
   

MEMORANDUM 
 

 Attention: Vanessa Valadares, PE 
  Principal Engineer 
  Department of Public Works 
  City of Norwalk 

 From: Dennis M. Quinit, PE 
  Manager of Bridge Engineering 

 Copy: A. Carr, PE, P. Sotnik, PE (Norwalk DPW) 
  P. Rodrigues, PE (Freeman)      

 Date: July 20, 2021  

 Project: Bridge No. 102-009 – Rowayton Avenue over Keelers Brook 
FC Project No. 2018-0817 

 Subject: Emergency Condition Assessment and Structure Evaluation of Undermined 
Bridge Foundation 

 

General Overview 

The City of Norwalk (City) observed the formation of a longitudinal crack along the center of the 
road directly over the bridge that carries Rowayton Avenue over Keelers Brook.  The crack, which 
was observed on Wednesday, July 14, 2021, required the closure of the road and traffic was 
detoured around the site.    
 
The City directed Freeman Companies (Freeman) to perform an emergency condition assessment 
and structure evaluation of the bridge.   
 
Bridge Description 

Bridge 102-009 is a single span bridge that consists of two sections.  The north (upstream) half of the 
bridge consists of 12’± span x 5’± rise grouted stone masonry arch founded on stone masonry while 
the south (downstream) half consists of an 11.5’± span x 5’± rise corrugated metal arch pipe 
(CMAP).  Freeman performed an inspection and condition assessment in April 2019 and found the 
bridge to be in satisfactory condition.  It was observed at the time that the stone masonry section of 
the bridge exhibited exposed stone masonry footings with areas of voids while the CMAP section 
exhibited rusting along the waterline.  The channel, which flows from north to south, was also 
observed at the time to be in stable condition with scour observed along the stone masonry section 
of the bridge. 
 
The bridge is currently under the City’s bridge preservation program where proposed repair and 
rehabilitation plans are being prepared to address the bridge’s deficiencies noted in the inspection 
report.      
 
Site Conditions 

Freeman visited the site on Wednesday, July 14, 2021, at 3:00 PM to assess the present condition of 
the subject bridge and to ascertain the cause of the observed failure.  Freeman noted the 
following observations: 
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 There is a longitudinal crack on the pavement along the center of the road directly above 
bridge.  The crack is estimated to be approximately 1” – 2” wide by approximately 10’-15’ 
long.  The pavement along the north side of the crack exhibits an elevation differential of 
¼”± – ½“± at the widest section of the crack.  

 The north side of the pavement shows signs of settlement, which has sloped more than 
normal.  This is also visually apparent along the north bituminous concrete curb where it 
exhibits a “sag” or settlement located above the bridge.   

 There is a 4’± deep scour hole at the inlet of the bridge.  The scour is estimated to be full 
width of the channel (from abutment to abutment) and approximately 10’ long inside the 
bridge.   

 The toe of the stone masonry foundation on both sides of stone masonry arch bridge within 
the limits of the scour are missing and appears to have been undermined and washed out.  
Some remnants of the northwest foundation can be seen to have settled into the scour 
hole.  

 As a result of the washed-out foundation, the bottom section at the northwest corner of the 
stone masonry arch failed and collapsed into the channel and settled into the scour hole.  
This section of the stone masonry arch is visually observed to be partially supported.   

The bridge shows signs of settlement along this section.  Some backfill material is exposed 
and there are signs of subsidence of backfill material.    

A vertical crack between stones was observed at the northwest fascia, right above where a 
section of the stone masonry arch fascia is missing. 

 The opposite northeast section of the stone masonry arch is intact but the foundation 
appears to be missing, or at least the toe of the foundation is missing.  The stone masonry 
along this section appears to be stable.  

 There is a 2”± gap between the stone masonry arch fascia and the stone masonry cap.  
While it was not measured during the 2019 inspection, this gap appears to have increased 
since the last bridge inspection.   

 
Structural Evaluation 

The stone masonry foundation at the north section of the stone masonry arch was undermined by a 
large scour hole at the inlet of the bridge.  This scour hole was deep and wide enough to 
undermine the toe of the foundation and caused it to be washed out and which led to the partial 
collapse of the northwest section of the stone masonry arch.  The partial collapse led to the 
settlement of the arch and, along with subsidence of backfill material, caused the longitudinal 
crack on the pavement and settlement of the north side of the road.   
 
Tropical Storm Elsa struck Norwalk on the evening of July 8 and continued until mid-day of July 9, 
2021, bringing in 6.01” of rainfall within a 24-hour period, 4.30” of which was dumped within a 6-hour 
period (67% of the rainfall within 25% of a full day), which was estimated to be equivalent to a storm 
greater than a 25-year storm event.  This storm inundated the channel upstream of the bridge (it 
was reported to the City that the water level reached the garage of an adjacent upstream 
property).  While there is no report of the channel overtopping the roadway, this created a 
pressure-flow condition at the bridge, which formed as a channel constriction that created a 
turbulent vortex at the inlet as storm water forces its way through the bridge.  This resulted in the 
formation of a large scour hole at the inlet that eventually undermined and partially washed-out 
the north section of the arch’s foundation.       
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Based on these observations, the bridge is assessed to be in a Failed Condition (Condition Rating = 
0).  The bridge is considered structurally deficient, unstable, and structurally inadequate to support 
normal traffic load.  The combined effects of the partial undermining and dislodgement of the 
stone masonry foundation, which created a partially unsupported section of the stone arch, and 
the subsidence of backfill material has rendered this bridge to be taken out of service.  
Furthermore, if unmitigated, the remaining section of the stone arch foundation, which was noted 
on previous inspection to be exposed, remains susceptible to future additional scour that could 
potentially result in the failure or collapse of the stone masonry arch section of the bridge.  
Accordingly, corrective actions need to be taken before the bridge can be opened to traffic.   
 
Repair and Reconstruction Alternatives 

The following repair and reconstruction alternatives are corrective measures that would address the 
bridge’s primary structural issues and the channel’s scour susceptibility. 
 
Repair Alternatives:  The following are repair alternatives that may be considered for this site.  These 
repair solutions are temporary and are assumed to be in conjunction with the eventual full 
reconstruction of the bridge.    
 

 Alternative 1 – Temporary Clear-Span Bridge:  This alternative utilizes a prefabricated 
temporary bridge that spans over the existing bridge.  The length of the temporary bridge 
would be such that its zone of influence would not affect the existing bridge.   

Advantages: 
 Mobilization and installation could be shorter  than the required construction 

duration to install the Temporary Liner Alternative, thus, allowing the bridge to be 
opened to traffic sooner. 

Disadvantages: 
 Requires monthly rental until replacement structure is ready for construction, which 

could take up to 12 – 24 months. 
 Might require vehicle weight restriction depending on the size of the temporary 

bridge. 
 Would require installation or construction of ramp leading up to the temporary 

bridge, the required footprint of which could impact accessibility to adjacent 
driveways and intrude into roadway intersection at Rowayton Avenue and 
Woodchuck Lane. 

 
 Alternative 2 - Temporary Repair with Bridge Liner:  This alternative utilizes 

installation/insertion of either a HDPE or corrugated metal pipe liner through the entire 
length of the bridge or within the limits of the stone masonry arch section.  The annulus 
between the existing bridge and the liner pipe will be grouted allowing the liner pipe to 
absorb the traffic and bridge loads.  Accordingly, the liner structure will be designed to 
support full traffic loads and conform to current design standards, thus, essentially replacing 
bridge while allowing the existing bridge to remain in-place. The liner pipe will reduce but 
will be sized to optimize the existing hydraulic opening. 
 
Advantages: 

 Functions as the replacement bridge and allows opening the bridge to traffic 
without weight restriction. 

 Prevents further scour and potential undermining of the remaining stone masonry 
foundation. 

 Can be considered as a permanent solution and as a replacement bridge.   
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The grouted annulus (space between the existing bridge and the liner) ensures that 
the liner absorbs all the loads (traffic loads and backfill) while also supporting the 
existing bridge, thus rendering the existing bridge defunct.    

Accordingly, the liner is designed for the appropriate vehicle design loads and 
conforms to current design and construction standards.    

 
Disadvantages: 

 Construction requires installation of a by-pass pipe to maintain channel flow.  This 
would require temporary construction easement from adjacent properties and 
could potentially impact trees and utility poles adjacent to the bridge. 

 Potential lead time for liners could be up to six (6) months. 
 Reduces the hydraulic opening of the bridge, which could lead to higher upstream 

water elevations during large storm events. 
 
Replacement Alternatives:  The following are replacement alternatives that may be considered for 
this site.  The replacement solution may or may not be in conjunction with the repair alternatives 
discussed above (i.e., Alternatives 1 and 2).  However, in similar manner as Alternative 2, the 
following replacement alternatives will both require installation of a by-pass pipe to maintain 
channel flow.   
 

 Alternative 3 – Full Structure Replacement (Emulate Existing Hydraulic Capacity):  This 
consists of the removal and replacement of the bridge “in-kind”.  The term “in-kind” is used 
liberally in this instance since it refers to a replacement structure that emulates the hydraulic 
capacity of the existing bridge.  The main objective of this alternative is to minimize adverse 
impacts upstream and downstream of the bridge.  Accordingly, the new structure will be 
sized and designed to provide a hydraulic opening that closely matches the existing.  The 
replacement structure would also have a bottom component (i.e., four-sided concrete box 
culvert or corrugated metal arch) for scour protection within the limits of the bridge. 
 
This alternative provides a new bridge (with a service life of 75 years) and is considered a 
permanent solution.  Since the structure is essentially being replaced hydraulically “in-kind”, 
it may simplify acquisition of regulatory permits as it emulates existing conditions.  
Furthermore, it may be implemented without having to implement the temporary repair 
assuming that review and acquisition of regulatory permit approvals can be fast-tracked 
under an emergency reconstruction program.   
 
Advantages: 

 Provides a new structure with a service life of 75-years. 
 A permanent solution that can be implemented as an emergency 

repair/reconstruction.   
 Replacement structure closely matches existing hydraulic opening and emulates 

existing channel flow conditions, thus, minimizing adverse impacts upstream and 
downstream of the bridge. 

 May also be implemented sooner than Alternative 4 (this assumes that minimizing 
adverse impacts upstream and downstream would streamline and reduce review 
and approval duration of regulatory permit applications). 

 The replacement structure mitigates scour within the limits of the bridge.  
 Would not require additional analyses and studies to assess downstream impacts. 
 Would not significantly impact downstream structures and facilities as well as 

residential, commercial, and other public properties). 
 Minimizes potential for acquisition of temporary and permanent easements. 
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Disadvantages: 

 Replacement bridge maintains the bridge’s current hydraulic capacity.  
 

 Alternative 4 – Full Structure Replacement (Increase Hydraulic Capacity):  This consists of the 
construction of a replacement bridge that provides increased hydraulic capacity.  The 
main objective of this alternative is to provide a larger bridge crossing to allow more water 
to pass through the bridge and alleviate potential inundation of the upstream channel.  The 
replacement bridge would also be sized to minimize the potential for pressure flow 
conditions and would be designed to survive potential future scour.  This alternative 
provides a new bridge (service life of 75 years), conforms to current design standards, and 
conforms to regulatory permitting agency requirements. 
 
While this alternative could have a structure type like those discussed in Alternative 3, the 
structure size required to meet hydraulic demands could potentially require a structure with 
an open bottom.  And while open bottom structures are preferred by regulatory agencies, 
these structure types could require deep foundations that could sustain and would allow 
the bridge to survive the effects of potential future scour.  Furthermore, the larger bridge 
crossing could potentially require the roadway to be raised to conform to required hydraulic 
opening.   
 
A larger bridge crossing will allow more water to flow downstream, which could likely 
increase existing flooding limits and impact downstream properties and facilities.  
Accordingly, additional hydrologic and hydraulic analyses and a more in-depth study of the 
impact of a larger bridge crossing will be required in conjunction with this alternative.  
Subsequently, regulatory agencies would require a more in-depth review and assessment of 
these impacts and, thus, potentially longer duration for the acquisition of regulatory 
environmental permit approvals.  
 
Due to anticipated longer duration for the acquisition of regulatory environmental permits, 
this alternative is assumed to be in conjunction with either of the repair Alternatives 1 or 2, 
which would allow restoration of service until the replacement bridge is constructed.   
    
Advantages: 

 Replacement structure provides a larger hydraulic opening and improves hydraulic 
capacity allowing more water to flow downstream. 

 Larger bridge crossing minimizes potential upstream channel inundation and 
pressure flow conditions that could lead to scour within the bridge limits. 

 Foundation of replacement bridge is designed to sustain and survive effects of 
potential future scour. 

 Provides a new structure with a 75-year service life and conforms to current design 
standards.  

 
Disadvantages: 

 While it is considered an advantage for upstream conditions, allowing more water to 
flow through the larger bridge crossing would likely have adverse impacts to 
downstream structures and facilities (i.e., culverts, bridges, and stormwater systems) 
and properties (residential, commercial, and City and State-owned properties).  

 Increased flow through the larger bridge crossing would likely increase existing 
flooding limits (i.e., areas that currently do not encounter flooding are likely to 
encounter such with larger replacement bridge). 
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 Increased channel flow capacity through the bridge would likely result in additional 
downstream structure/drainage improvements to alleviate the increased flooding 
and has the potential for temporary and permanent easement acquisitions 
downstream of the bridge.   

 This alternative would require additional hydrologic and hydraulic analyses and an 
in-depth study on impacts to downstream structures and drainage facilities.   

 A larger bridge crossing could complicate regulatory environmental permit 
applications and require an in-depth agency review to assess the full impacts to the 
increased flow capacity as opposed to a replacement structure with similar 
capacity.  Furthermore, regulatory agencies would require in-depth review and 
evaluation of potential impacts to upstream wetlands as a result of lower upstream 
water elevation. 

 This alternative could require an open-bottom structure, which could result in 
requiring deep foundations for the structure to sustain and survive potential future 
scour. 

 The larger bridge could require raising of the roadway, which could impact 
adjacent properties and street intersections. 

 Design requirements associated with a larger structure would increase construction 
and lengthen construction duration. 

 Requires to be in conjunction with either of the temporary repair Alternatives 1 or 2 
(this argument assumes that the service needs to be restored while design for the 
replacement bridge is being completed and assumes a longer duration for the 
acquisition of regulatory permits). 

  
Action Items 

Based on the above observations and assessment of the structure’s condition, we recommend the 
following action items:  
 
Immediate Action:  Close the section of the road where the bridge is located and detour traffic 
accordingly.  Implement corrective actions as noted below.   
 
Corrective Action(s):  Implement corrective action that would temporarily or permanently address 
the bridge’s deficiencies and structural instability, and that would allow the road to be safely 
opened to traffic.  Furthermore, address and mitigate the channel’s scour susceptibility within the 
limits of the bridge.  
 
Recommendations 

Upon evaluation of the required corrective actions discussed above, and based on cost 
perspective, it is recommended to implement Alternative 3 – Full Structure Replacement (Emulate 
Existing Hydraulic Capacity).  This alternative would be more economical than the other full 
structure replacement alternative since it may be implemented without having to implement a 
temporary repair.  This alternative may be appealing not only from a cost standpoint but also for 
the potential of implementing it as a permanent corrective action under an emergency 
repair/reconstruction program.   
 
It is noted, however, that this alternative maintains or closely matches the current hydraulic 
capacity of the existing bridge.  It should also be noted that cost arguments for the 
recommendation of this alternative assumes that replacement Alternative 4 would be 
implemented in conjunction with repair Alternative 2.    
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Alternatively, Alternative 2 – Temporary Repair with a Bridge Liner in conjunction with Alternative 4 – 
Full Structure Replacement (Increase Hydraulic Capacity) may be considered in lieu of Alternative 
3.  Implementing Alternative 2 allows the roadway to be safely and temporarily opened back in 
service without vehicle weight limitations and will serve as the temporary bridge until the 
permanent replacement bridge is installed.  Subsequently, implementing Alternative 4 allows the 
opportunity to improve and replace the bridge with a structure that is hydraulically adequate. 
 
It is noted, however, that this alternative could potentially require deep foundations and raising of 
the roadway profile, which could impact adjacent properties and street intersections that would 
result in increased construction cost and longer construction duration.  Subsequently, a larger 
bridge crossing would require additional hydraulic and hydrologic analyses and more in-depth 
study of the downstream impacts due to increased flow.  Furthermore, this alternative would require 
an in-depth assessment by regulatory agencies with regards to potential impacts to facilities and 
properties downstream as well as potential impacts to upstream wetlands.     
 
While no cost estimate is performed as of this writing to compare the repair and reconstruction 
alternatives, it is estimated that Alternative 1 will cost more compared to Alternative 2 (this assumes 
that either of the repair alternatives are implemented in conjunction with Alternative 4).  
Furthermore, the potential impact of Alternative 1 to the accessibility of adjacent driveways and 
potential encroachment into the adjacent street intersection may render this alternative to be 
prohibitive. 
 
Should you have any questions or need further information regarding the condition assessment and 
structure evaluation, and recommended action items, please feel free to contact us. 
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Photo # 1:  
Formation of 10’-15’ x 2”± wide crack on pavement along 
center of road above the limits of the bridge. 

Photo # 2: 
Approx. up to ½” elevation differential between the north and 
south sides of the pavement crack.   
 

Elevated pavement surface on
north side of crack
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Photo # 3:  
Note the “sag” along the north bituminous concrete curb. 

Photo # 4:  
View from the south side of road of noticeable “sag” in the 
north pavement  Also note the noticeable surface differential 
along the north side of the pavement crack.  
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Photo # 5:  
Collapsed section of the stone arch located at the northwest 
corner of the bridge.  Note that the fascia arch is hanging mid-
air unsupported, which has resulted in a vertical crack above 
where a stone masonry is missing.  

Photo # 6:  
Closer view of collapsed section.  Note sections of the stone 
masonry foundation settling into the scour hole.  

 
  

Vertical crack above
missing piece of stone
masonry at spring line of
fascia arch

Failed section of stone masonry
arch that collapsed into channel

Sections of stone masonry
foundation settling into scour
hole
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Photo # 7:  
Northwest collapsed section of stone masonry arch.  Note signs 
of subsidence of backfill material.    

Photo # 8:  
Northeast section of the stone masonry arch.  Note the missing 
masonry foundation up to approximately 10’ long; stone 
masonry appears to have settled into the scour hole.   
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Photo # 7:  
North elevation view of the bridge.  The fascia arch exhibits a 
gap approximately 2” wide between the fascia arch and the 
stone cap.  Note the scour hole located just under inlet of the 
bridge.  

Photo # 8:  
A closer view of the gap between the fascia arch and the stone 
cap.  This gap appears to have increased since the bridge was 
last inspected in 2018. 

 
  

Increased gap;
evidence of structure
settlement/movement
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Photo # 7:  
North elevation view of the bridge taken during a site visit in 
January 2021.  Note the exposed stone masonry foundation.  
The channel at the inlet also shows no scour at the time this 
photo was taken.  This photo is shown for reference only.  

Photo # 8:  
A closer view of the northwest section of the stone masonry 
arch taken during a site visit in January 2021.  Note the exposed 
stone masonry foundation.  This photo is shown for reference 
only. 
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Photo # 7:  
Photo of the northeast section of the stone masonry arch taken 
during the 2018 inspection.  Photo shows the exposed 
foundation that was recently undermined and washed-out.  This 
photo is shown for reference only.  

Photo # 8:  
North elevation view of the bridge taken during the 2018 
inspection.  This photo shows the visible condition of the 
channel at the inlet at the time.  This photo is shown for 
reference only.  

 

Channel condition
before formation of
scour hole

Section of stone masonry
foundation that was
undermined and washed out


