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EXECUTIVE SUMMARY 

BACKGROUND 

 
The City of Minneapolis retained SRF Consulting Group, Inc. to perform a structural 
evaluation of the 10th Avenue Bridge (Mn/DOT Bridge Number 2796).  The main 
objective of this evaluation was to identify areas of deterioration and distress and to 
develop repair options to address these areas.  The evaluation included a field 
investigation, material testing, a hazardous materials assessment, a bridge load rating, and 
a scour evaluation.   
 
Originally constructed in 1929, the 10th Avenue Bridge is a twenty-one span, 2,135-foot 
long, open-spandrel arch bridge that spans a gap between West River Parkway and 
2nd Street SE, connecting 10th Avenue SE in the Marcy-Holmes neighborhood of 
Minneapolis to 19th Avenue South on the West Bank of the University of Minnesota. 
The bridge is located 300 feet east of Interstate 35W (I-35W), and approximately one-
half mile northwest of the Washington Avenue Bridge. The 68.1-foot-wide bridge deck 
contains a 55.5-foot roadway and a barrier-protected eight-foot-wide pedestrian facility. 
 
The concrete arch portion of the 10th Avenue Bridge consists of two main spans, each 
290’-6” in length, spanning the Mississippi River. Flanking the main arch spans are five 
smaller arch spans (three to the south and two to the north) ranging from 108’-0” to 
113’-0” in length.  The northern approach to the concrete arches consists of six steel 
beam spans ranging from 31’-0” to 78’-1 11/16”. The southern approach to the concrete 
arches consists of eight precast concrete beam spans ranging from 37’-3 3/8” to 
92’-6 1/4”.  The bridge connects 10th Avenue SE to 19th Avenue S in The City of 
Minneapolis, Minnesota.  The bridge is located west of the University of Minnesota, east 
of downtown Minneapolis, and is parallel to the newly constructed I-35W Bridge over 
the Mississippi. 
 
From 1972 to 1976, major bridge rehabilitation was undertaken.  The original approach 
spans were reconstructed and realigned and the original arch span deck and floor beams 
were replaced.  In 2001, the top half-inch of the existing deck surface was milled and a 
two inch, low-slump, concrete wearing course was installed. 
 
In 1989, the 10th Avenue Bridge was listed on the National Register of Historic Places 
under its historic name (The Cedar Avenue Bridge).  It is historically significant as the 
longest, pre-1945, reinforced concrete, continuous arch bridges to span the Mississippi 
River in the Twin Cities. The Minnesota Historical Society states that the true beauty of 
the bridge lies not in ornamental features, but in the clean lines of the form that reveal the 
bridge’s engineering elegance.  The purpose of this report is to identify methods to 
preserve the bridge as a functional monument to the historic structure’s renowned 
architect, Kristoffer Olsen Oustad. As one of four innovative Norwegian-American 
engineers involved in the design of the great early 20th-century bridges of the Twin 
Cities, Oustad remains a significant asset to Minnesota’s transportation and engineering 
history. 
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FIELD INVESTIGATION AND LABORATORY ANALYSIS 

Concrete Quality – Overall, the quality and strength of the concrete tested was good.  
Compression strength tests indicate that the concrete strength ranged from 5,060 to 
8,880 psi.  Petrographic tests showed that the concrete is undergoing very little age 
related deterioration.  However, chloride ion contents of concrete were very high in many 
locations.  Areas beneath expansion joints were shown to be especially contaminated 
with chlorides.  This contamination may be accelerating the corrosion of the reinforcing 
steel within the piers, floor beams, spandrel columns, and arch ribs. 

Bridge Deck – The top of the bridge deck is in fair condition.  Nearly the entire deck 
surface contains map cracking and transverse cracks.  Cores through the deck show that 
some of these cracks are penetrating to the reinforcing steel.  The bottom of the concrete 
deck is primarily in good condition except near expansion joints where it is in poor to 
serious condition.  Areas approximately 18-inches to 24-inches on either side of the floor 
beams under all joints were found to be severely delaminated or completely spalled do to 
water and salt intrusion. 

Bridge Barriers and Railing – The bridge railing and barriers were in good condition 
with only minor areas of deterioration.  However, both the sidewalk railing and roadway 
barriers do not meet current standards for safety.  The sidewalk railing is 5-inches lower 
than that recommended for bicycle traffic.  The roadway barriers have substandard 
terminations which may cause spearing, snagging, or launching of a vehicle. 

Floor Beams – The fifty-one floor beams on the arch spans support the deck in areas 
without expansion joints and are in good condition.  The twenty-two floor beams that lie 
beneath expansion joints are in poor to serious condition. The amount of delamination at 
these floor beams indicates a high level of chloride contamination and corrosion of 
reinforcement in floor beams under joints.   

Spandrel Columns – The condition of the 146 spandrel columns varied from good to 
poor. The columns with the most deterioration are located beneath deck expansion joints.  
The estimated area of delaminated or spalled concrete on the faces of columns under 
joints ranged from 10 percent to almost 100 percent of the total area of column face. 
Another area of deterioration occurred on the shorter spandrel columns towards the center 
of the arch spans.  These columns are very stiff and are not very tolerant of thermal 
movements.  The bridge deck expands and contracts as the outside temperature rises and 
falls causing the spandrel columns to rotate at the arch ribs.  Since the stiffness is high 
and the capacity is low, large cracks have formed at the base of the shorter columns.  

Arch Ribs – In general, the arch ribs are in satisfactory to fair condition.  Concrete in 
non-deteriorated areas is sound and, according to compression strength tests, has strength 
in excess of that required by design.  The areas of most severe deterioration on the shorter 
span arch ribs (Spans 1-3, 6, and 7) are at the top face areas just below the expansion 
joints.  Water pools in these areas and is causing a large amount of reinforcement 
corrosion and concrete delamination.  The areas of most severe deterioration on the 
longer span arch ribs (Spans 4 and 5) occurs over the tops of the internal steel trusses. 
Large cracks have formed over the internal steel members allowing water and salts to 
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accelerate corrosion in these members.  This corrosion has caused large areas of concrete 
to spall or delaminate.  

Arch Piers – In general, the upstream and downstream faces of the arch piers are in 
satisfactory condition and the north and south faces of the arch piers are in poor 
condition. The north and south faces of each pier lie below expansion joints. Water and 
salts are infiltrating the joints and running down the faces of the piers causing 
reinforcement corrosion and concrete delamination.  Similar to the floor beams, concrete 
beams running along the north and south faces of the piers are undergoing severe 
delamination and spalling.  In most cases this deterioration is more severe than at a 
typical floor beam. 

Utility Hangers – The majority of areas where the utility hangers frame into the spandrel 
columns are undergoing moderate to severe deterioration.  In most locations the hangers 
are placed directly below the location where the 1970’s rehabilitation meets the original 
1929 construction. Placing fresh, chloride-free concrete adjacent to existing, chloride 
contaminated concrete may have induced corrosion in the reinforcing steel.  This 
corrosion may have been accelerated when moisture penetrated the holes drilled for the 
hanger anchorages. 

South Approach Spans – The beams and piers on the south approach spans are in good 
condition with only minor, isolated areas of deterioration at the ends of beams and on pier 
caps.  This deterioration was most likely caused by expansion joints that had failed. 
These expansion joints were replaced in 2001 and the deterioration has likely slowed. 

North Approach Spans – the beams and piers of the north approach are in good 
condition with only minor, isolated corrosion.  Similar to the south approach, this 
deterioration is occurring near the expansion joints which were replaced in 2001 and has 
likely slowed. 

Asbestos and Hazardous Material Survey – The results of the asbestos sampling 
activities did not identify any asbestos-containing materials on the 10th Avenue Bridge.  
The field analysis indicates that the green paint on the steel beams of the north approach 
contains lead and is considered lead-based by the EPA, MPCA, and the MDH.  
Observations made of this paint during the overall visual survey indicate that the paint is 
in good condition with only localized areas of peeling.  Several miscellaneous materials 
were indentified that may require special handling or disposal if removed.  The items 
identified include: 

• Eight (8) high-intensity discharge (HID) light fixtures on the underside of the bridge 
at the north and south abutments. 

• Twenty (20) HID streetlight fixtures. 

• Eighty-eight (88) 8-lb lead plates on bearing assemblies. 

• Seven hundred twelve (712) 4-lb lead shims on the road way railing between the top 
of the concrete railing and the supports for the 4-inch diameter steel pipe. 
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SCOUR EVALUATION OF RIVER PIERS 
 
Data from previous surveys, reports, analyses, and studies was reviewed to determine the 
adequacy of scour and scour protection for Piers 4-6. A review of the available data 
provides the following observations: 

• Pier 4, Pier 5 and Pier 6 are located within or immediately adjacent to the Mississippi 
River channel and are exposed to flow conditions that have the potential to produce 
significant scour.   

• Inspection of Pier 4 and Pier 6 revealed no evidence of scour affecting the bridge 
foundation, with countermeasures in good condition. 

• The underwater inspection of Pier 5 found minor defects to be present with the sheet 
pile encasement and concrete fill within the encasement, but the report still rated the 
pier condition satisfactory. 

• The underwater inspection report noted that the Pier 5 foundation had not incurred 
any significant change since the previous underwater inspection in 2002. 

• Both the 100- and 500-year floods will create velocities high enough to scour through 
the alluvium to the underlying bedrock at Pier 5. 

• Pier 5 is supported by a combination of bedrock and erodible alluvium soils that are 
contained within the sheet pile cofferdam. 

• There is some concern identified in the reports that the bedrock in this area is 
somewhat erodible.  For the purposed of this review, scour depths were assumed to be 
limited to the surrounding bedrock elevations.   

Conclusions from the observations include the following items: 

• The riprap armament downstream of the Pier 6 slope paving was found to be in 
disarray and should be repaired. 

• As indicated by the elevation history, the scour potential is greater on the south side 
of Pier 5 due to the presence of the lock and dam guide wall which constricts flow 
through the south arch span.  This survey should be continued and further riprap 
added if changes are observed, particularly on the south side location. 

• The integrity of the sheet pile embedded into the underlying bedrock is of crucial 
importance for the structural stability of Pier 5 and the bridge.  

• Scour countermeasures are crucial for the integrity of the bridge foundation and, 
therefore, should be inspected at the normal maximum recommended (NBIS) interval 
of five years or more frequently. 
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STRUCTURE LOAD RATING 

A structural analysis was conducted for the 10th Avenue Bridge to evaluate Inventory and 
Operating Load Ratings. The analysis was carried out in accordance with the AASHTO 
Standard Specifications for Highway Bridges and the Load Rating was carried out in 
accordance with the Alternate Load Rating Method (Load Factor Design) in the 
AASHTO Guide Manual for Condition Evaluation and Load and Resistance Factor 

Rating (LRFR) of Highway Bridges.  

The governing (lowest) rating factors for the 10th Avenue Bridge occur on the second 
span of the south approach.  Beam #8 (the first interior beam on the west east side of the 
bridge) has an inventory rating factor of 0.61 and an operating factor of 1.02.  These 
rating factors equate to the following load ratings: 

 Inventory Rating: HS12.2 

 Operating Rating: HS20.6 

Additionally, the 10th Avenue Bridge was evaluated for load posting.  Per Mn/DOT 
requirements, the bridge is required to be posted at 36T, 40T, and 40T with Mn/DOT sign 
R12-5.  However, if the City of Minneapolis declares that the 10th Avenue Bridge does 
not receive any traffic of multi-axle single unit trucks, the 10th Avenue Bridge would not 
require load posting. 
 
 
REPAIR CRITERIA 

Repair recommendations were based on the following criteria: 

Live Load Capacity –All repairs considered will not reduce the live load capacity of any 
existing component. 

Sufficiency Rating –The sufficiency rating of the 10th Avenue Bridge is 77.3 percent and 
is considered Adequate.  All repair options were considered on the basis that they will not 
reduce the sufficiency rating. 

Impact on Historical Resources – Repairs will preserve historic elements.  The concrete 
piers, arches, spandrel columns, and floor beams would be considered historically 
significant.  No repair method evaluated in this report would change the appearance or 
character of theses items.  The deck, joints, and railing are assumed to not be historically 
significant. 

Construction and Life-Cycle Costs – Recommended repairs will minimize initial and 
life-cycle costs. 
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REPAIR ALTERNATIVES 

Although there are several repair options available for each bridge element, it is useful to 
combine the choices into alternatives for the basis of cost comparison.  For the purpose of 
this report, three recommended alternatives have been chosen based on different levels of 
initial and life-cycle costs.  These alternatives are for comparison purposes only and are 
not explicitly required to be combined in the manner presented.  
 
All repair alternatives presented below involve the removal and reconstruction of either 
floor beam elements, spandrel column elements, or both.  The undertaking of the 
Improvement repair actions for the floor beam and spandrel column elements requires the 
removal and reconstruction of the expansion joints.  Costs for the expansion joint 
removal are included within the expansion joint elements.  Any repair alternative that 
plans on replacement of the floor beams or spandrel columns must include the costs 
associated with expansion joint removal and replacement. 
 
Repair Alternate I – The focus of Repair Alternative I is to repair all areas of distress as 
well as prevent future deterioration.  The amount of initial work is extensive, but future 
repairs are minimized.  This alternative calls for the expansion joints on the arch spans to 
be made waterproof with the installation of a neoprene gland type expansion joint device. 
All floor and pier beams beneath these repaired joints would be replaced.  The deck 
would be sealed to reduce further deterioration of reinforcing steel.  All delaminations 
and areas of spalling on the piers, spandrel columns, and arch ribs would be repaired and 
sacrificial anodes would be installed into patches to reduce future deterioration.  The 
cracks at the bases of the spandrel columns and the anchor penetrations at utility hanger 
locations are sealed with a flexible caulk.  Pier drains pipes are sealed and rerouted away 
from concrete faces.  The damaged portion of the Pier 1 backwall would also be 
reconstructed.  Large diameter (4-feet to 5-feet) riprap would be installed downstream of 
Pier 6. Additionally, safety would be addressed by adding a 5-inch extension to the 
sidewalk ornamental metal railing and by reconstructing the ends of the concrete traffic 
barriers.  
 
Repair Alternate II – The focus of Repair Alternative II is similar to Alternative I, but 
initial work is reduced and future repairs are increased.  The only difference involves 
eliminating the repair of spalls and delaminations on the arch piers.  The amount of 
deteriorated area on the piers is very large and, therefore, initial costs are high.  Although 
the deterioration on the piers is not structural in nature, the severity and quantity of spalls 
and delaminations will increase and will eventually need corrective action. 
 
Repair Alternate III – In Alternative III, the amount of initial work is at the lowest 
recommended level, but future repair costs would increase.  When compared with 
Alternative II, Alternative III further eliminates the repair of spalls and delaminations on 
the spandrel columns and arch ribs.  The deterioration found on the Spandrel Columns 
and Arch Ribs is reducing the capacity of these elements, but not to a level that would 
reduce the overall Load carrying capacity of the bridge.  Eventually, this deterioration 
will reach a level that will affect the bridge capacity and need to be addressed.  
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A comparison of the life-cycle costs (based on 2009 dollars) for each repair alternate is 
shown Table 1 below.  Costs plus a 25 percent contingency for each alternative have also 
been presented for years 2009 through 2014 based on a 5 percent rate of annual inflation 
in Table 2.  More detailed costs are presented in Sections 8 and 9.  Descriptions of all 
repair options as well as assumptions regarding future work are presented in Appendix E. 

Table 1 

Life-Cycle Comparison of Repair Alternates (2009 Dollars) 

REPAIR 
ALTERNATE INITIAL REPAIR COSTS 

FUTURE REPAIR COSTS 
(PRESENT VALUE) 

LIFE-CYCLE COSTS 
(PRESENT VALUE) 

I $11,937,000 $3,614,000 $15,551,000 

II $6,117,000 $10,240,000 $16,627,000 

III $4,123,000 $12,699,000 $17,192,000 

Table 2 

Escalated Repair Alternate Costs (25% Contingency & 5% Inflation) 

REPAIR 
ALTERNATE 

2009 
REPAIR 

PLAN COST 

2010 
REPAIR 

PLAN COST 

2011 
REPAIR 

PLAN COST 

2012 
REPAIR 

PLAN COST 

2013 
REPAIR 

PLAN COST 

2014 
REPAIR 

PLAN COST 

I $14,922,000 $15,669,000 $16,452,000 $17,275,000 $18,138,000 $19,045,000 

II $7,647,000 $8,030,000 $8,431,000 $8,853,000 $9,295,000 $9,760,000 

III $5,154,000 $5,412,000 $5,683,000 $5,967,000 $6,265,000 $6,578,000 

RECOMMENDATIONS AND CONCLUSIONS 

The decision as to which combination of repair options the City of Minneapolis would 
undertake is complex and involves consideration of safety, historical preservation, and 
available funding.  The alternatives presented above reflect the recommended repairs 
based on levels of available capital. The cost estimates are an opinion of what the actual 
cost will be and will vary depending on the competitive climate, cost of materials, and 
availability of labor.  However, the following should be undertaken, at a minimum, to 
provide a safe and functional structure in the future. 

1. Areas of loose concrete may fall onto the roadway, bike path, and river below 
potentially causing injury to pedestrians or damage to vehicles.  Concrete 
delaminations that are loose and easily broken free should be removed. 

2. The expansion joints on the arch spans are the primary cause of structural distress.  
Moisture and salts are penetrating these joints and causing chloride contamination 
of the historic superstructure.  These joints should be replaced with a waterproof 
expansion joint.  Depriving the arches, piers, floor beams, and spandrel columns of 
moisture will greatly slow the rate of deterioration. 

3. Drain pipe outlets should be extended and routed away from concrete surfaces and 
leaky drains should be sealed.  A major cause of pier deterioration is drain water 
contacting the faces of the piers.  Correcting the drainage issues should slow the 
rate of delamination and reinforcement corrosion on the pier faces. 
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SECTION 1: INTRODUCTION 

 
1.1: BACKGROUND 
 
The 10th Avenue Bridge is an example of an open-spandrel, reinforced concrete, 
continuous span arch bridge.  Bridges of this design type were commonly used to span 
the Mississippi River in the Twin Cities during the early 1900’s.  Similar structure types 
in the Twin Cities include the Ford Parkway Bridge, the Franklin Avenue Bridge, the 
3rd Avenue Bridge, and the Lake Street Bridge.   
 
The 10th Avenue Bridge is exhibiting distress due to its exposure to a harsh climate for 
80 years.  Deterioration is most widespread on the piers, arch ribs, spandrel columns, and 
floor beams.  Areas of deterioration were also noted on the arch span deck.  In addition, 
areas such as bridge railings and barriers are not consistent with current safety standards.   
 
The Bridge serves as an important transportation link by connecting the west and east 
bank campuses of the University of Minnesota.  Also, during the construction of the new 
I-35W bridge, the route served as a major detour and viewing area. 
 
Recognizing this vital and historic river crossing, the City of Minneapolis retained SRF 
Consulting Group, Inc. to perform a structural evaluation of the 10th Avenue Bridge.  The 
scope of this project included the following: 

1. Carry out an in-depth field investigation of the arch span structure and an overall 
visual survey of the approach spans. 

2. Perform material tests to obtain the quality and strength of concrete and 
reinforcing steel. 

3. Perform a hazardous materials assessment. 

4. Conduct a structural analysis and a load rating of the entire bridge. 

5. Evaluate scour and scour protection of river piers. 

6. Develop and evaluate repair options. 

7. Prepare an investigation and evaluation report. 
 
1.2: REPORT ORGANIZATION 
 
This report is organized into nine sections, preceded by an Executive Summary.  Tables, 
figures, and photos are contained within the text of each section.  A bridge description, 
along with a repair history and a discussion of historical significance, are provided in 
Section 2.  Section 3 describes the field investigation and summarizes the field tests 
conducted.  The results of the material tests are detailed in Section 4, while the findings 
of the field investigation are described in Section 5.  Section 6 summarizes the evaluation 
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of the scour and scour protection of the river piers.  The structural analysis and the load 
rating results are discussed in Section 7. 
 
Section 8 discusses repair criteria and strategies and provides cost estimates for various 
repair options.  These options are grouped into recommended repair alternative in 
Section 9.  Conclusions are also summarized in Section 9. 
 
The report body is followed by six appendices.  Appendix A includes existing bridge 
inspection reports. Report forms compiled during the field investigation of the arch spans 
are provided in Appendix B.  Appendix C includes the material testing report, while 
Appendix D includes the Hazardous Materials Report; both of which were provided by 
Braun Intertec.  Repair options and associated construction and life-cycle costs are 
summarized in Appendix E.  Appendix F provides general plan and elevation plans sheets 
for the existing bridge. 
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SECTION 2: BRIDGE DESCRIPTION AND REPAIR HISTORY 

2.1: GENERAL DESCRIPTION OF THE BRIDGE 
 
Originally completed in 1929, Minnesota Bridge Number 2796 (Minneapolis Bridge 
Number 4205) was 2,921 feet in overall length was longer than any previously built 
bridge in the region. Prior to the construction Interstate 35W, the bridge connected to 
Cedar Avenue and was known as the Cedar Avenue Bridge. 
 
From 1972-1976 a major rehabilitation was undertaken which greatly altered the 
approach spans.  Currently, the bridge is twenty-one span, 2,135 foot long open-spandrel 
arch bridge carrying 10th Avenue over the Mississippi River.  The bridge connects 
10th Avenue SE to 19th Avenue S in The City of Minneapolis, Minnesota.  Shown in 
Figure 2.1, the bridge is located west of the University of Minnesota, east of downtown 
Minneapolis, and is parallel to the newly constructed I-35W Bridge over the Mississippi. 
 
The concrete arch portion of the 10th Avenue Bridge consists of two main spans, each 
290’-6” in length, spanning the Mississippi River. Flanking the main arch spans are five 
smaller arch spans (three to the south and two to the north) ranging from 108’-0” to 
113’-0” in length.  The northern approach to the concrete arches consists of six steel 
beam spans ranging from 31’-0” to 78’-1 11/16”. The southern approach to the concrete 
arches consists of eight precast concrete beam spans ranging from 37’-3 3/8” to 
92’-6 1/4”.   
 
Figure 2.2 shows the element numbering scheme employed in this report for the arch 
spans and identifies the typical components of an open-spandrel arch.  The spans and 
piers are numbered consecutively from south to north and the spandrel columns and floor 
beams are designated by letters from south to north.  The letter designation starts over 
with the first spandrel column of each span.  Figure 2.3 shows a typical cross section of 
the arch spans and identifies key elements.  The terminology and element numbering 
scheme used on Figures 2.2 and 2.3 will be used throughout this report. 
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Figure 2.1 

Location plan of the 10
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 Avenue Bridge over the Mississippi River 
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Photo 2.3 
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Figure 2.2 

Plan and Elevation Views of Arch Spans 
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Figure 2.3 

Typical Section of Arch Span 
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2.2:  BRIDGE ELEMENT DESCRIPTION  
 
2.2.1: Bridge Deck 

The existing bridge deck carries four lanes of traffic, two shoulders, and one 8’-0” wide 
raised sidewalk on the west side.  The roadway width on both the steel approach and arch 
spans is 55’-6” barrier to barrier, while on the south approach spans, the roadway width 
varies from 55’-6” to 60’-4”.  The barriers on each side of the roadway section consist of 
a 2’-4” tall concrete section with a 4-inch diameter steel pipe centered 3’-2” above the 
roadway surface.  The exterior edge of the sidewalk is protected by a 4’-1” tall 
ornamental metal railing.  

2.2.1.1 Arch Span Bridge Deck 

The bridge deck on the arch span consists of an 8 1/2-inch thick reinforced 
concrete slab with an additional 2-inch low slump wearing course.  The original 
deck thickness was 9 inches. In 2001, the deck was milled to 8 1/2-inch and a 
2-inch wear course was added to achieve the current 10 1/2-inch deck thickness. 

The arch deck structure was constructed with thirty-six transverse joints to 
accommodate construction sequencing and thermal movements.  The locations 
of these joints are shown in Figure 2.2.  The joints were constructed over 
indicated floor beams and piers by ending a deck pour at the center of a floor 
beam, painting the slab edge with an asphaltic coating, and continuing with the 
next pour.  Each joint was poured over a #9 reinforcing dowel that protruded 
from the floor beam and was surrounded by a 2 1/2-inches piece of polystyrene 
to allow for thermal movements. At the joint between the bottom of the slab and 
the top of the floor beam there is a 1-inch keyway that provides for drainage 
from the deck. Once each side of the pour had cured, the joint was saw-cut and 
sealed.  A detailed view of this joint can be seen in Figure 2.4. 

 
Figure 2.4 

Arch Span Expansion Joint  
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2.2.1.2: Bridge Deck on Approach Spans 

The deck on the southern approach spans is a reinforced concrete slab spanning 
between the precast concrete beams.  Originally, the thickness of the deck 
ranged from 7 1/2-inches to 9 1/2-inches (not including a wearing course).  The 
original plans indicate a 2 1/2-inches bituminous wearing course, but a core 
taken from this portion of deck indicates that a low slump concrete wearing 
course was used instead.  In 2001, one-half inch of this wearing course was 
milled off and two inches of low-slump concrete was added as a new wearing 
course.  Currently, the total deck thickness (with wearing courses) ranges from 
11 1/2-inches to 13 1/2-inches.  

The deck on the northern approach spans is also a reinforced concrete slab 
spanning between the steel girders.  The original thickness of this deck was 
8 1/4-inches and no wearing course was installed.  In 2001, 1/2-inch of the 
original deck was milled off and a 2-inch wearing course was added.  Currently, 
the total deck thickness (with wearing course) is 9 3/4-inches. 

The deck for the approach spans includes several transverse joints to 
accommodate thermal movements.  These joints were constructed using a pair 
of steel extrusions which were cast into the concrete.  To seal the joint, a 
flexible neoprene gland was inserted into these extrusions. An example of this 
type of joint is shown in Figure 2.5. 

 
Figure 2.5 

Typical Approach Span Expansion Joint  

 
 
2.2.2: Bridge Superstructure 

2.2.2.1: Floor Beams and Columns 

On the arch spans, the bridge deck spans between 2’-4” to 2’-10” wide floor 
beams.  In spans 1, 2, 3, 6, and 7 the floor beams rest on seven lines of 11’-6” 
wide and 2’-0” thick spandrel columns spaced at 12’-0” on center. These 
columns are designated south to north with the letters A thru G as shown on 
Figure 2.2.   
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The floor beams in spans 4 and 5 rest on nineteen lines of 11’-6” wide columns 
spaced at 13’-4 1/2” on center. The majority of the columns are 2’-0” thick, 
although 2’-4” and 2’-6” thick columns are present at the ends of the arch spans.  
These columns are designated south to north with the letters A thru S as shown 
on Figure 2.2. 
 
To accommodate water penetrating through the transverse joints in the deck, the 
floor beams beneath joints were constructed with a 1 3/4 inch drainage trough. 
This trough runs down the center of the floor beam directly under the joints and 
branches to the floor beam faces at approximately four-foot intervals. Figure 2.6 
is a half plan view of the typical beam at those joints and denotes the trough and 
deck dowel locations. 

 
Figure 2.6 – Floor Beam Half-Plan at Drainage Troughs 

(Concrete Deck Not Shown) 
 
2.2.2.2: Arch Ribs 

The main span arches (spans 4 and 5) contain two arch ribs which are 36’-0” 
apart.  The arch ribs are 12’-0” wide and range in thickness from 7’-6” at the 
pier to 3’-6” at the arch crown.  These arches rise 94’-0” above the spring line at 
the arch crown.  In order to facilitate construction over the river, these arch ribs 
were constructed with an internal truss built from steel angles as shown in 
Figure 2.7.  This internal truss serves as the main structural reinforcement and 
the arch contains no conventional reinforcing bars. 
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Figure 2.7 

Arch Rib Cross-Section Spans 4 and 5 

 
The five smaller flanking arch spans (spans 1-3, 6, and 7) contain two arch ribs 
which are also 36’-0” apart and 12’-0” wide.  These arch ribs range in thickness 
from 5’-1 1/4” at the pier to 2’-5” at the arch crown and rise 41’-0” above the 
spring line.  Unlike the larger river spans, these ribs were constructed with 
conventional forming methods and reinforcing bars were used as shown on 
Figure 2.8. 

 

 
Figure 2.8 

Arch Rib Section Spans 1, 3, 6 and 7 
 
 
2.2.2.3: Approaches 

The two approaches to the arch spans were constructed using more conventional 
beam spans.  Each of the eight south approach spans contain five to nine- 
54-inch deep precast concrete beams while each of the northern approach spans 
contain seven 42-inch deep steel plate girders. 
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2.2.3: Bridge Substructure 

2.2.3.1: Arch River Piers 

Piers 4, 5, and 6 are considered river piers. Both arch spans 4 and 5 frame into 
these reinforced concrete piers which consist of two 25-foot x 14-foot columns.  
The pier columns are solid concrete at and below where the arch rib frames into 
the pier.  Above the arch rib, the piers consist of three 2’-6” thick walls with 
two 2-foot thick walls on the exterior sides of the pier to give the illusion of a 
solid pier.  At the location where the arch rib frames into these piers is a 2-foot 
wide by 3-foot tall concrete strut that spans between both columns. 
 
Pier 4 is supported on a 6-foot thick pile cap which rests on 180 driven piles.  
Pier 5 is supported on a 14’-6” thick, diamond shaped base and a 10’-10” thick 
spread footing. Pier 6 is supported on a 5-foot thick spread footing. 
2.2.3.2 – Arch Land Piers 
 
Piers 1, 2, 3, 7, and 8 are considered land piers. Arch spans 1 through 3 and 6 
through 7 frame into these reinforced concrete piers, which are made up of two 
15-foot x 14-foot columns. Similar to the river piers, the land piers are solid 
concrete below the location where the arch rib frames into the pier. Above the 
arch rib, the piers are formed to give the illusion of a solid pier. Each pier 
column is formed from two 2-foot 6-inch or 3-foot thick walls connected by a 2-
foot thick wall on the exterior face of the pier. Similar to the river piers a 2-foot 
wide x 3-foot tall concrete strut spans between both columns at the location 
where the arch rib frames into these piers. Piers 1 and 8 are constructed with a 
lowered floor beam to accommodate the beams of the approach spans. Figure 
2.9 shows a plan and elevation of a typical land pier and labels the typical pier 
components. 

 
2.2.3.3: Approach Span Substructures 

The south approach consists of seven reinforced concrete piers and one parapet 
type abutment. The abutment is supported on 12-inch steel H-piles. Each pier on 
the south approach consists of four or five 3-foot diameter columns supported 
by 6-foot 6-inch drilled caissons. 
 
The north approach consists of five reinforced concrete piers and one parapet 
type abutment. Similar to the south abutment, the north abutment is founded on 
12-inch steel H-piles. Each pier on the north approach consists of two or three 
concrete columns framed into pile caps supported by 12-inch steel H-piles. 
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Figure 2.9 

Typical Land Pier 
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2.2.4: Utilities and Hangers 

The 10th Avenue Bridge carries several utilities across the Mississippi River. Spans 3 
through 5 carry one 54-inch water main. Spans 1 through 6 carry two 16-inch gas mains, 
eight 5-inch electrical conduits, and several smaller conduits. Figure 2.3 shows the 
typical configuration of the utility support structure. The structure consists of two back-
to-back channels bolted to the spandrel columns or pier walls. The utilities are hung using 
threaded steel rod and are supported laterally with channels framing into the arch 
elements or with diagonal support rods. Both the water and gas main support structures 
were built with maintenance access platforms. The location of these platforms is also 
shown on Figure 2.3.  Photo 2.4 shows all three suspended utilities. 
 
 

 
 
 
Photo 2.4 

54-Inch Water Main and Two 16-Inch Gas Mains 
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2.3: BRIDGE REPAIR HISTORY 

 
Since the bridge was constructed, there have been several repair and rehabilitation 
projects that have taken place. The most significant occurred between 1972 and 1976. 
This rehabilitation involved reconstructing the approach spans, replacing the deck, and 
patching delaminations. 
 
Replacement of the original concrete deck was also the most architecturally significant 
rehabilitation of the 10th Avenue Bridge. For the arch spans, the entire deck and floor 
beams, along with portions of the spandrel columns, were removed and replaced with a 
new deck and new floor beams. Figure 2.10 shows the original deck section on the arch 
spans.  The entire deck along with portions of the spandrel columns were removed and 
reconstructed to the current configuration shown in Figure 2.3. 
 
The original approach spans were constructed using and integral concrete T-beam deck.  
According to historical records, these spans were not considered architecturally 
significant and were replaced using steel beams on the north approach and precast 
concrete beams on the south approach. During this restoration the alignment of the south 
approach was relocated to intersect with Washington Avenue. 
 

 
 
Figure 2.10 

Demolition Limits of Original Arch Cross-Section 
 
Also during the 1970’s rehabilitation, various spalls and delaminated areas were repaired.  
Areas of deteriorated concrete were removed past the existing reinforcement and patched 
using a concrete mortar. In some areas, wire mesh was used to reinforce the concrete 
patches. Large cracks with solid surrounding concrete were filled with an epoxy sealer. 
 
As mentioned in previous sections, a second significant improvement of the 10th Avenue 
Bridge occurred in 2001.  Under this project, the top half-inch of the existing deck 
surface was milled and a 2-inch, low-slump, concrete wearing course was installed.  In 
addition, six existing expansion joints on the approach spans were replaced with a more 
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current neoprene gland type system. The bituminous approaches were also scarified and 
repaved to match the new bridge roadway surface. 
 
2.4: HISTORICAL SIGNIFICANCE 
 
The 10th Avenue Bridge was listed on the National Register of Historic Places under its 
historic name, the Cedar Avenue Bridge, on November 6, 1989.  It has been listed as 
having a Significance Criterion of A and C, as a structure that is “associated with events 
that have made a significant contribution to the broad patterns of our history” and 
embodies “the distinctive characteristics of a type, period, or method of construction, or 
represent(s) the work of a master; or possess(es) high artistic values, or represent(s) a 
significant concentration of resources whose individual components are united 
historically by function or plan.”  It is historically significant as the longest, pre-1945, 
reinforced concrete, continuous arch bridges to span the Mississippi River in the Twin 
Cities.  The Bridge is also noted as the crowning achievement of Kristoffer Olsen Oustad, 
one of four influential Norwegian-American engineers involved in the design of 
monumental bridges in the Twin Cities. 
 
An interesting point of note was that the City of Minneapolis was allowed to submit a 
construction bid acting through the City Engineer.  The Minnesota historical society 
notes that: 
 

“Initial federal authorization for the bridge was received in 1924, with the 
federal plan approval in 1926. North approach spans were constructed 
1923-1926. Construction bids were opened in 1926 and the lowest bid, 
$891,000, was submitted by the City of Minneapolis, acting through the 
City Engineer. Work commenced on the bridge in June, 1926, using day 
labor. Construction was completed in October, 1929. The bridge was 
officially dedicated in September, 1929.”  
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SECTION 3: FIELD INVESTIGATION 

3.1: INVESTIGATION APPROACH 
 
3.1.1: Arch Spans 

A detailed field investigation of the 10th/Cedar Avenue Bridge was performed during the 
weeks of October, 20 and October, 27, 2008. The investigation was performed by a crew 
of three SRF Consulting Group, Inc. engineers, a testing crew from Braun Intertec, and 
two lift operators from the City of Minneapolis. The field investigation consisted of a 
complete delamination survey and visual inspection of the entire arch span portion of the 
bridge as well as testing in representative locations. Field testing included delamination 
surveys, corrosion potential surveys, and Asbestos and Hazardous Materials Testing. 
Additionally, concrete cores and reinforcing bars were removed from representative areas 
for laboratory examination and testing. 
 
Access to the bridge elements below the deck was achieved using an articulated 
underbridge inspection vehicle provided by the City of Minneapolis.   Access to the base 
of the river pier was achieved using a boat also provided by the City.  The City of 
Minneapolis provided all necessary traffic control, including cones and approach signage.  
Typically, only one lane was closed at a time due to traffic concerns.  An exception to 
this was made to conduct the corrosion potential deck survey. For this test, two adjacent 
lanes were closed between the hours of 10:00 AM and 3:00 PM. 
 

 
 

Photo 3.1 

City of Minneapolis’ Under-Bridge Inspection Vehicle 
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The field investigation described in this report evaluated only bridge elements above 
ground or above the Mississippi River. Geotechnical and underwater investigations were 
not performed by SRF Consulting Group, Inc. 
 
3.1.2: Approach Spans Visual Survey 

For the north and south approach spans, the field investigation consisted of only a visual 
survey to assess general conditions and any trends in deterioration.  This survey was 
conducted to establish any areas of the approach spans that may require a more detailed 
inspection. 
 
The observations from this overall visual survey of the north and south approach spans 
were recorded with photographs and are described in Section 5. 
 
3.2 : ARCH SPANS DETAILED INSPECTION 
 
A detailed inspection was made of all elements of the seven arch spans.  Pre-printed 
inspection forms were created for the pier, arch, and spandrel column elements using the 
element notation denoted in Section 2.  An example of a typical inspection form is shown 
in Figure 3.1.  A form for every element of the arch spans was completed and can be 
found in Appendix B.  The following conditions were noted: 

• Cracking – A linear fracture in concrete due to shrinkage or structural fracture. 

• Scaling – Surface pitting caused by freeze thaw cycles and/or repeated wetting  

• Spalling – The breakings away of surface concrete caused by the expansive  

• Delamination – The subsurface separation of concrete into layers due to the 
expansive forces caused by corroding reinforcement bars. 

• Efflorescence – A white deposit of calcium carbonate and other chloride 
compounds leaching out of the cement paste. 

• Exposed Reinforcing Bar – Rebar that is visible due to poor placement, 
inadequate concrete cover, spalls, or a combination of these factors.  Nearly all 
exposed reinforcing bars have some level of corrosion. 

• Leakage – Areas of moisture intrusion evidenced by staining, grime, or actual 
presence of water. 
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 Figure 3.1 

 Sample Inspection Form 



   
Structural Evaluation of the 10th Avenue Bridge  Page 3.4  

3.3: DELAMINATION SURVEY 
 
Delaminations are separations of the concrete into layers, usually located at the level of 
reinforcement closest to the surface.  Delaminations in the concrete typically indicate 
corrosion of the reinforcement caused by the presence of chloride ions (from salts) 
progressing thru the concrete to the level of reinforcement.  When the chloride ions reach 
the level of the reinforcement a reaction takes place and produces a byproduct (rust).  
Since the volume of rust is seven to ten times the volume of original steel, expansive 
forces are exerted on the concrete.  When these expansive forces exceed the tensile 
strength of the concrete, planar cracking (delamination) occurs.  This planar cracking 
allows the ingress of more moisture and salts.  This creates more corrosion and more 
delamination.  If allowed to continue, this can result in spalling of the concrete surface. 
 
For this investigation, delaminations were located by sounding the concrete surfaces with 
a hammer or chain.  When a delamination is present, a distinct hollow sound is produced 
when struck with a steel object.  Due to the large area of the deck, it is not practical to 
locate delaminations with a hammer.  As a result, deck delaminations were located by 
dragging a series of chains along the deck.  Because of traffic considerations, only the 
two outside lanes were investigated and the extent of delaminations was noted.  Since the 
two outside lanes had only very minor areas (less than 1 percent) of delaminations the 
decision was made to not close the center two lanes for a further investigation. 
 
3.4: CONCRETE CORE REMOVAL 
 
Thirty-one concrete core samples were removed from the bridge in order to assess the 
concrete quality, strength, stiffness, and chloride content.  The cores are numbered from 
1 to 30 with an extra core (core #8b) added during the coring operations.  Core locations 
were selected after the completion of the detailed inspection in order to obtain a 
representative sample from both areas of apparent good concrete and areas of 
deterioration.  Cores were taken from every element type with six cores taken from the 
deck, six cores from the spandrel columns, seven cores from the floor beams, eight cores 
from the arch ribs, and four cores from the piers.  Figures 3.2, 3.3, and 3.4 show the 
locations of removed cores.  Table 3.1 provides a summary of the core locations as well 
as the laboratory tests performed on each core. 
 
3.5: REINFORCING BAR REMOVAL 
 
In order to assess the structural capacity of various concrete elements, the tensile yield 
strength of the steel reinforcement is required.  The arches, piers, and spandrel columns 
were all constructed in 1929. AASHTO’s Guide Manual for Condition and Load and 

Resistance Factor Rating (LRFR) of Highway Bridges estimates the minimum yield 
strength of reinforcement used prior to 1954 as 33,000 psi.   However, the strength of 
reinforcement bars used during the 1920’s varied considerably and no indication of 
minimum yield strength was found on the plans.  Therefore, six reinforcement bars were 
removed from the structure in order to get an accurate estimate of the yield strengths.  
Removal locations were selected based on the load carrying requirements of the 
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surrounding structure.  Horizontal bars in the piers and spandrel columns are present only 
for shrinkage and temperature crack control and were, therefore, suitable for extraction.  
No bars were taken from arches due to the large loads in theses members.  Locations of 
the rebar extractions are noted in Figures 3.2 and 3.3. 
 
It was determined that no extraction of reinforcement was needed for the deck, floor 
beams, and approach span concrete. These elements were all constructed in the 1970’s 
and Mn/DOT’s Standard Specifications for Highway Construction, 1972 specify the 
minimum tensile yield strength of 60,000 psi. 
 
Table 3.1 – Concrete Core Summary 

 

Core Location Test Type 

Core # Span Element 
Side of 
Bridge 

Element 
Face 

Comp.  
Strength 

Elastic 
Modulus 

Chloride 
Ion 

Content 
Petrographic 

Exam. 

1 
South 

Approach Deck      X 

2 
North 

Approach Deck      X 

3 2 Deck     X  

4 3 Deck   X    

5 6 Deck     X  

6 7 Deck     X  

7 1 Pier #2 Upstream South   X  

8a 4 Arch Rib @ Col. D Upstream East X X   

8b 4 Arch Rib @ Col. D Upstream East X X   

9 4 Column D Upstream South X  X  

10 4 Floor Beam P Upstream South   X  

11 4 Pier #5 Upstream South    X 

12 5 Column D Upstream South    X 

13 5 Column P Upstream North   X  

14 5 Arch Rib @ Col. P Upstream East   X  

15 5 Arch Rib @ Col. P Upstream East X    

16 7 Floor Beam B Upstream South    X 

17 7 Floor Beam C Upstream South   X X 

18 7 Arch Rib @ Col. C Upstream East   X X 

19 7 Arch Rib @ Col. C Upstream East X    

20 2 Floor Beam A Downstream North X    

21 2 Arch Rib @ Col. A Downstream West X X   

22 3 Pier #3 Downstream North   X  

23 3 Column B Downstream South   X  

24 3 Column C Downstream South   X  

25 3 Arch Rib @ Col. C Downstream West   X  

26 5 Pier #6 Downstream South X    

27 6 Column A Downstream South X  X  

28 6 Floor Beam B Downstream South   X  

29 6 Floor Beam C Downstream South   X  

30 7 Pier #8-Floor Beam Upstream South X    
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3.6: CORROSION POTENTIAL SURVEY 
 
Due to the use of deicing salts during the winter, bridge decks in Minnesota are 
susceptible to the intrusion of chlorides and the corrosion of reinforcement.  Current 
Mn/DOT practice requires the use of epoxy coated reinforcement to prevent corrosion.  
However, the 10th Avenue Bridge deck was constructed with uncoated reinforcement.  
Since the bridge deck on the arch spans of the 10th Avenue Bridge provides the main 
structural support between floor beams, it is desirable to assess the corrosion level of this 
deck reinforcement. 
 
Half-Cell Potential testing was conducted on two deck panels of Span 1 from the joint at 
Column C to the joint at Pier 2. These locations are noted on Figure 3.4.  The testing was 
done in accordance with ASTM C 876-91(99) Standard Test Method for Half-Cell 

Potentials of Uncoated Reinforcing Steel in Concrete.  This test method evaluates the 
effective electrical potential from the uppermost reinforcing layer to estimate the active 
corrosion at the reinforcing.  Values were collected over a 4-foot by 4-foot grid 
encompassing the panel and used in plotting software to create an equipotential contour 
map of the panels. 
 
3.7: ASBESTOS AND HAZARDOUS MATERIALS SURVEY 
 
In order to identify the extent of environmental concerns related to any possible future 
bridge improvements an Asbestos and Hazardous Materials Survey was performed by 
Braun Intertec.  To assess these concerns the following tasks were performed: 

• Visually examined accessible areas and identified the locations of suspected 
asbestos-containing materials and lead-containing paint. 

• Collected representative bulk samples of materials (caulks, tars, and felts) 
suspected of containing asbestos. 

• Analyzed paint for lead content using a portable x-ray fluorescence field 
instrument. 

• Analyzed bulk samples by polarized light microscopy analysis.  

• Estimated quantities of asbestos-containing materials and damaged lead paint. 

• Conducted a survey to identify any miscellaneous materials that may require 
special handling or disposal. 
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Photo 3.2 Photo 3.3 

Coring the Concrete Deck Coring a Concrete Pier 
 
 
 
 
 

  
 

Photo 3.4 Photo 3.5 

Half-Cell Potential Testing Half-Cell Electrical Connection 
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Figure 3.2 

Concrete and Steel Rebar Removal Locations  

(Upstream Side of Bridge) 
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Figure 3.3 

Concrete and Steel Rebar Removal Locations 

(Downstream Side of Bridge) 



Page 3.10  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4 

Concrete Removal and Test Locations (Deck)
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SECTION 4: LABORATORY ANALYSIS FINDINGS 

4.1: GENERAL TESTING 
 
Concrete cores and rebar samples removed from the 10th Avenue Bridge were collected by Braun 
Intertec for testing.  Laboratory tests performed on these samples included concrete compressive 
strength testing, concrete modulus of elasticity testing, chloride ion analysis, detailed 
petrographic examination, and steel tensile strength tests.  The detailed report by Braun Intertec 
was submitted to SRF and can be found in Appendix C. 
 
4.2: CONCRETE COMPRESSIVE STRENGTHS 
 
Eight 4-inch diameter cores were extracted and selected for compressive strength testing in 
accordance with ASTM C 42 Standard Test Method for Obtaining and Testing Drilled Cores 

and Sawed Beams of Concrete.  All samples selected for compressive strength testing were 
inspected by Braun and determined not to contain visible cracks.  Values were corrected for 
aspect ratio (length/diameter) and are reported in Table 4.1. 
 
Table 4.1: 

Compressive Strengths of Concrete Cores 
 

Bridge Element 
Core 

Sample 
Compressive 
Strength (psi) 

Deck 4 8880 

Spandrel Beam 20 6740 

Spandrel 
Column 

9 7060 

  27 5060 

Arch Rib     

  -Short Spans 19 6240 

  -Long Spans 15 8340 

Pier 26 7830 

  30 6790 

 
 
4.3: MODULUS OF ELASTICITY OF CONCRETE CORES 
 
Three 4-inch diameter cores were extracted and selected for modulus of elasticity testing in 
accordance with ASTM C 469, Standard Test Method for Static Modulus of Elasticity and 

Poisson’s Ratio of Concrete in Compression.  All samples selected for modulus of elasticity 
testing were inspected by Braun and determined not to contain visible cracks.  Values are 
reported in Table 4.2. 
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Table 4.2 

Modulus of Elasticity of Concrete Cores 
 

Arch Rib Location 
Core 

Sample 
Modulus of Elasticity 

E (psi) 

Span 4 (long span) 8a 3,150,000 

Span 4 (long span) 8b 3,150,000 

Span 2 (short span) 21 4,250,000 

 
4.4: CHLORIDE ION CONTENT OF CONCRETE 
 
Seventeen cores were selected to be analyzed for chloride ion content in accordance with ASTM 
C 1218, Standard Test Method for Water-Soluble Chloride in Mortar and Concrete.  Cores were 
sawed into slices in order to obtain the chloride ion content at different depths within the 
concrete.   
 
ACI 201.2R-92, Guide to Durable Concrete, states that “when moisture and a supply of oxygen 
are present, the presence of water-soluble chloride ions, above threshold levels of 0.2 percent by 
mass of portland cement can accelerate corrosion under many circumstances.” Table 1-1 of The 
Portland Cement Association’s Design and Control of Concrete Mixtures indicates that 
observations of concrete with 1.5” aggregates have a weight of cement per unit weight of 
concrete of approximately 12.5%. This translates into a threshold at which corrosion may occur 
in the reinforcing steel if water-soluble chloride by mass of concrete is above 0.025 percent. 
 
Values of chloride-ion concentration at various concrete depths are shown in Tables 4.4 thru 4.8.  
Values above the threshold for steel corrosion of 0.025% chloride by mass are shown in bold 
type.  Values of immediate concern are at a depth close to that of the reinforcing steel and are 
highlighted in yellow.  Over time, however, high levels of chloride ions can migrate deeper into 
the concrete and cause future corrosion.  During the detailed inspection it was noted the floor 
beam, spandrel column, and pier concrete below the expansion joints (shown in Figure 2.4) was 
undergoing extensive deterioration.  Tests of these beam and column areas have been separated 
from areas not below joints in Tables 4.4 and 4.5.  All tests of pier areas were beneath joints and 
no separation has been made in Table 4.6.  
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Table 4.3 

Chloride Ion Contents of Deck Concrete 
 

Chloride % by Weight of Concrete 

Element Arch Deck Arch Deck Arch Deck 

Span 2 6 7 

Core# 3 5 6 

0"-3/4" 0.568 0.590 0.634 

3/4"-1 1/2" 0.195 0.254 0.254 

1 1/2"-2 1/4" 0.070 0.119 0.038 

2 1/4"-3" 0.024 0.092 0.031 

3"-3 3/4" 0.024 0.092 0.021 D
e
p
th

 I
n
te

rv
a
l 

3 3/4"-4 1/2" 0.007 0.031 - 

Bold > 0.025% Chloride by Conc. Mass  

 = Depth of Reinforcing Steel  

 
 
 
 
 
 
Table 4.4 

Chloride Ion Contents of Floor Beam Concrete 
 

Chloride % by Weight of Concrete 

Beams Under Exp. Joints 

Element Beam P Beam C Beam C Beam B 

Span 4 7 6 6 

Core# 10 17 29 28 

0"-3/4" 0.598 0.780 0.372 0.033 

3/4"-1 1/2" 0.267 0.590 0.099 0.003 

1 1/2"-2 1/4" 0.030 0.286 0.021 0.003 

2 1/4"-3" 0.005 0.169 0.003 0.002 

3"-3 3/4" 0.004 0.098 0.003 0.004 D
e
p
th

 I
n
te

rv
a
l 

3 3/4"-4 1/2" 0.004 - 0.003 - 

Bold > 0.025% Chloride by Conc. Mass   

  = Depth of Reinforcing Steel   
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Table 4.5 

Chloride Ion Contents of Spandrel Column Concrete 
 

Chloride % by Weight of Concrete 

Columns Under Exp. Joints 

Element Column D Column P Column C Column B Column A 

Span 4 5 3 3 6 

Core# 9 13 24 23 27 

0"-3/4" 0.143 0.301 0.136 0.027 0.108 

3/4"-1 1/2" 0.011 0.160 0.010 0.002 0.044 

1 1/2"-2 1/4" 0.006 0.187 0.003 0.002 0.013 

2 1/4"-3" 0.006 0.175 0.004 0.002 0.013 

3"-6" 0.006 0.071 0.002 0.006 0.013 D
e
p
th

 I
n
te

rv
a
l 

6"-7 1/2" 0.006 - - 0.006 0.013 

Bold > 0.025% Chloride by Conc. Mass    

  = Depth of Reinforcing Steel    

 
 
 
 
 
Table 4.6 

Chloride Ion Contents of Pier Concrete 
 

Chloride % by Weight of Concrete 

Element Pier 2 Pier 3 

Span 1 3 

Core# 7 22 

0"-3/4" 0.694 0.374 

3/4"-1 1/2" 0.859 0.558 

1 1/2"-2 1/4" 0.665 0.368 

2 1/4"-5 1/4" 0.546 0.254 

D
e
p
th

 I
n
te

rv
a
l 

5 1/4"-6" 0.214 0.065 

Bold > 0.025% Chloride by Conc. Mass 

  = Depth of Reinforcing Steel 
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Table 4.7 

Chloride Ion Contents of Arch Rib Concrete 
 

Chloride % by Weight of Concrete 

Element 
Long  

Arch Rib 
Short 

Arch Rib 
Short 

Arch Rib 

Span 5 7 3 

Core# 14 18 25 

0"-3/4" 0.191 0.235 0.046 

3/4"-1 1/2" 0.463 0.226 0.006 

1 1/2"-2 1/4" 0.381 0.199 0.001 

2 1/4"-3" 0.284 0.155 0.003 

3"-4 1/2" 0.171 0.032 0.003 D
e
p
th

 I
n
te

rv
a
l 

4 1/2"-6" - 0.032 0.003 

Bold > 0.025% Chloride by Conc. Mass  

  = Depth of Reinforcing Steel  

 
 

4.5: PETROGRAPHIC EXAMINATION OF CONCRETE CORES 
 
Seven cores were extracted and selected for petrographic examination. Petrographic examination 
of the cores provides information on the concrete quality and durability. These examinations 
look for evidence of freeze-thaw damage, alkali activity, expansive aggregates, and other defects.   
 
Overall, the quality and condition of the concrete tested is good and data is consistent with 
results found in the compressive strength tests.  Data sheets from the petrographic examinations 
as well as photos of the samples can be found in Appendix C. 
 
4.5.1: Carbonation 

One highly useful piece of data provided by the examination of the concrete cores is the depth of 
carbonation in the concrete. Carbonation in concrete can indicate poor quality concrete and a 
reduced pH. 
 
The relatively high pH of newer, uncarbonated concrete helps protect reinforcing steel by 
stabilizing the passive layer of iron oxide on the surface of the steel. As the alkalis in the 
concrete react with the acidic components of the environment the pH value of the concrete is 
reduced. The reduced pH in the concrete can increase the susceptibility of the reinforcing to 
corrosion. 
 
Carbonation depths ranged from negligible to 1/2 inch.  These depths are very low for concrete 
of this age.  Low carbonation values indicate that judgments about concrete replacement need 
only consider chloride ion content and not the restoration of the pH of the concrete.   
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4.5.2: Petrographic Examination of Approach Deck Concrete 

One core for each of the approach spans was selected for petrographic examination due to 
discrepancies found between the plans and field observations of the types and thicknesses of 
wearing courses.   
 
Plans for the south approach spans indicate 2 1/2 inches of a bituminous wearing course was 
placed on the deck.  However, the petrographer’s analysis of the core taken from the south 
approach (Core #1) indicates that the actual material placed was a low-slump concrete wearing 
course.  In 2001, 1/2-inch of this wearing course was milled off and an additional two inches of 
low-slump wearing course was added.   
 
The petrographer’s examination of the north approach core (Core #2) confirmed the plan details 
of no wearing course placed at the time of deck construction and an additional 2 inches of 
wearing course placed in 2001. 
 
4.6: STEEL REINFORCEMENT STRENGTHS 
 
Six samples of reinforcing steel were extracted from areas of the original (1929) construction.  
All samples were extracted, machined into coupons, and tested in accordance with ASTM A 370, 
Standard Test Methods and Definitions for Mechanical Testing of Steel Products.  Values 
reported in Table 4.8 include strength at yield, strength at fracture (tensile strength), and 
% elongation at fracture. 
 
Table 4.8 

Strength and Elongation of Steel Reinforcement. 
 

Sample # Span Location 
Yield Strength 

(psi) 
Tensile Strength 

(psi) % Elongation 

1 4 Column D 75,000 132,000 17.5 

2 5 Column C 64,500 86,500 17.5 

3 7 Column B 56,300 86,300 15.0 

4 2 Column A 51,300 80,000 20.0 

5 6 Column A 61,500 92,500 17.5 

6 6 Column G 66,000 103,800 17.5 
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SECTION 5: FIELD INVESTIGATION FINDINGS 

5.1: GENERAL 
 
Appendix A contains copies of the latest MnDot Bridge Inspection Report dated 
October 14, 2008, and the Structure Inventory Report. The MnDot Structure Inventory Report 
itemizes all pertinent information about the bridge, including dimensions and physical 
conditions. The various bridge components are assigned a rating from “0” to “9” in the Structure 
Inventory Report to indicate the particular components physical condition, with “0” being a 
failed condition and “9” being excellent condition (see condition rating definitions below). Both 
the superstructure and the substructure were rated as “6” in the recent inspection. A rating of “6” 
indicates satisfactory condition with some minor deterioration of structural elements. 
 
This section details the findings of the field investigation.  Findings are presented for all key 
elements of the arch spans and for the approach spans.  A rating is used to describe the condition 
of each element or portion of elements.  The condition ratings used are defined below and follow 
the National Bridge Inventory rating guidelines. 
 

Condition Rating Definition NBI Rating 

Excellent Element is in new condition 9 

Very Good Element has superficial deterioration 8 

Good Element has minor/isolated deterioration 7 

Satisfactory Element has minor to moderate 
deterioration 

6 

Fair Element has moderate deterioration 5 

Poor Element has advanced deterioration 4 

Serious Element has severe deterioration 3 

Critical  Element has critical deterioration 
(immediate repairs may be required) 

2 

"Imminent" Failure Element is no longer stable 1 

Failed Element has failed beyond the point of 
corrective action 

0 

 
 
5.2: BRIDGE DECK & RAILING 
 
5.2.1: Delamination Survey 

Due to traffic control issues, only the outside lanes of the 10th Avenue Bridge were assessed with 
chain dragging. Results of the delamination survey indicate almost no delamination is occurring 
on the top surface of the concrete deck, although four small one-foot by one-foot delaminations 
were found in the southbound lane of Span 4. Several other locations of small delamination were 
noted, but were very minor. From visual observations, the condition of the two inside lanes was 
the same or better than that of the two outside lanes.   
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5.2.2: Corrosion Potential Survey 

Half-cell potential surveys conducted by Braun Intertec measured the electric potential of the 
reinforcement in –mV.  For data presentation purposes these values have been converted into 
positive numbers.  Data evaluated using this test is separated into three categories:  

• Values 0.00-0.20: 90 percent probability that no corrosion is occurring 

• Values 0.20-0.35: Corrosion activity of the reinforcement is uncertain 

• Values >0.35: 90 percent probability that corrosion is occurring 
 
A complete list of the half-cell potential readings can be found in Appendix C.  Table 5.1 
summarizes the percentage of corrosion potential readings at the tested locations of the bridge 
deck. 
 
 
Table 5.1 

Half-Cell Potential Data Summary 
 

Deck Location % of Potential Readings 

Span Joints Lane <0.20 mV 0.20 to 0.35 mV >0.35 mV 

1 E to Pier #2 Southbound 1.4% 45.7% 52.9% 

1 C to E Southbound 0.0% 49.0% 51.0% 

1 E to Pier #2 Northbound 24.3% 50.0% 25.7% 

1 C to E Northbound 36.7% 30.6% 32.7% 

Totals 15.1% 44.6% 40.3% 

Corrosion Potential Not Likely Uncertain Likely 

 
 
In addition to providing numerical data, Braun used plotting software to create equipotential 
contour maps of the two tested panels.  These plots are shown in Figures 5.1 and 5.2. 
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Figure 5.1 

Half-Cell Potential Map: Span 1; Joint E to Joint at Pier 2 

 
 
 
Figure 5.2 

Half-Cell Potential Map: Span 1: Joint C to Joint E 
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Photo 5.1 

Underside of Joint E at Span #1 

 
 
Boundaries of the 0.35 mV readings are labeled on these maps with areas of darker red 
indicating higher potential readings.  These maps indicate that areas within approximately 3-4 
feet of joints are likely undergoing a large amount of corrosion with random areas of corrosion 
scattered between the joints.  These findings were confirmed through review of the detailed 
inspection notes and photos.  As seen in Photo 5.1, the underside of the deck and floor beams at 
joint E shows evidence of rust staining and efflorescence; indicating that corrosion is occurring. 
 
Although these Half-Cell Potential maps only yield corrosion data in the sections of deck tested, 
it is reasonable to assume they represent the typical condition throughout the arch spans of the 
bridge.  Conditions under the joints observed during the detailed inspection are similar to that of 
joint E and indicate relatively the same level of corrosion activity.  
 
5.2.3: Top of Concrete Deck 

In general, the top of the concrete deck is in fair condition.  Nearly the entire deck surface 
contains map cracking and transverse cracks as shown in Photo 5.2.  Most of the transverse 
cracks have been sealed as shown in Photo 5.3. 
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Photo 5.2 

Typical Deck Cracking 
 
 

 
 

Photo 5.3 

Typical Sealed Crack 
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Cores taken for the half-cell potential test were taken through existing sealed cracks to determine 
the depth of cracking and the effectiveness of the sealer.  Two cores were taken from the 
upstream side of the bridge and two were taken from the downstream side. 

Photo 5.4 shows a core at a crack thru the deck on the downstream side of the bridge and Photo 
5.5 shows a core thru the deck on the upstream side of the bridge. 

 
 

Photo 5.4 

Core Through Deck Crack (Span 1, Downstream Side, Near Joint E) 

 
 

 
 

Photo 5.5 

Core Through Deck Crack (Span 1, Upstream Side, Near Joint C) 
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Photo 5.4 shows that the crack is reflective (it started in the original deck and propagated thru the 
wearing course).  Rust stains at the base of the core indicate that moisture is entering the crack 
and causing corrosion of the deck reinforcement.  It is also evident that the crack sealer has not 
been effective in this location as it is only penetrating about 1/8-inch into the crack.  Photo 5.5 
shows that the crack is most likely due to shrinkage and moisture is not penetrating to the 
reinforcement. It is apparent from these cores that, if these cracks are not properly sealed, the 
migration of water will cause freeze thaw damage and eventually progress to the reinforcement. 
5.2.4 – Underside of Concrete Deck 
 
The underside of the concrete deck, excluding regions near expansion joints and manholes 
accounts for approximately 75% of the arch span deck area and is in good condition.  The visual 
inspection revealed almost no cracking, delamination, or efflorescence at these areas and no 
signs of structural distress were noted.  
 
The areas beneath the twenty-two expansion joints were found to be in poor to serious 
condition.  An area of approximately 18-inches to 24-inches on either side of the floor beams 
under all joints was found to be severely delaminated or completely spalled, as shown in Photos 
5.6 and 5.7.  These areas of deterioration account for approximately 25% of the arch span deck 
area. 
 

   
 

Photo 5.6 Photo 5.7 

Typical Deck Underside  Typical Deck Underside 

Delaminations at Expansion Joints Spalling at Expansion Joints 

(Span 7, Beam C) (Span 5, Beam D) 
 
Additionally, water is leaking through the joint in the concrete barrier on the upstream side of the 
bridge. The underside of the deck overhang is suffering deterioration at every joint location as 
shown in Photo 5.8.  Photo 5.9 shows the deck deterioration occurring at the gas main access 
manhole in Span #1. 
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Photo 5.8 Photo 5.9 

Typical Deck Overhang Deterioration Deck Deterioration at Manhole 

(Span 4, Beam G) (Span 1, Between Pier 1 & Column A) 
 
5.2.5: Bridge Barriers  

The bridge barriers are in generally good condition.  The only evidence of deterioration on the 
concrete barriers was minor pitting and cracking as shown in Photo 5.10. 
 

 
 

Photo 5.10 

Typical Condition of Concrete Barrier  

Per Mn/DOT’s LRFD Bridge Design Manual, the railing on the upstream side of the bridge is 
considered substandard.  The chain link fence installed on the exterior railing fence is considered 
within the ‘zone of intrusion’ for a crashing vehicle.  The fence doesn’t meet current standards 
because it presents snagging hazard and it is not designed to prevent debris from falling in the 
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event of a crash.  Additionally, the barrier end treatments do not meet current standards.  
Photo 5.11 shows that the steel pipe termination on top of the concrete barrier creates a blunt end 
and a spearing hazard.  Photo 5.12 shows the guardrail on the bridge approaches ending in a 
turn-down style termination, creating a potential for launching or overturning an errant vehicle. 
 
 

   
 
Photo 5.11 Photo 5.12 

Barrier End Treatment Barrier End Treatment 
 
 
5.2.6: Bridge Railing  

The ornamental pedestrian railing is in good condition.  The only sign of deterioration on the 
metal pedestrian railing was various locations of slight corrosion on the spindles as shown in 
Photo 5.13.  The 4’-1” railing height, however, does not meet current Mn/DOT or AASHTO 
standards for bicycle traffic.  Current standards call for a minimum 4’-6” railing height. 
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Photo 5.13 

Typical Condition of Metal Pedestrian Railing 
 
 
5.3: ARCH SPAN FLOOR BEAMS 
 
Fifty-one of the seventy-three floor beams on the arch spans support the deck in areas without 
expansion joints and these beams are in good condition.  Soundings on these beams indicate 
good quality concrete with little to no areas of delamination.  These findings were also confirmed 
through tests of the concrete cores in these areas.  An example of a floor beam beneath a 
continuous deck section can be seen in Photo 5.14. 
 

 
 

Photo 5.14 

Typical Floor Beam Below Continuous Deck 

(Span 7, Beam A) 
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Twenty-two of the seventy-three floor beams on the arch spans lie beneath expansion joints and 
are in poor to serious condition.  The floor beams supporting the deck at expansion joint 
locations were formed with 1 3/4” wide x 1” high drainage troughs (Figure 2.6) that penetrate the 
top face of the floor beam every four feet (Photo 5.15) and on the floor beam ends (Photo 5.16).   
 

   
 

Photo 5.15 Photo 5.16 

Drainage Trough Drainage Trough 

(Floor Beam Face) (Floor Beam Ends) 

Water and salt infiltrates the joint gaps, migrates through the beam drain troughs and flows down 
the sides of the floor beam as seen in Photo 5.17.  The detailed inspection found nearly all areas 
beneath these drainage troughs had some delamination and many floor beam faces had 50-100% 
of surface delamination or spalls as shown in Photo 5.18.  The bottom layer of concrete, beneath 
the bottom reinforcing layer, on many of the floor beams is undergoing severe delamination as 
shown in Photo 5.19. 

The amount of delamination at these floor beams indicates a high level of chloride contamination 
and corrosion of reinforcement on floor beams under joints.  Chloride ion tests at the level of 
reinforcement also confirm this with values ranging from 1.2 to almost 24 times the corrosion 
threshold level. 

 

   
 

Photo 5.17 Photo 5.18 

Drain Trough Leakage Floor Beam Deterioration 

(Span 4, Beam D) (Span 2, Beam E, Upstream Side) 
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Photo 5.19 

Floor Beam Bottom Delamination 

(Span 5, Beam D) 
 

 

5.4: ARCH SPANDREL COLUMNS 
 
5.4.1: Columns 

The condition of the 146 spandrel columns varied from good to poor. The columns with the 
most deterioration are located beneath deck expansion joints.  Water flows through the drain 
troughs and down the face of the floor beams to the face of the column. The estimated area of 
delaminated or spalled concrete on the faces of columns under joints ranged from 10 percent to 
almost 100 percent of the total area of column face, as shown in Photo 5.20. Spandrel columns 
that are not located beneath expansion joints are in better condition, but not immune to 
deterioration. Due to the age of the structure and inconsistent rebar cover, many of these columns 
contained spalls and delaminations as shown in Photo 5.21.   
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Photo 5.20 Photo 5.21 
Typical Column Under Joint Typical Column Spalling 
(Span 4, Upstream Column P) (Span 5, Downstream Column R) 

The most likely areas on all spandrel columns to exhibit signs of deterioration were found to be 
at the corners.  As the corner bar corrodes and expands, large forces are exerted on the corner 
concrete.  The area of concrete, and therefore the tensile strength, surrounding these corner bars 
is low and is easily spalled.  An example of this corner cracking can be seen in Photo 5.22. 

 
 

Photo 5.22 

Typical Column Corner Cracking 

(Span 4, Upstream Column M) 
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Another spandrel column area found to be susceptible to deterioration was at the connections to 
the arch ribs.  According to the existing plans, these columns are very lightly reinforced.  Current 
standards call for the area of steel reinforcement to be, at a minimum, 1% of the elements cross 
section.  However, the amount of steel present in these columns ranges from 0.17% to 0.21%.  
This results in a very low flexural capacity for these columns.   
 
Due to their inherent stiffness, the 
shorter spandrel columns towards the 
center of the arch spans are not very 
tolerant of thermal movements.  The 
bridge deck expands and contracts as the 
outside temperature rises and falls 
causing the spandrel columns to rotate at 
the arch ribs.  Since the stiffness is high 
and the capacity is low, large cracks 
form at the base of the shorter columns 
as shown in Photo 5.23.   
 

 
 
 
 

 

 
 

Photo 5.23 

Typical Spandrel Column Base Cracks 

(Span#1, Column D)
 
5.5 ARCH RIBS 
 

In general, the arch ribs are in satisfactory to fair condition.  Concrete in non-deteriorated 
areas is sound and, according to compression strength tests, has strength in excess of that 
required by design.  The condition of the downstream arch ribs is, on average, better than that 
of the upstream arch ribs.  The raised concrete sidewalk on the down stream side acts as a 
barrier for the flow of roadway water.  It is easier for water to flow along the upstream 
barrier to the railing joints and down the sides of the columns and reach the arch ribs. 
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5.5.1: Arch Ribs Supporting Spans 1, 2, 3, 6, and 7 

The most common area of arch rib deterioration is at the corners of the ribs.  The outside 
faces of the arch ribs are most prone to exposure to roadway moisture and salts.  
Corrosion of the bars at these locations causes the corner concrete to spall as shown in 
Photo 5.24. 
 
Another common area of deterioration is the bottom face of the arch ribs as shown in 
Photo 5.25.  Each arch rib contains random areas of spalling and delamination on the 
bottom face.  The deterioration is most prevalent closer to the outside face of the ribs and 
lessens as towards the inside face.   
 

     
 

Photo 5.24 Photo 5.25 

Typical Arch Rib Typical Arch Rib  

Corner Deterioration  Bottom Deterioration 

(Upstream Rib, Span 2)  (Upstream Rib, Span 6) 
 
The areas of most severe deterioration on the shorter span arch ribs are at the top face 
areas just below the expansion joints.  Water pools in these areas and is causing a large 
amount of corrosion.  This corrosion causes large areas of delamination similar to that 
shown in Photo 5.26. 
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Photo 5.26 

Typical Arch Rib Top Deterioration 

(Upstream Rib, Span 3 between columns C & D) 
 
5.5.2: Arch Ribs Supporting Spans 4 and 5 

A September, 1968 engineering report of the 10th Avenue Bridge noted that 
“Longitudinal surface cracks running parallel to and approximately 9-inches inside of the 
outside face have formed on each rib.”  This deterioration occurs directly over the steel 
angle reinforcement shown in Figure 2.7.  Since the 1968 report, these longitudinal 
cracks have also formed above the remaining three sets of angles on all arch ribs as 
shown in Photo 5.27. 

 
 

Photo 5.27 

Typical Arch Rib Top Deterioration 

(Upstream Rib, Span 4) 
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The initial cause of these cracks was most likely due to temperature or shrinkage effects.  
The space between the pairs of angles created a sharp discontinuity or weakened plane in 
the concrete much like a tooled joint in a sidewalk.  When the concrete shrinks or 
contracts due to temperature changes, the areas above the angles will crack first. 
 
The 1968 report indicates that the cracks were “not considered serious” and “the concrete 
on both sides of the crack was found to be hard and sound.” This condition, however, has 
changed in past 40 years. Water and deicing salts have migrated from the deck and 
flowed into these cracks causing the steel angles to corrode. The concrete on either side 
of most of these cracks produced a hollow noise when sounded, indicating delamination.   
In some areas the concrete has begun to spall as is shown in Photo 5.28. 
 

 
 

Photo 5.28 

Arch Rib Top Spalling 

(Downstream Rib, Span 5) 
 
Tests of the arch ribs detailed in Section 4 indicate that the chloride ion content is very 
high. This is most likely contributing to the corrosion in the steel angles embedded in the 
concrete. This is evidenced by many areas of delamination and cracking, especially 
beneath the outermost sets of angles. Photo 5.29 documents the typical cracking and 
delamination that this corrosion is causing. Photo 5.30 demonstrates a large spall where 
the tip of the embedded angle has been exposed as a result of this corrosion. In some 
cases the corrosion has caused cracking and delamination to progress to the outside faces 
of the arch ribs as seen in Photo 5.31.  



   
Structural Evaluation of the 10th Avenue Bridge  Page 5.18 

  
 

Photo 5.29 Photo 5.30 

Typical Arch Rib Bottom Cracking Arch Rib Bottom Spall 

(Downstream Arch Rib, Span 4) (Upstream Arch Rib, Span 4) 
 
 

 
 

Photo 5.31 

Arch Outside Face Cracking 

(Upstream Rib, Span 5) 
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The most severe area of deterioration on the arch ribs over the river is on the upstream rib 
of Span 4 between columns C and D.  The joint above floor beam D is leaking heavily 
and allowing water to run down column D and down the rib to column C.  As shown in 
Photo 5.32 and Photo 5.33, both the top and bottom reinforcing angles are exhibiting 
severe corrosion that has caused the top and bottom rib corners to completely spall off.  
Compression testing of a core extracted from this area, as well as soundings indicate the 
base concrete is still sound and of sufficient strength. 
 

 
 

Photo 5.32 

Arch Rib Corner Deterioration   

(Upstream Rib, Span 4 between Col. C & D) 
 

 
 

Photo 5.33 

Arch Rib Corner Spall Deterioration 

(Upstream Rib, Span 4 between Col. C & D) 
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5.6: ARCH PIERS 
 
5.6.1: General Condition 

In general, the upstream and downstream faces of the arch piers are in satisfactory 
condition and the north and south faces of the arch piers are in poor condition. The north 
and south faces of each pier lie below expansion joints. Water and salts are infiltrating the 
joints and running down the faces of the piers. Photos 5.34 and 5.35 show typical 
delamination and spalling on these pier faces, indicating that the reinforcement is 
undergoing corrosion. This is also verified by the high chloride levels found in cores 
taken from these locations (See Section 4). 
 

  
 

Photo 5.34 Photo 5.35 

Typical Pier Deterioration Typical Pier Deterioration 

(South Face of Pier 2) (North Face of Pier 7) 
 
Similar to the floor beams, concrete beams running along the north and south faces of the 
piers are undergoing severe delamination and spalling.  In most cases this deterioration is 
more severe than at a typical floor beam. This is most likely occurring because of greater 
thermal movements at the piers as compared to the floor beams. The larger openings 
allow the penetration of more water and salts into the beams. Typical pier beam 
deterioration can be seen in Photo 5.35 with the most severe deterioration occurring at the 
north side of Pier #6 (Photo 5.36). 
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Photo 5.36 

Pier Beam Deterioration  

(North Face of Pier 6) 
 
5.6.2: Land Piers 

Piers 1, 2, 3, 7, and 8 are considered land piers and are undergoing the typical forms of 
deterioration described in Section 5.6.1 with some additional damage. Drains from the 
bridge deck run down the inside faces of these piers and either outlet onto the pier face 
(Photo 5.37) or leak onto the pier face (Photo 5.38).  This water is washing out onto the 
inside faces of these piers causing extensive delamination and spalling. 
 

 
 

Photo 5.37 

Pier Drain Outlet Damage 

(Inside West Face of Pier 3) 
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Photo 5.38 

Pier Drain Leakage 

(Inside Face of Pier 7) 
 

 
A localized area of damage can be found 
on Arch Pier 1 where the precast 
concrete beams of the approach spans 
meet the arch spans.  Due to the grade 
and camber of the westernmost precast 
concrete beam the top flange is much 
closer to the pier backwall than the 
bottom flange.  Thermal expansion is 
causing the top of this beam to push on 
the pier backwall and is causing severe 
cracking at this location (Photo 5.39).  
This condition was only observed at the 
westernmost beam while all other beams 
appear to have adequate clearance. 
 
 

 
 

Photo 5.39 

Pier Backwall Damage 

(Upstream Face of Pier 1) 
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5.6.3: River Piers 

 
Piers 4, 5, and 6 are considered river piers 
and are undergoing the typical forms of 
deterioration described in section 5.6.1 
with some additional damage. A strut joins 
the two halves of the piers below the floor 
beams and is undergoing similar damage.  
Water from the expansion joints is washing 
onto these struts and causing reinforcement 
corrosion, delamination, and spalling as 
shown in Photo 5.40. 

 
 

Photo 5.40 

Pier Strut Deterioration 

(South Face of Pier 6) 

 
Pier 5 is undergoing severe freeze-thaw and water damage near drain locations.  Photo 5.41 shows 
that the bridge drains do not extend far enough and are allowing water to wash over the concrete, 
causing deterioration in the vicinity of the drain opening. 
 

 
 

Photo 5.41 

Pier 5 Drain Openings 
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5.7: UTILITY HANGERS 
 
As previously noted, the utility supports consist of back-to-back channels anchored to the spandrel 
columns or pier walls. In general, two types of anchorages attach the 15” channels to the concrete. 
Photo 5.42 shows a typical ‘thru-bolt’ type connection where a 1 ½” bolt is drilled through the 
concrete.  Photo 5.43 shows an alternate connection type where the channels are supported by two 
steel angles attached with expansion anchors to the inside face of the spandrel column. 
 
The majority of areas where the utility hangers frame into the spandrel columns are undergoing 
moderate to severe deterioration. Photos 5.42 and 5.43 show typical delaminations and spalls present 
near locations of hanger anchorages.   
 
One potential cause of this deterioration can be attributed to the concrete rather than the actual 
hangers. In most locations the hangers are placed directly below the location where the 1970’s 
rehabilitation meets the original 1929 construction. Placing fresh, chloride-free concrete adjacent to 
existing, chloride contaminated concrete can create an electrochemical potential difference. The new 
concrete may draw electrons from the existing steel which, in turn, may cause corrosion at the 
junction between the two types of concrete. This problem could be exacerbated in these locations by 
the drilling of holes for the embedded anchorages. These anchor holes would allow moisture easier 
access to the level of reinforcement. 
 
 

 
 

Photo 5.42 

‘Thru-Bolt’ Hanger Connection 

(Span 4, Downstream Col. R) 
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Photo 5.43 

Angle Supported Channel Connections 

(Span 5, Downstream Col. F) 

5.8: APPROACH SPANS 
 
5.8.1: South Approach Spans 

The beams and piers on the south approach spans are in good condition with only minor, isolated 
areas of deterioration at the ends of beams and at pier caps. Photo 5.44 shows typical deterioration at 
the ends beams and Photo 5.45 shows typical deterioration on a pier cap. This deterioration was most 
likely caused by expansion joints that had failed. These expansion joints were replaced in 2001 and 
the deterioration has likely slowed. These areas should be monitored during future routine inspections 
and any increases in deterioration should be noted. 
 

   
 

Photo 5.44  Photo 5.45 

Typical South Approach  Typical South Approach Beam Deterioration

 Pier Deterioration 

(First Interior Beam on the West Side)  
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5.8.2: North Approach Spans 

In general, the beams and piers of the north approach are in good condition with only minor, isolated 
corrosion.  Photo 5.46 shows typical corrosion occurring on the steel superstructure.  Similar to the 
south approach, this deterioration is occurring near the expansion joints which were replaced in 2001 
and has likely slowed.  Theses areas should be examined and documented during future inspections to 
determine any increases in deterioration. 
 

 
 

Photo 5.46 

Typical North Approach Beam Deterioration 
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5.9: EROSION BETWEEN ARCH PIERS 7 AND 8 
 
The ground slope from the river to the elevation of the existing railroad tracks beneath the north 
approach has severely eroded. Photo 5.47 shows the typical condition of this slope between Pier 7 
and 8. Due to the steepness of the slope, the poor soils in the area, and the lack of vegetation, this 
slope is eroding in the area of Pier 7.  The construction of a new access road adjacent to Pier 6 down-
slope from the area identified in Photo 5.47 has increased the slope of the embankment and caused 
the deterioration to accelerate. 
 
 
 

 
 

Photo 5.47 

Erosion at Arch Pier 7  
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5.10: Asbestos and Hazardous Material Survey Findings 
 
A copy of Braun Intertec’s Asbestos and Hazardous Material Survey Report can be found in 
Appendix D.  The following is a summary of the report’s findings. 

5.10.1: Asbestos Survey 

The results of the asbestos sampling activities did not identify any asbestos-containing materials on 
the 10th Avenue Bridge.  However, asbestos-containing conduit was identified during earthwork 
activities performed during the construction of the adjacent I-35W bridge.  It is likely that this conduit 
is located below the approaches to the 10th Avenue Bridge.     
 
5.10.2: Lead Paint Analysis 

The field analysis of the 10th Avenue Bridge indicates that the green paint on the steel beams of the 
north approach contains lead and is considered lead-based by the EPA, MPCA, and the MDH.  
Observations made of this paint during the overall visual survey indicate that the paint is in good 
condition with only localized areas of peeling. 
 
5.10.3: Hazardous Materials Survey 

Braun Intertec identified several miscellaneous materials that may require special handling or 
disposal if removed.  The items identified include: 

• (8) high-intensity discharge (HID) light fixtures on the underside of the bridge at the north and 
south abutments. 

• (20) HID streetlight fixtures. 

• (88) 8-lb lead plates on bearing assemblies. 

• (712) 4-lb lead shims on the road way railing between the top of the concrete railing and the 
supports for the 4-inch diameter steel pipe. 



   
Structural Evaluation of the 10th Avenue Bridge  Page 6.1 

SECTION 6: SCOUR ANALYSIS 

6.1 – GENERAL 
 
Flow conditions in the Mississippi River in this location are complex.  The Lower Saint Anthony 
Falls Dam and associated lock and guide walls, the I-35W Bridge located within 1,000 feet 
upstream of the 10th Avenue Bridge, and the I-35W/I-I94 tunnel outfall that discharges under 
Pier 4 on the south bank, all contribute to a complex set of flows during flood conditions.  In 
addition, the Mississippi River channel is confined through Minneapolis, which combined with 
the various pieces of infrastructure, contributes to very high velocities around the 10th Avenue 
bridge foundation during flood events. 

Information for this section is drawn from the following reports (Table 6.1). 

 

Table 6.1 

Data Sources 

 

Report Name Author Date 

Section #3 – Cedar/10th Ave. Bridge over the 
Mississippi River – River Bottom Elevation History 

City of Minneapolis 
Staff 

June 27, 2006 

Underwater Bridge Inspection Report – Structure No. 
2796 

Collins Engineers, Inc June 30, 2008 

I-35W Bridge Replacement Hydraulics and Scour 
Analyses 

Ayres Associates October, 2007 

I-35W Bridge Replacement – 10th Avenue Bridge with 
fill under I-35W Pier 2 Platform 

Ayres Associates July 10, 2008 

Flood Insurance Study for Hennepin County, 
Minnesota – All Jurisdictions 

FEMA September 2, 2004 

 

The bridge has three pier foundations that are continually exposed to the influences of the 
Mississippi River; therefore, the details of each foundation are critical to understanding the 
integrity of the 10th Avenue Bridge.  Each pier consists of two columns spaced 22 feet apart with 
dimensions of 25 feet wide by 14 feet long.  Details of the pier foundations are summarized in 
Table 6.2.  Further details of each pier are discussed below. 
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Table 6.2 

Pier 4, 5, 6 Foundation Details 

 

Pier Location 
Column Base 

Shape/Dimensions 

Pile 

Foundation 

4 South Bank Rectangular/30 ft X 54 ft Yes 

5 Channel Center Elongated Hexagon/30 ft X 68 ft No 

6 North Bank Rectangular/30 ft X 54 ft No 

Pier 4 is located high on the south bank of the Mississippi River within the adjacent floodplain 
but on the outside fringe of the conveyance channel and is generally protected from the direct 
impact of flowing water up to the 100-year flood due to the presence of the lock guide wall of 
the Lower St. Anthony Falls Dam.  Countermeasures, including riprap and cable concrete mat, 
have been placed along the south river bank and around Pier 4 to what appears to be the 100-year 
flood elevation.  These countermeasures serve to protect the river bank and pier from both 
turbulent eddies that form during river flood events as well as the storm water discharges from 
the outlet of the Interstate-35W Storm Tunnel which flows along the pier (see Photo 6.1).  The 
depth of the Pier 4 pile foundation, in combination with the in-place scour countermeasures, 
provide substantial protection from any scour conditions present. 

 

Photo 6.1 

Pier 4 Channel Protection 
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