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EXECUTIVE SUMMARY: 
 
This conceptual study was prepared for the Virginia Department of Transportation to identify 
options to determine the future of the Waterloo Bridge.  This historic structure is located along 
Route 613 on the Fauquier/Culpeper County line.  The structure is currently closed to traffic 
because of its poor structural condition.  The current bridge rating indicates that the live load 
capacity is less than three tons.  The main span over the Rappahannock River is a wrought iron 
truss that was constructed in 1879.  This report presents three design alternatives along with the 
associated construction and life cycle costs.  A summary of the three alternatives are as follows: 
 
Rehabilitation: 
For the rehabilitation alternative, the timber deck and steel stringers on the approach spans will 
be replaced with a similar superstructure that complies with VDOT Steel Beam with Timber 
Deck Superstructure Standards (SS-8).  The existing two column piers will be modified by 
placing concrete between the columns to create solid wall piers.  This will help ensure that the 
existing substructure is capable of supporting the loads from the rehabilitated structure.  The 
cracks, spalls, and delaminated areas on the reinforced concrete piers and abutments will be 
repaired.  
 
The existing truss will be cleaned and painted.  The deck, stringers, bearings, and railing will be 
replaced.  All other members will be replaced as needed depending on the desired load carrying 
capacity.  Cost estimates were developed for several rehabilitation options.  The options range 
from a bridge with a five ton capacity to a bridge that meets the 36 ton design load.  
 
Bridge Replacement: 
The bridge replacement alternative replaces the existing one lane structure with a new two lane 
structure.  The most economical replacement structure for this location consists of prestressed 
concrete voided slab approach spans with a new steel truss over the main channel.  This concept 
is similar to Route 645 over the Rappahannock River, which is approximately six miles upstream 
from this location.  The benefit of using prestressed concrete slabs and a steel truss is the shallow 
superstructure depth.  Since there is no hydraulic analysis or detailed FEMA flood data available, 
the low chord on the new structure cannot be lower than the low chord on the existing structure. 
Therefore, it is necessary to keep the superstructure depth as shallow as possible to avoid raising 
the vertical profile.  Raising the vertical profile is undesirable because it extends the project 
limits and increases right of way takes and construction costs.   
 
After considering several alternatives for the new roadway alignment, it was concluded that it is 
not practical to bring the approach roadway up to current design standards.  This is because of 
the high construction costs and excessive right of way takes that would be required.  The cost 
estimate provided in this report for the Bridge Replacement Alternative is based on the project 
being classified as a bridge replacement project.  There will be minimal approach roadway work 
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to tie into the new bridge and no roadway design exceptions or waivers will be required per 
VDOT IIM-LD-227.9. 
 
Shared Use Path: 
This alternative will permanently close the structure to traffic and transform it into a shared use 
path for pedestrians, bicyclists and other non-motorized users.  For this alternative, the existing 
truss was analyzed for a live load of 85 psf, which is an AASHTO requirement for pedestrian 
bridges.  In order to achieve that capacity, the deck, stringers, floorbeams, vertical and diagonal 
tension rods, bearings and pins will have to be replaced.  The work required for this alternative is 
very similar to the rehabilitation option that results in a bridge with a 21 ton capacity.  
 
For the rehabilitation and shared use path options, the truss will have to be braced in place or 
removed and disassembled so that the existing pins can be replaced.  This process accounts for 
the majority of the rehabilitation costs.  Once the truss is braced or disassembled, removing and 
replacing members is relatively inexpensive.  The cost difference between the various 
alternatives is mostly due to the cost of the materials.  All rehabilitation options are considered 
major rehabilitation because of the need to remove the pins.  Therefore, the cost of the 5 ton 
capacity option is very similar the cost of the option that meets the 36 ton design load. 
 
The estimated total cost for each alternative is presented below: 
 

Option *Total Project Cost 

Rehabilitation – 5 Ton Capacity $4,305,000 

Rehabilitation – 21 Ton Capacity $4,337,000 

Rehabilitation – 26 Ton Capacity $4,357,000 

Rehabilitation – Meets 27 Ton Legal Load $4,391,000 

Rehabilitation – Meets 36 Ton Design Load $4,488,000 

Bridge Replacement $6,146,000 

Shared Use Path $3,733,000 
 
*All costs are in year 2015 dollars.  
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1.  INTRODUCTION 
 
The Waterloo Bridge, which is eligible to be listed on the National Register of Historic Places, is 
located in a rural setting on the Fauquier/Culpeper County line.  This one lane structure is on a 
tangent alignment and carries Rte. 613 over the Rappahannock River.  The main span of the 
Waterloo Bridge is a truss that consists of wrought iron and cast iron members.  The truss is 
supported by stone piers constructed of random rubble and ashlar masonry.  The truss and piers 
were constructed in 1879.  The approach spans consist of a series of simple span steel beam and 
timber deck superstructures. There are eight spans on the Fauquier County side of the 
Rappahannock River and seven spans on the Culpeper side.  The approach spans are supported 
by reinforced concrete piers and abutments.  The approach spans were reconstructed in 1918-
1919.  The abutment on the Fauquier County side is cast on top of the original stone abutment 
that was constructed in 1879.   
 
The existing structure is structurally deficient.  A load rating was performed and it was 
determined that the live load capacity is less than three tons.  The controlling members for this 
low capacity are the heavily corroded stringers on the truss and beams on the approach spans.  
The structure is currently closed to traffic. 
 
2.  PURPOSE OF STUDY: 
 
The purpose of this study is to present three alternatives with cost estimates for the future of the 
Waterloo Bridge.  The alternatives include rehabilitation of the existing approach spans and 
truss, complete replacement with a two lane structure, and permanently closing the structure to 
traffic and transforming it into a shared use path for pedestrians, bicyclists and other non-
motorized users.  
 
3.  DESIGN CRITERIA 
 

a. AASHTO Standard Specifications for Highway Bridges LRFD, 6th Edition 
b. VDOT Modifications to AASHTO LRFD, I&IM 80.4 
c. AASHTO Manual for Bridge Evaluation, 2nd Edition 
d. VDOT Road and Bridge Standards, 2008 
e. VDOT Road and Bridge Specifications, 2007 
f. VDOT Road Design Manual, 2008 
g. VDOT Manual of the Structure & Bridge Division, Volume V, Part 2, Design Aids 
h. Load Resistance Factored Design (LRFD) methodology for new design 
i. Load Factor Design (LFD) for existing truss 
j. Design Capacity of HL-93 loading (Excluding existing truss and existing substructure) 
k. Units used: English 
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4.  UTILITIES ISSUES 
 
There is one unknown utility that projects from the ground in front of each abutment and is 
connected to the underside of the superstructure of the existing bridge.  This utility will have to 
be relocated or incorporated into the new or rehabilitated structure.  There is also an overhead 
telephone line that runs along the west side of the bridge that will have to be relocated prior to 
construction. 
 
Since there is no survey for this study, it is not known what other utilities may exist in the area.  
 
5. TRAFFIC ENGINEERING ISSUES 
 
The existing bridge is currently closed to traffic.  During construction the current detour will 
remain in place. 
 
If the bridge replacement option is selected, bike and pedestrian accommodations will be 
accommodated on the travel lane.  This is due to the lack of population and the absence of 
existing bike/pedestrian activity.  The travel lanes and shoulders will be used as a shared 
roadway for bike and pedestrian traffic.  The BR27D-8 railing will be used to provide safety for 
pedestrians who use the shared roadway.  No other modifications to the geometrics will be 
required as per Volume 5, Part 2, File No. 06.04-1. 
 
6.  ENVIRONMENTAL ISSUES 
 
In-stream work during construction will be avoided or minimized to prevent adverse impacts to 
the wildlife inhabitants of the Rappahannock River.  The Contractor must prevent any debris 
from falling into the river during all phases of construction, including demolition, blast cleaning 
and painting.  The Contractor may elect to construct a causeway or temporary work bridge to 
facilitate construction.     
 
7.  HYDROLOGIC AND HYDRAULIC ISSUES 
 
A hydraulic analysis has not been performed and there is no detailed FEMA study for this area.  
There is an area on the FEMA map that is designated as a flood hazard area (Zone A) and when 
this area is superimposed on a contour map, it can be concluded that the 100 year flood most 
likely overtops the existing bridge.  In order to avoid raising the 100 year flood elevation, the 
rehabilitated bridge or the replacement bridge must be hydraulically equivalent to the existing 
structure.  The roadway profiles for each alternative will be set high enough to maintain a low 
chord elevation that is no lower than the low chord of the existing structure. 
 
There is significant scour and erosion around the existing stone piers.  Riprap will be placed 
around these piers in order to mitigate the scour and to fill in the existing scour holes. 
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8.  AESTHETIC CONSIDERATIONS 
 
For the rehabilitation option and the shared use path option, it is important for the rehabilitated 
truss to closely match its original appearance.  However, in order to meet current design 
standards, the railing on the rehabilitated structure will not match the existing rail.  This will 
impact the overall appearance of the structure. 
 
The cost estimates in this report do not include any costs for special aesthetic features. 
 
9.  CONSTRUCTABILITY ISSUES 
 
The existing bridge is currently closed to traffic and will remain closed during construction.  The 
proposed bridge can be built in a single phase. 
 
In-stream work will be limited during construction to minimize environmental impacts.  The 
Contractor must prevent any debris from falling into the river during all phases of construction, 
including demolition, blast cleaning and painting.  
 
It is assumed that the existing structure contains lead based paint.  Removal will be in 
accordance with VDOT Specifications. 
 
There are several constructability issues involved with the rehabilitation of the existing truss.  
The suggested methods for truss rehabilitation and the associated constructability issues are 
described in Section 16A of this report. 
 
10. CONSTRUCTION STAGING AREAS 
 
It is desirable for the Contractor to have adequate staging areas to store or assemble equipment 
and materials.  Space is also needed for buildings such as tool sheds and office trailers.  The only 
area in the vicinity of the project that is not in the flood plain and large enough to be used as a 
construction staging area is the property on top of the hill, north of the existing bridge.  This area 
is relatively open, but there will be impacts to existing trees and forestation.  A temporary 
construction easement would be required from the land owner.  Estimated costs for this easement 
are included the cost estimate for each alternative.  For cost estimating purposes, it was assumed 
that a condemnation will be required. 
 
11.  DESIGN EXCEPTIONS/WAIVERS 
 
Steel Beams with a Timber Deck: 
 
For the rehabilitation option, a timber deck on steel beams is the most cost-effective option for 
this structure.  This type of superstructure is similar to the existing, so the dead loads on the 
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substructure will remain relatively the same.  Using steel beams with a timber deck will also help 
maintain the original appearance of the historic structure. 
 
According to VDOT Volume 5, Part 8 (Steel Beam with Timber Deck Superstructure Standards), 
steel beams with timber decks shall only be used on low volume roads with ADT < 750 VPD.  
According to a traffic study performed by VDOT in November 2013, the maximum ADT 
recorded for this section of Rte. 613 was 609 VPD.  The design ADT for the rehabilitated 
structure has not been determined, but if it is greater than 750 VPD, a design waiver will be 
required for a timber deck with steel stringers. 
 
One Lane Bridge: 
 
For the rehabilitation option, the bridge will remain a one lane bridge.  According to VDOT 
Volume 5, Part 2, File No. 06.02-15, a design waiver will be required since the ADT is over 400 
VPD. 
 
Bridge Rail: 
 
For the rehabilitation option, a design exception will be required if a non-standard or non-crash 
tested railing system is used on the truss span.  In order to maintain the existing 11’ roadway 
width, the rail will have to be 6” wide.  There are currently no VDOT standard railing systems 
that are 6” wide and attach to a timber plank deck.  It is not possible to attach the rail to the truss 
stringers because of conflicts with the bottom chord.  Other possible options for the rail are 
discussed in Section 16A of this report.   
 
Roadway Geometry: 
 
Bridge Replacement - Alternative 1 (see Appendix E, Figure E-2): 
 
This alignment will allow the project to be classified as a bridge replacement project and no 
design exceptions or waivers will be required. 
 
Bridge Replacement - Alternative 2 (see Appendix E, Figure E-3): 
 
The following design exceptions will be required. 
 
-Design speed reduced from 40 mph to 25 mph. 
-Radius reduced from 446 feet to 135 feet.  
-Roadway width; not providing 7.7 feet of roadway widening within the curve. 
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Bridge Replacement - Alternative 3 (see Appendix E, Figure E-4): 
 
This alternative meets all current standards, no design exceptions or waivers will be required. 
 
12.  REQUIRED PERMITS 
 
Environmental permits will be required for any work performed in the river.  If any areas within 
the project are determined to be wetlands, permits will be required to work in those areas.     
 
13.  RIGHT OF WAY 
 
The horizontal alignments shown in Appendix E that improve the existing roadway will have 
significant right of way takes at the north end of the bridge (Figures E-3 and E-4).  For this 
reason, it was concluded that improving the existing roadway is not a viable option for this 
project.  Right of way costs for these alignments were not included in this report. 
 
For cost estimating purposes, it is assumed that Bridge Replacement – Alternative 1 will be used; 
see Appendix E, Figure E-2.  For this alternative, a small amount of additional right of way will 
be required at the north end of the bridge so that the existing curve can be slightly modified to 
provide a smooth transition to the bridge.  Additional right of way will also be required along the 
entire west side of the bridge and approaches.  This is because the bridge will be widened to a 
two lane structure. 
 
Similar to Bridge Replacement – Alternative 1, the rehabilitation alternative will require a small 
amount of additional right of way at the north end of the bridge.  This is because it is necessary 
to modify the curve at the north end of the bridge to provide as smooth transition to the 
rehabilitated structure. 
  
All of the alternatives presented in this report will require construction easements in the flood 
plain along both sides of the bridge.   Construction easements will also be required for a staging 
area somewhere in the vicinity of the project. 
 
The estimated right of way costs included in this report assume that condemnation will be 
required. 
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14.  TRUSS DISPOSAL OPTIONS 
 
If the bridge replacement alternative is chosen, there are several options for the disposal of the 
existing truss.  Possible options are presented below: 
 
1.  Move the truss to a county park or other public place to be used as a pedestrian bridge.  This 
     reduces the risk of losing the structure to a high water event or damage from being hit by 
     a vehicle.  For this option the truss would need to be cleaned and painted.  The existing deck,    
     pins, stringers, floorbeams and tension members will need to be replaced, similar to the 
     shared use path alternative described in Section 16C of this report. 
 
2.  Donate to a local historical society. 
 
3.  Dismantle and remove in accordance with Section 413 of the VDOT Specifications. 
 
4.  VDOT can put the truss up for sale, as they have done for other such structures. 
 
15.  TRUSS REHABILITATION RISKS: 
 
There are several risks associated with rehabilitating a structure that is over 130 years old.  The 
unknown material properties make any analysis subjective.   The manufacturing processes in 
1879 produced materials with varying levels of carbon and other impurities.  The chemical 
makeup of the finished product was unpredictable.  Because of this, the material properties of an 
individual member on a truss could be different along the length of that member and different 
from other members in the truss. 
 
Another risk is the unknown condition of the members.  Currently the members are covered by a 
thick layer of paint.  Once the paint is removed and the members are blast cleaned, the section 
loss on individual members could be much greater than anticipated.  If this occurs, the truss will 
have to be re-analyzed and it is possible that more members will have to be fabricated and 
replaced.  This will increase the cost and duration of the project. 
 
There are also risks associated with partially disassembling a truss while it is in place.  The 
support system has to be designed by a professional engineer with experience in this type of 
work.  The Contractor has to take extreme care when removing the pins and replacing members 
to maintain the safety of the crew and to avoid damaging any existing members.  A good 
alternative to replacing pins and other members while the truss is in place is to lift the entire truss 
off of the foundations and disassemble the truss on the ground.  The risk associated with this 
method is that the truss could be damaged during lifting operations. 
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16.  PRESENTATION OF ALTERNATIVES: 
 
16A.  REHABILITATION: 
 
Analysis of Existing Truss: 
 
Currently the existing truss has a live load capacity of less than three tons.  The current load 
rating is controlled by the heavily corroded steel stringers.  In order to increase the load carrying 
capacity of the truss, individual members will have to be replaced.  The purpose of this analysis 
was to determine what members need to be replaced to achieve certain load carrying capacities.  
The starting point was to determine what members need to be replaced to achieve a minimum 
capacity of five tons.   
 
The materials and material properties of the existing truss members were assumed for this 
analysis.  Based on the time period, it is possible that the structure could be a mix of wrought 
iron, cast iron, and possibly an early form of steel.  The analysis was performed using a yield 
strength of 26 ksi.  This is in accordance with the Manual for Bridge Evaluation for all existing 
steel or wrought iron constructed prior to 1905.  Samples should be taken from the existing 
members and tested prior to any construction to ensure that the specified load carrying capacity 
is accurate.  All replacement members will be Grade 50 steel. 
 
The condition of the existing members used in the analysis was based on the current VDOT 
inspection report.  However, due to the corrosion and thick layers of paint on the members, the 
actual condition and section loss of each member cannot be determined until the members are 
thoroughly cleaned.  Once the members are cleaned, the actual thicknesses should be measured 
and the analysis should be verified. 
 
The existing bearings are embedded in the concrete on top of the piers.   This, along with heavy 
corrosion, has caused the expansion bearings to lock in place.  In order for the rehabilitated 
structure to function as designed, the existing bearings will need to be replaced for all 
rehabilitation options.  
 
In order to analyze the existing truss, a model was created using AASHTOWare Bridge Rating 
Software.  With this model, the members that control the load carrying capacity of the structure 
can be identified.  For the existing truss, the stringers and the loose vertical and diagonal tension 
rods were identified as the controlling members.   In order to increase the load carrying capacity 
of the truss, these members were replaced in the model.  With this change, the capacity of the 
bridge increased to five tons. 
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The next step in the analysis process was to determine what members need to be replaced to 
achieve a higher load carrying capacity.  Since the floor beams controlled the five ton capacity 
option, the floor beams were replaced in the model.  This resulted in a load carrying capacity of 
21 tons. 
 
The process of replacing members and recording the new load carrying capacity was repeated 
several times.  As more members were replaced, the load carrying capacity increased.  It was 
concluded that if enough members are replaced and repaired, the structure will meet the 36 ton 
design load and will have an HS-20 inventory rating factor greater than 1.0.  In order to help with 
the decision on what the load carrying capacity of the truss will ultimately be, a cost analysis was 
performed on all of the rehabilitation options. 
 
The truss pins are fracture critical members and the existing pins are most likely over 130 years 
old.  The actual condition of the pins is not known because they cannot be properly inspected 
unless they are removed.  In order to avoid any unnecessary safety risks, the truss pins will be 
replaced for all rehabilitation options.   
 
In order to remove the truss pins, the truss will have to be braced in place or removed and 
dissembled.  This process accounts for the majority of the rehabilitation costs.  Once the truss is 
braced or disassembled, removing and replacing members is relatively inexpensive.  The cost 
difference between the various alternatives is mostly due to the cost of the materials.  Because of 
this, the cost of the 5 ton capacity option is very similar the cost of the option that meets the 36 
ton design load.  Below is a summary of the rehabilitation options. 
 
  

Description 
HS-20 

Inventory 
Rating Factor 

Capacity 

REHAB 1 Replace deck, stringers and vertical and 
diagonal tension rods. 0.124 5 Ton 

REHAB 2 Same as Rehab 1, replace floorbeams. 0.460 21 Ton 

REHAB 3 Same as Rehab 2, increase stinger size. 0.633 26 Ton 

REHAB 4 Same as Rehab 3, increase floorbeam 
size.  Replace entire bottom chord. 0.698 Meets 27 Ton 

Legal Load 

REHAB 5 

Same as Rehab 4, increase floorbeam 
size.  Replace all built-up vertical 
members.  Replace damaged truss portal 
member. 

>1.0 Meets 36 Ton 
Design Load 

 
A detailed explanation of the member replacement analysis can be found in Appendix B.  
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In order to further improve the live load capacity of the truss, other types of deck materials were 
considered.  The lightest alternative was an FRP (Fiber Reinforced Polymer) deck.  The weight 
of this type of deck is approximately half the weight of a timber deck.  An FRP deck was 
modeled in the truss analysis program and the capacity for each case increased by less than one 
ton.  The number of members that required replacement remained the same for each option.  It 
was concluded that there is no real structural benefit to using FRP or any other type of 
lightweight deck.  A wood deck will provide the lowest construction costs as well as maintain 
the appearance of the historic truss. 
 
Truss Pin and Member Replacement: 
 
One option for replacing the pins on the existing truss is to support the truss in place with 
falsework.  This falsework would have to support the existing truss in such a way that would 
relieve all stresses at the pin locations.  One method to accomplish this is to construct temporary 
bents behind the existing stone piers.  A concrete spread footing or possibly steel H-piles would 
be required to ensure that the temporary bents have a solid foundation.  The temporary bents 
would support steel girders that run through the inside of the existing truss.  These girders can be 
fitted with hangers that support the truss at each pin location.  The girders can also serve as a 
work platform. 
 
Another option is to remove the deck and stringers and then lift the entire truss off of the piers 
and place it on the ground where it can be disassembled and shipped to a steel fabricator.  The 
fabricator would clean all of the existing members and fabricate the new members that are to be 
replaced.   The members can also be painted or galvanized at this time.  Once fabrication is 
complete, the truss would be shipped back to the site, re-assembled on the ground, and lifted in 
place.  
 
It was concluded that the most cost effective and environmentally friendly method for 
rehabilitating the existing truss is to remove the truss, disassemble it on the ground, and ship it 
offsite to a fabricator.  The cost estimates in this report are based on the assumption this will be 
the method that is selected by the Contractor.  A comparison of each truss rehabilitation method 
is presented on the following page. 
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 Support in place with falsework Disassemble and ship offsite 

Cost 

-Truss support system will be expensive to design and 
build. 
-Working over the river will increase construction cost 
because of the safety measures that will be required for 
the crew and because of the containment systems that 
will be required to prevent debris from entering the 
river. 

-A crane capable of lifting the entire truss will be 
required. 
-Additional construction easements will be required to 
have an area to dissemble and reassemble the truss. 
-Disassembling the truss on the ground and 
cleaning/rehabilitating the members in a controlled 
environment will reduce costs.  

Environmental 
impacts 

-Excavation will be required near the river to install 
foundations for temporary bents. 
-All work will be done above the river so there is an 
increased possibility of contaminants or debris falling 
in the river during member replacement, blast cleaning, 
and painting. 

-An area near the river will have to be cleared of trees so 
that the truss can be placed on the ground and 
disassembled. 

Quality 

-Thoroughly cleaning and painting areas where two 
members are joined together will prove to be difficult 
or impossible. 

-Inspecting, cleaning and painting/galvanizing each 
member individually in a controlled environment will 
improve the quality of the rehabilitated members. 
-All members can easily be measured for section loss 
after they are cleaned.  If it is determined that the section 
loss will affect the capacity, new members can be 
fabricated and installed when the truss is re-assembled. 
-Shipping each member offsite allows for the members to 
be galvanized if desired. 

Risks 

-Flooding poses a risk to the falsework/support system 
which could result in collapse or damage to the truss. 
-Working over the river poses safety risks for the crew 
and increases the possibility of debris contaminating 
the river. 

-There is a risk of damaging the truss during lifting 
operations. 

Constructability 

Constructing the support system and working above the 
river will make this project difficult for the duration of 
the project. 

Lifting the truss off in one piece will prove challenging, 
but this is a one day activity.  The majority of the 
rehabilitation work will be done in a controlled 
environment. 
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Bridge Cross Section: 
 
The existing bridge railing consists of two, 2” diameter pipe handrails.  VDOT requested that a 
similar rail be used on the rehabilitated structure.  However, pipe handrails do not meet current 
standards and do not meet any crash test criteria.   The rehabilitated approach spans will use the 
rail that is recommended in VDOT Volume 5, Part 8.  This rail is a Texas T-6 guardrail attached 
to steel posts that are bolted to the steel superstructure.  It is not possible to use this type of rail 
on the truss span.  The bottom chord of the truss will be in conflict with the steel guardrail 
supports. 
 
One option for the rail on the truss span is a modified Texas T-6 guardrail.  For this option the 
guardrail on the approach spans will continue across the truss, but the posts on the truss span will 
be bolted to the timber curb and deck, which is similar to existing conditions.  This option will 
not provide a crash tested rail across the truss, but it will make it possible to maintain the 11’ 
lane width. 
 
Any crash tested railing system on the truss will have to be attached to the timber deck or to the 
truss itself.  The railing supports cannot be attached to the steel stringers because of the conflict 
with the bottom chord.  Attaching a rail to the main members of the truss is not an effective 
solution because the spacing of the main truss members is greater than the required post spacing 
for a crash tested guardrail.  Also, it is not desirable to attach a rail to the main truss members 
because of potential damage to the truss.  Therefore, the only feasible option is to attach a rail to 
the timber deck.  However, there are currently no crash tested railing systems that are 6” wide 
and attach to timber plank decks. 
 
If a crash tested rail is required, the best option is to use VDOT standard SBD01d railing.  This 
rail is crash tested and can be attached to a glulam timber deck.  If this rail is used, a glulam deck 
would be required instead of plank flooring.  The downside to this alternative is that the railing 
would have to be 12” wide.  This would result in a curb to curb width of 10’-0”.   
 
The approach spans will consist of six W14x26 beams spaced at approximately 2’-2”.   The deck 
will be a plank floor – 5 x 10, this meets the requirements of VDOT Volume 5, Part 8.  Volume 
5, Part 8 specifies a bituminous surface treatment or bituminous concrete plant mix.  Due to the 
high maintenance cost and extra dead load for this type of surface treatment, it is recommended 
that the deck on the rehabilitated structure be treated with a seal coat which consists of liquid 
asphalt and crushed stone.   
 
The truss span will have a similar stringer arrangement as existing.  The truss deck will match 
the deck on the approach spans, unless a crash tested rail is required.  In that case, a glulam 
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timber deck will be used.  The deck on the truss span will be treated with a seal coat, similar to 
the approach spans. 
 
See Appendix D for more details on the existing and proposed bridge cross sections. 
 
Geometrics: 
 
The proposed bridge cross section is described above.  Since the ADT on this roadway is over 
400 VPD, a design waiver will be required if the superstructure is replaced and the bridge 
remains a one lane bridge.  This requirement is stated in VDOT Volume 5 Part 2, File No.  
06.02-15. 
 
For this alternative, roadway approach work will be minimal.  The approach roadway work will 
include minor repaving and widening, but it will not meet GS-4 geometric design standards as 
defined in the current VDOT Road Design Manual.  However, since this is a bridge 
rehabilitation project, no design exceptions or waivers will be required as long as existing 
conditions are not made any worse.  This is in accordance with VDOT IIM-LD-227.9.  The 
horizontal alignment for this option is shown in Appendix D. 
 
Since the rehabilitated superstructure will be approximately 6” deeper than existing, it is 
necessary to raise the vertical profile across the bridge to avoid lowering the existing low chord 
elevation.  The approach roadway will be built up slightly at each end to tie into the rehabilitated 
bridge. 
 
Substructures: 
 
The existing two column piers will be modified by placing concrete between the columns to 
create solid wall piers.  This will help ensure that the existing substructure is capable of 
supporting the loads from the rehabilitated structure.  The cracks, spalls, and delaminated areas 
on the reinforced concrete piers and abutments will be repaired.  The current inspection report 
was used to quantify the substructure repairs for cost estimating purposes. 
 
The trees growing into the existing stone pier on the south side of the river will be removed and 
any stones that are displaced as a result will be re-laid.  Both stone piers will be repointed to 
replace all of the missing and deteriorated mortar.  The tops of the stone piers will be 
reconstructed to provide a clean and level surface for the rehabilitated truss bearings. 
 
It is evident that scour has occurred around the existing stone piers.  Dry riprap will be placed 
around these piers to fill in any scour holes and help mitigate any future scour. 
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16B.  BRIDGE REPLACEMENT 
 
Span Layout: 
 
For the bridge replacement option, the span lengths were set to allow for the shallowest possible 
superstructure depth.  This was done to minimize the amount the profile has to be raised to meet 
hydraulic requirements.  Raising the profile increases the limits of construction and the amount 
of right of way that will be required.  It is also undesirable to raise the existing profile because of 
the intersection at the south end of the bridge.  Raising the profile at the intersection will add 
significant costs and construction time to this project. 
 
Each approach span consists of four equal spans.  The span lengths are 35’-3” on the south 
approach and 30’-0” on the north approach.  The new abutments were placed at approximately 
the same location as the existing abutments so that the hydraulic opening would remain the same 
as existing.  
 
The span over the main channel will be a 100’ long steel truss, similar to the existing structure.  
A truss was chosen because a 100’ long steel girder or concrete beam span would result in a deep 
superstructure and the vertical profile would have to be raised significantly.  Replacing the 
existing bridge with a truss will also give the new structure a similar appearance to the historic 
existing structure. 
 
Bridge Cross Section: 
 
For the replacement structure, both steel and concrete superstructures were analyzed for the 
approach spans.  For the concrete option, 15” deep prestressed concrete voided slabs will be 
used.  The 15” deep prestressed slabs with an asphalt overlay will require the vertical profile to 
be raised approximately 7”.  For the steel option, 18” deep beams are required.  The depth of the 
beams is controlled by the VDOT requirement that the neutral axis of the composite section has 
to be below the bottom of the deck.  The 18” beam with an 8 ½” concrete deck will require the 
profile to be raised over 20”. 
 
The difference in cost between the steel and concrete approach span options are negligible if the 
approach roadway work is not considered.  However, since the steel option raises the profile over 
20”, the roadway costs and costs associated with the additional right of way takes will make the 
steel option considerably more expensive.  For this reason, the cost estimates in this report are 
based on the less expensive prestressed concrete slab option. 
 
The approach spans and the truss span will have 10’ traffic lanes with 3’-2” shoulders on each 
side.  The curb-to-curb width will be 26’-4”, which is 4” wider than required.  This is because 
seven – 4’ wide x 15” deep slabs will be used on the approach spans, resulting in an out to out 
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width of 28’-0”.  The railing will be a BR27D-8, which meets the requirements of Volume 5, 
Part 2, Chapter 25.  This bridge cross section meets the minimum requirements of VDOT S&B 
Manual Volume V, Part 2, File No. 06.02-5 for a Rural Local road system with ADT between 
400 and 2000 vpd. 
 
Geometrics: 
 
The proposed bridge cross section is described above.  Based on the roadway classification of 
Rural Local (VDOT S&B Manual Volume V, Part 2, File No. 06.02-5), the lane widths will 
match the width of the paved lanes on the approach roadway and have 3’-2” shoulders on each 
side.   
 
One of the objectives listed in the scope for this report was to bring the roadway up to current 
design standards.  In order to meet this objective, an alignment was created with a design speed 
of 40 mph utilizing VDOT GS-4 geometric design standard, as defined in the current VDOT 
Road Design Manual.  This alignment requires a significant amount of additional right of way.  It 
also requires a considerable amount of earthwork on the north end of the bridge because the new 
road will have to be cut through the existing hill.  The horizontal alignment and typical sections 
for this alternative are shown in Appendix E (Figure E-4 and E-4A). 
 
In order to reduce the amount of right of way required, another alternative was developed with a 
135’ radius and a design speed of 25 mph.  A design exception would be required for the radius, 
roadway width and the reduced design speed.  This alternative is not as expensive as the option 
that meets all design standards, but it will still require additional right of way and a significant 
amount of earthwork at the north end of the bridge.  The horizontal alignment and typical 
sections for this alternative are shown in Appendix E (Figure E-3 and E-3A). 
 
Any horizontal alignment that improves the existing roadway will have high construction costs, 
significant right of way takes and possible community opposition.  For this reason, it was 
concluded that improving the existing roadway is not a viable option for this project.  It is 
recommended that this project be classified as a bridge replacement project.  This will eliminate 
the need for any extensive roadway work or right of way takes.  There will be minor widening 
and repaving near the bridge approaches and the rest of the roadway will remain as is.  
According to IIM-LD-227.9, no design exceptions or waivers will be required as long as existing 
conditions are not made worse.  The horizontal alignment and typical sections for this alternative 
are shown in Appendix E (Figure E-2 and E-2A). 
 
The cost estimate provided for the Bridge Replacement Alternative assumes that this will be a 
bridge replacement project with no improvements to the existing roadway alignment.  The 
estimated roadway costs are based on the alignment shown in Figure E-2. 

14 
 



          
WATERLOO BRIDGE           

 
Substructures: 
 
Shelf abutments will be used for the approach spans because a backwall is not required for 
prestressed concrete slabs.  All piers will be wall type piers since they are in the flood plain.  The 
piers that support the truss will be wide enough to support the truss and the approach span.  The 
truss will have a deck extension to eliminate open joints in the truss span.  There will be a joint 
between the approach spans and the end of the deck extension on the truss span.  This is 
unavoidable due to the different superstructure types.  All bearings in the approach spans will be 
elastomeric bearing pads. 
 
There is no geotechnical data or scour analysis for this study.  Without this information it is not 
possible to determine foundation types or elevations.  For the purpose of estimating quantities, it 
is assumed that the piers and abutments will be supported on spread footings set 5’ below 
existing ground.   
 
16C.  SHARED USE PATH 
 
Analysis of Existing Truss: 
 
The existing truss was analyzed in the same manner describe above for the rehabilitation option 
(Section 16B).  It is an AASHTO requirement to design pedestrian bridges for a live load of 85 
psf.  The modifications required to support this load are the same as the rehabilitation option that 
results in a bridge with a 21 ton capacity.  This involves replacing the deck, stringers, vertical 
and diagonal tension rods, floorbeams, bearings and pins. 
 
It is possible to replace the stringers, floorbeams and retrofit the loose tension rods without 
replacing the pins.  However, as stated in the rehabilitation option (Section 16B), the truss pins 
are fracture critical members and the existing pins are most likely over 130 years old.  The actual 
condition of the pins is not known because they cannot be properly inspected unless they are 
removed.  The pins can be tested using ultrasonic testing methods, but there are too many 
unknowns about the existing pins to be able to ensure that they will support a pedestrian load of 
85 psf.  It is recommended that all pins be replaced with stainless steel pins for the pedestrian 
bridge option to eliminate unknowns about one of the most critical components on this structure. 
 
The procedure for rehabilitating the existing truss and replacing the pins for the shared use path 
bridge are the same as describe above for the rehabilitation option (Section 16B).  The associated 
costs are also similar.  Because of this, there is not a substantial economic advantage to the 
shared use path alternative. 
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Bridge Cross Section: 
 
The cross section of the pedestrian bridge will closely resemble the cross section of the existing 
bridge.  A new 54” railing system will be attached that meets the requirements of a shared use 
bridge.  The existing handrail supports in the approach spans will be reused if possible. 
 
The approach spans will consist of six W10x33 beams spaced at approximately 2’-2”.   The deck 
will be a plank floor – 5 x 10 with no overlay.  Even though this will be a shared use bridge, the 
beams were sized so that they will be capable of carrying traffic loading in case there is a need in 
the future.  The truss span will have a similar stringer arrangement as existing.  The truss deck 
will match the deck on the approach spans. 
 
See Appendix F for sketches and details of the Shared Use Path Alternative. 
 
Approach roadway: 
 
Roadway approach work for this alternative will be minimal.  The existing horizontal alignment 
will be maintained.  Since the rehabilitated superstructure will be a few inches deeper than 
existing, it is necessary to build up the asphalt behind each abutment to tie into the rehabilitated 
bridge.  Minor improvements at the intersections, such as bollards and signage, will prevent 
vehicles from using the bridge and make the entrance more welcoming for bicyclists and 
pedestrians.  
  
Substructures: 
 
For this study it was assumed that the structural integrity of the existing substructure is adequate 
for both dead load and pedestrian live load.  The cracks, spalls, and delaminated areas on the 
reinforced concrete piers and abutments will be repaired.  The current inspection report was used 
to quantify the substructure repairs for cost estimating purposes. 
 
The trees growing into the existing stone pier on the south side of the river will be removed and 
any stones that are displaced as a result will be re-laid.  Both stone piers will be repointed to 
replace all of the missing and deteriorated grout.  The tops of the stone piers will be 
reconstructed to provide a clean and level surface for the rehabilitated truss bearings. 
 
It is evident that scour has occurred around the existing stone piers.  Dry riprap will be placed 
around these piers to fill in any scour holes and help mitigate any future scour. 
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17.  ENGINEER’S COST ESTIMATE AND LIFE CYCLE COST ANALYSIS 
 
 

SUMMARY OF ENGINEER’S COST ESTIMATE 

Option 

Mobilization 
and Misc. 

Construction 
Costs 

Bridge 
 

Roadway 
 

Right of 
Way 
and 

Utilities 

Construction 
Engineering 

and 
Inspection 

Contingencies Preliminary 
Engineering 

* Project 
Total 

 

Rehabilitation – 
5 Ton Capacity $220,791 $1,984,897 $135,000 $120,000 $468,138 $351,103 $819,241 $4,305,000 

Rehabilitation – 
21 Ton Capacity $222,304 $2,001,714 $135,000 $120,000 $471,804 $353,853 $825,656 $4,337,000 

Rehabilitation – 
26 Ton Capacity  $223,211 $2,011,794 $135,000 $120,000 $474,001 $355,501 $829,502 $4,357,000 

Rehabilitation – 
Meets 27 Ton 
Legal Load 

$224,789 $2,029,327 $135,000 $120,000 $477,823 $358,367 $836,191 $4,391,000 

Rehabilitation – 
Meets 36 Ton 
Design Load 

$229,254 $2,078,934 $135,000 $120,000 $488,638 $366,478 $855,116 $4,488,000 

Bridge 
Replacement $305,966 $2,881,292 $185,000 $120,000 $674,452 $505,839 $1,180,290 $6,146,000 

Shared Use Path $199,406 $1,862,887 $19,401 $120,000 $416,339 $312,254 $624,508 $3,733,000 
 
*Project Total costs have been increased by 5% to translate to year 2015 dollars. 
 
For a complete list of the pay items, quantities and unit costs for each alternative, see Appendix C. 
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*INITIAL 
CONSTRUCTION 

COST 

LIFE CYCLE COSTS 
(PRESENT WORTH) 

INITIAL 
COSTS + 
MAINT. 
COSTS 

(PW) 

INITIAL 
COSTS + 

USER 
COSTS 

(PW) 

TOTAL 
PRESENT 
WORTH 

(Initial Cost 
+ Life Cycle 

Costs) 

** 
MAINTENANCE 

*** 
USER 

ALT. DESCRIPTION A B C A+B A+C A+B+C 
1 Rehabilitation - 5 Ton Capacity $4,305,000 $355,476   $4,660,476 $4,305,000 $4,660,476 
               
2 Rehabilitation - 21 Ton Capacity $4,337,000 $355,476   $4,692,476 $4,337,000 $4,692,476 
                
3 Rehabilitation - 26 Ton Capacity $4,357,000 $355,476   $4,712,476 $4,357,000 $4,712,476 
                

4 
Rehabilitation – Meets 27 Ton Legal 
Load $4,391,000 $355,476   $4,746,476 $4,391,000 $4,746,476 

                

5 
Rehabilitation – Meets 36 Ton Design 
Load $4,488,000 $355,476   $4,843,476 $4,488,000 $4,843,476 

                
6 Bridge Replacement $6,146,000 $14,095   $6,160,095 $6,146,000 $6,160,095 
                
7 Shared Use Path $3,733,000 $129,885   $3,862,885 $3,733,000 $3,862,885 

 
For the maintenance schedule and costs used in the life cycle cost analysis, see Appendix C. 
 
* Initial Construction cost is the total cost of the project, including roadway items.  Costs have been increased by 5% to translate into year 2015 dollars. 
 
**The maintenance costs for the rehabilitation options include deck maintenance/replacement, superstructure painting, and substructure patching.  The quantities 
for these items are the same for all of the rehabilitation options.   This is a low volume road and large trucks are not able to use the bridge because of the sharp 
curves on the north approach.  Therefore, the bridge capacity will have minimal impacts on the maintenance frequency, which results in maintenance costs being 
the same for each option. 
 
***Since this project is on a rural road with a low traffic volume, the user costs are minimal and therefore not included in this summary.  Not only are the user 
costs low, but any attempt to calculate the costs would be highly speculative since all traffic data for this roadway is based on a posted or closed bridge.  Also, the 
sharp curves in the approach roadway on the north side of the bridge make it nearly impossible for large trucks to use the roadway.  This is the case for both the 
rehabilitation and replacement options.  Since large trucks are not included, the user costs for each option will be very similar and have no significant affect on 
the final rank. 
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Appendix A 
 

Existing Structure Photos 
 

  

A1 
 



  
WATERLOO BRIDGE        
 

  
Elevation View and Typical Section 

 
Stone Piers with missing grout, scour and large tree growing against pier.  

 
Typical pier with spalling and missing rebar.  Abutment B cast on top of original stone abutment, 

note existing utility at abutment.  

A2 
 



  
WATERLOO BRIDGE        
 

 
Retrofit of existing diagonal tension rods. 

 
Typical deterioration and section loss on existing truss stringers. 

 
Typical pin connections, note built up layers of paint. 
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Appendix B 
 

Structural Analysis of Existing Truss 
  

B1 
 

Remainder of Appendix B 

redacted per  

Code of Virginia § 2.2-3705.2 
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Appendix C 
 

Cost Analysis 
 

C1 
 



C2

Item Quantity Unit Unit Cost Total
Construction Access 1 LS $135,000.00 $135,000.00
Remove Existing Superstructure 1 LS $120,000.00 $120,000.00
Environmental and Worker Protection 1 LS $14,000.00 $14,000.00
Disposal of Material 1 LS $5,000.00 $5,000.00
Tree Removal at Stone Pier 1 1 LS $3,000.00 $3,000.00
Waterproofing Membrane 1 LS $7,000.00 $7,000.00

Approach Spans:
Approach Span Timber Deck 21.9 MFBM $5,700.00 $124,692.63
Seal Coat Liquid Asphalt 84.5 GAL $7.00 $591.70
Seal Coat Cover Material (No. 8P Stone) 2.9 TON $40.00 $117.04
Approach Span Railing (Mod. Texas T6) 532 LF $107.00 $56,924.00
Approach Span Structural Steel Rolled Beam 58037 LBS $2.40 $139,288.46
Substructure Repair (Type B Patching) 120 SY $1,000.00 $120,000.00
Bridge Seat Reconstruction 6.2 CY $1,000.00 $6,200.00
Concrete Class A3 - Existing Pier 165 CY $480.00 $79,200.00
Reinforcing Steel - Existing Pier 15700 LBS $1.25 $19,625.00
Structure Excavation - Existing Pier 130 CY $40.00 $5,200.00
Repoint Stone Masonry 100 LF $75.00 $7,500.00
Dry Riprap Cl. II, 38" 281 TON $55.00 $15,480.67

Truss:
Truss Rehabilitation (see note below) 1 LS $600,000.00 $600,000.00
Truss Pin Replacement 32 EA $1,500.00 $48,000.00
Replace Vertical and Diagonal Rods 2181 LBS $5.00 $10,903.66
Truss Bearing Replacement 1 LS $40,000.00 $40,000.00
Testing of Existing Materials 1 LS $12,500.00 $12,500.00
Timber Deck 6.6 MFBM $5,700.00 $37,620.00
Railing 200 LF $107.00 $21,400.00
Seal Coat Liquid Asphalt 31.8 GAL $7.00 $222.44
Seal Coat Cover Material (No. 8P Stone) 1.1 TON $40.00 $44.00

5 Ton Capacity
Stringer Replacement 9500.0 LBS $2.40 $22,800.00
Bottom Lateral Bracing Replacement 590.4 LBS $3.00 $1,771.29

21 Ton Capacity
Stringer Replacement 9500.0 LBS $2.40 $22,800.00
Floorbeam Replacement 2802.8 LBS $5.00 $14,014.00
Bottom Lateral Bracing Replacement 590.4 LBS $3.00 $1,771.29

26 Ton Capacity
Stringer Replacement 13000.0 LBS $2.40 $31,200.00
Floorbeam Replacement 2802.8 LBS $5.00 $14,014.00
Bottom Lateral Bracing Replacement 590.4 LBS $3.00 $1,771.29

Meets 27 Ton Legal Load
Stringer Replacement 13000.0 LBS $2.40 $31,200.00
Floorbeam Replacement 3234.0 LBS $5.00 $16,170.00
Bottom Lateral Bracing Replacement 590.4 LBS $3.00 $1,771.29
Bottom Chord Replacement 2490.9 LBS $5.00 $12,454.70

Meets 36 Ton Design Load
Stringer Replacement 15600.0 LBS $2.40 $37,440.00
Floorbeam Replacement 4096.4 LBS $5.00 $20,482.00
Bottom Lateral Bracing Replacement 590.4 LBS $3.00 $1,771.29
Bottom Chord Replacement 2490.9 LBS $5.00 $12,454.70
Built-up Vertical Replacement 2444.5 LBS $10.00 $24,445.20
Replace Damaged End Post (L0U1) 634.25 LBS $10.00 $6,342.50

Note: Option Bridge Total
5 Ton Capacity $1,984,897
21 Ton Capacity $2,001,714
26 Ton Capacity $2,011,794
Meets 27 Ton Legal Load $2,029,327
Meets 36 Ton Design Load $2,078,934

Total includes 20% Contingency for Unknowns

Rehabilitation Alternative - Bridge Cost Estimate

Truss Rehabilitation includes removal, disassembly, 
cleaning, painting and erection.
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VDOT        
Item # ITEM DESCRIPTION UNIT QUANTITY UNIT COST AMOUNT

 
EARTHWORK

00110 SITE PREPARATION/CLEARING & GRUBBING AC 0.20 33800.00 $6,760
00120 REGULAR EXCAVATION CY 150 20.00 $3,000
00140 BORROW EXCAVATION CY 800 20.00 $16,000

DRAINAGE  
00591 COMB. UNDERDRAIN CD-2 LF 26 14.25 $371

EROSION & SEDIMENT CONTROL
27430 SILTATION CONTROL EXCAVATION CY 250 8.25 $2,063
27505 TEMPORARY SILT FENCE LF 1,200 3.00 $3,600

LIME, FERTILIZER, SEED, & MULCH AC 0.20 20000.00 $4,000

PAVEMENT
10635 ASPHALT TYPE SM 9.5A TON 50 136.00 $6,800
10625 FLEXIBLE PAVEMENT TIE-IN PLANING 0"-2" SY 555 5.00 $2,775
11070 NS SAWCUT ASPHALT CONC LF 50 6.00 $300

INCIDENTAL
13212 RIGHT OF WAY MONUMENTS EA 6 500.00 $3,000
13320 GUARDRAIL GR-2 LF 140 2.25 $315
13383 FIXED OBJECT ATTACH. GR-FOA-1 TY. I EA 4 2225.00 $8,900
13345 ALT. BREAKAWAY CABLE TERM. GR-9 EA 4 2400.00 $9,600

      
PAVEMENT MARKINGS

54055 TY. B CL. IV LINE MARK 4" LF 150 1.00 $150
54060 TY. B CL. IV LINE MARK 24" LF 50 5.00 $250

 
 TRAFFIC

50434 SIGN POST STP-1, 2 1/2" LF 16 20.00 $320
50108 SIGN PANEL SF 32 20.00 $640

 
MAINTENANCE OF TRAFFIC LS 0.5% $66,000

 
ROADWAY SUBTOTAL $135,000

Rehabilitation Alternative - Roadway Cost Estimate
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BRIDGE SUBTOTAL $1,984,897
ROADWAY SUBTOTAL $135,000

OTHER CONSTRUCTION COSTS
MOBILIZATION LS 1 $135,995

MATERIALS TESTING PCT 2% $42,398
CONSTRUCTION STAKING/ENGINEERING PCT 2% $42,398

TOTAL $220,791
CONSTRUCTION CONTRACT TOTAL $2,340,688

CONTINGENCIES
CONTINGENCIES ON ABOVE ITEMS PCT 15% $351,103

CONSTRUCTION ENGINEERING & INSPECTION (CEI) PCT 20% $468,138
CONSTRUCTION TOTAL $3,159,928

RIGHT-OF-WAY & UTILITY COSTS
UTILITY CONTINGENCY LS 1 $20,000

ROW CONTINGENCY LS 1 $100,000
ROW & UTILITY TOTAL $120,000

PRELIMINARY ENGINEERING
SURVEY & UTILITY DESIGNATION PCT 10% $234,069

DESIGN PCT 15% $351,103
PERMITTING PCT 5% $117,034

VDOT ADMINISTRATION LS 5% $117,034
PRELIMINARY ENGINEERING TOTAL $819,241

*PROJECT TOTAL $4,305,000

*Project total costs have been increased by 5% to translate to year 2015 dollars.

Rehabilitation Alternative - 5 Ton Capacity
 Total Project Cost Estimate
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BRIDGE SUBTOTAL $2,001,714
ROADWAY SUBTOTAL $135,000

OTHER CONSTRUCTION COSTS
MOBILIZATION LS 1 $136,836

MATERIALS TESTING PCT 2% $42,734
CONSTRUCTION STAKING/ENGINEERING PCT 2% $42,734

TOTAL $222,304
CONSTRUCTION CONTRACT TOTAL $2,359,018

CONTINGENCIES
CONTINGENCIES ON ABOVE ITEMS PCT 15% $353,853

CONSTRUCTION ENGINEERING & INSPECTION (CEI) PCT 20% $471,804
CONSTRUCTION TOTAL $3,184,675

RIGHT-OF-WAY & UTILITY COSTS
UTILITY CONTINGENCY LS 1 $20,000

ROW CONTINGENCY LS 1 $100,000
ROW & UTILITY TOTAL $120,000

PRELIMINARY ENGINEERING
SURVEY & UTILITY DESIGNATION PCT 10% $235,902

DESIGN PCT 15% $353,853
PERMITTING PCT 5% $117,951

VDOT ADMINISTRATION LS 5% $117,951
PRELIMINARY ENGINEERING TOTAL $825,656

*PROJECT TOTAL $4,337,000

*Project total costs have been increased by 5% to translate to year 2015 dollars.

Rehabilitation Alternative - 21 Ton Capacity
 Total Project Cost Estimate
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BRIDGE SUBTOTAL $2,011,794
ROADWAY SUBTOTAL $135,000

OTHER CONSTRUCTION COSTS
MOBILIZATION LS 1 $137,340

MATERIALS TESTING PCT 2% $42,936
CONSTRUCTION STAKING/ENGINEERING PCT 2% $42,936

TOTAL $223,211
CONSTRUCTION CONTRACT TOTAL $2,370,005

CONTINGENCIES
CONTINGENCIES ON ABOVE ITEMS PCT 15% $355,501

CONSTRUCTION ENGINEERING & INSPECTION (CEI) PCT 20% $474,001
CONSTRUCTION TOTAL $3,199,507

RIGHT-OF-WAY & UTILITY COSTS
UTILITY CONTINGENCY LS 1 $20,000

ROW CONTINGENCY LS 1 $100,000
ROW & UTILITY TOTAL $120,000

PRELIMINARY ENGINEERING
SURVEY & UTILITY DESIGNATION PCT 10% $237,001

DESIGN PCT 15% $355,501
PERMITTING PCT 5% $118,500

VDOT ADMINISTRATION LS 5% $118,500
PRELIMINARY ENGINEERING TOTAL $829,502

*PROJECT TOTAL $4,357,000

*Project total costs have been increased by 5% to translate to year 2015 dollars.

Rehabilitation Alternative - 26 Ton Capacity
 Total Project Cost Estimate
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BRIDGE SUBTOTAL $2,029,327
ROADWAY SUBTOTAL $135,000

OTHER CONSTRUCTION COSTS
MOBILIZATION LS 1 $138,216

MATERIALS TESTING PCT 2% $43,287
CONSTRUCTION STAKING/ENGINEERING PCT 2% $43,287

TOTAL $224,789
CONSTRUCTION CONTRACT TOTAL $2,389,116

CONTINGENCIES
CONTINGENCIES ON ABOVE ITEMS PCT 15% $358,367

CONSTRUCTION ENGINEERING & INSPECTION (CEI) PCT 20% $477,823
CONSTRUCTION TOTAL $3,225,307

RIGHT-OF-WAY & UTILITY COSTS
UTILITY CONTINGENCY LS 1 $20,000

ROW CONTINGENCY LS 1 $100,000
ROW & UTILITY TOTAL $120,000

PRELIMINARY ENGINEERING
SURVEY & UTILITY DESIGNATION PCT 10% $238,912

DESIGN PCT 15% $358,367
PERMITTING PCT 5% $119,456

VDOT ADMINISTRATION LS 5% $119,456
PRELIMINARY ENGINEERING TOTAL $836,191

*PROJECT TOTAL $4,391,000

*Project total costs have been increased by 5% to translate to year 2015 dollars.

Rehabilitation Alternative - Meets 27 Ton Legal Load
 Total Project Cost Estimate
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BRIDGE SUBTOTAL $2,078,934
ROADWAY SUBTOTAL $135,000

OTHER CONSTRUCTION COSTS
MOBILIZATION LS 1 $140,697

MATERIALS TESTING PCT 2% $44,279
CONSTRUCTION STAKING/ENGINEERING PCT 2% $44,279

TOTAL $229,254
CONSTRUCTION CONTRACT TOTAL $2,443,188

CONTINGENCIES
CONTINGENCIES ON ABOVE ITEMS PCT 15% $366,478

CONSTRUCTION ENGINEERING & INSPECTION (CEI) PCT 20% $488,638
CONSTRUCTION TOTAL $3,298,304

RIGHT-OF-WAY & UTILITY COSTS
UTILITY CONTINGENCY LS 1 $20,000

ROW CONTINGENCY LS 1 $100,000
ROW & UTILITY TOTAL $120,000

PRELIMINARY ENGINEERING
SURVEY & UTILITY DESIGNATION PCT 10% $244,319

DESIGN PCT 15% $366,478
PERMITTING PCT 5% $122,159

VDOT ADMINISTRATION LS 5% $122,159
PRELIMINARY ENGINEERING TOTAL $855,116

*PROJECT TOTAL $4,488,000

*Project total costs have been increased by 5% to translate to year 2015 dollars.

Rehabilitation Alternative - Meets 36 Ton Design Load
 Total Project Cost Estimate
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Item Quantity Unit Unit Cost Total
Construction Access 1 LS $135,000.00 $135,000.00
Removal of Existing Structure 1 LS $250,000.00 $250,000.00
Environmental and Worker Protection 1 LS $14,000.00 $14,000.00
Disposal of Material 1 LS $10,000.00 $10,000.00
Prefabricated Galvanized Steel Truss 1 LS $400,000.00 $400,000.00
Cofferdam 2 EA $7,000.00 $14,000.00

Steel Beam Option:

Concrete Class A4 280 CY $850.00 $238,140.14
Corrosion Resistant Reinforcing Steel 51831 LBS $2.40 $124,393.20
Railing BR27D-8 - 2 rails 730 LF $225.00 $164,250.00
Bridge Deck Grooving 1054 SY $10.00 $10,544.44
Structural Steel Rolled Beam 151580 LBS $2.40 $363,792.00
Elastic Inclusion 12 SY $120.00 $1,475.73

Prestressed Concrete Slab Option:

Prestressed Concrete Slab, 4' x 15" (+35'-40') 56 EA $11,600.00 $649,600.00
Concrete Class A4 70.7 CY $850.00 $60,106.02
Corrosion Resistant Reinforcing Steel 13082 LBS $2.40 $31,396.56
Railing BR27D-8 - 2 rails 730 LF $225.00 $164,250.00
Asphalt Overlay 194 TON $164.00 $31,775.68

Substructure:

Concrete Class A3 944.4 CY $480.00 $453,305.42
Corrosion Resistant Reinforcing Steel 51500 LBS $2.00 $103,000.46
Reinforcing Steel 92871 LBS $1.25 $116,088.29
Dry Riprap Class II, 38" 552 TON $55.00 $30,342.11
Structure Excavation 2432 CY $40.00 $97,262.01
Select Material Type 1 1850.9 TON $32.00 $59,229.60

Steel Beam Option = $2,843,306

Prestressed Concrete Slab Option = $2,881,292

Total includes 10% Contingency for Unknowns (Geotechnical and Survey)

Bridge Replacement Alternative - Bridge Cost Estimate
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VDOT        
Item # ITEM DESCRIPTION UNIT QUANTITY UNIT COST AMOUNT

 
EARTHWORK

00110 SITE PREPARATION/CLEARING & GRUBBING AC 0.40 33800.00 $13,520
00120 REGULAR EXCAVATION CY 300 20.00 $6,000
00140 BORROW EXCAVATION CY 1,250 20.00 $25,000

DRAINAGE  
00591 COMB. UNDERDRAIN CD-2 LF 58 14.25 $827

EROSION & SEDIMENT CONTROL
27430 SILTATION CONTROL EXCAVATION CY 250 8.25 $2,063
27505 TEMPORARY SILT FENCE LF 1,200 3.00 $3,600

LIME, FERTILIZER, SEED, & MULCH AC 0.36 20000.00 $7,200

PAVEMENT
10635 ASPHALT TYPE SM 9.5A TON 60 136.00 $8,160
10642 ASHPALT TYPE BM 25.0A TON 50 163.00 $8,150
10128 AGGREGATE TYPE 1 NO. 21B TON 50 36.50 $1,825
10625 FLEXIBLE PAVEMENT TIE-IN PLANING 0"-2" SY 500 5.00 $2,500
11070 NS SAWCUT ASPHALT CONC LF 50 6.00 $300

INCIDENTAL
13212 RIGHT OF WAY MONUMENTS EA 6 500.00 $3,000
13320 GUARDRAIL GR-2 LF 140 2.25 $315
13383 FIXED OBJECT ATTACH. GR-FOA-1 TY. I EA 4 2225.00 $8,900
13345 ALT. BREAKAWAY CABLE TERM. GR-9 EA 4 2400.00 $9,600

      
PAVEMENT MARKINGS

54055 TY. B CL. IV LINE MARK 4" LF 150 1.00 $150
54060 TY. B CL. IV LINE MARK 24" LF 50 5.00 $250

 
 TRAFFIC

50434 SIGN POST STP-1, 2 1/2" LF 16 20.00 $320
50108 SIGN PANEL SF 32 20.00 $640

 
MAINTENANCE OF TRAFFIC LS 0.5% $82,500

 
ROADWAY SUBTOTAL $185,000

Bridge Replacement Alternative - Roadway Cost Estimate
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BRIDGE SUBTOTAL $2,881,292
ROADWAY SUBTOTAL $185,000

OTHER CONSTRUCTION COSTS
MOBILIZATION LS 1 $183,315

MATERIALS TESTING PCT 2% $61,326
CONSTRUCTION STAKING/ENGINEERING PCT 2% $61,326

TOTAL $305,966
CONSTRUCTION CONTRACT TOTAL $3,372,258

CONTINGENCIES
CONTINGENCIES ON ABOVE ITEMS PCT 15% $505,839

CONSTRUCTION ENGINEERING & INSPECTION (CEI) PCT 20% $674,452
CONSTRUCTION TOTAL $4,552,549

RIGHT-OF-WAY & UTILITY COSTS
UTILITY CONTINGENCY LS 1 $20,000

ROW CONTINGENCY LS 1 $100,000
ROW & UTILITY TOTAL $120,000

PRELIMINARY ENGINEERING
SURVEY & UTILITY DESIGNATION PCT 10% $337,226

DESIGN PCT 15% $505,839
PERMITTING PCT 5% $168,613

VDOT ADMINISTRATION LS 5% $168,613
PRELIMINARY ENGINEERING TOTAL $1,180,290

*PROJECT TOTAL $6,146,000

*Project total costs have been increased by 5% to translate to year 2015 dollars.

Bridge Replacement Alternative
 Total Project Cost Estimate
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Item Quantity Unit Unit Cost Total
Construction Access 1 LS $135,000.00 $135,000.00
Remove Existing Superstructure 1 LS $120,000.00 $120,000.00
Environmental and Worker Protection 1 LS $14,000.00 $14,000.00
Disposal of Material 1 LS $5,000.00 $5,000.00
Tree Removal at Stone Pier 1 1 LS $3,000.00 $3,000.00
Waterproofing Membrane 1 LS $7,000.00 $7,000.00

Approach Spans:
Approach Span Timber Deck 21.9 MFBM $5,700.00 $124,692.63
N.S. Rail 532 LF $110.00 $58,520.00
Approach Span Structural Steel Rolled Beam 52668 LBS $2.40 $126,403.20
Substructure Repair (Type B Patching) 120 SY $1,000.00 $120,000.00
Bridge Seat Reconstruction 6.2 CY $1,000.00 $6,200.00
Repoint Stone Masonry 100 LF $75.00 $7,500.00
Dry Riprap Cl. II, 38" 281 TON $55.00 $15,480.67

Truss:
Replace Vertical and Diagonal Rods 2181 LBS $5.00 $10,903.66
Truss Bearing Replacement 1 LS $40,000.00 $40,000.00
Testing of Existing Materials 1 LS $12,500.00 $12,500.00
Timber Deck 6.6 MFBM $5,700.00 $37,620.00
Railing 200 LF $110.00 $22,000.00
Truss Rehabilitation (see note below) 1 LS $600,000.00 $600,000.00
Truss Pin Replacement 32 EA $1,500.00 $48,000.00
Stringer Replacement 9500.0 LBS $2.40 $22,800.00
Floorbeam Replacement 2802.8 LBS $5.00 $14,014.00
Bottom Lateral Bracing Replacement 590.4 LBS $3.00 $1,771.29

Sub Total = $1,552,405
20% Contingency for Unknowns = $310,481

Bridge Total = $1,862,887

Roadway Items:
Bollards 12 EA $1,000 $12,000.00
Trees 6 EA $400 $2,400.00
Trail Signage 2 EA $1,000 $2,000.00
Mulch 25 CY $50.23 $1,255.75
Temporary Seed Mix 16 LB $12.50 $200.00
Asphalt Concrete 9.4 TON $164.00 $1,545.70

Roadway Total = $19,401
Note:

Shared Use Path - Cost Estimate

Truss Rehabilitation includes removal, disassembly, 
cleaning, painting and erection.
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BRIDGE SUBTOTAL $1,862,887
ROADWAY SUBTOTAL $19,401

OTHER CONSTRUCTION COSTS
MOBILIZATION LS 1 $124,114

MATERIALS TESTING PCT 2% $37,646
CONSTRUCTION STAKING/ENGINEERING PCT 2% $37,646

TOTAL $199,406
CONSTRUCTION CONTRACT TOTAL $2,081,694

CONTINGENCIES
CONTINGENCIES ON ABOVE ITEMS PCT 15% $312,254

CONSTRUCTION ENGINEERING & INSPECTION (CEI) PCT 20% $416,339
CONSTRUCTION TOTAL $2,810,287

RIGHT-OF-WAY & UTILITY COSTS
UTILITY CONTINGENCY LS 1 $20,000

ROW CONTINGENCY LS 1 $100,000
ROW & UTILITY TOTAL $120,000

PRELIMINARY ENGINEERING
SURVEY & UTILITY DESIGNATION PCT 10% $208,169

DESIGN PCT 10% $208,169
PERMITTING PCT 5% $104,085

VDOT ADMINISTRATION LS 5% $104,085
PRELIMINARY ENGINEERING TOTAL $624,508

*PROJECT TOTAL $3,733,000

*Project total costs have been increased by 5% to translate to year 2015 dollars.

Shared Use Path Alternative
 Total Project Cost Estimate
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Life Cycle Cost Summary Horizon: 50 years
ROI: 5.00%

Item Cost Recurrence
Normalized to Yearly 

(A/F) FV (F/A-life) PV (P/F-life) P/F Maint Only
Seal Coat + Membrane $7,963 10 $633.06 $132,529.39 $11,557.06 $11,557.06
Seal Coat + Membrane $7,963 20 $240.81 $50,412.59 $4,396.17 $4,396.17
Seal Coat + Membrane $7,963 30 $119.85 $25,089.85 $2,187.93 $2,187.93
Seal Coat + Membrane $7,963 40 $65.92 $13,799.20 $1,203.34 $1,203.34
Seal Coat + Membrane $7,963 50 $38.03 $7,962.53 $694.36 $694.36
Deck Replacement $180,000 20 $5,443.67 $1,139,620.50 $99,379.16 $99,379.16
Deck Replacement $180,000 40 $1,490.07 $311,942.96 $27,202.59 $27,202.59
Tighten deck boards $5,000 1 $5,000.00 $1,046,739.98 $91,279.63 $91,279.63
Tighten deck boards $5,000 6 $735.09 $153,889.06 $13,419.70 $13,419.70
Tighten deck boards $5,000 11 $351.94 $73,678.87 $6,425.07 $6,425.07
Tighten deck boards $5,000 16 $211.35 $44,245.60 $3,858.38 $3,858.38
Tighten deck boards $5,000 21 $139.98 $29,304.64 $2,555.47 $2,555.47
Tighten deck boards $5,000 26 $97.82 $20,478.76 $1,785.82 $1,785.82
Tighten deck boards $5,000 31 $70.66 $14,792.66 $1,289.97 $1,289.97
Tighten deck boards $5,000 36 $52.17 $10,922.16 $952.45 $952.45
Tighten deck boards $5,000 41 $39.11 $8,187.91 $714.02 $714.02
Tighten deck boards $5,000 46 $29.64 $6,205.29 $541.12 $541.12
Repaint $150,000 40 $1,241.72 $259,952.47 $22,668.82 $22,668.82
Substructure Patching $12,000 15 $556.11 $116,419.98 $10,152.26 $10,152.26
Substructure Patching $12,000 30 $180.62 $37,811.85 $3,297.33 $3,297.33
Substructure Patching $12,000 45 $75.14 $15,730.58 $1,371.77 $1,371.77
Zone Painting $37,500 15 $1,737.84 $363,812.44 $31,725.80 $31,725.80
Zone Painting $37,500 30 $564.43 $118,162.04 $10,304.17 $10,304.17
MOT (paint) $5,000 40 $41.39 $8,665.08 $755.63 $755.63
MOT (deck replacement) $5,000 20 $151.21 $31,656.13 $2,760.53 $2,760.53
MOT (deck replacement) $5,000 40 $41.39 $8,665.08 $755.63 $755.63
MOT For Zone Painting $2,000 15 $92.68 $19,403.33 $1,692.04 $1,692.04
MOT For Zone Painting $2,000 30 $30.10 $6,301.98 $549.56 $549.56

$355,475.78

Rehabilitation
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Life Cycle Cost Summary

Item Cost Recurrence
Normalized to Yearly 

(A/F) FV PV P/F Maint Only
Yearly Patching $9,864 40 $81.65 $17,094.01 $1,490.66 $1,490.66
Yearly Patching $9,864 42 $72.94 $15,269.73 $1,331.58 $1,331.58
Yearly Patching $9,864 44 $65.26 $13,662.25 $1,191.40 $1,191.40
Yearly Patching $9,864 46 $58.47 $12,241.46 $1,067.50 $1,067.50
Yearly Patching $9,864 48 $52.46 $10,982.31 $957.70 $957.70
Patching at Overlay $14,727 50 $70.35 $14,727.47 $1,284.29 $1,284.29
Epoxy Conc Overlay $63,440 50 $303.04 $63,440.00 $5,532.20 $5,532.20
Substructure Patching $10,600 50 $50.63 $10,600.00 $924.36 $924.36
Pavement Markings $3,616 50 $17.27 $3,616.08 $315.34 $315.34

$14,095.03

Item Cost Recurrence
Normalized to Yearly 

(A/F) FV PV P/F Maint Only
Seal Coat + Membrane $7,963 20 $240.81 $50,412.59 $4,396.17 $4,396.17
Seal Coat + Membrane $7,963 40 $65.92 $13,799.20 $1,203.34 $1,203.34
Deck Replacement $180,000 30 $2,709.26 $567,177.80 $49,460.02 $49,460.02
Tighten deck boards $5,000 20 $151.21 $31,656.13 $2,760.53 $2,760.53
Tighten deck boards $5,000 40 $41.39 $8,665.08 $755.63 $755.63
Repaint $150,000 40 $1,241.72 $259,952.47 $22,668.82 $22,668.82
Substructure Patching $9,400 20 $284.28 $59,513.52 $5,189.80 $5,189.80
Substructure Patching $9,400 40 $77.81 $16,290.35 $1,420.58 $1,420.58
Zone Painting $37,500 15 $1,737.84 $363,812.44 $31,725.80 $31,725.80
Zone Painting $37,500 30 $564.43 $118,162.04 $10,304.17 $10,304.17

$129,884.86

Bridge Replacement

Shared Use Path
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Bridge Replacement Drawings 
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