusses were to be of the parabolic through-truss 
type.  In the face of many objections (based mainly on aesthetic considerations), the City Council 
approved the plans and directed the engineer to proceed with construction."

At this time, however, Mr. Cappelen conceived the idea that by adopting a curved location for the 
line of the bridge, a design satisfactory to all parties might be worked out.  On investigation it was 
found that at one point the limestone break could be spanned by a concrete arch of 211-foot clear-
span.  A revised plan for the desired ornamental structure was then presented.  This proved 
satisfactory to all parties and was finally adopted.”   

Construction began on the Third Avenue Bridge in 1914, and the total project cost was 
$862,254.00.
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1917

Reinforced-Concrete Highway Bridges in Minnesota, 1900-1945

A, C

Unknown
Frederick W. Capellen
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Historic Context:

National Register Criterion:

Contractor and/or Designer (if known):
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The Third Avenue Bridge is the last major reinforced-concrete bridge constructed in the Twin 
Cities using Melan ribs (Westbrook 1983:18).  As explained by Condit (1982:174-175):

"In the Melan system, the reinforcing consisted of a number of steel I-beams bent approximately 
to the shape of the arch axis and laid in a parallel series near the undersurface of the arch.  The 
resulting structure might be regarded as a combination of the steel-rib arch and the concrete 
barrel, the concrete serving a protective as much as a structural purpose."

A detailed bridge description was presented in a 1915 article in Engineering News:  

"There are five 211-ft. concrete arch spans with piers 20-ft. wide at the springing line and two 131-
ft. spans with an intermediate pier 13.79-ft. wide.  The two end, or abutment, piers and the pier 
between the 211-ft. and 134-ft. spans are 30-ft. wide.  The approaches are steel girder spans on 
thin piers.  All the river piers are skew to the center line.  The 211-ft. spans are on the tangent of 
the 4? curves and the 134-ft. spans are on the 10? curves.  

"Each of the 211-ft. spans is carried by three arched ribs of 36-ft. rise.  The outside ribs are 12-ft. 
wide in the two end spans and 10 ft. in the intermediate spans, while all center ribs are 16 ft. 
wide.  The reinforcing is of the Melan type, consisting of ribs of 4 x 4 x ½-in. angles laced with 3 x 
3 x 5/16-in. angles (at haunches) and 2½ x -in. bars.  There are six of these ribs in each 16-ft. 
arch rib, five in the 12-ft. and four in the 10-ft. ribs.  They are braced every 30 ft. with 3 x 3 x 5/16-
in. angles.

"The two 134-ft. spans over the east channel are full-barrel arches with Melan ribs of 3 x 3 x 5/16-
in. angles laced with 2½ x ¼-in. bars.  These are spaced 34 in. center to center and cross-braced 
every 30 ft. with 3 x 3 x 3/8-in. angles.  

"Carrying the floor system from the ribs are transverse walls and girders supporting the floor slab 
and brackets supporting the sidewalk slabs and parapet-wall beam.  

"The piers were constructed in open coffer-dams of Lackawanna steel sheeting, some of the 
sheeting being used three and four times.  The coffer-dam dimensions were as follows: Pier No. 
2, 46 x 121-ft.; Nos. 3 to 6, inclusive, 37 x 113-ft.; No. 8, 24 x 101.5-ft.; No. 7 (between the larger 
and smaller arches), 46 x 131-ft.; east abutment pier, 42 x 110-ft.

"The construction of pier No. 2 is described in what follows and is typical of all the work.  After 
placing the underbracing for the coffer-dam, the sheetpiling was driven.  On this pier (also No. 3) 
it was necessary at the upstream end of the coffer-dam, because of the strong current, to anchor 
15-in. I-beam sills to the rock bottom with 2-in. rods to hold the lower end of the sheeting in 
place.  

"The steel sheeting was very tight and was made entirely water-tight by a filling of coal dust and 
fine cinders.  Sandbags were placed around the bottom of the sheeting and then pumping was 
started.  If water came in through fissures in the rock, pumping was stopped and the bottom 
curse of the concrete, 5 to 6 ft. think, was placed under water.  After this had set, the coffer-dam 
was pumped out and the remainder of the work placed dry.  This was done on piers Nos. 2, 6 and 
8 and partly on No. 3.  Excavating for piers Nos. 6 and 8 was done entirely with orange-peel 
buckets.  The rock in those coffer-dams was cleaned by divers with water jets.  The other 
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foundations were place dry, but always in sections, and generally four sections to each coffer-
dam.

"After the footings were completed, the piers were concreted in forms which were used over and 
over again.  The first section above the footing was carried above water level, generally leaving a 
center space considerable below water level to receive the ends of the steel ribs.  Finally this part 
of the pier containing the ribs was cast in one continuous pouring.  This amounted to about 7,000 
yd. on piers Nos. 3, 4, 5, and 6; 1,266 yd. on Nos. 7 and 9; and 750 yd. on pier No. 8.  The record 
run was 1,000 yd. in 22 hr. 

"Pier construction was carried on through the winter except when the temperature was below 
zero, special precautions being taken against freezing.  The forms were entirely inclosed [sic] with 
tarpaulins and heated with coke stoves.  The sand and rock bins were supplied with heaters, and 
when necessary the cableway buckets for handling concrete were dipped in hot-water tanks on 
shore.  Careful records were kept of temperatures of materials at deposit points.  As a result, 
there was no trouble from frozen concrete.

"Concrete deposited under the water was 1:2:4 mixture.  All other concrete in the piers was 1:3:6.  
It was mixed in batches of about 1yd. (24 ft. of stone, 12 of sand and 4 sacks of cement), two 
batches to each bucket.  The stone was mostly traprock from Dresser Junction, Wis., crushed to 
a maximum size of 3 ½ in.  The sand was a Minnesota product.  A timber tower about 50 ft. high, 
with crib bottom for anchorage, was placed adjacent to the pier, standing on the river bottom.  
The tower had a hopper near the top, with a chute to the forms.  The cableway buckets delivered 
concrete to the hopper, where a man regulated the discharge to the chute.  The towers were 
picked up bodily by the cableway and moved from place to place.

"The first coffer-dam (pier No. 2) was begun Aug. 2, 1914, and the pier work was finished June 
28, 1915.  The river froze solid early in December, and the ice left the west channel in March and 
the east channel in April.  Between the dates mention, 27,000 yd. of concrete was laid in pier 
construction.

"Falsework for the arches was begun Apr. 19, after the ice was out.  One set of falsework was 
designed for the center ribs for the five 211-ft. spans.  It was made in seven sections per span, 
supported by 24-in. 70-lb. I-beams, 28 ft. long on the inside sections and 26 ft. on the two end 
sections.  The I-beams were supported on cribs made of eight 10 x 10-in. posts braced and 
capped and having open plank bottoms for loading with sandbags to sink them into place.  These 
cribs were placed 28 ft. 11 in. c. to c.

"The falsework to carry the ribs was of 8 x 8-in. posts braced with 2 x 10-in. planks.  The bents 
were capped and furnished with wedges under caps supporting the joists which carried the 
lagging and the framework for the rib.  The lagging and side forms were 1-in. tongued-and-
grooved plank, the forms being supported by 4 x 4-in. posts and 4 x 6-in. longitudinal timbers.

"The I-beams rested on 8-in. blocking, so that when the centering had been used for one rib, the 
entire falsework could be moved into place for the next rib by replacing the blocking with rollers.  
This falsework was placed in position for the upstream rib first and cribs were place also for the 
center ribs at the same time.  Trouble was experienced in placing them because of high water 
and because several cribs were located on the roll dams and aprons.  The use of the 24-in. I-
beams of 26- and 28-ft. length was decided upon in order to utilize the material for the floor spans 
of the approaches.  

"The first arch rib, between piers Nos. 2 and 3, was poured July 8, 1915; 240 yd. of concrete was 
handled on one cableway in 11 hr. over the center section of the rib.  The steel ribs were then 
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riveted at the haunches during the next night and the two end sections poured simultaneously the 
following day, both cableways being used for 9 hr. to handle 340 yd. of concrete.  The last 
upstream rib was poured Aug. 5.  Two days later the centering was struck under the first rib and 
the falsework rolled over by means of a crab on pier No. 2, with block and tackle hitched to each 
section.  The whole centering for one span was thus moved in one day.

"On Aug. 16 the centering for the next span was moved into position and on Aug. 19 and 21 the 
center rib was poured – 768 yd. in 24 hr.  A record run was made on the center rib finished Aug. 
28, when 450 yd. was poured in 7½ hr. with both cableways, or one bucket every 2 min., at a 
distance of 1,600 ft. from the mixers.  The concrete for the ribs is a 1:2:4 mix, using ¼ to 1½-in. 
stone.

"The program for the rest of the work provided for pouring one rib a week until all 15 were 
completed.  The cribs for the upstream ribs were moved and used again for the third ribs on the 
downstream side.  The centering of the last rib was moved over into place in 2 hr. 40 min.

"In October, 1915, the timber for the first three 211-ft. spans was moved over to the 134-ft. spans 
in order to finished the arches before cold weather sets in.  The transverse walls are being put in, 
and only the floor proper will remain to be put in next spring.  It is expected that the new bridge 
will be opened to travel not later than June1, 1916.

"The alignment of the bridge and skew of the piers necessitated an elaborate system of location.  
The triangulation had for its base the center tangent line of the bridge.  A series of large triangles 
was laid out on either side of this base line, regard being given to prominent points as targets for 
the apices of the triangles.

"A secondary triangulation system was calculated, with proper attention to balancing errors for the 
location of the instrument platforms.  Upon this the intersection points of pier, transverse center 
lines and base line of platforms were accurately established.  These intersections were 
established with ordinary transits reading to 30 sec.  Seconds were interpolated on the platforms 
by means of thread intersections; the minute next great and that next smaller to the actual 
triangle calculated to the nearest second were ready by the instrument man and recorded on the 
platform.  Actual measurements show a maximum error of ¼-in. in 211 ft."

The bridge had ornamental railing installed in 1939, and was remodeled in 1979-1980.  The 
rehabilitation consisted of complete deck removal; new light standards; raising of the spandrel 
columns; raising of the roadway grade by 5 feet; new approach pads; removal, cleaning and 
reinstallation of the 1939 railing; and pier repair.
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Figure 24: Overall view of Pier 5 footing showing horseshoe dam on the left. 
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Figure 25: Concrete void in Pier 5. 
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Figure 26: Void in Pier 5 footing. 
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Figure 27: Void opening in Pier 5 footing. 

701 Xenia Avenue South, Suite 600 
Minneapolis, MN 55416 

T (763) 591-5413 hdrinc.com 

 
Appendix F-5


	Bridge 2440
	Third Avenue Bridge
	Minneapolis, MN
	March 5, 2015


	1 Introduction
	2 Scope of the Report
	3 Geological Setting
	4 Relevant Site History
	4.1 Eastman Tunnel
	4.2 Saint Anthony Falls Spillway Protection
	4.3 Upper and Lower St. Anthony Falls Lock and Dam

	5 Pier 5 Available Data
	5.1 Construction
	5.2 1968 Repair Project and Associated Report
	5.3 1993 Bridge Scour Investigation
	5.4 Underwater Inspections

	6 Subsurface Exploration
	7 Potential Causes of Pier 5 Deterioration
	8 Conclusion
	9 Recommendation
	10 References
	Other Sources of Information

	Appendix A
	Appendix B
	Appendix C
	Appendix D
	Appendix E
	Appendix F



