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1.0 Introduction 

The purpose of this investigation was to conduct a structural assessment of the existing bridge, 
summarize its condition and determine appropriate repair options.  On site assessment included 
sounding the soffit of the concrete arch as well as obtaining concrete cores for laboratory 
testing.   

Alternatives presented in this report are potential solutions for addressing concerns about the 
structural degradation of the existing arch bridge.  This is not a scoping study, and does not 
attempt to define the alternatives in enough detail to identify environmental or permitting 
constraints, or to define the purpose and need for a project.  

2.0 Bridge Description and Condition 

The existing single span arch bridge was built in 1916 and spans New England Central 
Railroad’s Burlington branch-line.  Currently, the bridge is not posted, however Weaver Street is 
posted for a legal load limit of 24,000 pounds.   

The bridge is inspected at 2-year intervals (maximum) by VTrans in accordance with the 
Federal Surface Transportation Act of 1978.  Inspection reports and inventory/appraisal sheets 
from those inspections are included in Appendix A.  VTrans’ 2009 inspection reports indicate 
that the bridge is in satisfactory to good condition; however, the inspection reports note cracking 
and delaminating of the concrete surface in the soffit of the arch.  

Stantec conducted an investigation of the bridge on April 26, 2011.  This included sounding the 
soffit of the arch for delamination and collecting concrete samples for testing.  The following is a 
summary of the observations:  

• It appears that there had been previous attempts to repair the surface of the arch.  
Sounding of the surface revealed a dull/hollow sound indicating repaired areas were 
poorly bonded to the substrate and reinforcement.  The area of poorly bonded repairs is 
estimated at 5%-15% of the soffit area. 

• Approximately 5% to 10% of the soffit was spalled, exposing the reinforcing steel, for a 
total surface area of 10% to 25% that is either spalled or delaminated. 

• Significant spalling, cracking and delamination of concrete in west fascia of the arch was 
observed. 

• In areas where delamination was not encountered, the majority of the concrete surface 
yielded a dull sound indicating that the surface of the concrete was soft.  This is possibly 
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due to poor mixture of the aggregate and cement in the original construction.  It was 
observed that the original concrete was poorly mixed and poorly consolidated, with many 
voids, and some areas having large concentrations of stone with little or no cement and 
other areas with a mixture of sand and cement with little or no aggregate.   

• No weep holes were observed in the arch, raising the question of how and if the backfill 
of the arch is drained.  The surface of the concrete appeared moist in areas suggesting 
that the backfill might be saturated. 

• Sounding of the concrete bridge railing revealed nearly 100% of the top surface of the 
rail is delaminated.   

2.1 FEDERAL SUFFICIENCY RATING 

The city should be aware that VTrans current inventory and appraisal of the structure indicates 
that the structure has a Federal Sufficiency Rating of 95.   

The sufficiency rating is a computed numerical value that is used to determine eligibility of a 
bridge for Federal funding. The formula includes factors for structural condition, bridge 
geometry, and traffic conditions.  A bridge with a sufficiency rating of 80 or less is eligible for 
Federal bridge rehabilitation funding.  A bridge with a sufficiency rating of 50 or less is eligible 
for Federal bridge replacement funding.   

Kansas Department of Transportation developed the following pie graph (figure 1) to illustrate 
the factors influencing the bridge sufficiency ratings.   The entire document from which the figure 
was taken is available (http://www.transportation.org/sites/bridges/docs/Sufficiency%20Ratings%20Explained.pdf).  A 
copy of the document is also included in appendix A. 
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3.0 Testing 

3.1 BACKGROUND ON TESTS CONDUCTED AND THE CORROSION PROCESS 

To assist in determining the cause of the spalling and corrosion on the soffit of the arch, 
concrete cores were obtained at four locations near the spring line of the arch.  Samples were 
tested to determine the concentration of chlorides (which can accelerate corrosion) and to 
determine the depth of carbonation from the surface of the concrete.  The following definitions 
are intended to give the reader some understanding of how the presence of these conditions in 
the concrete affects the structure.  

Corrosion Process:  Steel oxidizes in the presence of air and water to form rust which has a 
volume of up to 10 times that of the steel consumed.  This swelling of the steel causes the 
surrounding concrete to pop off (or spall) or to become delaminated from the rest of the 
structure, which in turn leads to more exposure and more corrosion.  

Chloride Contamination:  Salt (sodium chloride) is used for de-icing roads and was even 
historically used as a concrete additive.  The presence of salt is a major problem for reinforced 
concrete structures.  When dissolved in water, sodium chloride forms a versatile, highly 
corrosive solution of sodium ions (Na+) and chloride ions (Cl-).  The very mobile chloride ions 
disperse through concrete pores in solution and where they come into contact with the 
reinforcing steel they attack the passive layer that protects the steel.  For bridge structures, it 
has generally been found that concrete chloride content in the range of 0.025% to 0.035% by 
weight of concrete (1.0 to 1.4 pounds chloride per cubic yard) at the reinforcement depth is 
critical because at values above this threshold, corrosion of reinforcing steel in concrete can 
occur rapidly.  

Carbonation:  In normal concrete, the reinforcing is protected by the naturally high alkalinity of 
the concrete with a pH of about 12.  A passivating layer of stable mineral scale is formed on the 
reinforcing which protects it from corrosion.  Carbonation is the reduction of the protective 
alkalinity of the concrete. It is caused by the absorption of carbon dioxide and moisture which 
lowers the pH to 10 or less and renders the reinforcing vulnerable to corrosion. Reinforcing steel 
embedded in carbonated concrete will corrode in the presence of water and oxygen, and the 
reinforcement will have less resistance to chemical corrosion from chloride compounds that may 
be present in the concrete as a result of deicing chemicals used on the bridge or salt that may 
have been added to the concrete during construction.  

3.2 TEST RESULTS 

Concrete samples taken from the Weaver Street Bridge indicated Chloride concentrations 
ranged from .04% to .173% by weight of concrete, putting them beyond the threshold (0.035%) 
where chloride contamination accelerates corrosion.  Levels in excess of the threshold were 
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observed at all locations sampled.  Chloride samples did not vary appreciably with depth but 
rather with location.  Higher levels were observed in the samples taken adjacent to the west 
fascia of the bridge.   

The depth of carbonation from the concrete surface was between 1.5 to 2 inches at 3 of the 4 
sample locations and was greater than 3.5 inches at the 4th location.  This carbonation reduces 
the concrete ability to protect reinforcement from corrosion.    

As discussed previously, in new concrete with a pH of 12 to 13, about 0.035% soluble chloride 
by weight of concrete (1.4 lbs per cubic yard) is the threshold to start corrosion of embedded 
steel. When the pH is lowered to a range of 10 to 11 (thru carbonation), the chloride threshold 
for corrosion is significantly lower.  

Test results and concrete sample locations are included in Appendix B. 

4.0 Repair Alternatives 

4.1 DO NOTHING 

Many factors influence the rate of deterioration including environmental factors such as 
moisture, chloride content, locomotive exhaust as well as composition of the existing concrete, 
the thickness of the arch and loading of the structure. 

Without plans for the bridge, the geometry of the structural components of the arch is unknown 
and predicting the remaining lifespan of the existing arch and its current rating are difficult. 

Given the test results and observation that indicate the poor condition of the existing concrete, 
we would anticipate an increase in rate of deterioration of the arch soffit in the coming years.  It 
would not be unexpected to see the structure deteriorate more rapidly within the next 5 to 15 
years.  However, currently no visual signs of structural distress were observed; indicating that 
the structure is still adequate to carry current traffic. In our opinion, the standard biannual 
inspection interval is still appropriate for monitoring the safety of the bridge.  The frequency of 
inspections on this bridge should be increased if the deterioration gets considerably worse or if 
there are any signs of distress, i.e. cracking or crushing concrete. 

4.2 CONCRETE REPAIRS 

Repairing or patching areas of spalled or delaminated concrete will not address the carbonation 
and chloride contamination which are the underlying causes of deterioration.  Any repairs or 
patching of the concrete would be relatively short lived (similar to previous repair work).   
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In order to halt active corrosion within the bridge, it would be necessary to either remove the 
chloride contamination and reverse the effects of concrete carbonation, or prevent moisture and 
oxygen from reaching the reinforcement.  The carbonated concrete could be removed and 
replaced with repair material, but given the distribution of chloride contamination indicated by 
the concrete sampling, it is not considered practical to address chloride contamination thru 
concrete removal.   

There is an electro-chemical process for extracting chlorides from the concrete, which involves 
saturating the concrete and using an electric current to cause the chlorides to migrate out to the 
concrete.  However, given the condition and geometry of the bridge and the distribution of the 
chlorides, the effectiveness of this process is considered highly questionable.  

Sealing the structure to prevent moisture from penetrating the concrete would involve 
excavating the roadway above and applying a protective membrane to the structure.  This 
approach would be costly and again, the results are also considered highly questionable. 

The cost of concrete repair work could vary widely based on what repairs were attempted.  
However, it is our opinion that repairs would likely be superficial and ultimately would only be 
temporarily effective.   

4.3 PERMANENT SHORING 

For comparison, Stantec estimated the cost of providing permanent shoring of the arch by 
constructing a new reinforced arch under the existing arch.  This approach would involve 
installing a reinforcing steel cage and constructing the new arch with a sprayed concrete (e.g. 
shotcrete).  This portion of the arch would have a design life of approximately 75 years, 
however, over the lifespan of the shoring it would be expected that other bridge elements (e.g. 
spandrel walls, pavement, sidewalk and the bridge railing would require repair).  For comparison 
purposes, we recommend considering the design life for the overall structure under this 
approach to be 35-50 years.  The cost of this permanent shoring alternative is estimated 
between $200,000 and $300,000.  It should be noted that this alternative would reduce the 
existing vertical clearance by approximately 12”-18” over the New England Central Railroad; 
however, this reduction in vertical clearance may be acceptable to the railroad as the controlling 
vertical obstruction on the branch line is the tunnel at the Burlington end of the line.   

4.4 BRIDGE REPLACEMENT 

Also for comparison purposes, Stantec estimated the cost of replacing the existing arch with a 
new prefabricated concrete arch at approximately $700,000.  The design life for the 
replacement bridge is considered 75 years.  This cost estimate is based on an approximate 
square foot cost for a similar project, but does not include site specific factors such as utilities, 
coordinating with the railroad, and potential right of way costs (if applicable).  If replacement is 
pursued, other structure types such as pre-cast voided slab or steel beam with concrete deck 
superstructures should be considered.   
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5.0 Conclusion and Recommendations 

Currently, the arch does not show any signs of structural distress and it is appropriate for the 
bridge to continue carrying the current traffic and to maintain the current biannual safety 
inspection interval. 

Concrete sampling and sounding of the arch soffit revealed that the concrete is carbonated to at 
least the depth of the reinforcing steel, and chloride levels in the concrete are above the 
threshold level for corrosion.  Beyond that, previous patch and surface repairs to the soffit of the 
arch have debonded, revealing a substrate of poorly mixed concrete of suspect quality that 
comprises the original structure. 

Based on this information, it is the principal conclusion of this investigation that any attempts 
repair the concrete arch should be considered temporary.   

There are many factors that influence the rate of deterioration of the structure and prediction of 
the remaining lifespan of the structure with any accuracy is not possible.  However, given the 
current level of deterioration, the levels of chloride contamination and increase PH of the 
concrete, an increase in the rate of deterioration can be expected.  While these concrete arch 
structures can be very resilient, Stantec suggests that the structure may have as little as 10 to 
15 years or service life remaining.  We recommend that the City begin planning for a long term 
solution which may include the replacement of the structure. The first step in this process would 
be to conduct a scoping study to define a potential project. 

I       
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Concrete Testing Data 
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Opinion of Probably Cost 
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Representative Photos 
 
 
 

  



 

 

PHOTO 1:  WEST FASCIA:  CRACKING, SPALLING SOFFIT 

 

PHOTO 2:  SPALLING SOFFIT, EXPOSED REBAR 

 



 

PHOTO 3: SPALLING SOFFIT, EXPOSED REBAR 

 

PHOTO 4: CLOSE UP, POORLY MIXED CONCRETE 

 



APPENDIX E 
 

Sketch of Spalling Areas, Arch Soffit 
By Stantec - April, 2011  
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