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Executive Summary

The Warren Covered Bridge (Warren Bridge CB6) has served the community well for
over 130 years, but has experienced deterioration to several components, most notably
the West abutment. Recent VTrans inspection reports have stated that the covered
bridge roof is in need of replacement, bearing blocks have developed decay, and the
West abutment has heavy concrete facing deterioration. The Town has received a
Transportation Enhancement Grant to fund replacement of the West abutment and
other necessary repairs.

DuBois & King has performed a site inspection, reviewed existing bridge and inspection
records, completed a hydrologic and hydraulic study, documented site information and
resources, analyzed rehabilitation alternatives, developed construction cost estimates,
and identified a series of recommended alternatives.

During our site inspection, DuBois & King confirmed many of the issues identified in the
State inspection report, as well as identified specific timber members in need of repair
or replacement, and obtained key measurements needed in evaluation and design.

The results of the hydrologic and hydraulic study were that the existing bridge is
adequately sized hydraulically to pass the 100-year storm with at least 1 foot of
freeboard, even under several scenarios of future streambed movement. The study
also considered the feasibility and hydraulic effects for construction of a new West
abutment 6-feet behind the existing abutment.

Previously obtained subsurface investigations indicate bedrock approximately 7.5 feet
below the channel bottom. These boring locations are in close proximity to the West
abutment, but additional borings are recommended for design of a new abutment as
ledge is known to slope steeply at the project site. Review of the environmental
resources indicated the need for specific permits and clearances, but no impacts to
environmental resources other than the historic bridge itself.

Several rehabilitation alternatives were considered for the West abutment and other
components of the bridge. Replacement of the West abutment is recommended due to
its severely deteriorated condition. It is recommended to replace the abutment at its
present location because a longer span is not needed hydraulically, and lengthening the
span is not practical due to negative impacts to the superstructure. Opinions of
probable construction cost were developed for each alternative or recommendation
made.

Following analysis of the information and consideration of alternatives, several
recommendations are made for rehabilitation of the bridge. The recommendations are
as follows:
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Replace West abutment with new exposed-face, MSE type abutment and
wingwalls, on cast-in-place concrete pad bearing on bedrock, located in the
position of the existing abutment

Repair east abutment bearing seat cap by pumping grout under the base

Fill scour hole at east abutment and repair cracks on the northeast wingwall
Remove and replace downstream, West bank retaining wall only in immediate
disturbance area

Replace cedar shakes on north side of roof

Replace bolster beam bearing blocks of main truss (12 total)

Replace bearing beam bearing blocks (8 total)

Replace 9-foot length, 4-foot height of siding at each of the four corners of
bridge

Replace two (2) rotted stringers at West end bay

Evaluate capacities of decayed stringers to ensure load capacity, shave off
decayed portions to prevent further moisture penetration

Replace approach railing and signing

The aforementioned recommendations will provide a durable, long-lasting new West
abutment, extend the service life of the timber covered bridge superstructure, and
improve safety and functionality of the bridge.

Because the total cost of all of the recommended improvements exceeds the Town’s
available funding, DuBois & King will work with the Town and VTrans to prioritize the
improvements, and select from several strategies to advance the project.
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Introduction

The Warren Covered Bridge (Warren Bridge CB6) has experienced deterioration to
several components, most notably the West abutment. Recent VTrans inspection
reports have stated that the covered bridge roof is in need of replacement, bearing
blocks have developed decay, and the West abutment has heavy concrete facing
deterioration. The Town has received a Transportation Enhancement grant to fund the
replacement of the deteriorated West abutment and wingwalls, to replace the roof, and
raise the road grade. The grant is in the amount of $300,000, plus $75,000 of local
matching funds, resulting in total available project funding of $375,000. This Report has
been prepared to assess the existing condition of the bridge’s components, and make
recommendations for repairs.

1. Overview

The Warren Covered Bridge (Warren Bridge CB6) carries Covered Bridge Road
(TH 3) over the Mad River. The bridge is an important piece of Town history, and
a major tourist attraction in the Town. The bridge is owned and maintained by
the Town of Warren. The
bridge is listed in the
Covered Bridge World
Guide as Bridge No. 45-
12-15.

The bridge is a queen
post truss timber covered

Nis
»

\ R

L7
X

Y z v \ . e
bridge, originally 1 S0 \
constructed in 1879-1880. N I.Ya”‘?”; VT, USA

The bridge has been
rehabilitated several times
over its life, most recently
in 1980 and again in
2000. The clear span
length is approximately
425 feet between the
abutments, in an East-
West orientation. The
truss lengths are 54’-8” at
the base. The brldge is Project Location Map
approximately 13’-4” wide
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between rails, serving one-lane of traffic. The timber superstructure is supported
on (what is believed to be) the original stone abutments, which have been faced
and capped with concrete. The bridge crosses the Mad River at a skew of
approximately 70 degrees to the channel. The bridge serves approximately 280
vehicles daily and is posted for 10,000 Ibs.

The rehabilitation in 1980 consisted of new concrete abutment caps, backwalls,
and short wingwalls, raising the east end of the bridge 6 inches, adding plank
guardrail, and cosmetic repairs (see Appendix H). The rehabilitation completed
in 2000 consisted of replacement of the bottom chord of the upstream truss,
replacement of rotting members in both trusses, replacement of the bed timbers
(bolster beams), repair to the end posts, replacement of the bearing blocks,
replacement of the floor planks and running boards, and replacement of the
siding. The cedar shakes on the roof were replaced on the south half of the
bridge in 2013.

2. Site Information

a. Design Criteria

Although the bridge is currently posted for less than design loads prescribed for
new bridges, design of the abutment will be based on current design criteria.
Designing the abutment for larger loads will not cause the design to be overly
conservative. Below are the design criteria that are appropriate for design of a
new abutment and retaining wall:

Bridge Design Codes, Specifications, and Guidelines

e AASHTO LRFD Bridge Design Specifications, 6" Edition
e VTrans 2011 Standard Specifications for Construction

e VTrans Structures Design Manual, 5™ Edition

e Structural Capacity: HL-93 (Substructures)

Design of the replaced timber superstructure components will be such that they
will match the existing dimensions and appearance. Design of timber
components will be completed in accordance with the current edition of the
National Design Specification for Wood Construction (NDS).

In addition, the VTrans “Historic Covered Bridge Preservation Plan” will be
followed. VTrans, in conjunction with the Vermont Historic Preservation Officer
and the Federal Highway Administration, prepared and adopted a preservation
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plan specific to Vermont and its covered bridges. Key elements of the plan
include:

¢ Minimal change will occur to defining characteristics of the structure

o Distinctive features shall be preserved

¢ Repair, rather than replace deteriorated elements, if at all possible

o |If replacement is warranted, then match original design, and materials, if
possible

¢ New additions or alterations shall be reversible

b. Site Inspection and Inspection Report Summary

A site inspection of the bridge was conducted on September 10, 2013. Engineers
from DuBois & King, and the Town’s Director of Public Works were in
attendance. The interior and accessible parts of the exterior were reviewed to
identify the general condition of the bridge’s various components. Much of the
bridge is in good condition; however, some concerns were noted:

e The cedar shakes on the north side of the roof are cupping, cracked and
broken, and the shakes need to be removed and replaced; the shakes on
the south half are in good condition as they have been recently replaced.

e The bolster beam bearing blocks of the main trusses (3 at each truss
bearing, 12 total) are rotting and need to be replaced.

e The stringer bearing beam bearing blocks (4 at each abutment, 8 total) are
rotting and need to be replaced.

e The exterior siding at each of the four corners is rotting and needs to be
replaced (limits include the lower 4 foot panel, zero to 9 feet from the ends
of bridge).

e Multiple longitudinal stringers have mold on them with 3/16” deep decay at
the ends. Holes in one of the stringers indicate insect intrusion. There is a
heavy check in one of the stringers near mid-span. These stringers should
be evaluated for existing condition capacity and may require replacement.

e The East abutment’s concrete bearing seat has experienced subsidence
due to erosion of backfill and/or settlement of the abutment, causing
ponding around the bearing blocks. Small sink holes have developed
around the top of this abutment as a result of water draining off of the
seats and/or subsidence of the abutment.

e A scour hole was noted in the river channel in front of the East abutment
that should be filled.
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The approach rail at all 4 quadrants is substandard.
The Northeast wingwall has cracks and discoloration (approx. 1.5 ft. x
10ft.).

DuBois & King engineers also noted the following:

The trusses are in good condition.

The deck planking and longitudinal running boards are in fair to good
condition.

The floor beams are in good condition.

The interior siding is in good condition.

The exterior siding is in fair to good condition, except as noted above.

See the bridge photos contained in Appendix B for a further understanding of the
existing conditions.

Appendix E includes an inspection report by the Vermont Agency of
Transportation (VAOT) Structures Section Bridge Management and Inspection
Unit dated August 31, 2012. It is summarized as follows:

The alignment is poor for modern day traffic

The rail at the Southwest corner is rotten and broken. The steel beam rail
at the Northeast corner has been removed

The transverse planking has some leakage and staining with soft rot, but
decay is minimal

The stringers may have some decay at the abutment ends

Oak bearing blocks are rotten. Only the front blocks are in bearing at each
corner

The cedar shingle roof has many holes where the shingles are degrading,
especially along the south side exposed to sun

The West abutment has areas of degradation with scaling and
delamination

The Southwest wingwall has heavy scaling and some break up

General scour exists with some exposed ledge
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c. Hydrologic and Hydraulic Evaluation

i Introduction

The Warren Covered Bridge crosses the Mad River with a clear span
between abutment faces of approximately 42.5 feet, on a skew of
approximately 70 degrees to the channel. Due to the skew of the bridge, and
the fact that the abutments are not parallel, the effective hydraulic opening is
40 feet. The bank-full width has been calculated as 56 feet, so the bridge
abutments currently constrict the channel.

Downstream from the bridge is a timber dam that is in a state of severe
deterioration. This dam currently impounds a portion of the river that
extends upstream past the bridge. Consequently, the hydraulics at the
bridge are currently controlled by the dam more than the bridge itself.
However, there are no plans to replace this dam, and it is expected that the
dam will soon fail completely. After this occurs, the hydraulic condition at the
bridge will change and the bridge will be the hydraulic control in the
immediate area. Additionally, it is expected that once the dam fails, the
sediment in the channel that has accumulated over many years due to the
dam will begin to migrate downstream, and eventually the channel at the
bridge will retain little if any sediment. This change will result in a larger
hydraulic opening at the bridge, and the abutments will be more exposed
than they are currently. For the purposes of our hydraulic evaluation, D&K
has considered both the existing condition with the dam in place, and the
future condition with the dam no longer remaining. Our complete “Hydrologic
and Hydraulic Assessment for Proposed Bridge Rehabilitation” is included as
Appendix G.

ii.  Hydrology

Peak river discharges for the 2-100 year storm events were estimated at the
bridge site using the results published in the FEMA Flood Insurance Study
(FIS) for Washington County, Vermont dated March 19, 2013. The FIS (from
the HEC-2 model obtained from the FEMA Library) provided flows for the
reach of the Mad River through the Village of Warren, and these estimates
were used without modification. Based on this information, D&K used a 25-
year peak discharge rate of 3,990 c.f.s., and a 100-year peak discharge rate
of 5,330 c.f.s. for the hydraulic modeling of alternatives.
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Hydraulics

Hydraulic analyses for the existing and proposed conditions were performed
using the HEC-RAS computer program. Cross section geometry used in the
models was based on field survey obtained from a study performed by the
U.S. Army Corps of Engineers on the Mad River from the timber crib dam
upstream to the VT Route 100 Bridge over the Mad River in March 2004.
Additional survey of the Covered Bridge area was obtained in September
2013 and included in the model.

A total of twelve models were run using HEC-RAS to determine hydraulic
flow conditions at the bridge. The models included the 25-year and 100-year
peak discharges for existing conditions, and for the alternative (which is to
reconstruct the West abutment 6 feet west of the existing location). For each

of these four iterations, three different scenarios were modeled:

e The existing timber dam remains in place
e The existing timber dam is no longer in place and the upstream channel

remains largely unchanged

e The existing timber dam is no longer in place and the sediment upstream
of the dam scours to an estimated new streambed elevation

Results of our analyses are included in the following tables:

Table 1 - Results of Hydraulic Analysis - Q25

Description Existing Alternative A
With timber crib dam intact

Water Surface Elevation (ft) 901.7 901.2
Headspace below low chord (ft) 2.8 3.3
Water over Road? No No
River Velocity (fps) 10.6 9.1
No timber crib dam and existing streambed

Water Surface Elevation (ft) 901.5 901.0
Headspace below low chord (ft) 3.0 3.7
Water over Road? No No
River Velocity (fps) 10.9 9.4

Warren Covered Bridge
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No timber dam with future streambed

Water Surface Elevation (ft) 897.8 897.7
Headspace below low chord (ft) 6.7 8.0
Water over Road? No No
River Velocity (fps) 15.5 14.9

Table 2 - Results of Hydraulic Analysis - Q100

Description Existing Alternative A
With timber crib dam intact

Water Surface Elevation (ft) 903.3 902.9
Headspace below low chord (ft) 1.2 1.6
Water over Road? No No
River Velocity (fps) 12.8 10.9
No timber crib dam with existing streambed

Water Surface Elevation (ft) 903.5 902.7
Headspace below low chord (ft) 1.0 2.0
Water over Road? No No
River Velocity (fps) 13.2 11.3
No timber crib dam with future streambed

Water Surface Elevation (ft) 900.3 899.7
Headspace below low chord (ft) 4.2 5.9
Water over Road? No No
River Velocity (fps) 16.6 16.1

The hydraulic analyses show that the existing bridge span is more than
adequate to pass all storm events up to the 100-year storm with greater than
1 foot of headspace between the flood elevation and the low chord of the
bridge. This analysis was confirmed anecdotally during Tropical Storm Irene,
as the water surface elevation did not reach the low chord of the bridge

during that storm event.

Lengthening the bridge span is not necessary to meet VTrans’ hydraulic
requirements for a Town highway bridge. However, reconstructing the West
abutment 6 feet behind the existing abutment has been considered because
the Town and the Vermont Agency of Natural Resources River Engineer
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have expressed their desire to enlarge the hydraulic opening if it can be
done without affecting the superstructure. Opening the channel 6 feet has
been selected because it is thought to be the most the span can be
lengthened without significantly altering the timber superstructure.
Lengthening the span would have several beneficial effects:

e The longer span length would locate the abutment farther out of the
channel, provide a span closer to the bank full width, and increase the
ability of the bridge to pass debris

e The longer span would reduce river velocities and thus scour potential

The feasibility of locating the new abutment 6 feet behind the existing
abutment is discussed in the Alternatives section of this report.

d. Subsurface Investigations

Geotechnical borings were taken near the bridge in 2004 for the U.S. Army
Corps of Engineers project mentioned previously. A plan indicating the location of
these borings and the associated boring logs are included in Appendix D. Ledge
was encountered approximately 7.5 below the channel bottom; however,
exposed ledge near the bridge indicates that the ledge is steeply inclined in the
area of the bridge. New borings will be taken at the location of the proposed
West abutment once the final location and configuration is determined. It is
expected that the new abutment can be founded directly on ledge as ledge will
likely be encountered near, or just below, the bottom of channel elevation.

e. Utilities

Existing overhead telecommunications (Waitsfield and Champlain Valley
Telecom) lines are present, running along Covered Bridge Road West of the
bridge, and crossing the Mad River on the north side of the bridge. There is also
an overhead electric line crossing the Mad River on the North side of the bridge.
There is a sewer manhole with force main in the pavement of Covered Bridge
Road, on the West side of the bridge. There is a dry hydrant located behind the
guardrail in the Southeast quadrant of the bridge.

Depending on the contractor's means and methods of construction, the overhead
utility along Covered Bridge Road will likely be a conflict during construction.
Early coordination with the utility addressing this issue during design will reduce
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the risk for delays during construction. Construction of any alternative
considered is expected to neither impact the overhead utilities North of the
bridge, nor the underground utilities in the area.

f. Right-of-Way

The existing right-of-way along Covered Bridge Road, Main Street, and Mill Road
are 3-rods (49.5-feet) and shown on the Existing Conditions Drawing in Appendix
C. These widths should provide adequate space to encompass any
work/alternative under consideration. Neither permanent nor temporary
construction easements should be needed to construct the project.

g. Environmental Resources

I Historical and Archaeological

The Warren Covered Bridge was originally built by local millwright, Walter
Bagley in 1879-1880. As an early remaining covered bridge in the State, it
was listed individually on the National Register of Historic Places in 1974
(#74000269) and is listed as a contributing Structure #57 in the Warren
Village Historic District. The Warren Village Historic District nomination
notes that “the portals do not match, making it asymmetrical’. The
nomination also notes that it was restored in 1955. Despite the restoration
work, it was listed on the Register in both 1974 and again considered
contributing in 1992 when the Village Historic District was listed. The bridge
was rehabilitated in 1980, replacing abutment seats and backwalls, with
other repairs to the timber superstructure. After a severe 1998 flood, the
bridge was again heavily restored in 2000 and retains its historic
appearance and integrity. The structural elements were replaced in-kind
matching the species as well as the size and shape of the members. The
2000 restoration work was consistent with the Secretary of the Interior’s
Standards for Preservation Projects, preserved the bridge’s historic integrity
and therefore has not affected the National Register status of the bridge.

The proposed plans for repairs to the bridge will be presented and
discussed with the Vermont Historic Covered Bridge Preservation
Committee. Any repairs will be in accordance with the recommendations of
the Committee, and with the Vermont Historic Covered Bridge Preservation
Plan. A Section 106 historical clearance will ultimately be needed before
the project can proceed to construction.
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The project is presently under review by the VTrans Archaeology Officer to
determine if the project will impact any archaeological resources. Due to
the limited project impact area and the fact that the project has been
disturbed numerous times, no archaeological impacts are expected. An
archaeology clearance is expected after the Officer’s review is completed.

ii. Natural Resources

A review of the project site and the Vermont Natural Resource Inventory
Database resulted in the identification of no known natural resources within
the project area. The project is not expected to have any impacts to natural
resources.

iii. Other Resources

A review of the project site and the Vermont Natural Resource Inventory
Database resulted in the identification of no other environmental resources
or concerns within the project area. The project is not expected to have any
negative impacts to agricultural resources, hazardous waste sites,
floodplains, rivers, wildlife habitats, or any other resource.

iv. Permits

A Stream Alteration Permit from the Vermont Agency of Natural Resources
and a U.S. Army Corps of Engineers Section 404 General Permit will be
required for the work in the river and construction below the ordinary high
water.

Because the project will disturb a small area, and no additional impervious
areas will be created, neither a construction stormwater permit nor
stormwater operational permit will be required. Also, no wetlands will be
impacted, so a wetlands permit will not be needed.

Because the project is funded in part by a Federal Transportation
Enhancement grant, the National Environmental Policy Act (NEPA) will
apply to the project. Therefore, a Categorical Exclusion will need to be
prepared and approved by VTrans. This will include a Section 106 historical
review. Plans will also be submitted to the Vermont Historic Covered Bridge
Preservation Committee for their review and input.
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h. Maintenance of Traffic

There are two options to maintain traffic; use of an on-site detour (temporary
bridge), or closing the bridge to traffic and establishing a detour on other roads.
Closing the bridge to traffic during construction will save the Town the significant
costs associated with maintaining traffic through the bridge site. A detour on
other roads consists of using Main Street and VT Route 100 to circumvent the
bridge site. If a detour on other roads is used, Covered Bridge Road would be
closed only in the vicinity of the bridge, allowing access for residents along this
road and Mill Road. The existing traffic volumes using the Covered Bridge are
minimal and should not cause a detriment to the detour route. Due to the
substantial savings realized, DuBois & King recommends closing Covered Bridge
Road to traffic in the vicinity of the bridge during construction, and detouring
traffic on other roads.

3. Alternatives
a. West Abutment Alternatives

I. Replace West Abutment 6 Feet Behind Existing Abutment

This alternative involves replacement of the West abutment 6 feet behind
the existing abutment, which in turn will increase the span length. The
effects of lengthening the span on the truss and floor framing system have
been evaluated. A longer span would have several negative effects on the
timber superstructure, summarized below:

e The bearing seat for the longitudinal floor stringers is interior to the
span of the truss bearing seats, meaning that the floor stringers are
not of adequate length to accommodate a longer span. Lengthening
the span would require replacing all of these stringers (14 total), with
longer and possibly larger stringers.

e Lengthening the span would reduce the bearing area underneath the
truss bolster beams, increasing bearing stresses.

e With a longer span, additional stress would be placed on the timber
trusses, resulting in reduced load carrying capacity or necessary
strengthening to maintain the existing load capacity.

e Additional decking and runner boards would be needed for the
increased span length.
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Although a longer span length would increase the hydraulic opening and
thus have modest beneficial hydraulic effects, the longer span would have
several negative impacts on the timber superstructure and would
substantially increase project costs. For the aforementioned reasons,
replacement of the West abutment 6 feet behind existing abutment is not
recommended.

il. Replace West Abutment with Cast-in-Place Concrete Abutment

This alternative involves removal of the existing West abutment and
replacement with a new cast-in-place concrete abutment at its present
location. Due to the proximity to bedrock, the new abutment would consist
of a cast-in-place concrete stem and spread footings, supported on bedrock.
Any kind of pile foundation would not be practical because of the shallow
depth to bedrock. The new abutment would have wingwalls extending to
retain the approach embankments.

Alternative iiIA — Exposed
Concrete  Facing: This
alternative consists of an
exposed concrete facing to
match the east abutment.
This is the least costly
facing alternative.

Alternative iiB  — Dry
Stacked Stone Facing:
This alternative consists of
a facing providing a dry-
stacked stone appearance. The West Abutment is in poor condition

iii. Replace West Abutment with Precast Concrete Unit Block or MSE Wall
Abutment

This alternative involves removal of the existing West abutment and
replacement with a new precast concrete unit block or MSE wall type
abutment. Due to the proximity to bedrock, the new abutment would be
founded on a small cast-in-place concrete pad founded on bedrock. The
new abutment would also have precast concrete unit block or MSE
wingwalls to retain the approach embankments.
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Alternative iiiA — Exposed Concrete Facing: This alternative consists of an
exposed concrete facing to match the east abutment. This is the least
costly facing alternative.

Alternative iiiB — Dry Stacked Stone Facing: This alternative consists of a
facing providing a dry-stacked stone appearance. The stone facing can be
cast into the precast concrete forms, reducing construction labor and cost.

iv. Repair West Abutment

This alternative would consist of removing areas of spalled concrete and
resurfacing these areas, and filling the additional cracks and holes. This
alternative is not recommended for the following reasons:

e The abutment is in very poor condition and would require further repairs
much sooner than an entirely new abutment

e The abutment is likely not founded on ledge and would be susceptible
to scour iffwhen the downstream dam no longer exists

The existing abutment has been faced with concrete since its original
construction, and therefore is not representative of the original construction.
Therefore, it is not likely that repairing rather than replacing the existing
abutment would be required due to historical considerations. This will be
confirmed as part of the Section 106 historic review.

b. East Abutment Alternatives

The East Abutment bearing seat cap was observed to have experienced
subsidence due to scour and/or
settlement. This subsidence has
caused water to pond around the
bearing blocks and led to their rot.
The alternatives to address this issue
include:

I. Replace the abutment bearing
seat cap

This alternative would ensure a
better product and would last

East Abutment Bearing Seat Subsidence
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longer than repairing the existing cap. Full replacement may be excessive
since the existing cap can be salvaged. Replacement would be the most
expensive alternative.

. Repair the abutment bearing seat cap

Although the cap has issues with ponding, the issue can be remedied by
modifying the cap. This can be done by coring the cap and pump-grouting
concrete below it to set a stable base. The cap would be ground down
several inches, and new concrete would be placed on top of the cap on a
slope, ensuring proper drainage. Short of ignoring the issue, this would be
the least expensive alternative.

Included with each East abutment alternative is filling the scour hole at the East
abutment with stone fill, and repair of the cracks on the Northeast wingwall.

c. Downstream Retaining Wall Alternatives

The downstream retaining wall on the West side of the river is in poor condition
and in need of repair. At a minimum, a portion of the stone wall will need to be
removed and reset due to the excavation required for the new abutment
wingwall. Alternatives considered for the downstream retaining wall include the
following:

I. Remove and Reset Existing Dry Stacked Stone Wall — Entire Length

The majority of the wall length has shifted or moved, and is significantly out
of plumb. This alternative involves removing the entire length of wall and
resetting the wall properly in-place. Although the wall will not be of the
construction that a new, engineered concrete wall would be, the wall will be
plumb and in a more stable condition than it is currently.

. Remove and Reset Existing Dry Stacked Stone Wall — Only Within Limits of
Disturbance

This alternative entails removing and resetting the existing stone wall only
within the limits necessary to construct the new abutment and wingwalls.
This is the least costly alternative, although does not address the remaining
portion of wall or the long-term service life of the wall.
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iii. Remove and Replace Existing Dry Stacked Stone Wall with Cast-in-Place
Concrete Wall

This alternative involves removal of the entire stone wall and replacement
with a cast-in-place concrete wall on spread footings. The cast-in-place
concrete wall would be designed to bear on bedrock and to current design
code criteria, resulting in a wall that is more resistant to scour, instability,
and an extended service life. The construction cost of a new cast-in-place
concrete wall would be greater than removal and resetting the existing wall,
although several benefits would be realized.

Alternative iiiA — Exposed Concrete Facing: This alternative consists of an
exposed concrete facing and is the least costly facing alternative. The
decision of facing on the abutments will impact the facing on the retaining
wall.

Alternative iiiB — Dry Stacked Stone Facing: This alternative consists of a
dry stacked stone facing to the retaining wall. This alternative is more
costly, although provides an appearance that more closely resembles the
existing wall.

V. Remove and Replace Dry Stacked Stone Wall with Precast Concrete Unit
Block or MSE Wall

Involved with this alternative is removal of the entire stone wall and
replacement with a precast concrete unit block or mechanically stabilized
earth (MSE) wall. This type of wall would be designed and constructed with
the similar benefits as a cast-in-place concrete wall. Either an exposed
concrete facing or a stone facing form-liner could be used. A stone facing
form-liner will produce a look with the general form of a dry stacked stone
wall, although lacking the detailed color and texture.

d. Superstructure

There are several recommendations to the superstructure based on D&K’s site
inspection and State inspection report. Below is a list of recommendations
regarding the superstructure and roadway approaches:

e Replace cedar shakes on north side of roof
e Replace bolster beam bearing blocks of main truss (12 total)

Warren Covered Bridge
Engineering Investigation and Recommendations Report Page 15



¢ Replace bearing beam bearing blocks (8 total)

e Replace 9-foot length, 4-foot height of siding at each of the four corners of
bridge

¢ Replace two (2) rotted stringers at West end bay

e Evaluate capacities of decayed stringers to ensure load capacity, shave off
decayed portions to prevent further moisture penetration

¢ Replace roadway pavement and subbase within limits of disturbance

e Signing for the bridge should be replaced to meet current MUTCD standards

e Remove and replace approach railing with either timber or steel beam
approach railing. At a minimum, the guardrail approaches to the West
abutment will need to be removed and reset with the replacement of the
abutment.

Raising the superstructure to provide a flatter grade along the bridge has been
suggested by the Town, and was included in the TE grant application. However,
this is not recommended as the East end of the bridge was raised in 1980 to
address drainage problems and such a change now may create drainage
problems again. Additionally, it would not be advisable to raise the bridge
because the West roadway approach acts as an overflow channel during
extreme flood events, and raising the West approach would lessen the overflow
area, and may create flooding problems in other areas.

4. Estimates of Cost

Estimates of probable construction cost were developed for each alternative
considered. The estimates are based on the quantities involved with each alternative
with applied unit prices. The unit prices were obtained from VTrans average price
list and from projects of similar scope and size. Construction cost estimates
provided include only the construction cost and not for other items such as design,
right-of-way acquisition, utility relocation, or construction observations. These
conceptual costs are subject to change due to fluctuations in the cost of labor and
materials, and with the refinement of the overall design during subsequent phases of
the project. Estimates of probable construction cost are summarized in the following
section.

Warren Covered Bridge
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5. Alternatives and Cost Matrix

Following is a table summarizing the Alternatives considered and

estimates of probable construction cost.

the associated

ESTIMATED
ALTERNATIVE/REPAIR RECOMMENDATION CONSTRUCTION COST
ALT iiA - CAST-IN-PLACE EXPOSED CONCRETE FACING $344,000
WEST ABUTMENT | ALT i1B - CAST-IN-PLACE DRY STACKED STONE FACING $413,000
ALT iiiA - MSE EXPOSED CONCRETE FACING** $277,000
ALT iiiB - MSE DRY STACKED STONE FACING $319,000
EAST ABUTMENT |ALT i~ REPLACE ABUTMENT BEARING SEAT CAP $21,000
ALT ii - REPAIR ABUTMENT BEARING SEAT CAP** $7,000
ALT i - REMOVE AND RESET STONE WALL (ENTIRE LENGTH) $64,000
ALT ii - REMOVE AND RESET STONE WALL (PARTIAL LENGTH)** $22,000
RETAINING WALL | ALT iiiA - CAST-IN-PLACE CONCRETE WALL (EXPOSED FACE) $147,000
ALT iiiB - CAST-IN-PLACE CONCRETE WALL (STONE FACE) $182,000
ALT iv - UNIT BLOCK OR MSE WALL $105,000
RECOMMENDED SUPERSTRUCTURE & ROADWAY APPROACH
SUPERSTRUCTURE | REPAIRS** $46,000
/ APPROACHES | REPLACE APPROACH RAIL AND SIGNING** $13,500

* Recommended Alternatives

6. Summary and Recommendation

DuBois & King provides the following recommendations for the Warren Covered

Bridge Rehabilitation.

The recommendations are based upon the criteria listed

previously and below, and as discussed in detail throughout this report.

The recommendations are as follows:
e Replace West abutment with new exposed-face, MSE type abutment and
wingwalls, on cast-in-place concrete pad bearing on bedrock, located in the
position of the existing abutment
e Repair East abutment bearing seat cap by pumping grout under the base and
resurfacing the cap
e Fill scour hole at East abutment and repair cracks on the Northeast wingwall
¢ Remove and replace downstream, West bank retaining wall only in immediate
disturbance area
e Replace cedar shakes on North side of roof

¢ Replace bolster beam bearing blocks of main trusses (12 total)

Warren Covered Bridge
Engineering Investigation and Recommendations Report
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Replace bearing beam bearing blocks (8 total)

Replace 9-foot length, 4-foot height of siding at each of the four corners of
bridge

Replace two (2) rotted stringers at West end bay

Evaluate capacities of decayed stringers to ensure load capacity, shave off
decayed portions to prevent further moisture penetration

Replace approach railing and signing

The recommendations are based on the following:

A new MSE type abutment and wingwalls bearing on bedrock will provide a
durable, long-lasting, support for the covered bridge at the lowest
construction cost

An exposed concrete face is significantly less cost than a dry-stacked stone
facing

Replacement of the West abutment 6-feet behind the existing abutment, and
repairing the West abutment, have not proved practical

Repair of the East abutment bearing seat instead of replacement will improve
drainage, service life, and is more cost-effective than replacement

Removing and resetting the existing retaining wall downstream of the West
abutment only in the disturbance area is the least costly alternative

Replacing the cedar shakes on the North side of the roof will better protect
timber components and extend the service life of the bridge

Replacing timber components noted will extend the service life of the
superstructure and prevent further deterioration

Replacing approach railing and signing will improve safety and functionality
of the bridge

Cost of Recommended Improvements

The estimated costs for the recommended improvements are as follows:

Replace West abutment with exposed face concrete MSE-type wall =$ 277,000

Repair East abutment bearing seat cap =$ 7,000
Remove and reset downstream wingwall =$ 22,000
Repair superstructure as recommended =$ 46,000
Replace approach rail and signing =$ 13,500

Construction Subtotal = $365,500

Warren Covered Bridge
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In addition to the construction costs, the Town should expect to incur additional
costs for construction observation. This cost is estimated at 10% of the construction
cost, or approximately $36,000. Minimal additional costs can be expected for right-
of-way (attorney’s fees) and municipal management.

Given that the Town has a total of $375,000 in total funding of the project, $66,700
has been dedicated to design engineering, approximately $5,000 can be expected
for right-of-way and municipal management, and $36,000 will be needed for
construction observation, approximately $267,000 would be available for
construction. Because this is less than the funding needed for construction of all of
the recommended improvements, the Town will need to consider options to proceed
forward. These should include:

e Seeking additional funding to proceed with all of the recommended
improvements

¢ Only implementing some of the recommended improvements until additional
funding can be secured

e Bidding the project so that some items are Bid Alternates, and then
proceeding with only those items that fit within the available funding

We will want to discuss these options in detail with the Town, and gain the Town’s
and VTrans’ concurrence on a preferred strategy before proceeding with the design
of the project.
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GLOSSARY OF BRIDGE TERMS
(Covered Bridges)

AASHTO - American Association of State Highway and Transportation Officials.
ADT - Average Daily Traffic.

ABUTMENT - A substructure element supporting each end of a single span
bridge of superstructure and, in general, retaining or supporting the approach

embankment.

BED TIMBERS - Timber beams typically located between the top of an abutment
or pier and the underside of the truss bottom chord. Intended to serve as bearing

block. Also known as Bolster Beams.

BEAM - A linear structural member designed to span from one support to

another.
BOLSTER BEAMS - See Bed Timbers above.

CAST-IN-PLACE - Concrete poured within formwork on site to create a structural

element in its final position.
CAMBER - A slight convexity on the road surface.
CHORD - A horizontal member of a truss.

COLUMN - A verticle structural member that transfers dead and live load from

the bridge deck and girders to the footings or shafts.

COMPRESSION - The pushing force, which tends to shorten a member;

opposite of tension.



CONCRETE - A mixture of water, sand, stone, and a binding element, which

hardens to a rock-like consistency.

COUNTER BRACE - A diagonal timber in a truss which slants in the opposite

direction from the brace.

CROSS BEAM - Transverse member in the upper framing that connects

between each truss top chords.

CROSS BRACE - Transverse brace between two main longitudinal members.

DEAD LOAD - A static load due to the weight of the structure itself.

DECK - The roadway portion of a bridge that directly supports vehicular and

pedestrian traffic.

DIAGONAL - A sloping structural member of a truss or bracing system.

EXPANSION JOINT - A joint designed to provide means for expansion and

contraction movements produced by temperature changes, load, or other forces.

FATIGUE - Cause of structural deficiencies, usually due to repetitive loading

over time.

FLANGE - The flat top and bottom plates of a beam, stringer, or girder.

FLOORBEAM - A transverse beam supporting other beams (stringers) and the
bridge deck.

FOOTING - The enlarged, lower portion of a substructure that distributes the
structure load either to the earth or to supporting piles; the most common footing

is the concrete slab.



GIRDER - A main support member for the structure that usually receives loads

from floor beams and stringers; also, any large beam, especially if built up.

GVW - Gross Vehicle Weight.

HANGER ROD - A tension member that suspends the deck framing under the

arch.

HINGE - A point in a structure at which a member is free to rotate.

INVENTORY RATING - A live load, which can safely utilize an existing structure

for an indefinite period of time.

KNEE BRACE - A diagonal member that braces the framing laterally.

LAMINATED ARCH - A timber arch made of layers of bent planks secured by

nails or treenails.

LATTICE - Diagonal web members of a Town lattice type truss.

LIVE LOAD - Vehicular traffic, wind, water, etc.

LOAD RATING - The determination of the live load carrying capacity of an

existing bridge.

LOWER CHORD - The bottom horizontal member of a truss.

MEMBER - An individual angle, beam, plate, or built piece intended to become

an integral part of an assembled frame or structure.

OPERATING RATING - The maximum permissible live load to which the

structure may be subjected.

PIER - A vertical support or substructure unit that supports the spans of a multi-

span superstructure at an intermediate location between its abutments.



PILE - A verticle shaft driven into the ground that carries loads through weak

layers of soil to those capable of supporting such loads.

PLATE GIRDER - A large, solid web plate with flange plates attached to the web

plate by flange angles or fillet welds; fabricated from steel.

PORTAL - General term for the entrance of a covered bridge.

POSTING LOAD - A live load a bridge may safely utilize on a routine basis for a

limited period of time.

PRE-CAST GIRDER - Fabricated off site of Portland Cement Concrete,
reinforcing steel, and post-tensioning cables. These girders are shipped to the

construction site by truck and hoisted into place by cranes.

PURLIN - A longitudinal member in the roof framing.

RAFTER - One of several parallel sloping beams that support a roof.

REINFORCED CONCRETE - Concrete with steel reinforcing bars bonded within

it to supply increased tensile strength and durability.

RIVETED CONNECTION - A rigid connection of metal bridge members that is

assembled with rivets. Riveted connections increase the strength of the structure.

R.O.W. - Right-of-Way.

SHAKE - A wood shingle made from split logs.

SPALLS - Popouts, shallow holes and deteriorated areas in concrete.

SPAN - The distance between piers or abutments.

SECTION LOSS - Loss of material (thickness or width) in steel members, usually

from corrosion.



STAY - Diagonal brace installed to minimize structural movement.
STRINGER - A longitudinal beam supporting the bridge deck.

SUBSTRUCTURE - The parts of a bridge that are below the bottom of the
girders. Pilings, shafts, spread footings, piers and abutments are part of the

substructure.

SUPERSTRUCTURE - The parts of a bridge that are above the piers and
abutments. Girders, trusses, bridge deck, and bridge railing are parts of the

superstructure.

TENSION - A force that pulls or stretches.

TREENAIL - A wooden peg that is used to fasten timbers.
TRUNNEL - A wooden peg that is used to fasten timbers.

TRUSS - A rigid, jointed structure made up of individual straight pieces arranged

and connected, usually in a triangular pattern, so as to support longer spans.
TRUSS BRIDGE - A bridge having a pair of trusses for the superstructure.
UPPER CHORD - The top longitudinal member of a truss.

VOIDED SLAB - A reinforced concrete slab with a hollow interior, similar to, but

normally wider and flatter than, a pre-cast girder.

WEB - The portion of a beam located between and connected to the flanges.



APPENDIX B

PHOTOGRAPHS



Photograph 1 - Elevation, Facing Upstream

Photograph 2 - West Abutment



Photograph 3 - West Abutment

Photograph 4 - East Abutment



09.10.2013

Photograph 5 - Ends of Stringers and Stringer Bearing Beam

Photograph 6 - East Abutment Bridge Seat and Bridge End



Photograph 7 - Portal at East End

Photograph 8 - Inside Bridge



Photograph 10 - Substandard and Damaged Approach Rail at SW corner
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APPENDIX E

2012 VTRANS BRIDGE INSPECTION REPORT



Inspection Report for WARREN
Located on: TR 03 FAS 188 ove MAD RIVER

STRUCTURE INSPECTION, INVENTORY and APPRAISAL SHEET

Vermont Agency of Ti ransportatioh ~ Structures Section ~ Bridge Management and Inspection Unit

bridge no.: 00006 District: 6
approximately 0.5 MI E JCT. VT.100 S Owner: 03 TOWN—OWNED

CONDITION

Deck Rating: 7 GOOD

Superstructure Rating: 6 SA TISFACTORY
Substructure Rating: |5 FAIR

Channel Rating: 6 SATISFACTORY
Culvert Rating: N NOT APPLICABLE
Federal Str. Number: 200188000612172
Federal Sufficiency Rating: 021.5 ‘
Deficiency Status of Structure: FD

STRUCTURE TYPE and MATERIALS

Bridge Type: QUEEN POST COV. BR.

Number of Apprbach Spans 0000 Number of Main Spans: 001
Kind of Material and/or Design: 7 TIMBER ‘

Deck Structure Type: 8 TIMBER

Type of Wearing Surface: 7  WOOD OR TIMBER

Type of Membrane 0  NONE

Deck Protection: 0 NONE

AGE and SERVICE

Year Built: 1879 Year Reconstructed: 2000
Service On: 1  HIGHWAY

Service Under: 5 WATERWAY

Lanes On the Structure: 01

Lanes Under the Structure: 00

Bypass, Detour Length (miles): 01

ADT: 000280 % Truck ADT: 06

Year of ADT: 1995

GEOMETRIC DATA

Length of Maximum Span (ft): 0047
Structure Length (ft): 000058

Lt Curb/Sidewalk Width (ft): 0

Rt Curb/Sidewalk Width (ft): 0

Bridge Rdwy Width Curb-to-Curb (ft): 13.4
Deck Width Out-to-Out (ft): 13.8

1 Appr. Roadway Width (ft): 021

Skew: 00

Bridge Median: 0 NO MEDIAN

Min Vertical Cir Over (ft): 10 FT 00 IN

Feature Under: FEATURE NOT A HIGHWAY
OR RAILROAD :

Min Vertical Underclr (ft): 00 FT 00 IN

APPRAISAL *4S COMPARED TO FEDERAL STANDARDS

Bridge Railings: 0 DOES NOT MEET CURRENT STANDARD
Transitions: 0  DOES NOT MEET CURRENT STANDARD

Approach Guardrail 0 DOES NOT MEET CURRENT STANDARD
Approach Guardrail Ends: 0 DOES NOT MEET CURRENT STANDARD
Structural Evaluation: 2 INTOLERABLE, REPLACEMENT NEEDED
Deck Geometry: 2 INTOLERABLE, REPLACEMENT NEEDED
Underclearances Vertical and Horizontal: N NOT APPLICABLE

Waterway Adequacy: 6 OCCASIONAL OVERTOPPING OF ROADWAY WITH
INSIGNIFICANT TRAFFIC DELAYS

Approach Roadway Alignment: 4 MEETS MINIMUM TOLERABLE CRITERIA

Scour Critical Bridges: U  UNKNOWN FOUNDATION

DESIGN VEHICLE, RATING, and POSTING
Load Rating Method (Inv): 5 NO RATING ANALYSIS PERFORMED
Posting Status: R  POSTED FOR OTHER LOAD-CAPACITY RESTRICTION
Bridge Posting: 5 NO POSTING REQUIRED v
Load Posting: 01 NO LOAD POSTING SIGNS EXIST NEAR BRIDGE
Posted Vehicle: POSTING NOT REQUIRED :
Posted Weight (tons):
Design Load: 0 OTHER OR UNKNOWN

INSPECTION and CROSS REFERENCE X-Ref. Route:
Insp. Date: 082012 Insp. Freq. (months) 24  X-Ref. BrNum:

INSPECTION SUMMARY and NEEDS

conform to the MUTCD. ~ MJ/DK

Wednesday, September 11, 2013

08/31/2012 - The dilapidated approach rail system is quite poor and needs upgrading. Cedar shingle roof needs replacement. Bearing blocks have
developed some decay. Most rotten blocks are not in bearing, with the exception of the front seat edge blocks. Abutment #2 (west) has some heavy facing
deterioration and could use cleaning and patching. Consider installing low vertical clearance signs and load limit stgns at each end of the bridge which

11/02/2011 Irene repairs, Abutment 2 on the downstream end has a new stone wall in place and has been back filled. MJK JM

-09/08/11 Irene inspection, Abutment 2 wing wall on the downstream side has washed out. Recommendation to the town road superintendent (Barry
Simpson) was to backfill wing wall and then the structure would be ok for traffic with monitoring. MJK JM

This structure is in good condition for the most part. The timber bearing blocks that are rotten should be replaced. The scour hole along the abutments
should be filled in. The timber roof shingles should be replaced to stop any leakage onto the truss members and deck. 7/710 DCP

g e —— T R R R R R I '™ini |
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State Of Vermont
2012 Bridge Inspection Form  (Page 1)

Route: FAS 188 ~ Bridge #: 6 District: 6 Date: 8/31/12

Town: Warren Crossing: Mad river Inspection Type: Routine
- Bridge Type: Queen post cov. br. Inspectors: MIJ/DK
Item 72 Approach Alignment "~ *Problem Area ** Critical Area

Alignment: * Poor - for modern day. traffic.

Rail: * Rotted and broken timber plank at the southwest corner. Misc. steel beam elsewehere - removed at the
the northeast corner to falicitate channel and retainment work.

Post: Galv. and wooden. .

Settlement:

Erosion:

Item 58 Deck

Wearing Surface: Oak runners - minor wear.

Curb:

Sidewalks:

Rail: Single wood plank - ok.

Rail Posts: Truss components.

Joint Type*: < > and < > :
*Finger Sliding Vertical Modular VT Cork Strip Compression Plug Other None

Joint Condition:

Joint Leakage:

Drains:

Fascia:

Soffit: Transverse planking has some leakage and staining with soft rot. Minimal decay though.




Item 59 Superstructure * Problem ** Critical (Page 2)

Vertical: Good condition. Lower portions are hidden from view due to low boarding.

Diagonals: No problems seen.

Chords: Good condition.

Lateral Bracing: Ok . All intact at present. Some minor damage.

Stringers: Good. 7, 8 and 7Likely some decay at the abutment ends but no outward signs as of yet.

Floorbeams: Good condition. Two large doubled up floorbeams hung from gal. rod.

Girders/Beams:

Cover Plates:

Paint:

Bearing Type* Wood and < >
*Sliding Bronze Fabric Elastomeric Pot Rockers Nested Rockers Nested Rollers Wood Other None

Bearing Condition: Random oak bearing blocks are rotten but bolsters are good. Only the front blocks are in
bearing at each corner.

Arches:

Roof/Portal/Siding: * Cedar shingle roof has many holes where the shingles are degrading; especially along the
south side exposed to the sun. Top plate at the northwwest end does have a 2x4 x6' long. split along the top inner
| edge. Present for years. Non issue.

Member Alignment: Trusses are tipped downstream no more than 1/2" in 4'. Measured at each queen post.

Impact Damage: Minor gouges along kneebraces and tension rods have minor bends.

FCM No Comments: * Timber not FC according to FHWA.




2011 Bridge Inspection Form | o , (Page 3)

Town: Warren Route: FAS 188 Br#: 6 Date: 8/31/12

Item 60 Substructure Abutments * Problem Areas ** Critical Areas

Backwalls: Good. Minor wear along tops with some small popouts at abut. 1.

Bridge Seats: Ok. Signif. sﬁpport. Concrete sound below bearing.

A\

| Stems: Abutment #1 along the older concrete facing has areas of degradation with scaling and delamination;
especially along the upstream end. The facing is still secure overall and structurally not a significant concern at
present. The upstream wing does have some heavy scaling and cracking some of which is quite deep exposing laid
up stone original wing material. K

Wingwalls: * Heavy scaling and some break up along the southwest wing end. Facing was tapered increasing in
width along the stem and downstream wing.

Footings: Nont in view.

Undermining: None.

Settlement: None. Ledge support assumed at least partially.

Piers < >

Bridge Seats:

Cap:

Shaft:

Columns: -

Footings:

| Undermining:

Settlement:




Item 61 Channel < > * Problem Areas *% Critical Areas ‘(Page 4)

Alignment: Farly straight though bridge is skewed and abutments due jut out ward causing a restriction with
channel contraction.

Scour: General scour with some ledge exposure.

Erosion: Heavy from Irene and has chronic highwater affects. Work currently underway downstream stabilizing
bank protection. -

Debris/Bars: Gravel bar below bridge but streambed at bridge is dynamic.

Protection: Stone added along the bridge corners to correct extensive erosion from TS Irene.

Waterway Openmg Open but certainly undersized hydrauliclly due to short span length and abutment
augmentation since const. )

Posting: Yes No * Posted Loading @ Abut. 1: Abut. 2:

Posted Vert. Clr @ Abut. 1: Abut. 2:

Vert. Clr: Lt. Shoulder 10' - 0" Center 12' - 0" Rt. Shoulder Median 10' - b"
Lt. Shoulder Center Rt. Shoulder

Measurements taken Heading: < >

~ Additional Signing Restriction: Covered bridge no tucks or buses - only sign at bridge. 10,0001bs. and No trucks
at VT 100 intersection. * But no signs at bridge for weight restriction.

Summary: 08/31/2012 - The dilapidated approach rail syétem is quite poor and needs
upgrading. Cedar shingle roof needs replacement. Bearing blocks have developed Deck: 7
some decay. Most rotten blocks are not in bearing, with the exception of the front seat
edge blocks. Abutment #2 (west) has some heavy facing deterioration and could use .
cleaning and patching. Consider installing low vertical clearance signs and load limit Superstructure: 6
signs at each end of the bridge which conform to the MUTCD. ~ MJ/DK'
Substructure: 5
Channel: 6
Approach: |4
Paint: N

Last Modified on: April 8, 2011
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1.0 BACKGROUND

This report summarizes DuBois & King’s hydrologic and hydraulic (H&H) study for the
proposed rehabilitation of the Warren Covered Bridge on Covered Bridge Road over the Mad
River in Warren, Vermont. A topographic survey was conducted in September 2013, and this
information was used in the hydraulic modeling described in this report. Photographs and a site
survey are included in Attachment A.

The existing bridge suffered damaged during Tropical Storm Irene on August 28-29, 2011. The
bridge span measured between abutments is 41 feet at the upstream side and 44 feet at the
downstream side (the abutments are not parallel), for an average span of approximately 42.5 feet.
The bridge is skewed relative to the river, which reduces the average effective span for hydraulic
purposes to approximately 40 feet. The vertical opening from the streambed to the low chord of
the bridge is approximately 16 feet. The bridge is approximately 17 feet long from upstream to
downstream. During Irene, river flows eroded the west roadway approach (left side, looking
downstream) leaving the back-side of the left abutment exposed and a portion of the roadway
destroyed.

The purpose of the project is to address several problems with the bridge. These problems
include a heavily deteriorated west abutment, rotting bearing blocks, a leaking roof, and lack of
appropriate approach rails. The purpose of this H&H study is to determine hydraulic conditions
at the bridge, and to determine an appropriate location for the west abutment if replacement of
the abutment is chosen over rehabilitation.

2.0 DESIGN CONSIDERATIONS

2.1  Hydraulic Capacity

Based on Vermont Agency of Transportation (VAOT) guidelines for Class 3 Town Highways,
highway bridges over rivers and other bodies of water will, where practical, be designed to pass
the 25-year peak discharge with 1.0 feet of headspace between the water surface and the bridge’s
low chord (lowest point on the bridges superstructure). In addition, overtopping of the road
should not be permitted during the 25-year flood discharge. The guidelines also suggest that
consideration be given to the potential effects of the 100-year peak discharge on upstream
property, the environment, hazards to human life, and floodplain management criteria. These
hydraulic design guidelines apply to open-water conditions. There are no guidelines for
hydraulic capacity for ice-affected conditions.

2.2 Ice Jam Potential
There are no factors causing an elevated risk of ice jams at this bridge that would warrant
additional design considerations beyond those applicable to open-water conditions.

2.3 Fluvial Geomorphology

Federal and State regulatory agencies require that bridge and culvert designs account for the
fluvial geomorphic characteristics of rivers. The intent is to install crossings that maintain the
hydraulic continuity through the bridge or culvert opening during bankfull or channel-forming
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flow conditions. By doing so, sediment and ice transport processes as well as aquatic organism
passage are more likely to be maintained. In general, this objective can be addressed by making
bridge openings at least as wide as the natural bankfull channel width.

The U.S. Corps of Engineers Programmatic General Permit for Vermont (an umbrella permit that
allows most wetland and river projects to avoid a separate Federal permit) requires that stream
crossings be based on geomorphic and ecologic principles. The State Stream Alterations General
Permit has similar requirements; a bridge span of no less than the bankfull width is required for
coverage under the general permit. Shorter spans may be permissible under an individual permit
if it can be shown that the fluvial geomorphic characteristics of the stream are accommodated.

The Vermont Agency of Natural Resources (VANR) developed Hydraulic Geometry Curves in
2006, which estimate stream geometric properties based on drainage area for bankfull or
channel-forming flow conditions. These curves estimate a bankfull width of 56 feet for this site
(Attachment B). However, the curves apply to alluvial channels with entirely mobile bed and
bank materials. Presently there is an old timber crib dam located 300 feet downstream of the
bridge, and the dam is located at the entrance to the ledge-lined Warren Gorge. Because of the
dam and ledge, the channel is not fully alluvial, and the bankfull width predicted by the curves
may not be appropriate.

2.4 Scour Potential

The primary bridge design factors that influence scour potential are the width of the bridge
opening, the skew of the opening relative to direction of streamflow, and streambed material.
Narrower openings and larger skews increase scour potential. Generally, designing to
accommaodate fluvial geomorphic considerations (i.e., accommodating bankfull width) also
mitigates against excessive scour potential.

Abutment scour at the Warren Covered Bridge has not been evaluated. Based on a visual
inspection and the new survey data, there appears to be scour along each abutment footing. To
account for scour it is common practice in the State of Vermont to place the bottom of the
abutment six feet below the streambed. With the expectation that the downstream timber crib
dam will eventually fail and not be replaced, structurally tying the bridge abutment to ledge
should be considered to avoid any future scour potential.

2.5  Impacts to Adjacent Structures

Stream crossings typically impact adjacent properties on the upstream side by creating backwater
during high flows. They can also impact properties on the downstream side by directing
overtopping flows toward structures.

At the Warren Covered Bridge site, there are several properties located upstream of the bridge.
The alternatives being considered as part of this project will not increase the upstream flood
levels. The alternative to replace the west bridge abutment a few feet west of its present location
will actually decrease the upstream flood levels.
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2.6 Flood Plain Regulations

Local municipalities regulate development within floodplains, following the requirements of the
National Flood Insurance Program (NFIP). The effective flood insurance rate map (FIRM) for
the Town of Warren is dated March 19, 2013. The bridge site is mapped as a flood hazard area
Zone Al (detailed study). The FIRM map is included in Attachment B.

The Town of Warren, as a participant in the NFIP, must follow the NFIP regulations, which
require a local permit for proposed construction within the flood hazard area. As long as the
replacement structure or repair would not cause an increase in flood levels during the 100-year
base flood event, no additional permitting or FEMA clearance is required. Documentation (such
as a copy of this report) that the replacement crossing would not cause an increase in the 100-
year base flood elevation is typically included in the Town’s records so it is available in the
event of a FEMA audit, and can be available to inform permitting decisions regarding future
proposed development near the crossing.

In addition, because the crossing is in an area mapped based on a detailed study, NFIP
regulations require the Town to submit to FEMA within six months of construction, information
(e.g., plans and hydraulic results) about the new crossing. In practice, on small and mid-size
crossings, this submittal rarely occurs. The Town also has the option of applying for a Letter of
Map Revision (LOMR) if there’s a desire to formally document the new lower flood elevations.
A LOMR is not required, and the reduction in flood elevation is rarely large enough for most
communities to justify the cost of applying.

3.0 HYDROLOGY

The watershed at the Warren Covered Bridge is a steeply sloped basin that is primarily forested,
with some areas of open space, residential development, and commercial development. The total
contributing drainage area is about 27.6 square miles. The watershed area was measured using
the USGS StreamStats on-line.

Peak river discharges for the storm events were estimated at the bridge site using the results
published in the FEMA Flood Insurance Study (FIS) for Washington County, Vermont dated
March 19, 2013. The FIS (from the HEC-2 model obtained from the FEMA Library) provided
flows for the 10-, 50- 100- and 500-year events, and these estimates were used without
modification. The 25-year flow was interpolated. The flows are summarized in Table 1, and
documentation is included in Attachment B.

Table 1. Summary of Peak Discharges

Location Drainage Area Peak Discharges (cfs)

(sq mi) 10-year 25-year 50-yr 100-year | 500-year
Mad River at the
Warren Covered 27.6 3090 3990 4590 5330 7210
Bridge
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40 HYDRAULICS

Hydraulic analysis for the proposed condition was performed using the HEC-RAS computer
program. HEC-RAS calculates water surface profiles for steady gradually varied flow in natural
or man-made channels. HEC-RAS has the capacity to model various obstructions such as
bridges, culverts, weirs and other structures. The program computes a wide range of hydraulic
variables for each peak discharge simulated including water surface elevation, velocity, and
shear stress.

For this analysis, the starting water surface elevation at the downstream limit of the model was
based on the assumption that critical depth occurs downstream of the dam in the steep ledge
sections of the Warren gorge. The slope of Mad River downstream of the dam is approximately
0.016 ft/ft or 89 ft/mile. A USGS topographic map was used to measure the downstream slope.

Cross section geometry used in the model was based on field survey obtained from a study
performed by the U.S. Army Corps of Engineers in March 2004 on the Mad River from the
timber crib dam upstream to the VT Route 100 bridge. Additional survey of the Covered Bridge
area was obtained in September 2013 and included in the model. Manning's “n” values
(hydraulic roughness of the river channel and its overbanks) were assigned to the channel and
overbanks on the basis of field observations, standard reference material. The “n” values of the
streambed and overbanks were 0.045 and 0.060, respectively.

The existing bridge configuration and one proposed configuration were modeled. For each
configuration, the following three river conditions were evaluated reflecting future changes to
the downstream dam and movement of sediment stored upstream of it:

1. Current river conditions with the existing timber crib dam intact three hundred feet
downstream of the bridge.

2. Timber crib dam no longer in place.

3. Timber crib dam no longer in place and accumulated sediment upstream of the dam
scoured to an estimated new streambed elevation. The estimated bed elevation was based
on evaluation of borings in the river that documented ledge elevation and, in some
locations, an apparent layer of cobbles that may represent the original channel bed.

4.1  Existing Conditions

The existing structure was included in the existing conditions HEC-RAS model. The measured
spans between abutments at the inlet and outlet sides (41 and 44 feet, respectively) were reduced
in the model to account for the bridge’s skew relative to the river to 39 and 41 feet, respectively.
The vertical rise from the streambed to low chord varies significantly from 13 to 20 feet, and this
variation was included in the model. Cross sections upstream and downstream of the structure
were based the survey obtained in September 2013. It should also be noted that the west (left,
looking downstream) roadway approach elevation (+/- 904.0 ft) is significantly lower than the
east roadway approach elevation (+/- 908.0 ft). This left approach acts as a relief spillway for
extreme flood events. The low chord of the structure is approximately 2.0 feet below the bridge
deck elevation. The configuration is summarized in Table 2.
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4.2  Proposed Conditions

One proposed bridge configuration, Alternative A, was modeled. Alternative A would entail
reconstructing the west (left, looking downstream) abutment at a location 6 feet further west of
the present location. Only one proposed bridge configuration is being considered because the
existing bridge superstructure was not damaged during Tropical Storm Irene, and the existing
abutment configuration allows the passage of all design storms (2-year through 100-year events)
with more than adequate headspace between the low chord of the bridge and the flood elevation.
Although the existing abutment configurations provide adequate hydraulic capacity, it is
desirable to provide a greater channel opening if possible to better match the bankfull width.
Widening the opening between the abutments by 6 feet is the only considered replacement
alternative because this is the maximum amount the opening can be enlarged without altering the
historic superstructure. The configuration of Alternative A is summarized in Table 2.

Table 2. Summary of Proposed Bridge Configurations

Existing Alternative A
Structure Type Covered Bridge Covered Bridge
Span Downstream/Upstream (ft) 44/41 50/47
Skew (degrees) 20 20
Hydraulic Width Downstream/Upstream(ft) * 41/39 47/45
Average Vertical Opening (ft) 16 16
Waterway Opening (sg. ft.) 609 693
Elevation of Low Chord ?, Left/Right 904.5/905.7 904.5/905.7
Elevation of roadway approach, Left/Right 904.0/908.0+/- 904.0/908.0+/-

! Accounting for skew of bridge relative to river.
% The values represent the lowest elevation at the left and right abutments. The low chord elevations are actually one
foot higher than the values in the Table for a large portion of the bridge opening.

4.3 Results

The results of the hydraulic analysis are presented in Table 3 for the 25-year flood and Table 4
for the 100-year flood. Flood profiles and copy of the HEC-RAS summary output are included
in Attachment C.
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Table 3. Results of Hydraulic Analysis — 25-year Flood

Description Existing Alternative A
Current River Conditions with Timber Crib Dam Intact
Water Surface Elevation (ft) 901.7 901.2
Headspace below low chord (ft) * 2.8 3.3
Water over Road? No No
River Velocity (fps) 10.6 9.1
No timber crib dam and current streambed
Water Surface Elevation (ft) 901.2 900.6
Headspace below low chord (ft) 3.3 3.9
Water over Road? No No
River Velocity (fps) 115 10.0
No timber dam with future streambed
Water Surface Elevation (ft) 897.8 897.7
Headspace below low chord (ft) 6.7 8.0
Water over Road? No No
River Velocity (fps) 15.5 14.9
'Headspace measured from lowest low chord elevation of 904.5 ft.
Table 4. Results of Hydraulic Analysis — 100-year Flood
Description Existing Alternative A
Current River Conditions with Timber Crib Dam Intact
Water Surface Elevation (ft) 903.3 902.9
Headspace below low chord (ft) * 1.2 1.6
Water over Road? No No
River Velocity (fps) 12.8 10.9
No timber crib dam and current streambed
Water Surface Elevation (ft) 903.2 902.3
Headspace below low chord (ft) 1.3 2.2
Water over Road? No No
River Velocity (fps) 13.7 11.8
No timber crib dam with future streambed
Water Surface Elevation (ft) 900.3 899.7
Headspace below low chord (ft) 4.2 59
Water over Road? No No
River Velocity (fps) 16.6 16.1

'Headspace measured from lowest low chord elevation of 904.5 ft.
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The existing condition and Alternative A models exceed the VAOT hydraulic capacity
guidelines for Class #3 Town Highways for existing river conditions as well as the two dam
scenarios that assume the timber crib dam is no longer present.

5.0 CONCLUSIONS AND RECOMMENDATIONS

Based on the analysis presented in this report, we offer the following conclusions and
recommendations:

1. The existing structure is adequately sized from a hydraulic perspective because it exceeds the
VAOT guideline that the 25-year flood should pass with one foot of headspace between the
low chord of the bridge and the estimated flood elevation.

2. The existing structure is undersized from a fluvial geomorphic perspective. The span of the
existing bridge is approximately 15 feet less than the 56-foot natural bankfull channel width.
The proposed rehabilitation of the bridge structure would increase the span by six feet, but
would still be less than the bankfull channel width. As noted in Section 2.3, this reach of the
Mad River is transitioning from an alluvial stream setting to a ledge-lined gorge, and the
predicted channel bankfull width may not be appropriate.

3. The future flow condition that assumes no timber crib dam with scour of the existing
streambed shows a significant increase in the stream velocity. While the precise increase is
difficult to estimate due to uncertainty in the profile and cross sectional dimensions of the
future channel, the increase in velocity and scour potential is likely to be significant. We
recommend that the abutments be structurally connected to underlying ledge to prevent
damage due to scour.

4. The west (left, looking downstream) bridge approach is approximately four feet lower than
the east approach. During extreme flood events, this area would overtop and potentially
prevent flood flows from contacting the bridge structure. Repairs to the bridge should
maintain the low left approach.

H&H Assessment for Bridge Repair 8 DuBois & King, Inc
Warren Covered Bridge over the Mad River October 24, 2013
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Warren Vermont
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Mad River - Covered Bridge
Warren Vermont
Washington County

Mad River - Covered Bridge looking ustream at laid-up stone wall, east side of the
stream.
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Warren Vermont
Washington County

Mad River - Covered Bridge looking upstream (south).
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Mad Rier - ver Bridge looking downstream (north).
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ATTACHMENT C
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Mad River_Covered Bridge Plan: MRC. Bridge Alt A_Widen w_dam skew 20 10/22/2013
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APPENDIX G

ESTIMATES OF PROBABLE CONSTRUCTION COST



JOB 621945 - Warren

m . O Randolph, VT 05060 (802) 728-3376
BOI O S. Burlington, VT 05403  (802) 878-7661 SHEET NO. 1 OF 1
inc. O Springfield, VT 05156 (802) 591-4326
O Bedford, NH 03110 (603) 637-1043 CALCULATED BY: RHB DATE: 23-Oct-13
O Laconia, NH 03246 (603) 524-1166
. . . : DATE:
Engineering # Planning ® Development # Management CHECKED BY:
SCALE:

OPINION OF PROBABLE CONSTRUCTION COST - WEST ABUTMENT REPLACEMENT (CAST-IN-PLACE)

ITEM NO. |DESCHIPTION | UNIT | QUANT. | UNIT PRICE | AMOUNT
ALTERNATIVE A - EXPOSED CONCRETE FACING

20430  |GRANULAR BACKFILL FOR STRUCTURES cy 410 $37.00 $15,170.00
208.30 [COFFERDAM EXCAVATION, EARTH cY 600 $23.00 $13,800.00
208.35 |COFFERDAM EXGAVATION, ROCK cy 205 $140.00 $28,700.00
20840  [COFFERDAM LS 1 $25,000.00 $25,000.00
501.34  [CONCRETE, HIGH PERFORMANGE CLASS B cy 155 $650.00 $100,750.00
502.10  [SHORING SUPERSTRUCTURE LS 1 $50,000.00 $50,000.00
507.11  [REINFORCING STEEL, LEVEL | LB 15000 $1.50 $22,500.00
507.16  [DRILLING AND GROUTING DOWELS LF 75 $25.00 $1,875.00
541.30 [CONCRETE, CLASS C cy 35 $400.00 $14,000.00
635.11  [MOBILIZATION/DEMOBILIZATION LS 1 $27,179.50 $27,179.50
SUBTOTAL =  $298,974.50

15% +/- CONTINGENCY =|  $45,025.50

ALTERNATIVE A TOTAL =| $344,000.00

ALTERNATIVE B - DRY STACKED STONE FACING (ADDITIONAL ITEMS)

602.25 [STONE MASONRY FACING sy 110 $500.00 $55,000.00
635.11  [MOBILIZATION/DEMOBILIZATION LS 1 $5,500.00 $5,500.00
SUBTOTAL=|  $60,500.00
ALTERNATIVE A SUBTOTAL=|  $298,974.50
15% +/- CONTINGENCY =|  $53,525.50
ALTERNATIVE B TOTAL =| $413,000.00

Note:

In providing opinions of probable construction cost, the Client understands that D&K has no control over the cost or availability of labor, equipment or materials, or over market conditions or the
Contractor's method of pricing, and that our Opinion of Probable Construction Costs are made on the basis of our professional judgment and experience. D&K makes no warranty, expressed or implied,
that the bids or the negotiated cost of the Work will not vary from the Opinion of Probable Construction Cost provided herein.




JOB 621945 - Warren

m . O Randolph, VT 05060 (802) 728-3376
BOI O S. Burlington, VT 05403  (802) 878-7661 SHEET NO. 1 OF 1
inc. O Springfield, VT 05156 (802) 591-4326
O Bedford, NH 03110 (603) 637-1043 CALCULATED BY: RHB DATE: 23-Oct-13
O Laconia, NH 03246 (603) 524-1166
. . . : DATE:
Engineering # Planning ® Development # Management CHECKED BY:
SCALE:

OPINION OF PROBABLE CONSTRUCTION COST - WEST ABUTMENT REPLACEMENT (MSE)

ITEM NO. |DESCHIPTION | UNIT | QUANT. | UNIT PRICE | AMOUNT

ALTERNATIVE A - EXPOSED CONCRETE FACING

204.30 GRANULAR BACKFILL FOR STRUCTURES cy 630 $37.00 $23,310.00
208.30 COFFERDAM EXCAVATION, EARTH cy 800 $23.00 $18,400.00
208.35 COFFERDAM EXCAVATION, ROCK cy 205 $140.00 $28,700.00
208.40 COFFERDAM LS 1 $25,000.00 $25,000.00
502.10 SHORING SUPERSTRUCTURE LS 1 $50,000.00 $50,000.00
507.11 REINFORCING STEEL, LEVEL | LB 1000 $1.50 $1,500.00
507.16 DRILLING AND GROUTING DOWELS LF 55 $25.00 $1,375.00
540.10 PRECAST CONCRETE STRUCTURE (MSE WALL ABUTMENT) LS 1 $65,000.00 $65,000.00
541.30 CONCRETE, CLASS C cy 15 $400.00 $6,000.00
635.11 MOBILIZATION/DEMOBILIZATION LS 1 $21,928.50 $21,928.50

SUBTOTAL = $241,213.50

15% +/- CONTINGENCY = $35,786.50

ALTERNATIVE A TOTAL =| $277,000.00

ALTERNATIVE B - DRY STACKED STONE FACING (ADDITIONAL ITEMS)

602.25 [STONE MASONRY FACING sy 110 $300.00 $33,000.00
635.11  [MOBILIZATION/DEMOBILIZATION LS 1 $3,300.00 $3,300.00
SUBTOTAL=|  $36,300.00
ALTERNATIVE A SUBTOTAL=|  $241,213.50
15% +/- CONTINGENCY =|  $41,486.50
ALTERNATIVE B TOTAL =| $319,000.00

Note:

In providing opinions of probable construction cost, the Client understands that D&K has no control over the cost or availability of labor, equipment or materials, or over market conditions or the
Contractor's method of pricing, and that our Opinion of Probable Construction Costs are made on the basis of our professional judgment and experience. D&K makes no warranty, expressed or implied,
that the bids or the negotiated cost of the Work will not vary from the Opinion of Probable Construction Cost provided herein.




Randolph, VT 05060 (802) 728-3376

JOB 621945 - Warren

mBoi S S. Burlington, VT 05403  (802) 878-7661 SHEET NO. 1 OF 1
nc. O Springfield, VT 05156 (802) 591-4326
sKan O Bedford, NH 03110 (603) 637-1043 CALCULATED BY: RHB DATE: 23-Oct-13
O Laconia, NH 03246 (603) 524-1166
Engineering # Planning ® Development # Management CHECKED BY: DATE:
SCALE:
OPINION OF PROBABLE CONSTRUCTION COST - EAST ABUTMENT
ITEM NO. |DESCRIPTION | UNIT | QUANT. | UNIT PRICE AMOUNT
ALTERNATIVE | - REPLACE ABUTMENT BEARING SEAT CAP
204.25  [STRUCTURE EXCAVATION cY 34 $50.00 $1,700.00
204.30  [GRANULAR BACKFILL FOR STRUCTURES cY 17 $37.00 $629.00
501.34 [CONCRETE, HIGH PERFORMANCE CLASS B cY 17 $600.00 $10,200.00
507.11  [REINFORCING STEEL, LEVEL | LB 2000 $1.50 $3,000.00
507.16  [DRILLING AND GROUTING DOWELS LF 20 $25.00 $500.00
613.12  [STONE FILL, TYPE Il cY 20 $40.00 $800.00
635.11  [MOBILIZATION/DEMOBILIZATION LS 1 $1,682.90 $1,682.90
SUBTOTAL = $18,511.90
15% +/- CONTINGENCY = $2,488.10
ALTERNATIVE | TOTAL =| $21,000.00
ALTERNATIVE Il - REPAIR ABUTMENT BEARING SEAT CAP
507.11  [REINFORCING STEEL, LEVEL | LB 100 $3.00 $300.00
507.16  [DRILLING AND GROUTING DOWELS LF 10 $25.00 $250.00
529.26  |[REMOVAL OF CONCRETE OR MASONRY Sy 5 $150.00 $750.00
613.12  [STONE FILL, TYPE Il cY 20 $40.00 $800.00
635.11  [MOBILIZATION/DEMOBILIZATION LS 1 $660.00 $660.00
900.645 [SPECIAL PROVISION (GROUT EAST BRIDGE SEAT) LS 1 $4,500.00 $4,500.00
SUBTOTAL = $5,960.00
15% +/- CONTINGENCY = $1,040.00
ALTERNATIVE Il TOTAL =| $7,000.00

Note:

In providing opinions of probable construction cost, the Client understands that D&K has no control over the cost or availability of labor, equipment or materials, or over market conditions or the
Contractor's method of pricing, and that our Opinion of Probable Construction Costs are made on the basis of our professional judgment and experience. D&K makes no warranty, expressed or implied,
that the bids or the negotiated cost of the Work will not vary from the Opinion of Probable Construction Cost provided herein.




JOB 621945 - Warren

Randolph, VT 05060 (802) 728-3376

mBoi S S. Burlington, VT 05403  (802) 878-7661 SHEET NO. 1 OF 1
nc. O Springfield, VT 05156 (802) 591-4326
sl(lrlg O Bedford, NH 03110 (603) 637-1043 CALCULATED BY: RHB DATE: 23-Oct-13
O Laconia, NH 03246 (603) 524-1166
Engineering # Planning ® Development # Management CHECKED BY: DATE:
SCALE:
OPINION OF PROBABLE CONSTRUCTION COST - REMOVE AND RESET WALL (FULL)

ITEM NO. |DESCRIPTION UNIT | QUANT. | UNIT PRICE AMOUNT
204.30  [GRANULAR BACKFILL FOR STRUCTURES cY 40 $37.00 $1,480.00
208.30 |COFFERDAM EXCAVATION, EARTH cY 85 $23.00 $1,955.00
208.40 [COFFERDAM LS 1 $8,000.00 $8,000.00
602.35 [REBUILT STONE MASONRY cY 65 $600.00 $39,000.00
635.11  [MOBILIZATION/DEMOBILIZATION LS 1 $5,043.50 $5,043.50

SUBTOTAL = $55,478.50
15% +/- CONTINGENCY = $8,521.50
TOTAL =| $64,000.00

Note:

In providing opinions of probable construction cost, the Client understands that D&K has no control over the cost or availability of labor, equipment or materials, or over market conditions or the
Contractor's method of pricing, and that our Opinion of Probable Construction Costs are made on the basis of our professional judgment and experience. D&K makes no warranty, expressed or implied,

that the bids or the negotiated cost of the Work will not vary from the Opinion of Probable Construction Cost provided herein.




JOB 621945 - Warren

m ° O Randolph, VT 05060 (802) 728-3376
BOI O S. Burlington, VT 05403  (802) 878-7661 SHEET NO. 1 OF 1

inc. O Springfield, VT 05156 (802) 591-4326
sl(lrlg O Bedford, NH 03110 (603) 637-1043 CALCULATED BY: RHB DATE: 23-Oct-13

O Laconia, NH 03246 (603) 524-1166
Engineering # Planning ® Development # Management CHECKED BY: DATE:
SCALE:
OPINION OF PROBABLE CONSTRUCTION COST - REMOVE AND RESET WALL (PARTIAL)

ITEM NO. [DESCRIPTION UNIT | QUANT. | UNIT PRICE AMOUNT
204.30  [GRANULAR BACKFILL FOR STRUCTURES cyY 12 $37.00 $444.00
208.30 [COFFERDAM EXCAVATION, EARTH cY 26 $23.00 $598.00
208.40 |COFFERDAM LS 1 $5,000.00 $5,000.00
602.35  [REBUILT STONE MASONRY cY 16 $700.00 $11,200.00
635.11  [MOBILIZATION/DEMOBILIZATION LS 1 $1,724.20 $1,724.20

SUBTOTAL = $18,966.20
15% +/- CONTINGENCY = $3,033.80
TOTAL =| $22,000.00

Note:
In providing opinions of probable construction cost, the Client understands that D&K has no control over the cost or availability of labor, equipment or materials, or over market conditions or the
Contractor's method of pricing, and that our Opinion of Probable Construction Costs are made on the basis of our professional judgment and experience. D&K makes no warranty, expressed or implied,
that the bids or the negotiated cost of the Work will not vary from the Opinion of Probable Construction Cost provided herein.




JOB 621945 - Warren

m . O Randolph, VT 05060 (802) 728-3376
BOI O S. Burlington, VT 05403  (802) 878-7661 SHEET NO. 1 OF 1
inc. O Springfield, VT 05156 (802) 591-4326
O Bedford, NH 03110 (603) 637-1043 CALCULATED BY: RHB DATE: 23-Oct-13
O Laconia, NH 03246 (603) 524-1166
. . . : DATE:
Engineering # Planning ® Development # Management CHECKED BY:
SCALE:

OPINION OF PROBABLE CONSTRUCTION COST - CAST-IN-PLACE CONCRETE RETAINING WALL

ITEM NO. |DESCHIPTION | UNIT | QUANT. | UNIT PRICE | AMOUNT

ALTERNATIVE A - EXPOSED CONCRETE FACING

20430  |GRANULAR BACKFILL FOR STRUCTURES cy 290 $37.00 $10,730.00
208.30 [COFFERDAM EXCAVATION, EARTH cY 295 $23.00 $6,785.00
208.35 |COFFERDAM EXGAVATION, ROCK cy 75 $140.00 $10,500.00
20840 [COFFERDAM LS 1 $10,000.00 $10,000.00
501.34  [CONCRETE, HIGH PERFORMANGE CLASS B cy 80 $650.00 $52,000.00
507.11  [REINFORCING STEEL, LEVEL | LB 10000 $1.50 $15,000.00
507.16  [DRILLING AND GROUTING DOWELS LF 60 $25.00 $1,500.00
541.30 [CONCRETE, CLASS C cy 2 $400.00 $10,000.00
635.11  [MOBILIZATION/DEMOBILIZATION LS 1 $11,651.50 $11,651.50

SUBTOTAL=|  $128,166.50

15% +/- CONTINGENCY =|  $18,833.50

ALTERNATIVE A TOTAL =| $147,000.00

ALTERNATIVE B - DRY STACKED STONE FACING (ADDITIONAL ITEMS)

602.25 [STONE MASONRY FACING sy 55 $500.00 $27,500.00
635.11  [MOBILIZATION/DEMOBILIZATION LS 1 $2,750.00 $2,750.00
SUBTOTAL=|  $30,250.00
ALTERNATIVE A SUBTOTAL=|  $128,166.50
15% +/- CONTINGENCY =|  $23,583.50
ALTERNATIVE B TOTAL =| $182,000.00

Note:

In providing opinions of probable construction cost, the Client understands that D&K has no control over the cost or availability of labor, equipment or materials, or over market conditions or the
Contractor's method of pricing, and that our Opinion of Probable Construction Costs are made on the basis of our professional judgment and experience. D&K makes no warranty, expressed or implied,
that the bids or the negotiated cost of the Work will not vary from the Opinion of Probable Construction Cost provided herein.




DupBo;

Randolph, VT 05060 (802) 728-3376

JOB 621945 - Warren

S S. Burlington, VT 05403  (802) 878-7661 SHEET NO. 1 OF 1
inc. O Springfield, VT 05156 (802) 591-4326
sKan O Bedford, NH 03110 (603) 637-1043 CALCULATED BY: RHB DATE: 23-Oct-13
O Laconia, NH 03246 (603) 524-1166
Engineering # Planning ® Development # Management CHECKED BY: DATE:
SCALE:
OPINION OF PROBABLE CONSTRUCTION COST - PRECAST CONCRETE MODULAR BLOCK OR MSE WALL
ITEM NO. |DESCRIPTION UNIT | QUANT. | UNIT PRICE AMOUNT
204.30  |GRANULAR BACKFILL FOR STRUCTURES cY 375 $37.00 $13,875.00
208.30 [COFFERDAM EXCAVATION, EARTH cyY 320 $23.00 $7,360.00
208.35 |COFFERDAM EXCAVATION, ROCK cY 75 $140.00 $10,500.00
208.40 |COFFERDAM LS 1 $10,000.00 $10,000.00
507.11  |REINFORCING STEEL, LEVEL | LB 225 $1.50 $337.50
507.16  |DRILLING AND GROUTING DOWELS LF 60 $25.00 $1,500.00
541.30 [CONCRETE, CLASS C cY 8 $400.00 $3,200.00
635.11  |[MOBILIZATION/DEMOBILIZATION LS 1 $8,277.25 $8,277.25
900.675  [SPECIAL PROVISION (UNIT BLOCK RETAINING WALL) Sy 80 $450.00 $36,000.00
SUBTOTAL = $91,049.75
15% +/- CONTINGENCY = $13,950.25
TOTAL =| $105,000.00
Note:

In providing opinions of probable construction cost, the Client understands that D&K has no control over the cost or availability of labor, equipment or materials, or over market conditions or the
Contractor's method of pricing, and that our Opinion of Probable Construction Costs are made on the basis of our professional judgment and experience. D&K makes no warranty, expressed or implied,

that the bids or the negotiated cost of the Work will not vary from the Opinion of Probable Construction Cost provided herein.




JOB 621945 - Warren

Randolph, VT 05060 (802) 728-3376

mBoi S S. Burlington, VT 05403  (802) 878-7661 SHEET NO. 1 OF 1
nc. O Springfield, VT 05156 (802) 591-4326
sKan O Bedford, NH 03110 (603) 637-1043 CALCULATED BY: RHB DATE: 23-Oct-13
O Laconia, NH 03246 (603) 524-1166
Engineering # Planning ® Development # Management CHECKED BY: DATE:
SCALE:
OPINION OF PROBABLE CONSTRUCTION COST - SUPERSTRUCTURE
ITEM NO. |DESCRIPTION UNIT | QUANT. | UNIT PRICE AMOUNT
203.15  [COMMON EXCAVATION cY 210 $12.00 $2,520.00
301.15  [SUBBASE OF GRAVEL cY 160 $35.00 $5,600.00
406.25  [BITUMINOUS CONCRETE PAVEMENT TON 105 $130.00 $13,650.00
52225  [STRUCTURAL LUMBER AND TIMBER, TREATED MFBM 04 $12,000.00 $4,800.00
522.30  [NONSTRUCTURAL LUMBER, UNTREATED MFBM 03 $12,000.00 $3,600.00
635.11  [MOBILIZATION/DEMOBILIZATION LS 1 $3,631.63 $3,631.63
900.670  [SPECIAL PROVISION (CEDAR SHAKE ROOF) SF 745 $8.25 $6,146.25
SUBTOTAL = $39,947.88
15% +/- CONTINGENCY = $6,052.13
TOTAL =| $46,000.00

Note:

In providing opinions of probable construction cost, the Client understands that D&K has no control over the cost or availability of labor, equipment or materials, or over market conditions or the
Contractor's method of pricing, and that our Opinion of Probable Construction Costs are made on the basis of our professional judgment and experience. D&K makes no warranty, expressed or implied,

that the bids or the negotiated cost of the Work will not vary from the Opinion of Probable Construction Cost provided herein.




JOB 621945 - Warren

Randolph, VT 05060 (802) 728-3376

mBoi S S. Burlington, VT 05403  (802) 878-7661 SHEET NO. 1 OF 1
nc. O Springfield, VT 05156 (802) 591-4326
sl(lrlg O Bedford, NH 03110 (603) 637-1043 CALCULATED BY: RHB DATE: 23-Oct-13
O Laconia, NH 03246 (603) 524-1166
Engineering # Planning ® Development # Management CHECKED BY: DATE:
SCALE:
OPINION OF PROBABLE CONSTRUCTION COST - GUARDRAIL/SIGNING
ITEM NO. |DESCRIPTION UNIT | QUANT. | UNIT PRICE AMOUNT
621.21  [HD STEEL BEAM GUARDRAIL, GALVANIZED LF 100 $100.00 $10,000.00
635.11  [MOBILIZATION/DEMOBILIZATION LS 1 $1,060.00 $1,060.00
675.20  [TRAFFIC SIGNS, TYPE A SF 50 $12.00 $600.00
SUBTOTAL = $11,660.00
15% +/- CONTINGENCY = $1,840.00
TOTAL =| $13,500.00

Note:

In providing opinions of probable construction cost, the Client understands that D&K has no control over the cost or availability of labor, equipment or materials, or over market conditions or the
Contractor's method of pricing, and that our Opinion of Probable Construction Costs are made on the basis of our professional judgment and experience. D&K makes no warranty, expressed or implied,

that the bids or the negotiated cost of the Work will not vary from the Opinion of Probable Construction Cost provided herein.




APPENDIX H

1980 VTRANS BRIDGE IMPROVEMENT DRAWINGS
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