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1.0  SUMMARY 
 
This report was compiled by Historic Documentation Company, Inc. (HDC) and Hoyle Tanner and 
Associates, Inc. (HTA) to meet the cultural resource permitting requirements set forth by the NHDOT 
Cultural Resource Committee (Committee).  The Committee members represent the interests of the 
Federal Highway Administration, New Hampshire Department of Transportation and New Hampshire 
Division of Historical Resources. Richard M. Casella of HDC and Sean T. James, P.E. of HTA were the 
report's principal authors. 
  
The purpose of this report is to compile all available past and present engineering studies, historical 
reports and other information pertaining to the Bath Village Covered Bridge. It is the product of 
numerous authors and contributors who have studied and reported on the bridge in the past as well as in 
conjunction with the present project. Additional investigations of the individual components and 
features of the Bath Village Covered Bridge were conducted by HDC in the effort to answer questions 
raised by the Committee regarding age, condition and proposed repairs or "treatment." This information 
is presented in Section 6.0 on forms created for this report called Bridge Feature Inventory & Treatment 
Forms. 
 
2.0 INTRODUCTION 
 
2.1 Project Purpose and Need 
 
The project purpose and need is stated in the National Historic Covered Bridge Preservation Project 
(NHCBPP) Application (included at the end of this section). 
 
This purpose of this document is to compile all available prior and current information pertaining to the 
Bath Village Covered Bridge into a single reference volume.  
 
2.2 General Description of Work 
 
A detailed description of the proposed work is presented in the NHCBPP Application included in this 
section.  
 
Also see:  

Section 4.4 HTA Engineering Study 
Section 6.0 Rehabilitation Treatments 

  
2.3 Assessment of Project Effects 
 
All proposed work is being undertaken with the intent to meet the general provisions of the Secretary of 
the Interior's Standards for the Treatment of Historic Properties (Secretary's Standards) which are 
followed by the New Hampshire Division of Historical Resources (NHDHR) in the project effects 
review process. Further guidance in the determination of historically acceptable treatments for covered 
bridges was obtained from the Draft Guidelines for the Treatment and Rehabilitation of Historic 
Covered Bridges (Covered Bridge Guidelines), however, it is noted that they have not yet been adopted 
as official federal standards and therefore do not supersede the Secretary's Standards in the Section 106 
review process. To determine if the project meets the spirit of the Secretary's Standards, the effects to 
the property's character-defining features have been identified. The primary character defining features 
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of covered timber truss bridges is generally agreed upon by bridge historians to be the components of 
the truss frame itself, plus any other components specially designed or fabricated that give the truss or 
overall bridge design uncommon characteristics. Architectural embellishments and timber arches are 
examples of special features.   
 
In the case of the Bath Village Covered Bridge, not only are the trusses and the built-in arches  
important features, but the knee braces, cross beams and upper lateral bracing also possess special 
characteristics and workmanship that contribute to the historic significance of the structure as a whole. 
The great width of the bridge required larger than typical cross beams and lateral bracing members that 
are joined with mortise and tenons or other types of hand-crafted and tree-nailed wood joints. The cross 
beam-to-lateral joints are post-tensioned with wedges to form an exceptionally rigid horizontal 
transverse framework. The knee braces are also special, joining not just the posts to the crossbeams as is 
typical, but extending up to join with the corresponding rafter as well. The knee brace connections have 
cut and fitted joints fastened with trunnels to form a vertical transverse framework also of exceptional 
rigidity. These two intricately and precisely fabricated bracing systems have undoubtedly contributed to 
the survival of the structure by strictly limiting the racking and sway produced by wind and moving 
loads that can loosen, wear and weaken truss joints by continuous movement.  
 
Also of importance according to the Secretary's Standards, are "changes to a property that have acquired 
historic significance in their own right." Examples include the nail-laminated arches added to increase 
the loading created by motorized vehicles, and the timber bents added by the railroad under the west end 
of the bridge to provide additional clearance for trains passing underneath.   
 
The floor, roof and siding members of a covered bridge are subject to weathering and wear and are 
typically of simple design with nailed or spiked connections to allow easy renewal at regular intervals. 
These components of the Bath Bridge have been completely or partially replaced several times. Other 
covered bridge studies and rehabilitation projects have considered these components to be non-
character-defining features unless they are unusual in some way.  
 
Character defining features must also retain physical integrity of original design and materials to be 
contributing features – those features that contribute to the historical significance of the bridge. 
Considerable difference of opinion often exists regarding when a feature is damaged or deteriorated to 
the point that it cannot be reasonably repaired in accordance with the Secretary's Standards. Features 
that all agree cannot be reasonably repaired can be considered to have lost their integrity of materials 
and design and therefore open to less strict alternative treatments. The Covered Bridge Guidelines (non-
regulating) recommend that after stabilization and protection of the bridge from ongoing deterioration or 
damage, the next levels of Rehabilitation Practice are Repairing followed by Replacing. According to 
the Guidelines:   
 

Repairing should be done "with the least degree of intervention possible such as patching-in, 
piecing in, splicing, consolidating, or otherwise reinforcing or supplementing those features 
according to recognized preservation methods. Repairing also includes the limited replacement 
in-kind or with compatible substitute material of extensively deteriorated or missing parts or 
features."  
 
"Following repair in hierarchy, Rehabilitation guidance is provided for replacing and entire 
character defining feature with new material because the level of deterioration or damage of 
materials precludes repair, for example, exterior siding, interior truss members, or a complete 
floor system or roof. If the essential form and detailing are still evident so that the physical 
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evidence can be used to reestablish the feature as an integral part of the rehabilitation, then its 
replacement is appropriate."  

 
The Guidelines do not specify the exact actions to be taken; the bridge owner, the project engineers and 
the funding and permitting agencies involved are responsible for defining the steps taken in each historic 
bridge rehabilitation project. Each step should be considered and adjusted to best solve the unique 
problems of each bridge and achieve the overall project goals.  
 
For example, general ongoing maintenance and small targeted-repair projects have different objectives 
than comprehensive rehabilitation projects such as the Bath Village Covered Bridge Rehabilitation 
Project where the purpose is to provide additional capacity for emergency vehicles and extend the 
service life of the bridge far into the future. If a truck hits several truss members and renders them 
structurally deficient, the most practical repair may be splicing and sistering the members, not only in 
terms of cost, but because it avoids shoring and disassembly of the truss to replace the members which 
puts the entire structure at risk. Conversely, when the number or type of repairs requires shoring and 
disassembly of the structure, then splicing or sistering is not the desirable long-term repair: portions of 
deteriorated members left behind may deteriorate more rapidly than a new member; repairs that 
introduce metal bolts or straps deteriorate the wood they contact through moisture condensation; a 
repaired member does not behave the same as a single member of uniform integrity.   
 
It is prudent then to consider the structural systems of the bridge as complete assemblies dependent on 
the individual integrity and service life of each individual member. Whenever possible, repairs to 
individual members should be in the manner that insures the longest service while replicating the 
original design and purpose of the member. If a member was originally spliced, such as a long chord or 
arch made up of multiple boards spliced together, then splicing-in new members is appropriate. If an 
original member was designed to be cut from a single piece of wood, such as a post or diagonal, then so 
should the replacement. The intent of the Bath Village Bridge rehabilitation is to replace critical 
structural members in-kind and not introduce splices or splints that are foreign to the original design or 
of inferior structural integrity and service life.  Splicing, splints or other repairs that preserve part of the 
fabric of a deteriorated member will be used to the extent practical on non-critical members.   
 
2.4 Discussion of Alternatives  
 
Alternatives to the proposed rehabilitation project consist of building a new bridge in a new location or 
doing nothing. Doing nothing is not an option since the bridge is structurally degraded and is a critical 
component of the local road system for public safety reasons. 
 
An Alternative River Crossings Study was conducted by HTA and the findings presented to the NHDOT 
Cultural Resource Meeting on September 11, 2008.  The study is included at the back of this section. 
 
It was determined that there are no practical locations for a new bridge crossing and that rehabilitation 
of the historic covered bridge for continued service with a load capacity of 10 tons was in the Town's 
best interests.  
 
Alternatives for the treatment of individual features and components of the bridge are discussed in 
Section 6.0 Rehabilitation Treatment on the Bridge Feature Inventory & Treatment Forms.  
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Section 8 Conclusions and Recommendations (Engineering Study for a New Ammonoosuc River 
Crossing in Bath, NH – October 2009) 
 
The purpose of this study is to provide a systematic review of potential Ammonoosuc River crossing 
locations to aid the Town of Bath in their future planning processes.  Specialized subconsultants were 
retained for this project which enabled us to include summary information on permitting, environmental 
and archaeological issues associated with a new river crossing (see exhibits to this study).  Initial 
scoping meetings were held with representatives from the Town of Bath and the New Hampshire 
Department of Transportation (NHDOT) to formalize the project scope and to narrow the areas of 
study.  Six study areas were selected and a total of 27 potential crossings were initially reviewed within 
an area extending from approximately 1.5 miles south of the Bath Lower Village to 2.5 miles north of 
the village, centered on the Ammonoosuc River.  In addition, two options at the Bath Village Covered 
Bridge were studied.  Three of these initial options (2A, 3D and 4C) were studied in more detail and 
presented at a public information meeting in December 2008.  As a result of the feedback received at the 
public information meeting three additional alignments were examined in areas 3 and 4 (immediately 
south and north of the Bath Village Covered Bridge respectively).   
 
The two options studied at the existing Bath Village covered bridge site included the addition of steel 
beams under the bridge and relocation of the covered bridge with a new bridge constructed in its 
current location (see Section 6.2.4).  The NHDOT has previously indicated that they would not 
participate in the cost of adding steel beams under the covered bridge so this option would require 
100% Town funding.  Adding steel beams under the covered bridge, which are deeper than the covered 
bridge structure below the deck, would require raising it and each approach to maintain the existing 16 
feet of vertical clearance at the rail trail.  If the covered bridge is relocated, it is likely that the NHDOT 
would require between 19 feet 6 inches and 21 feet of vertical clearance over the rail trail.  This, in 
combination with a deeper bridge structure depth of a new bridge, would raise each approach to the 
bridge.  For both options, the raise in grade would make Railroad Street and the access drive to NH 
Wood Products, Inc. unusable and require relocation of each. 
 
Each covered bridge option would be subject to a Section 106 review by the New Hampshire Division of 
Historical Resources (NHDHR).  This review would be triggered as part of the wetlands permit required 
for construction which as part of the permitting process incorporates the US Army Corps of Engineers 
NH General Programmatic General Permit regardless of the type of funding used for the work (Town, 
State or Federal).  Furthermore, NHDHR may not approve the addition of steel beams under the 
covered bridge and it is unclear if relocation would be approved. 
 
The decision to build a new river crossing is clearly a local decision that must be made within the 
constraints of state and federal regulations. As part of the December 2008 public information meeting, 
verbal and written feedback was received for Options 2A, 3D and 4C (see Appendix E).  It is clear from 
the feedback that Option 3 was not preferred by the attendees and there was nearly equal support for 
Options 2A and 4C.  Alternate suggestions were made for variations of alignments 3D and 4C which 
were subsequently examined (see Section 6.3 and Appendix D).  Suggestions were also made that the 
Town build a duplicate public safety / public works facility on the west side of the Ammonoosuc River 
and not pursue a new river crossing.  While these suggestions may be explored by the Town in the 
future, it was outside of the scope of this Study.   
 
Based upon our study of the crossing options discussed as well as the input received at the public 
information meeting, Option 2A and Options in Study Area 4 appear to be reasonable options for a new 
river crossing.  Each Option has advantages and disadvantages as well as physical and regulatory 
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constraints.  The Town must weigh its needs against the Town’s collective wants, public acceptance of 
particular options and financial realities. 
 
The main advantages to Option 2A appear to be that it may not require acquisition of a home near the 
west end of the covered bridge and does not have a visual impact on a district that is eligible for the 
National Register of Historic Places.  The biggest disadvantage to Option 2A appears to be that it 
utilizes River Road for traffic on the west side of the river north of the new bridge.  This road is in fair 
to poor condition with several very narrow or steep sections that would be expensive to upgrade for the 
potential volume and type of traffic a new bridge could accommodate. It is important to note that River 
Road is very steep near the Bath Village Covered Bridge.  Correcting this roadway deficiency would 
require rerouting a portion of River Road and may involve acquisition of the previously mentioned 
home which negates its most apparent advantage.  
 
Several options were reviewed within study area 4 with Option 4C providing the best solution from an 
engineering perspective.  Option 4C has precedence as a similar bypass bridge was recently built just 
downstream of the Haverhill-Bath Covered Bridge.  This study area is particularly advantageous since 
it is a naturally narrow part of the river, provides good access for emergency and public work vehicles 
and provides connectivity to the existing road network.  Option 4C also has the lowest estimated cost of 
all options studied.  Its cultural disadvantages are that it requires the acquisition of a home and would 
impair the view some residents have of the covered bridge.  It would also affect the viewscape of a 
district that is eligible for the National Register of Historic Places. 
 
In summary, Option 4C provides the best potential for a new Ammonoosuc River Crossing and is the 
least expensive option studied in detail.  This option is not without its disadvantages, including potential 
opposition from nearby residents which the Town must weigh against its overall needs and financial 
constraints.  If there are strong public objections to Option 4C, Option 4I could also be considered by 
the Town.  Option 4I would be much more costly than Option 4C but would not require acquisition of an 
active home and would not block the view of the covered bridge for nearby residents.   
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3.0 HISTORICAL & DESCRIPTIVE INFORMATION  
 

3.1 Historical Significance Statement 
 
Bath Village Covered Bridge was built in 1832, making it one of the oldest surviving covered bridges in 
the United States. It is of a rare structural design that combines an intricately crafted wood truss with an 
integral timber arch and only one other bridge of like design is known to exist in New England. Thanks 
to the custodianship of the small town of Bath, the bridge has been well maintained over its nearly 170 
years of service so that it retains a very large percentage of its original structural members, a remarkable 
feat of preservation in its own right.  
 
The bridge was recognized for its historical importance and listed in the National Register of Historic 
Places in 1976. It was further recognized for its great importance to the history of engineering in 2002 
when it was documented and entered into the Historic American Engineering Record (HAER). The 
rarity and importance of the bridge's skeleton is described in the HAER report by covered bridge 
historian Joseph Conwill: 
 

Bath Bridge represents the early idiosyncratic craftsman tradition of early wooden truss bridges 
building, before designs became more standardized under the influence of the major patented truss 
plans. It is very difficult to classify. It is more like a Burr Truss than anything else, but the standard 
Burr does not have the braces overlapping the panel points, and it usually has the arch footing 
directly on the abutments. Because of the overlapping braces, Bath Bridge slightly resembles the 
Haupt truss, but this was not patented until 1839 and the 1832 date for the Bath Bridge is very well 
established.  

 
Conwill notes that the mortising of the posts and diagonals into the chord members "is surprisingly 
similar to the counterbrace treatment developed a decade later by Peter Paddleford of nearby Littleton," 
and that together with the one other surviving bridge of the type – the Sayle's Bridge in Thetford, 
Vermont – "these two bridges may be the last remnants of an old regional building tradition." 
 
The rare built-in arch members are exception in design and workmanship as described by James Garvin, 
New Hampshire State Architectural Historian: 
 

The arches have been hewn on their upper and lower surfaces to gentle segmental curves that, in the 
case of the two longer original spans, bring the apex of each arch to the upper chord of the truss. This 
hewing was done with great skill, producing an even curve and smoothing the upper and lower 
surfaces of the arch so carefully that the adze marks can hardly be seen. It is apparent the original 
planks from which these arches were hewn must have been of great depth to permit the curves to be 
laid out across their faces and to provide for the fourteen inch depth of each arch after the excess 
wood was hewn away. 

 
Bath Bridge is also exceptional both for the length of its individual spans, its overall length and its 
uncommon width. The west span with its original length of 175 feet (prior to the much later addition of 
a support pier) placed it among the longest-span bridges of its day. With an overall length of 375 feet 
and width of 24'-6", it stands as one of America's monumental covered bridges.  
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3.2 Timeline Summary of Events Associated with Bridge 
 
The following sections highlight major known events that occurred at the bridge between 1852 and 2010. 
 
1852 – 1853  The White Mountain Railroad constructed a line adjacent to Bath Village on the west side of the 
Ammonoosuc River.  The line passed under the westerly span of the bridge with the R.O.W. still existing today.    
 
1872  The first mill (a pulp mill) was constructed in the area immediately downstream of the west abutment of the 
bridge.   
 
1893  A dam was built downstream of the bridge to serve mills on both sides of the river.  The dam still serves as a 
hydroelectric facility and is privately owned.  Also, prior to 1893 a new stone pier was constructed beneath the 
westerly span, modifying the bridge from a three (3) span to a four (4) span continuous structure.   
 
1911  John W. Storrs, a noted bridge engineer from Concord, NH visited the bridge and wrote several letters 
concerning its condition and capacity.  In 1911 he noted that 8,000 pound (4 ton) dump carts full of gravel were 
passing over the bridge (although he recommended the safe capacity was only 2 tons).  He also noted at this time that 
due to the condition of this bridge, he tentatively recommended constructing a new bridge, subject to a thorough 
inspection of the lower chords of the trusses that were hidden by wainscoting.   
 
1912  John W. Storrs evaluated the bridge at the request of a Mill operator who wanted to transport a new 10-ton 
boiler over the bridge.  Mr. Storrs conclusion was the bridge was in no way safe for such a load.   
 
1914  Mr. Storrs re-inspected the bridge and prepared detailed calculations of its load carrying capacity.  He again 
stated in a 1915 letter that the bridge had a load limit of 2 tons.   
 
1918  At the Town Meeting, funds were raised for repairs to the bridge.  Repairs were performed by Mr. Cyrus 
Batchelder and were completed in 1919.  The Town’s share of the repairs cost was $7,076.00.  Theses repairs 
consisted of: 
 

 Raising the bridge two (2) feet at the request of the railroad (and paid for by them).   
 Adding laminated arches in the easterly three (3) spans.  
 Repairs to a flood damaged pier.  
 Construction of concrete caps on all piers as part of the bridge raising.   
 Installation of new needle beams and new floor timbers.   
 Building up the west stone pier to its full height and cementing its face.  
 Shingling the north side of the roof.  
 Reboarding (residing) the entire bridge.  
 Regrading the roadway approaches to match the new bridge height  
 Extending the stone wingwalls vertically to hold back the higher roadway fill.  It was noted at the time that 

the floor decking consisted of two (2) layers of 3” plank, one layer running longitudinal through the bridge 
and one layer running diagonal.   

 
Between 1919 and 1941  Three (3) timber bents were constructed beneath the far westerly span, and straddled the two 
(2) railroad tracks.  Also during this period, an internal sidewalk (platform) was added to the inside adjacent to the 
upstream truss.  Lights were installed on each portal of the bridge.   
 
1939 - 1940  Extensive repairs were made to the bridge.  The only work documented was repairs to the corrugated 
metal roof.   
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1954  The portals were reconstructed with the bottom of the portal siding modified to follow an elliptical arch 
curvature.  This was probably an attempt to restore this “arch feature” in the portals which previously existed.  Partial 
new siding was installed at the west abutment on the upstream side. 
 
1968 - 1969  Floor planks were replaced and other minor repairs were made. 
 
1976  Steel channels were added to the lower chords of the trusses over the westerly span at the railroad tracks.  
Repairs were necessitated as a result of severe rot having been discovered in lower chords of the trusses at this 
location.  The bridge was entered in the National Register of Historic Places on September 1, 1976.  The application 
indicated the historical aspects of the bridge, citing it to be the 5th bridge to stand on this site.   
 
August 21, 1979  An oversized railroad car operated by the Boston and Maine Railroad hit the bridge where the line 
passes under the westerly span.  Temporary repairs were made to the bridge shortly thereafter.   
 
1984  The NHDOT Bureau of Bridge Design placed this bridge on their bridge “red list”. Placing the bridge on this 
list indicated the bridge had a load capacity less than the legal load capacity provided by State statues.  Also at this 
time, the State provided the Town with a cost estimate of $3,000,000 to construct a new bridge at this site, and noted 
that Federal funds were available to pay for 80% of the project costs. 
 
1985  An inspection and report was made by Mr. Wilbur M. Hoxie, P.E. who recommended extensive repairs be made 
to the bridge.  As a result of his report, and the recommendations of the Town’s Bridge Committee, which was formed 
the previous year, extensive repairs and rehabilitation was made in 1987 and 1988.  Mr. Milton S. Graton, a noted 
covered bridge contractor from Ashland, NH was hired to perform the rehabilitation.  Repairs that were made to the 
bridge at that time included removing the wainscoting, reinforcing the laminated arch ends where they bear on the 
stone piers, installation of a new metal roof, replacement of several truss verticals, new floor decking, sistering some 
deteriorated truss members, replacement of some of the bearing timbers, installation of riprap in front of the east pier, 
repairs to the trusses over the railroad, repairs to east end railroad truss chord members on the downstream side, and 
replacement of arch rods.  In 1988 the Town contracted directly with and electrician to install lights within the bridge. 
 
1996  The Town reinstalled the wainscoting on the inside of the bridge that had been removed during the 1988 
rehabilitation.  Sometime after 1996, the B&M railroad abandoned the line and removed the rails and ties under the 
west span. 
 
2006 NHDOT completed emergency repairs to the flooring system. 
 
2007-08     Pier stabilization has been completed (at a cost of about $140,000) to ensure structural integrity of the 
substructure until the complete rehabilitation can be preformed. 
 
2010  Ice from flooding on January 25th damaged bents 1 and 2 while completely removing Bent 3. Bottom chords 
on both the north truss and south truss sustained moderate damage and twisting between bents 2 and 3. Three members 
of the south truss between node 15 and 18 were also broken. 
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3.3 National Register Nomination 
 
This document was prepared by Brian R. Pfeiffer Jun2 20, 1974. The nomination was accepted and 
recommended for listing in the National Register by the NH SHPO May 12, 1975. Bath (Village) Bridge 
was listed in the National Register September 1, 1976.  
 
Nomination is included on following pages. 
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3.4    HAER Documentation  
 
 
This document was prepared by Joseph D. Conwill, July 2002, revisions August 2002.   
 
 
Document included on following pages. 
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3.5 Historic Photographs   
 
 
This section contains the following: 
 

- Historic photographs compiled by HTA. Inc 
 

- Images from the Bath Historical Society 
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     September 1954           September 1954 
 
 

                    
 
                               September 1954                                                             October 17, 1954 
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July 1968 
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                         May 1975 by Ted Lord 
 

 
                                                                                      May 1975 by Ted Lord 

 

 
                                   November 1976 
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September 1979 
 
 
 
 

 
 
 

September 1979
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1987 by Joseph Conwill 
 

 
 

1987 by Joseph Conwill  
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Circa 1940’s 
Photo Courtesy – David Wright, NSPCB 

 

 
 

1953 - By Jim Shaughnessy from The Call of Trains:  
Railroad Photographs by Jim Shaughnessy, W. W. Norton, 2008 

Boston & Maine passenger train passing under Bath Village Covered Bridge 
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3.6 HAER-Format Measured Drawings 
 
The following drawings were produced by HTA, Inc, April, 2010 at the request of NHDHR as a 
requirement of the project permitting process. The drawings were done in the format used by the 
Historic American Engineering Record (HAER).   
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4.0 CONDITION REPORTS 
 

4.1 Hoyle Tanner & Associates, Inc., Engineering Study 2006 
 
 

Document included on following pages. 
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4.2 NH State Architectural Historian Inspection Report (Garvin 2008)  
 

Document included on following pages. 
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Please Note 

Omitted here as it is a duplication 
of Section 3.4 of this report. 
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4.3 HTA Ice Damage Inspection Report 2009 
 
 

Document included on following pages. 
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4.4 NHDOT Bridge Inspection Report 
 
 

Document included on following pages. 
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4.5   Repair Reports 
 
Extensive repairs were made to the bridge in 1918 and 1988. In 1918 the bridge was 
strengthened and raised about two feet to provide additional clearance for the Boston & Maine 
Railroad trains. The timber bents at the west end were added then. In 1988 covered bridge 
contractor Milton S. Graton made extensive repairs to the floor, roof, siding and various 
structural members. Information on the work undertaken in both projects is discussed in Section 
3.4 HAER Documentation.  
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5.0 STRUCTURAL ENGINEERING ANALYSIS 
 
5.1  Trusses and Arches 
 
Hoyle, Tanner & Associates, Inc. (HTA) completed a structural analysis of the Bath Village 
Covered Bridge (Bridge) during the early phases of a rehabilitation design.  The purpose of this 
analysis is to determine bridge member forces for various loading conditions and compare them 
to allowable loads.  Loadings considered included dead, live, snow and wind loads.  The live 
load used during the analysis is an AASHTO H10 design vehicle, which represents a two-axle 
truck with a weight of 10 tons. 
 
Loads   
 
The truss and arch analysis included dead, live and snow loads in several different combinations. 
The dead load was combined with a vehicular live and 20 pounds per square foot (PSF) 
Pedestrian live load at the AASHTO Inventory stress level.  Two load combinations were used at 
the Operating stress level.  The first included dead, vehicular live and snow loads.  The second 
included dead, vehicular live and a 65 PSF pedestrian live load.  Inventory stress levels are used 
for loadings the bridge is expected to normally see, while the higher operating stress levels are 
used for less frequent or less likely to occur loadings such as a full live load at the same time as a 
full snow load.  
 
The dead loads were determined with the 2005 National Design Specification and Supplement 
(NDS) which takes into account the wood species and moisture content.  This provides a more 
realistic (and lower) dead load than the AASHTO Standard Specifications.   
 
Two live loads were included in the analysis; vehicular live and pedestrian.  The vehicular live 
load is a 10-ton, two axle vehicle referred to in the AASHTO Standard Specifications as an H10 
design vehicle.  The vehicle weight was a requirement of the Town so that select emergency 
vehicles could use the bridge upon completion of the rehabilitation.  The pedestrian load was 
obtained from the AASHTO Guide Specifications for Design of Pedestrian Bridges.  The 
unreduced pedestrian live load requirement is 85 PSF, which can be reduced to a minimum of 65 
PSF.  The 65 PSF pedestrian live load was used in combination at an Operating stress level as it 
appears to be very unlikely that this loading would be reached simultaneously with a full H10 
design vehicle crossing the bridge.  A lower value of 20 PSF was used at the Inventory stress 
level as it appears to more accurately model the typical maximum pedestrian loading.  The 
pedestrian loading on the bridge is typically highest in the fall when visitors arrive by tour bus. 
The snow load was determined using the US Army Corps of Engineers "Ground Snow Loads for 
New Hampshire" (ERDC/CRREL TR-02-06) and modified to a roof applied load following 
ASCE 7-02, Minimum Design Loads for Buildings and Other Structures.  The elevation 
corrected ground snow load was 54.9 pounds per square foot (PSF) with a roof applied snow 
load of 31.9 PSF.   
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Member Capacities 
 
The capacity of each individual portion of the truss and arches were determined prior to 
completing the analysis of the Bridge.  Detailed field measurements were taken of all members 
and connections.  Member sizes varied from member to member and engineering judgment was 
used to determine the appropriate member size for design.  The Service Load (Allowable Stress) 
design method was used for all members with allowable stress values obtained from the 2005 
National Design Specification for Wood Construction and Supplement. 
 
Prior to performing the structural analysis, six (6) samples, approximately 2” by 4” in size, were 
removed from various bridge members for the purpose of species identification as a guide to 
assigning allowable design stress values and determining the bridge dead load.  Bridge members 
that were sampled include: the truss diagonals and chords, floor beams, deck, and trunnels.  
Samples were taken from deteriorated members that will most likely be replaced during the 
bridge rehabilitation or from locations on the member not visible to the public or detrimental to 
the structural integrity of the member.  The samples were forwarded to Doug Gardner, Ph.D., at 
the University of Maine, for identification through examination and testing.  From his analysis, 
Professor Gardner determined that all the samples are local species and are predominately spruce 
or hemlock.  A copy of Dr. Gardner’s report is included as Appendix D.  The grade assigned to 
each member was based on a visual examination of knots, checks and the growth rate 
characteristics of wood. 
 
Analysis 
 
A two-dimensional, linear, elastic-frame model of the Bridge trusses was created in STAAD.Pro 
V8i Structural Analysis program.  STAAD.Pro features includes visualization tools, and analysis 
and design engines using stiffness method analysis capabilities.  The model was based on field 
measurements of the bridge and supports and used the centerline of all truss members.  The 
model utilized discrete elements with three degrees of freedom joined at nodes.    
 

 
Figure 5.1: Computer Model of the North Truss 

 
The Bath Village Covered Bridge is a very complex structure consisting of eccentric connections 
at the truss web members, multiple redundant load paths and complicated load sharing 
interaction of built-in arches, nail laminated added arches and trusses based on their unique 
geometrical rigidities and stiffnesses.  Traditionally, truss type bridges are idealized in order to 
use the traditional simple static analysis of trusses.  With this type of analysis, the bending 
moments at the truss members are neglected and are assumed to only carry axial forces.  In-
reality timber trusses behave more like frames than as trusses since they carry bending moment, 
axial and shear forces.  As such, over simplification can often result in inaccurate analyses and 
conclusions to replace additional members for the required design loads, thus inappropriate 
rehabilitations of historic covered bridges.    
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Due to the complex framing of the Bath Village Covered Bridge and its statically indeterminate 
truss type, the stiffness or displacement/equilibrium methods are used to analyze it, rather than 
the simple static analysis of trusses method.  Since this structure is statically indeterminate it has 
a tendency to redistribute its load to its redundant supports when overloading occurs as seen on 
the recent ice damage of January 25th, 2010.  When the sudden ice lateral loads destroyed two 
bents, the structure maintained its stability and collapse did not occur due to redistribution of 
forces on the redundant load paths.  Although statically indeterminate structures have increased 
stability when compared to statically determinate counterparts, it is important to note that 
differential displacements of the supports must be prevented in order to not introduce internal 
stresses in the structure.    
 
The added nail laminated arches are two-hinged arches that bear directly against the abutments 
or piers.  The load sharing between the arches and the trusses is mainly dependent upon the 
relative stiffness of these structural components.   For the vertical loads (dead, pedestrian 
sidewalk, snow and live loads) to be distributed to the arches, the truss deflects until it engages 
the hanger rods in tension.  Then the vertical loads are proportionally distributed due to the 
relative stiffness of the arches to the trusses.  Due to significant sagging of trusses over time 
from shrinkage and consistent overloading, the trusses have imparted a higher load to the nail 
laminated added arches.  In return, nail laminated arches are overloaded and have started to 
deform in reverse curvature.  
 
The live load that is used to analyze the Bath Village Covered Bridge is a single AASHTO 
Standard Design Truck weighing 10 tons (H10 Design Truck) that is assumed to occupy a width 
of 10 ft based on the AASHTO Standard Specifications for Highway Bridges.  The live load in 
the STAAD.Pro V8i Structural Analysis program was moved along the span of the bridge in 
small increments for each load case and the worst effects at all members were determined.  The 
live load was a requirement of the Town as it would allow select emergency vehicles to cross the 
bridge.  The live load was combined with other loads as discussed in earlier sections of this 
study. 
 
In reviewing the results of our analysis, it became evident that the added arches in three of the 
bridge spans significantly assisted the truss with resisting loads.  The timber bents in the 
remaining span also increased the carrying capacity of the bridge.  The following figures show 
the bending moments in the north truss and arch members under dead and live loads.  The 
moment values are presented below for presentation purposes as the axial loads are difficult to 
show for the entire truss due to the large relative difference between the truss and arch members. 
 Please note that the scales of the graphics below are not all the same and have been adjusted for 
presentation purposes. 
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Figure 5.2: Bending Moments Under Dead Load for the North Truss 

 
Figure 5.3: Bending Moments Under Snow Load for the North Truss 

 

 
Figure 5.4: Bending Moments Under Live Load at mid-span of Span 7 for the North Truss 

 
The analysis also indicated that the built-in arches assisted the trusses in carrying loads, but not 
to the degree as the added arches due to their different cross sections and geometry.  The built-in 
arches also provide a secondary benefit of bracing truss web members near the high axial load 
regions of the spans (near abutments and piers).  Two additional analyses were conducted for 
this study that examined key members of the easternmost span.  The first analysis was prepared 
without the added arches in the bridge and was compared to an analysis where the added arches 
are included.  
 
The following tables provide the axial loads in key members of the easternmost span of the south 
truss with and without the effect of the added arches in the bridge.  The loads are shown in kips 
which represents 1,000 pounds and use a convention of negative values for tension loads and 
positive values for compression loads. 
 
 Dead Load 

(Kips) 
Truck Live 
Load (Kips) 

Pedestrian Live 
Load (Kips) 

Snow Load 
(Kips) 

Top Chord – Midspan 11.00 6.45 0.63 8.05 
Bottom Chord – Midspan -3.77 -5.42 -0.23 -3.44 
Truss Vertical at Pier -2.94 -5.36 -0.20 2.03 
Truss Diagonal at Pier 4.76 4.97 0.27 3.57 
Built-In Arch 23.48 8.87 1.35 15.63 
Added Arch 49.71 17.78 2.82 31.60 

 
Table 5.1 – Member Loads in East Span, South Truss with Added Arches 

 
 Dead Load Truck Live Pedestrian Live Snow Load 
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(Kips) Load (Kips) Load (Kips) (Kips) 
Top Chord – Midspan 26.50 12.40 1.75 20.00 
Bottom Chord – Midspan -7.21 -7.13 -0.44 -5.87 
Truss Vertical at Pier -8.33 -5.26 -0.57 1.08 
Truss Diagonal at Pier 10.90 5.98 0.69 8.22 
Built-In Arch 60.77 18.92 3.93 43.96 
Added Arch 0 0 0 0 

 
Table 5.2 – Member Loads in East Span, South Truss without Added Arches 

 
Based on the values presented in Tables 5.1 and 5.2, it can be observed that the addition of the 
added arches to the bridge results in truss member forces being reduced by approximately half.  
This is a significant reduction in truss member forces that clearly illustrates the contribution that 
the added arches make to the bridge.  This member force reduction can also be observed below 
in Figures 5.5 through 5.7 (all four figures utilize the same scaling).  The thickness of the lines of 
each member represents the relative amount of load in the member with different colors used for 
tension and compression loads.  It can be observed in Figure 5.6 that the removal of the added 
arch results in higher loads to the built in arch and truss web members; most notably at near the 
ends of the span.  Figures 5.7 and 5.8 provide similar results for live load in the easternmost 
span.  For these figures, the live load is positioned at mid-span. 

 

 
 

Figure 5.5: Axial Forces Under Dead Load for the East Span, South Truss with Added Arches 
 

 
 
 

 
Figure 5.6: Axial Forces Under Dead Load for the East Span, South Truss without Added Arches 

Indicates Tension 
Indicates Compression 

Indicates Tension 
Indicates Compression 
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Figure 5.7: Axial Forces Under Live Load for the East Span, South Truss with Added Arches 
 

 
 
 
 
Figure 5.8: Axial Forces Under Live Load for the East Span, South Truss without Added Arches 
 
After a thorough field inspection and correlation with the results of the bridge analysis, 
recommendations are made for members in the bridge that need attention as part of the Bridge 
rehabilitation.  A detailed summary of the member forces, condition and existing capacity (where 
applicable) is included in following pages.  This information is intended to assist readers of this 
study with their review of the treatments proposed as part of the Bridge rehabilitation. 
  
5.2  Roof Framing 
 
The roof rafters and purlins were evaluated for dead and snow loads.  The roof rafters and 
purlins were not tested for species and are assumed to be select structural grade spruce which is 
consistent with the trusses.   
 
There are two distinct sets of purlins in the bridge spaced at 6” on center, the smaller 2”x3” 
purlins that are notched into the rafters and believed to be original and larger 3”x3’ purlins that 
are toe nailed to the side of the rafters.  The later were added during repairs completed in 1988.  
Due to the poor connection details of the larger purlins, many have fallen down from the roof.   
 
Our structural analysis indicates that the rafters were adequate and that the added, 3”x3” purlins 
could be removed from the bridge without overstressing the remaining purlins.  The removal of 
the purlins would remove approximately 18,000 pounds of dead load from the bridge.  This 
equates to approximately 2.1 pounds per square foot or 24 pounds per foot along the length of 
each truss. 
 

Indicates Tension 
Indicates Compression 

Indicates Tension 
Indicates Compression 
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5.3  Floor Beams and Decking  
 
The existing floor beams and decking were evaluated for dead and live loads.  The bridge 
decking was identified as spruce, while the floor beams were identified as eastern hemlock or 
hemlock.  Both the decking and the floor beams were assigned a grade of No. 1. 
The decking was found to be adequate for a capacity of H11.3 (11.3 tons).  The floor beams 
however are only adequate for a six (6) ton loading with a capacity of H6.1 (6.1 tons).  The floor 
beam result is consistent with NHDOT recommendations.   
 
Several options were evaluated to provide a H10 (10 ton) live load capacity of the floor system.  
Retaining the existing floor beam spacing of 2’ on center (o.c.) and sawn floor beams would 
require 10”x15” Douglas Fir select structural floor beams and a 3.5” thick deck.  The weight of 
this floor system would add approximately 70,000 pounds of dead load to the bridge.  Several 
other options were evaluated with an 8¾”x15½” glulam floor beam at 4’ on center and 4” thick 
select structural Douglas Fir deck determined to have adequate capacity for a ten (10) ton 
loading.      
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6.0 REHABILITATION TREATMENTS 
 
6.1   Summary Discussion 
 
The truss and other character defining components of the bridge are in overall good condition 
with only a small percentage of members requiring replacement. Wood decay (rot) due to water 
infiltration from past roof failures or from localized dampness from other sources is a major 
cause of structural deficiencies.  
 
The majority of the truss members, integral arches, and special bracing members that define the 
bridge type and constitute the most important character defining features of the bridge, are in 
remarkably well-preserved condition given the age of the structure. For each type of bridge 
component, a Bridge Feature Inventory and Treatment Form has been prepared which provides 
all available physical information about the feature, its condition, the type of repair treatments 
and the need for them, the impacts and the alternative repair treatments considered. A drawing of 
the member and photographs are included. A table listing each member to be replaced, reason for 
replacement and other properties is also provided.  
 
Individual bridge members that do not meet project engineering requirements due to 
deterioration, damage or structural failure will be treated in accordance with the Secretary's 
Standards. Those members that can be fully or partly retained and reasonably repaired to fully 
meet project engineering requirements will be spliced, sistered, consolidated with epoxy, or 
otherwise restored in a manner consistent with the principles of least intervention and greatest 
preservation of original material. Members that cannot feasibly be left in-place and restored will 
be replaced "in-kind" with wood members identical to the original including size, workmanship 
and species when possible, that meet project engineering requirements. Project engineering 
requirements include safety, structural integrity, maximum preservation of historic material, least 
introduction of incompatible materials or features, first cost and life cycle cost. 
 
To assess the impact of the repair work on the overall historic integrity of the bridge, individual 
member types have been grouped together and considered as a structural assembly or system. As 
shown in the totals below, all of the individual structural systems to be repaired will retain a 
minimum of 80 percent of their original members thereby allowing the understanding of their 
original design, purpose and workmanship.  
 

Percentage of Significant Structural Members to be Replaced: 
 

Upper Chord   18% 
Lower Chord   17% 
Built-in Arch   10% 
Verticals   19% 
Diagonals   20% 

Cross Beam   18% 
Upper Lateral Brace  >2% 
Knee Brace     5% 
Rafter    10% 
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6.2   Bridge Feature Inventory & Treatment Forms  
 
Documents included on following pages. 

 
1  Truss Upper Chord   

  2  Truss Lower Chord   
  3  Truss Vertical   
  4  Truss Diagonal  
  5 Built-in Arch  
  6  Cross Beam   
  7  Upper Lateral Brace   
  8  Knee Brace   
  9  Rafter   
  10  Ridge Board   
  11  Purlin 

12 Trunnels     
  13 Floor Beam   
  14 Lower Lateral Brace   
  15 Flooring   

16  Portal Siding, Trim & Signs   
  17  Siding   
  18  Roofing   
  19 Added Arch   
  20 Needle Beam Hangar Rod   
  21 Needle Beam  
  22 Struts and Sleepers   
  23 Piers   
  24 Abutments   
  25 Timber Bents 
  26 Interior Wainscoting    
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  1 Feature:  Truss Upper Chord 

Total members:  2355 linear feet (LF) Members affected: 436.5 LF See table below  

Date:  1832 Explain:  Vertical saw marks and no evidence that any original members have been replaced.  

Description: 
Built-up timber members, 10"x11" overall, consisting of three sawn timbers, or planks, laminated together side-by-side with pegs 
(trunnels). The two outside members are 3"x11"; the inside member is 4"x11". Typically the members are 32 feet in length, with joints 
offset by the use of members of shorter lengths such as approximately 9', 13' , 17', 26' and other lengths. The inside faces of the 
adjoining chord members (planks) are match-notched to accept the corresponding notched sections of the posts and diagonals, which are 
all pegged together to form a rigid interlocked joint.  

Condition:   
In general the chords are in good condition, with only roughly 18 percent identified as structurally deficient. The primary deterioration is 
rotted members due to water infiltration. Two members are split. Two members lack the necessary structural capacity determined by the 
engineer's structural analysis. Due to the built-up laminated construction of the chords, it is impossible to inspect all sections of the 
chord members without disassembly. Additional structural deficiencies may be discovered during rehabilitation.  

Describe Work: 
 Existing bridge shall be jacked and braced as required to straighten, release stresses, plumb and re-align the trusses and arches (RS-3, 
Sheet 2). Special care shall be taken to avoid damage to members that are to remain and to avoid movement of the truss that could result 
in distortion or misalignment of the truss and its joints (GC-10, Sheet 2). All joints in replaced members shall match the existing joint, 
including all nails, bolts or screws required unless noted otherwise (GC-11. Sheet 2). All existing members shown to be replaced are to 
be replaced “in-kind” with new members identical in dimensions and configurations as the members originally used in the covered 
bridge (GC-12, Sheet 2).  

Project Need:   
The chords are primary structural members of the truss that carry the live and dead loads. The members to be replaced do not possess the 
required structural integrity. 

Impacts:   
Approximately 18 percent of the total number of upper chord members require replacement.  
Members to be replaced will be replaced "in-kind" with wood members of the same size and workmanship. 

Alternatives:   
Due to the laminated design of the upper chord, there are no other practical treatment alternatives that meet engineering requirements 
and the Secretary's Standards other than repairing the chords by splicing in new wood members in the place of those determined 
structurally inadequate.   

Drawings:  35, 36, 37,  38, 39, 41, 42 Photos:  See table below 

Drawing No. 37 Photo No. 1-1 
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Table:  Upper Chord Members Affected 
Member No. Date Reason Reason for Replacement Photo No. 
N0 – N2 A 1832 vertical saw marks Structural Capacity no photo 
N6 – N14 B " " Rot Near Node N12, N13 1-1, 1-2, 1-3 
N9 – N16 A " " Rot Near Node N13 1-1, 1-2, 1-3 
N11 – N27 C " " Rot Near Node N12, N22 1-1, 1-2, 1-3 
N22 – N30 B " " Rot Near Node N22, N24 1-4 
N25 – N33 A " " Rot Near Node N24 1-4 
N59 – N68 C " " 24” Long Split at N60 1-5 
S0 – S02 A " " Structural Capacity no photo 
S9 – S17 A " " Rot Near Node N15 not shown  
S11 – S27 C " " Rot Near Node N15 not shown  
S14 – S30 B " " Rot Near Node N15 not shown  
S92 – S96 C " " 24” Long Split at S92 1-6 
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Photo No. 1-1  Top Chord N6 – N14 B, Rot near Node N12, N13 

 
 
Photo No. 1-2 Top Chord N6 – N14 B, Rot near Node N12, N13 
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Photo No. 1-3  Top Chord N6 – N14 B, Rot Near Node N12, N13 

 
 

Photo No. 1-4  Top Chord N22 – N30 B, Rot near Node N22, N24 
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Photo No. 1-5  Top Chord N59 – N68 C, 24” Split at N60 

 
 
Photo No. 1-6  Top Chord S92 – S96 C, 24” Split at S92 
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  2 Feature:  Truss Lower Chord 

Total members:  2247 linear feet (LF) Members affected: 378.5 LF See table below  

Date:  1832 Explain:  Vertical saw marks and no evidence that any original members have been replaced. 

Description:   
Built-up timber members, 11"x11" overall, consisting of three sawn timbers, or planks, laminated together side-by-side with pegs 
(trunnels). The two outside members are 3.5"x11"; the inside member is 4"x11". The members are variable in length with offset joints. 
Lengths vary from 4' to 63' and include lengths of approximately 16', 24', 32', 40', 55' and other lengths. The inside faces of the 
adjoining chord members (planks) are match-notched (like the upper chords) to accept the corresponding notched sections of the posts 
and diagonals, which are all pegged together to form a rigid interlocked joint.  

Condition:   
Like the upper chords, the lower chords are in good condition, with only roughly 17 percent identified as structurally deficient. The 
primary deterioration is rotted members due to water infiltration. Some members show twisting, splits and cracks. Two members lack 
the necessary structural capacity determined by the engineer's structural analysis. Due to the built-up laminated construction of the 
chords, it is impossible to inspect all sections of the chord members without disassembly. Additional structural deficiencies may be 
discovered during rehabilitation work.  
 

Describe Work: Same as described for the upper chords: Existing bridge shall be jacked and braced as required to straighten, release 
stresses, plumb and re-align the trusses and arches (RS-3, Sheet 2). Special care shall be taken to avoid damage to members that are to 
remain and to avoid movement of the truss that could result in distortion or misalignment of the truss and its joints (GC-10, Sheet 2). All 
joints in replaced members shall match the existing joint, including all nails, bolts or screws required unless noted otherwise (GC-11, 
Sheet 2). All existing members shown to be replaced are to be replaced “in-kind” with new members identical in dimensions and 
configurations as the members originally used in the covered bridge (GC-12, Sheet 2).  

Project Need:   
The chords are primary structural members of the truss that carry the live and dead loads. The members to be replaced do not possess the 
required structural integrity. 

Impacts:   
Approximately 17 percent of the total number of lower chord members require replacement. 
Members to be replaced will be replaced "in-kind" with wood members of the same size and workmanship. 

Alternatives:   
Due to the laminated design of the lower chord, there are no other practical treatment alternatives that meet engineering requirements 
and the Secretary's Standards other than repairing the chords by splicing in new wood members in the place of those determined 
structurally inadequate.   

Drawings:  35, 36, 37,  38, 39, 41, 42 Photos:  See table below 

Drawing No. 37 Photo No. 2-1 
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Table:  Lower Chord Members Affected 
Member No. Date Reason Reason for Replacement Photo No. 
N1 – N2 A 1832 vertical saw marks Rot near Node N1 no photo 
N1 – N3 B " " Rot near Node N1 no photo 
N8 - N20 C " " Twisting, Splits, Breaks no photo 
N13 – N21 B " " Twisting, Splits, Breaks no photo 
N14 – N22 A 1988 Graton Rehab Twisting, Splits, Breaks not shown 
N25 – N29 C " " Structural Capacity no photo 
N62 – N71 A " " Rot near N63 & N70 2-1, 2-2 
N93 – N95 A " " Rot on interior face 2-3 
N93 – N95 B " " Rot on interior face 2-3 
S1 – S15 A " " Twisting, Splits, Breaks, Rot S93 no photo 
S1 – S18 B " " Twisting, Splits, Breaks, Rot S93 no photo 
S7 – S20 C " " Twisting, Splits, Breaks no photo 
S24 – S28 C " " Structural Capacity no photo 
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Photo No. 2-1  Bottom Chord N62 – N71 A, Rot near N63 & N70 

 
 
Photo No. 2-2  Bottom Chord N62 – N71 A, Rot near N63 & N70 
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Photo No. 2-3 Bottom Chord N93 – N95 A, Rot on interior face 
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  3 Feature:  Truss Vertical 

Total members:  190 Members affected: 36 See table below  

Date:  1832* Explain:  Vertical saw marks. *Some members have been splice repaired in 1988. 

Description:   
Sawn wood timbers 4.5”x6" approximately 16' long standing vertically, spaced at 4' on center and joining the upper and lower chords 
and two diagonals.  The top and bottom ends of the posts are notched on either side to lock into the matched notches cut in the middle 
and inside chord members.  

Condition:   
Identified members have splits or heavy checks that appear to be from either stress or drying. Members also show rot or softening due to 
water infiltration at the eaves or exposure to weathering at the window opening. Members repaired by splicing during the 1988 
rehabilitation were evidently spliced to avoid the expense and/or difficulty of removing the member and replacing it. The tails of some 
members are missing due to having split off from excessive localized loading; missing lower tails may also be due to ice damage, or 
were cut off to provide additional clearance over the former railroad tracks.  

Describe Work:  
Existing bridge shall be jacked and braced as required to straighten, release stresses, plumb and re-align the trusses and arches  (RS-3, 
Sheet 2). Special care shall be taken to avoid damage to members that are to remain and to avoid movement of the truss that could result 
in distortion or misalignment of the truss and its joints (GC-10, Sheet 2). All joints in replaced members shall match the existing joint, 
including all nails, bolts or screws required unless noted otherwise (GC-11, Sheet 2). All existing members shown to be replaced are to 
be replaced “in-kind” with new members identical in dimensions and configurations as the members originally used in the covered 
bridge (GC-12, Sheet 2). 

Project Need:   
Verticals are primary structural members of the truss critical to the structural integrity of the bridge. Tails of vertical members assist in 
holding the chords in place vertically; collapse of the floor is possible if lower tails are broken. The members to be replaced do not 
possess the required structural integrity. 

Impacts:   
Roughly 19 percent of the total number of vertical members require replacement.  
Members to be replaced will be replaced "in-kind" with wood members of the same size and workmanship. 

Alternatives:   
Alternative treatments evaluated that meet the Secretary's Standards include: repair individual vertical members by removing 
structurally failed or inadequate sections and splicing-in new wood sections or by epoxy consolidation; reinforce individual vertical 
members by thru-bolting, steel strapping or by sistering new posts or other structural members to the existing post; replace member in-
kind.  The alternative chosen that fully meets project engineering requirements is replacement in-kind.  

Drawings: 35, 36, 37,  38, 39, 41, 42 Photos: See table below 

Drawing No. 39 Photo No. 3-1 
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Table:   Vertical Truss Members Affected 
Member No. Date Reason Reason for Replacement Photo No. 
S95 1832 vertical saw marks Rot in Top of Vertical 3-2 
S94 " " Section loss 3-2 
S93 " " Section loss 3-2 
S92 " " Section loss 3-2 
S39 " " Lower Tail Missing not shown 
S38 " " Lower Tail Missing 3-3 
S37 " " Lower Tail Missing 3-5 
S36 " " Top of Vertical Broken at Bot. Face of Bot. 

Chord 
3-6 

S35 " " Splits at Lower End of Member 3-7 
S33 " " Missing Upper Tail 3-8 
S31 " " Splits at Lower End of Member not shown 
S29 " " Missing Upper Tail 3-8 
S25 " " Upper Tail Missing, Rot Pocket 3-8 
S24 " " Lower Tail Missing no photo 
S17 " " Lower Tail Missing no photo 
S15 " " Rot at top of member not shown 
S14 " " Lower Tail Missing no photo 
S13 " " Lower Tail Missing no photo 
S7 " " Lower Tail Missing no photo 
S6 " " Lower Tail Missing no photo 
S2 " " Rot at base not shown 
N2 " " Splits Lower Half, Upper Tail Missing 3-9 
N12 " " Rot and Splits at Lower End, Top Missing not shown 
N13 " " Spliced Member, Tail Broken, Rot  at Top not shown 
N16 " /1988 " /Graton rehab Tail Broken, Splits, Spliced Member 3-4 
N17 " /1988 " /Graton rehab Tail Broken, Spliced Member 3-4 
N18 " /1988 " /Graton rehab Tail Broken, Spliced Member 3-4 
N19 " /1988 " /Graton rehab Spliced Member 3-4 
N22 1832 vertical saw marks 2" Deep Rot Into Upper Tail of Member 3-13 
N40 " " Lower Tail Missing not shown 
N41 " " Lower Tail Missing not shown 
N49 " " Large Knot 3-11 
N56 " " Splits 3-12 
N57 " " Splits not shown 
N59 " " Waning, Insect Damage, Checking and 

Splits 
3-10 

N69 " " Broken at Trunnel not shown 
N71 " " Split at Base not shown 
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Photo No. 3-2  Vertical Truss Member S92, Section loss 

 
 
Photo No. 3-3 Vertical Truss Member S38, Lower Tail Missing 
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Photo No. 3-4   Vertical Truss Member N16, Spliced Members 

 
 

Photo No. 3-5  Vertical Truss Member S37, Lower Tail Missing 
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Photo No. 3-6  Vertical Truss Member S36, Broken Above Bottom Chord 

 
 
Photo No.3-7  Vertical Truss Member S35, Splits at Lower End 
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Photo No. 3-8  Vertical Truss Member S33, Missing Upper Tail 

 
 
Photo No. 3-9  Vertical Truss Member N40, Lower Tail Missing 
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Photo No. 3-10  Vertical Truss Member N59, Waning 

 
 

Photo No. 3-11  Vertical Truss Member  N49, Large Knot 
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Photo No. 3-12  Vertical Truss Member N56, Split 

 
 
Photo No. 3-13 Vertical Truss Member  N22, 2” Deep Rot into Upper Tai 
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  4 Feature:  Truss Diagonal  

Total members:  170 Members affected: 35 See table below  

Date:  1832* Explain:    Vertical saw marks. *Some members have been splice repaired  

Description:  Sawn wood timbers 4.5”x6" approximately 18' long standing diagonally at a 60-degree angle to the lower chord, spaced at 
4' on center and joining the upper and lower chords and two vertical posts.  The top and bottom ends of the diagonals are notched on 
either side to fit and lock into the matched notches cut in the chord members. The 10"  un-notched portion of the verticals that extends 
beyond the chords is referred to as the tail. The diagonals pass behind the vertical posts and lock into the middle and outside chord 
members (the vertical posts lock into the middle and inner chord members). The diagonals are pegged to the posts but not notched into 
them. The diagonals are notched at their midpoint on the outside face to accept a horizontal 4x6" member to which the vertical siding is 
nailed at its midpoint.  

Condition: Identified members have splits appearing to be from either stress or natural drying process. Identified members also show 
damage from weathering over years of exposure. Identified members have been repaired by method of splicing during the 1988 
rehabilitation which was apparently done to avoid the expense and difficulty of properly removing the member and replacing it in-kind. 
Split members were previously repaired by bolting. The "tails" of some members are missing due to having split off from excessive 
localized loading, or have been cut off to provide additional underclearance over the former railroad tracks.  

Describe Work:  Existing bridge shall be jacked and braced as required to straighten, release stresses, plumb and re-align the trusses 
and arches  (RS-3, Sheet 2). Special care shall be taken to avoid damage to members that are to remain and to avoid movement of the 
truss that could result in distortion or misalignment of the truss and its joints (GC-10, Sheet 2). All joints in replaced members shall 
match the existing joint, including all nails, bolts or screws required unless noted otherwise (GC-11, Sheet 2). All existing members 
shown to be replaced are to be replaced “in-kind” with new members identical in dimensions and configurations as the members 
originally used in the covered bridge (GC-12, Sheet 2). 

Project Need:  Diagonals are primary structural members of the truss critical to the overall structural integrity of the bridge. The 
strength of the truss system is dependent on the tight interlock of the chords and diagonals, which is compromised by the loss of the tail 
section. The members to be replaced do not possess the required structural integrity. 

Impacts:  Roughly 20 percent of the total diagonal require replacement. Members to be replaced will be replaced "in-kind" with wood 
members of the same size and workmanship. 

Alternatives:  Alternative treatments evaluated that meet the Secretary's Standards include: repair individual members by removing 
structurally failed or inadequate sections and splicing-in new wood sections or by epoxy consolidation; reinforce individual members by 
thru-bolting, steel strapping or by sistering new structural members to the existing member; replace member in-kind.  The alternative 
chosen that fully meets project engineering requirements is replacement in-kind.   

Drawings:  35, 36, 37, 38, 39, 41, 42 Photos:  See table below 

Drawing No. 39 Photo No. 4-1 
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Table:   Diagonal Truss Members Affected 
Member No. Date Reason Reason for Replacement Photo No. 
S14L-S15U 1832 vertical saw marks Lower Tail Missing no photo 
S15L-S16U " " Lower Tail Missing no photo 
S16L-S17U " " Lower Tail Missing no photo 
S17L-S18U " " Lower Tail Missing no photo 
S18L-S19U " " Lower Tail Missing no photo 
S29U-S30L " " Lower Tail Rotted no photo 
S27U-S28L " " Rot, Break at Lower Tail 4-4  
S35U-S36L " " Lower Tail Missing no photo 
S36U-S37L " " Lower Tail Missing 4-5 
S37U-S38L " " Lower Tail Missing not shown  

S39U-S40L 
" " Break and Splits at Base, rot at mid-

point 4-9 
S41L-S43U " " Break, Splits, Rot 4-6  

S75L-S76U 
" " Upper Tail Broken; Popped trunnel 

@ S77 4-7 

S91U-S92L 
" " Weathered Wood at Window 

Openings 4-3 

S92U-S93L 
" " Rot at Base; Weathered Wood at 

Window not shown 

S93U-S95L 
" " Weathered Wood at Window 

Openings 4-2 
N3L – N4U " " Rot pocket at base near chord, 

weathering 
4-8 

N4L-N5U 
" " Rot at End and Exterior Fascia of 

Member 
4-10 

N14L-N15U " " Lower Tail missing no photo 
N15L-N16U " " Lower Tail Missing no photo 
N16L-N17U " " Lower Tail Missing not shown 
N17L –N18U 1988 Graton Rehabilitation Spliced Member 4-11 
N18L – N19U 1988 Graton Rehabilitation Spliced Member 4-11 
N19L-N20U 1832 vertical saw marks Lower Tail Missing no photo 
N28U-N29L " " Split at Lower Tail 4-12 
N30U-N31L " " Split & Rot at Base not shown 
N38U-N39L " " Splits at Upper Tail 4-13  
N56U-N57L " " Split  4-14 
N64L-N65U " " Rot at Base not shown 
N66L-N67U " " Splits at Upper Tail 4-15 
N67L-N68U " " Splits at Upper Tail not shown 
N73L-N74U " " Split at Base, Waning 4-16 
N75L-N76U " " Splits not shown 
N87U – N88L " " Broken Lower Tail no photo 
N91U-N92L " " Rot at base under window, Waning 

and Insect Damage at Top 
4-17 

N92U-N93L " " Splits at base; Floorbeam cut to fit  4-18 
S2L-S3U " " Section loss not shown 
S6L-S7U " " Lower Tail missing not shown 
S7L-S8U " " Lower Tail missing not shown 
S13l-S14U " " Section Loss 4-19 
 



Bath Village Covered Bridge, Bath, New Hampshire 
Rehabilitation Project Report 

  
November 2011 Page 203  

 

Photo No. 4-2  Diagonal  S95L – S93U, Weathering 

 
 
Photo No. 4-3  Diagonal  S92L – S93U, Weathering 
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Photo No. 4-4  Diagonal  S27L – S28U, Rot, break at lower Tail 

 
 
 

Photo No. 4-5  Diagonal S36U – S37L, Lower Tail missing 
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Photo No. 4-6 Diagonal S41L – S43U, Break, Splits, Rot 

 
 
Photo No. 4-7  Diagonal  S75L – S76U, Popped Trunnel @ S77 
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Photo No. 4-8  Diagonal N3L – N4U, Rot 

 
 
Photo No. 4-9 Diagonal S40L – S39U, Break, split at base, rot at middle 
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Photo No. 4-10  Diagonal N4L-N5U Rot at end & exterior fascia of 
member 

 
 
 

Photo No. 4-11  Diagonal  N17L –N18U, Spliced Member 
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Photo No. 4-12  Diagonal  N28U-N29L, Split at Lower Tail 

 
 
Photo No. 4-13  Diagonal N38U-N39L, Split at Upper Tail 
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Photo No. 4-14  Diagonal  N56U-N57L, Split 

 
 
Photo No. 4-15  Diagonal  N66L – N67U, Splits in Upper Tail 
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Photo No. 4-16  N73L-N74U, Split at Base, Waning 

 
 

Photo No. 4-17  Diagonal N92L – N91U, Rot at base under window 
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Photo No. 4-18  Diagonal  N93L – N92U, Splits at base; cut Floor Beam 

 
 
Photo No. 4-19  Diagonal  S13L – S14U, Section loss; also Spliced 
Member 
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  5 Feature:  Built-in Arches 

Total members:  2820 Linear Feet (L.F.) Members affected: ~ 200 L.F. See table below  

Date:  1832 Explain:  Vertical saw marks.  

Description:  There are two separate arch systems in the bridge, the Built-in Arches and the Added Arches. The Built-in Arches 
are original to the bridge, integral with the vertical and diagonal truss members and bearing on the lower chords. (The Added 
Arches were added during the 1918-1919 raising and reinforcing of the bridge and discussed on a separate sheet). The Built-in 
Arches are relatively flat due to their long spans: the west arch spans from the west abutment to Pier 2, roughly 160 feet; the 
center arch spans from Pier 2 to Pier 3, roughly 80 feet; and the east arch spans from Pier 3 to the east abutment, roughly 135 feet. 
The arches are built-up timber members, 10"x11" overall, consisting of three sawn timbers, or planks, laminated together side-by-
side with pegs (trunnels). The east and west arches have 4"x16" members; the center arch has 4"x13.5" members. 

Condition: The built-in arches are in good condition with only localized rot due to water infiltration.  

Describe Work:  Disassemble arches and remove and replace defective members. General conditions the same as specified for 
other truss members: Existing bridge shall be jacked and braced as required to straighten, release stresses, plumb and re-align the 
trusses and arches (RS-3, Sheet 2). Special care shall be taken to avoid damage to members that are to remain and to avoid 
movement of the truss that could result in distortion or misalignment of the truss and its joints (GC-10, Sheet 2). All joints in 
replaced members shall match the existing joint, including all nails, bolts or screws required unless noted otherwise (GC-11, 
Sheet 2). All existing members shown to be replaced are to be replaced “in-kind” with new members identical in dimensions and 
configurations as the members originally used in the covered bridge (GC-12, Sheet 2).  

Project Need:  The built-in arches are original and integral structural members of the trusses that contribute to the stiffness and 
load capacity of the bridge.  Localized rot due to due to established ambient moisture wood decaying organisms is recommended 
to be removed to prevent spread of decay. The members identified for replacement are rotted and so not possess the required 
structural integrity. 

Impacts:  Less than 10 percent of the total linear feet of members making up the Built-in Arches require replacement.  
Members to be replaced will be replaced "in-kind" with wood members of the same size and workmanship. 

Alternatives:   
Due to the laminated design of the arches, there are no other practical repair alternatives that meet engineering requirements and 
the Secretary's Standards other than "replacement in-kind." 

Drawings:  35, 36, 37,  38, 39, 41, 42 Photos:  See table below 

Drawing No. 38 Photo No.  5-1 
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Table:   Built-in Arch Members Affected 
Member No. Date Reason Reason for Replacement Photo No. 
     
N61-N62   Ply A 1832 vertical saw marks Rot 5-1 
N61-N62   Ply B " " " 5-1 
N61-N62   Ply C " " " 5-1 
S17-S14    Ply A " " " 5-2 
S16-S14    Ply B " " " 5-2 
S17-S15    Ply C " " " 5-2 
     
ADDITIONAL PHOTOS OF BUILT-IN ARCHES  
S90 – S86    5-3 
S40 – S34    5-4 
S31 Oblique    5-5 
S22 – S18    5-6 
S14 – S10    5-7 
S10 – S6    5-8 
N58 – N54    5-9 
N61 – N56    5-10 
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Photo No. 5-2  Built In Arch S18 – S14 

 
 
Photo No. 5-3  Built In Arch S90 – S86 
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Photo No. 5-4  Built In Arch S40 – S34 

 
 

Photo No. 5-5 Built In Arch S31 Oblique 
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Photo No. 5-6   Built In Arch S22 – S18 

 
 
Photo No. 5-7  Built In Arch S14 – S10 
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Photo No. 5-8  Built In Arch S10 – S6 

 
 
Photo No. 5-9 Built In Arch N58 – N54 
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Photo No. 5-10 Built In Arch N56 – N61 
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  6 Feature:  Cross Beams 

Total members:  50 Members affected: 9 See table below.   

Date:  1832 Explain: Cross beams have vertical saw marks and likely date to the original construction.  

Description:   
Vertically sawn timbers, 6” x 10-3/4" x 26’ spaced 8’ on center join the top chords of each truss spanning over the roadway. A 
component of the upper lateral bracing system, they are located next to the posts and joined to both the posts and the rafters with 
knee braces. Between the cross beams are crossed diagonal lateral bracing members attached to the cross beams near their ends 
with wedged mortise and tenon joints.  

Condition:   
Specific members exhibit a variety of splits and cracks due to stress or drying. Specific members show localized rot due to prior 
roof leaks. Specific members are notched near the arch. HTA planned for 7 members to be removed with an assumed additional 2 
not identified in plan. HDC found 5 damaged members in addition to the 7 identified in plan. Cross Beams at nodes 17, 25, and 
95 are Graton splice repairs.   

Describe Work:   
Several existing cross beams have lifted off their bearings as a result of racking on the bridge. The contractor shall re-align the 
cross beams to ensure firm bearing on the truss top chords. This work will be paid for as part of realignment of covered bridge 
(Note 1, Sheet 24).  Install ¾” dia. x 10” long galvanized lag screws at end of lateral braces that are not mortised and tenoned at 
the existing cross beams (Note 4, Sheet 24). Plans call for 7 members to be removed with an assumed additional 2 not identified 
in plan. Cross Beams at nodes 17, 25, and 95 (Graton splices) require repairs.   

Project Need:   
Cross beams are structural members of the bridge that join the two trusses together and carry several types of loads; cross beams 
to be replaced do not possess the required structural integrity. 

Impacts:   
Roughly 18 percent of the cross beams require replacement. Members to be replaced will be replaced "in-kind" with wood 
members of the same size and workmanship. 

Alternatives:  Alternative treatments evaluated that meet the Secretary's Standards include: repair individual members by 
removing structurally failed or inadequate sections and splicing-in new wood sections or by epoxy consolidation; reinforce 
individual members by thru-bolting, steel strapping or by sistering new structural members to the existing member; replace 
member in-kind.  The alternative chosen that fully meets project engineering requirements is replacement in-kind.  

Drawings: 24, 25, 26 Photos:  see table below 

Drawing No. 24 Photo No. 6-1 

  

Cross Beams Affected 
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Member No. Date Reason Reason for Replacement Photo No. 
N93 – S93 1832 vertical saw marks Split 6-2 
N95 – S95 " " Split Near Scarf Joint (Graton splice) 6-3  
S79-N79 " " Notched (not scheduled for replacement) 6-4 
N77 – S77 " " Cross Beam Notched 6-5  
N27 - S27 " " Split  6-6  
N21 – S21 " " Split 6-7 
N33 – S33 " " Splits 6-8 
N37 – S37 " " Split and rot (not scheduled for 

replacement) 
6-9 
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Photo No. 6-2  Cross Beam N93-S93, Split 

 
 
Photo No. 6-3  Cross Beam N95-S95 Split at scarf joint repair 
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Photo No. 6-4  Cross Beam S79, Section loss due to notching 

 
 

Photo No. 6-5  Cross Beam S77, Notched 
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Photo No. 6-6  Cross Beam S27, Split, missing section 

 
 
Photo No. 6-7  Cross Beam N21 – S21, Split between braces 
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Photo No. 6-8  Cross Beam N33 – S33, stress splits  

 
 
Photo No. 6-9  Cross Beam N37 – S37, split and rot 
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  7 Feature:  Upper Lateral Bracing 

Total members:  196 Members affected: 3 See table below.   

Date:  1832 Explain:  Bracing members have vertical saw marks and likely date to the original construction.  

Description:  Sawn wood timbers 4"x4"x 12'. There are four in each bay between the cross beams, in the form of two X-braces, 
on either side of the longitudinal centerline of the bridge. The ends of the braces are cut at an angle with tenons that are locked 
into mortises on the cross beams with wedges.  

Condition:  Specific members exhibit a variety of splits and cracks, which appear to result from either stress or drying.  

Describe Work:   
All existing members shown to be replaced will be replaced “in-kind” with new members identical in dimensions and 
configurations as the members originally used in the covered bridge. Plans identify 1 lateral brace to be replaced, with bidding 
provision for replacement of 2 additional braces to be identified during construction (Note 3, Sheet 24). HDC identified 2 
additional cross braces as noted that have large cracks.  

Project Need:   
The Upper Lateral Bracing Members are structural members that "help keep the structure both straight and square, and prevent 
twisting and torsion. The lateral bracing transfers the lateral wind loading on the upper half of the bridge along the span to the 
portal framing and then to the abutments. The lateral bracing system provides the resistance against wind loading and helps the 
top of the bridge to remain straight along its axis” (CBM, p. 14). Lateral bracing to be replaced do not possess required structural 
integrity.  

Impacts:   
Less than 2 percent of the total bracing members require replacement.  
Members to be replaced will be replaced "in-kind" with wood members of the same size and workmanship.  

Alternatives:   
Alternative treatments evaluated that meet the Secretary's Standards include: repair individual members by removing structurally 
failed or inadequate sections and splicing-in new wood sections or by epoxy consolidation; reinforce individual members by thru-
bolting, steel strapping or by sistering new structural members to the existing member; replace member in-kind.  The alternative 
chosen that fully meets project engineering requirements is replacement in-kind.   
 

Drawings: 24, 25, 26 Photos:  7-1, 7-2, 7-3, 7-4 

Drawing No. 25 Photo No. 7-1 
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Table:     Upper Lateral Bracing Affected 
Member No. Date Reason Reason for Replacement Photo No. 
N63 – N61 1832 vertical saw marks Split 7-2 
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Photo No. 7-2  Upper Lateral N63 – N61, Split 
 

 
 
Photo No. 7-3  Upper Lateral S27– S29, Laterals joined to cross beam 
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Photo No. 7-4  Upper Lateral N89 – N87, Split  
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  8 Feature:  Knee Braces 

Total members:  96 Members affected: 5 See table below.   

Date:  1832 Explain:  Bracing members have vertical saw marks and likely date to the original construction.  

Description:  Sawn timbers, 4" x 6" x ~12' long that join the posts, cross beam and rafters together to stiffen the bridge against 
racking and sway. Also called sway braces. The Bath Bridge knee braces are unusual in that they connect not only the posts to the 
cross beams, as is typical, but are extended up beyond the crossbeam to the rafter thus creating an exceptionally strong transverse 
frame. The sides of the braces are notched to lap over and lock into the members to which they are attached, to work in both 
compression and tension without placing all the shearing stress on the trunions. The top end of the braces are further notched to 
lock around the purlins.   

Condition:  Specific members exhibit a variety of splits, waning and cracks, which appear to result from either stress or drying.  
 

Describe Work:  All joints in replaced members shall match the existing joint, including all nails, bolts or screws required unless 
noted otherwise. All existing members shown to be replaced are to be replaced “in-kind” with new members identical in 
dimensions and configurations as the members originally used in the covered bridge (GC-12, Sheet 2). Five members have been 
identified for replacement.  
 

Project Need:   
Knee braces are structural members of the bridge critical to stiffening the bridge and protecting the truss joints from movement 
and vibration resulting from moving live loads. The members to be replaced do not possess the required structural integrity. 
 

Impacts:   
Roughly 5 percent of the total number of bracing members require replacement. Members to be replaced will be replaced "in-
kind" with wood members of the same size and workmanship. 
 

Alternatives:   
 Alternative treatments evaluated that meet the Secretary's Standards include: repair individual members by removing structurally 
failed or inadequate sections and splicing-in new wood sections or by epoxy consolidation; reinforce individual members by thru-
bolting, steel strapping or by sistering new structural members to the existing member; replace member in-kind.  The alternative 
chosen that fully meets project engineering requirements is replacement in-kind.  

Drawings:  6, 21, 22, 24, 25, 53 Photos:  See table below 

Drawing No. 53 Photo No. 8-1  
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Table:     Knee Braces Affected 
Member No. Date Reason Reason for Replacement Photo No. 
S29 1832 vertical saw marks Split 8-2  
N59 " " Waning 8-3  
N5 " " Split 8-4 
S0 " " Damage 8-5 
S49 " " Split 8-6, 8-7 
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Photo No.8-2   Knee Brace S29, Split  

 
 
Photo No.8-3  Knee Brace N59, Waning 
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Photo No. 8-4  Knee Brace N5, Split  

 
 

Photo No. 8-5   Knee Brace S0, Damage 
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Photo No. 8-6  Knee Brace S49, Split 

 
 
Photo No. 8-7 Knee Brace S49, Split 
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  9 Feature:  Rafter 

Total members:  100 Members affected: 8 + See table below.   

Date:  1832 Explain: Rafters have vertical saw marks and likely date to the original construction of the bridge.  

Description:   
Sawn wood timbers 4”x6" spaced at 8' on center. Upper end of rafters are angle cut, butted and toe-nailed to a 2"x6" ridge board. The 
lower ends of rafters have tenons that drop into mortises cut into the top of the cross ties and are secured with a single trunnel. The 
rafters provide rigid support for the roof and transfer roof loads down to the truss system.  
 

Condition:   
Specific members exhibit splits, checks and cracks that appear to result from overstress or in some cases drying. Specific members 
exhibit rot at lower end connections with upper chord, apparently the result of leaks in earlier roofing.  
 

Describe Work:   
All existing members shown to be replaced will be replaced “in-kind” with new members identical in dimensions and configurations as 
the members originally used in the covered bridge. (GC-12, Sheet 2). Displaced rafters are to be reset and toe nailed to cross beam. 
Structural timber (rafters) assumes removal and replacement of 5 additional rafters for bidding purposes that have not been identified in 
the roof framing plan (Note 4, Sheet 21). This is due to the expectation that during construction additional rot will be found that was 
hidden from the visual inspection.  
 

Project Need:   
Rafters are structural members that must carry roof loads; rafters to be replaced do not possess required structural integrity.  
 

Impacts:   
Approximately 10 percent of the total rafters require replacement. Rafters to be replaced will be replaced "in-kind" with wood members 
of the same size and workmanship.  
 

Alternatives:   
Alternative treatments evaluated that meet the Secretary's Standards include: repair individual members by removing structurally failed 
or inadequate sections and splicing-in new wood sections or by epoxy consolidation; reinforce individual members by thru-bolting, steel 
strapping or by sistering new structural members to the existing member; replace member in-kind.  The alternative chosen that fully 
meets project engineering requirements is replacement in-kind.  

Drawings: 6, 21, 23 Photos: See table below 

Drawing No. 23 Photo No.  9-1 
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Table: Rafters Affected 
Member No. Date Reason Reason for Replacement Photo No. 
N95 1832? vertical saw marks Insect Damage, Rot 9-2 
N91 " " Rot at Rafter End not shown 
S89 " " Rot at Rafter End 9-3 
N87 " " Rot at Rafter End not shown 
S85 " " Rot at Rafter End, Beetle damage 9-4 
N77 " " Split off, Proposed Sister 9-5 
S31 " " Rot at Rafter End 9-6 
S19 " " Crack 3’ up from End 9-7 
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Photo No. 9-2   Rafter N95, Insect damage and rot 

 
 
Photo No. 9-3   Rafter S89, Rot at rafter end 
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Photo No. 9-4   Rafter S85, Rot at rafter end, beetle damage 

 
 

Photo No. 9-5   Rafter N77, Split off, proposed sister 
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Photo No. 9-6   Rafter S31, Rot at rafter end 

 
 
Photo No. 9-7   Rafter S19, Crack 3’ up from end 
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  10 Feature:  Ridge Board 

Total members:  392 L.F. Members affected: 0   

Date:  1832 Explain:  possibly original 

Description:  Wood Sawn 2” x 5 ½”. The ridge board runs the full length at the peak of the roofline, perpendicular to the rafters, 
which it receives with toe-nailed butt joints. The ridge board is made of different length boards butted end-to-end 
 

Condition:   
Good 
 

Describe Work:   
No work specified. Rafters to be re-nailed as need during roofing replacement.  
 
 

Project Need:   
Not applicable 
 
 

Impacts:   
None. 
 
 

Alternatives:   
Not applicable 
 
 

Drawings.  6, 21, 22, 23 Photos: 10-1 

Drawing No. 21 Photo No. 10-1 
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  11 Feature:  Purlin 

Total members:  ~1470* Original; 
~1372 Added 1987 

Members affected: ~30* * Total number is based on a length of 8'. Some purlins 
may be 16' long spanning two rafters.   

Date:  1832 with later additions  Explain: see description  

Description:  Wood, sawn 2" x 3” spaced at 12” on center, spanning perpendicular to the rafters, regularly spaced from the ridge board 
to the lower end of the rafters. Two sets of purlins are present: "Original Purlins," measuring 2"x3" set in notches cut in the top of the 
rafters spaced 12" on center. Many if not most of these purlins are vertically sawn and apparently date to the original construction; 
others exhibit circular saw marks and are later replacements. Exact quantification of each was impractical. The second set of purlins, 
3"x3" were added during the 1987 rehabilitation between the original purlins and are not set in notches but rather toe-nailed into the 
sides of the rafters.   

Condition:  Overall condition of the Original Purlins is very good, with less than 0.2 % preliminarily identified as structurally deficient 
based on inspection of the three sides visible from underneath. Observed deficiencies include splits and rot, however, additional rot is 
expected to be found on the top of the purlins after removal of the roofing during repairs. This is due to moisture condensation and 
penetration at the roof nails. The Added Purlins are in overall good condition except that the toe-nailing has failed in numerous places 
resulting in loose, partly detached or missing rafters indicating a lack of attachment to the metal roof.  

Describe Work:  Removal of Added Purlins which are structurally unnecessary and have added undesirable dead load to the structure. 
Replacement of an estimated 20 percent of the Original Purlins is anticipated due to expected rot and lack of adequate nail holding 
power on the top face of the purlins. For bidding purposes specific purlins have not been identified for replacement. The contractor and 
engineer will jointly inspect all original purlins after removal of the existing metal roof. Attachment of purlins to rafters shall match the 
original members in size and workmanship.  

Project Need:   
Purlins are structural members that must possess material and structural integrity sufficient to anchor the metal roofing against wind 
uplift forces and carry wind and snow loads on the roofing down through the rafters to the truss members. Purlins to be replaced do not 
possess required material or structural integrity. 

Impacts:  Removal of Added Purlins not original to the bridge and the reduction of dead load is a restoration treatment.  
Approximately 20 percent of the total purlins require replacement. Purlins to be replaced will be replaced "in-kind" with wood members 
of the same size and workmanship as the original members removed.  

Alternatives:  Alternative treatments evaluated that meet the Secretary's Standards include: repair individual members by removing 
structurally failed or inadequate sections and splicing-in new wood sections or by epoxy consolidation; reinforce individual members by 
thru-bolting, steel strapping or by sistering new structural members to the existing member; replace member in-kind.  The alternative 
chosen that fully meets project engineering requirements is replacement in-kind.  

Drawings: 21, 22,23  Photos:  11-1, 11-2, 11-3, 11-4 

Drawing No. 21 Photo No. 11-1 

  
 

Photo No. 11-2  Purlin at node S63 – S61, Missing 
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Photo No. 11-3  Purlin at node S85, Crack 
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Photo No. 11-4  Purlins at node S39 - S37, Fallen 

 
 
 



Bath Village Covered Bridge, Bath, New Hampshire 
Rehabilitation Project Report 

  
November 2011 Page 243  

 
BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  12 Feature:  Trunnel 

Total members:  2000+ Members affected: estimated 100    

Date:  1832 Explain:  many trunnels are likely original to bridge; an unknown number have been replaced 

Description:  
White oak, 1” diameter peg driven in to drilled holes to join multiple timber members, locking the joint together and resisting 
shear forces.  
 

Condition:   
Roughly 10 trunnels have been identified as missing, popped-out or rotted. 
 

Describe Work:   
Replace damaged and missing trunnels with new 1” diameter white oak trunnels dipped in boiled linseed oil, mineral oil or an 
approved wax prior to driving. All new or existing wood trunnels in sound condition that are to be re-used with permission of the 
resident engineer for connecting new or replaced members. All existing trunnels that are not to be reused shall be salvaged to the 
Bath Historical Society. 
 

Project Need:   
Trunnels are the primary structural fasteners of the bridge, connecting members and carrying shear loads. 
 

Impacts:   
Trunnels will be replaced in-kind. Only a small percentage of trunnels require replacement. 
 

Alternatives:   
There are no other practical repair alternatives that meet engineering requirements and the Secretary's Standards other than 
"replacement in-kind."  

Drawings:   21, 22, 23, 25, 35, 38, 39 Photos:  12-1, 12-2, 12-3, 12-4 

Drawing No. 25 Photo No. 12-1 
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Photo No. 12-2  Trunnel S75, Popped out 

 
 
Photo No. 12-3  Trunnel S95, Rotted off; internal rot in rafter joint 
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Photo No. 12-4  Trunnel S87, Missing 
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  13 Feature:  Floor Beams 

Total members:  190 Members affected: All   

Date:  18??; 1987-88 Explain: Most floorbeams were replaced during 1988 rehabilitation; see discussion below.   

Description:   
Typically 7 ½” x 15 ½” wood sawn timbers spaced 2’ on center. The beam ends rest on the bottom chords but are shimmed up on 
blocking as much as 7” in places to compensate for the sag in the trusses. During the 1988 rehab of the bridge the intention of the 
contractor was to replace all floor beams, however, 54 of the existing beams were reused, many by inverting them to provide a new 
nailing surface for the flooring. These older beams are evident from below but it is impossible to determine their date of installation. 

Condition:   
The floor beams vary in condition from good to poor; those in poor condition are the older reused beams, which exhibit rot and 
splits. Many of the 1988 beams (over 50%) are being attacked by a fungus that is evident on the surface of the wood. The shim 
blocking is missing in 26 locations due to inadequate fastening when installed to prevent loosening from vibration.  

Describe Work:   
Replace existing floor beams with new 8-3/4” x 16-1/2” glue-laminated engineered (glu-lam) beams. Older beams will be retained, 
treated with waterproofing and relocated over the piers where they will be additionally supported.  

Project Need:   
A completely new higher strength floor beam system is required in order to achieve the required 10-ton load capacity of the bridge 
needed to accommodate the required emergency vehicles.  

Impacts:   
Due to continual wetting and being shaded from drying and from the individual over-stressing to which floor beams are subject, they 
are not designed as permanent structural members but rather members subject to regular replacement over the life-span of the truss. 
Glu-lams provide a practical and prudent method to increase the service life of the structure while reducing loads on it, with minimal 
visual intrusion.  

Alternatives:   
The use of sawn beams of a high-strength species such as Douglas fir was evaluated but rejected as impractical due to cost but 
mainly because the beams will add substantial additional dead load to the bridge compared to the glu-lam beams. This in-turn adds 
undesirable continual long-term stress to the historic members of the truss. Glu-lams are visually compatible with the bridge; other 
alternatives such as supplemental piers or steel girders are not. Additional alternatives proposed in the consultation process are being 
evaluated.  

Drawings:  32, 33, 34, 36  Photos:   13-1 to 13-7 

Drawing No. 29 Photo No. 13-1 
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Photo No. 13-2 (6.17.09)  Floor beams, dark new 1988; lighter are older  

 
 
Photo No. 13-3  Floor Beams, West – Bent 1 
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Photo No. 13-4  Floor Beams, older beam upside down 

 
 

Photo No. 13-5  Floor Beams, 
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Photo No. 13-6  Floor Beams, Bent 3 – Pier 1 

 
 
Photo No. 13-7  Floor Beams, N24 – N26 
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  14 Feature:  Lower Lateral Bracing 

Total members:  22 Members affected: 22   

Date:  1918? Explain: Lower lateral bracing system apparently installed during 1918 rehab (see discussion below).  

Description:  
Sawn timbers, 3” x 6”, mounted diagonally in a horizontal plane immediately below the bottom chords, held in compression 
against thrust blocks by steel tie-rods with turnbuckles. The lower lateral bracing system provides additional lateral stiffness and 
resistance against wind loading. Early covered bridges typically did not have lower lateral bracing.  
 

Condition:   
Members appear in fair to good condition. 
 

Describe Work:  Replace existing 2 – 3” x 6” bracing with new 6” x 6” lateral bracing. Secure all lateral bracing at end bays near 
abutments and piers to bottom of floor beams with ½” x 12” galvanized lag bolts. Install new galvanized tie rods.  

Project Need:   
The bracing is structurally inadequate for the rehabilitation design requirements.  
 

Impacts:   
The lower lateral bracing system is apparently a feature of the 1918-19 bridge rehabilitation and is not associated with the original 
bridge design. The existing members are to be replaced in-kind. The additional structural bracing rods are necessary for  long-
term structural stability and will not constitute a destructive or visually intrusive alterations.  

Alternatives:  There are no other practical repair and reinforcing alternatives that meet the project engineering requirements. 

Drawings:  31, 32, 33, 34 Photos:  No. 14-1  

Drawing No. 32 Photo No. 14-1 
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  15 Feature:  Flooring 

Total members:  ~8600 S.F. Members affected: All   

Date:  1988 Explain:  Floor replaced during rehabilitation by Milton S. Graton  

Description:  
Roadway decking is made up of 4” thick x 8” wide wood sawn solid wood planks. Sidewalk decking is made up of 2 ½” thick 
wood sawn planks overlaying the roadway planks.  
 

Condition:   
The roadway deck planking is in fair condition; with uneven wearing, loose boards and some spikes protruding above the surrounding 
deck surface.  The sidewalk decking is in good condition.    
 

Describe Work:  
Replace existing roadway deck with new 4” thick Douglas fir deck. Replace sidewalk decking with 2” thick Douglas fir deck. 
Roadway decking no longer to extend under the sidewalk planks. Instead, sidewalk will sit on 2” thick x 10 ¾” wide blocking. 
 

Project Need:   
Existing decking is either functionally deficient or does not meet proposed rehab design life. Decking is a regular maintenance 
item and typically fully replaced during major rehabs due to the need to remove it to effect other repairs and the splits and damage 
that occurs during removal.  
 

Impacts:   
Proposed treatment does not involve or affect the historic fabric of the bridge.  
 

Alternatives:   
Not applicable.  

Drawings:  6 Photos:   15-1 

Drawing No.  6 Photo No. 15-1 
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  16 Feature:  Portal Siding, Trim & Signs 

Total members:  400 s.f. Members affected: all   

Date:  undetermined Explain:  Impossible to estimate age of boarding without removal for inspection. 

Description:   
Wood bevel clapboards, 4-1/2" exposure. Siding provides protection from the elements and prevented weathering of important 
members and connections. 
 
 

Condition:   
The great percentage of clapboards are split and cracked due to lack of paint and weathering. They are extremely dry and fragile 
and will be difficult to remove without damaging them beyond repair.  
 

Describe Work:   
Remove and replace portal siding and paint red. Replace existing trim boards in kind. Paint trim boards white.  
 
 

Project Need:  
 Existing siding and trim does not provide the weather-tight building envelope necessary to protect the portal framing members.  
 
 

Impacts:   
Some historic fabric, if present, may be lost. Siding and trim is to be replaced in-kind in accordance with the Secretary's 
Standards.  
 

Alternatives:   
Renail, caulk, and paint existing clapboards.  
 
 

Drawings: 5 Photos: 16-1 to 16-4 

Drawing No. 5  Photo No. 16-1 
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Photo No. 16-2  West Portal siding, weathering, splits 

 
 
Photo No. 16-3  East Portal siding, weathering and splits 
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Photo No. 16-4  East Portal detail.  
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  17 Feature:  Siding 

Total members:  1200  Members affected: all   

Date:  varies Explain:  south side replaced during 1988 renovation; north side is mix of boards of different age.   

Description:  On the south side, all siding boards were replaced in the 1988 rehabilitation with shiplapped wood boards, 1" thick 
and either 7" or 9" wide. On the north side are a variety of 1" siding boards of various widths and age. Many boards have been 
removed and reinstalled after being reversed in both directions (inside-out and top-to-bottom) as evidenced by the weathered gray 
surface inside and old nail holes that do not lined up with the horizontal timber nailer. Boards from four time periods are apparently 
present, evidenced by two types of vertical saw marks and two types of circular saw marks considered along with the differing board 
widths, grain and knot patterns. The slight difference in the vertical saw mark patterns may be due to different times, different mills, 
changes in cutting speed or blade, or simply a sharpening of the same blade. One board, 15-1/2" wide with vertical saw marks, 
flipped and renailed between posts 10 and 11, is the best candidate for being considered possibly original to the bridge. It is has fine 
vertical grain indicating it was from a large slow growth tree, which would contribute to its longevity. There are six other boards 
with vertical saw marks of the following widths: 10-3/4" (3), 10-1/4" (1),  9-3/4" (1), and 9-1/2" (1). They are at the west end of the 
bridge near posts 8, 11, 25, 26, and 27.  Two other 9-3/4" boards have circular saw marks, one with double (cross-hatched) saw 
pattern also seen on several narrower boards. This is caused by a carbide blade or a standard blade with a deep set (wide kerf) to the 
teeth or other causes. All of the other boards are circular sawn in widths of 5-3/4" to 8". Circular saw patterns show other subtle 
differences, but in several cases appear to indicate saw blades of a different diameter. Extensive measurements and data gathering 
would be necessary to formulate theories; laboratory analysis would be needed to add validity to any conclusions.   

Condition:  The 1988 replacement siding on the south side is in fair condition; north side siding ranges from poor to fair condition. 

Describe Work:  All siding is to be removed and replaced in kind (W-17, Sheet 2). Existing boards with vertical saw marks will be 
preserved and reinstalled.   

Project Need:  Siding must be removed to effect repairs to truss members. Siding is at the end of its service life.  

Impacts:  The siding as a whole lacks integrity of original materials, with only seven boards out of approximately 1200 boards 
showing vertical saw marks that could possibly be original to the bridge. Vertically sawn siding boards will be preserved; other 
siding will be replaced in-kind with rough sawn boards of varying widths.   

Alternatives:  There are no other practical repair alternatives that meet engineering requirements and the Secretary's Standards other 
than "replacement in-kind" and preservation of the presumed historic fabric.  

Drawings: 7  Photos: 17-1 to 17-10 

Drawing No. 7 Photo No. 17-1 
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Photo No. 17-2  Siding S Pier 2 – Pier 3, Weathering 

 
 
Photo No. 17-3 Siding S Bent 2 – 3, Weathering 
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Photo No. 17-4  Siding N East – Pier 3, Weathering 

 
 
 

Photo No. 17-5: 15-1/2" & 10-3/4"  boards @ Post N10-N11 w/ vertical 
saw marks  
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Photo No. 17-6: Detail of 15-1/2" board @ Post N10-N11 showing 
vertical saw marks  

 
 
Photo No. 17-7: Post with vertical saw marks; siding board with circular 
saw marks 
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Photo No. 17-8: Vertical saw marks on diagonal considered original for 
comparison   

 
 
Photo No. 17-9: Double circular saw marks (cross-hatch) on 9-.5" & 7.5" 
boards 
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Photo No. 17-10: Detail of cross-hatch saw marks on boards 
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  18 Feature:  Roofing 

Total members:  n/a Members affected: all   

Date:  1985 Explain:  Installed by Graton in 1985 bridge rehab.  

Description:   
Modern but traditional-type galvanized steel sheet metal standing-seam roofing.  
 

Condition:   
Weathering, minor warping. Attachment to purlins is poor causing rattling noise during light winds. The lack of attachment to the 
roof will reduce the service life of the roof, however due to the method of installation; it is impossible to add the correct type of 
additional attachments due to the type of roof (4.1, HTA Engineering Report). 
 

Describe Work:   
Install new standing seam metal roof. 
 
 

Project Need:   
Roofing is approaching end of effective life. Roofing must be removed to effect repairs to roof system structural members and 
truss top chord members.  
 

Impacts:   
No impacts. The metal roof is not historic fabric or an original historic feature.  
 
 

Alternatives:   
A wood shingle roof, original to the bridge, would be impractical due to the additional dead load, cost, and fire hazard.  
 
 

Drawings:  7, 21, 22, 23 Photos: 18-1 

Representative Drawing:  No. 22 Representative Photo:  18-1 
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  19 Feature:  Added Arches 

Total members:  ~7520 Linear Feet (L.F.)  Members affected: ~ 1664 L.F. See drawings noted  

Date:  1918-19 Explain:  Bridge raised and rehabilitated by Boston & Maine Railroad  

Description:  
There are two separate arch systems in the bridge, the Built-in Arches and the Added Arches. The built-in arches are original to the 
bridge, integral with the vertical and diagonal truss members and bearing on the lower chords. The Added Arches were added during the 
1918-1919 raising and rehabilitation of the bridge by Cyrus Batchelder, contractor. The Added Arches consist of three pairs of arches 
that spring from pockets in the three piers and the east abutment. The arches are built-up of horizontally laid, nail-laminated planks, 12 
to 14 in number, approximately 9" wide by 2" thick, with some variations. The arches extend up through the floor, against the inside of 
the trusses, rising nearly to the top chord. Steel hangar rods extend through the arches to carry needle beams spaced roughly 8' apart, that 
extend under the lower chords to lend support (see separate sheet). The addition of the added arches to the bridge results in truss member 
forces being reduced by approximately half.  This is a significant reduction in truss member forces that clearly illustrates the 
contribution that the added arches make to the bridge (HTA, Structural Analysis). 

Condition:   
Good condition with the exception of the two added arches between Piers 1 and 3 and portions of the integral arches near siding 
windows. The added arches are weathered on the downstream face, have very poor bearing on the piers and have begun to loose their 
shape as evidenced by the splitting of the laminations. The arches bearing on Pier one (1) are not well seated and, due to the steep slope 
of the arch, could slip or potentially fall off the pier (see HTA Engineering Report).  

Describe Work: Existing bridge shall be jacked and braced as required to straighten, release stresses, plumb and re-align the trusses and 
arches (RS-3, Sheet 2). All existing members shown to be replaced are to be replaced “in-kind” with new members identical in 
dimensions and configurations as the members originally used in the covered bridge (GC-12, Sheet 2). 

Project Need:  As noted, the Added Arches provide important structural support to the trusses. Although not original to the bridge, the 
Added Arches are notable for their association with the modification of the bridge by the railroad and therefore can be considered a later 
alteration of historical significance.   

Impacts:  The Added Arches are features of the 1918-19 bridge rehabilitation but do not have any significant association with the 
original bridge design but are significant for their association with later strengthening improvements made to the bridge. Approximately 
22 percent of the total linear feet of members making up the Added Arches require replacement. Members to be replaced will be 
replaced "in-kind" with wood members of the same size and workmanship.  

Alternatives:   Due to the laminated design of the arches, there are no other practical treatment alternatives that meet engineering 
requirements and the Secretary's Standards other than repairing the arches by splicing in new wood members in the place of those 
determined structurally inadequate.   

Drawings:  47, 48, 49, 50, 51, 52 Photos:  See table below 

Drawing No.  52 Photo No. 19-1 

  
 



Bath Village Covered Bridge, Bath, New Hampshire 
Rehabilitation Project Report 

  
November 2011 Page 263  

   
 
Table:  Added Arch Photographs 
Member No. Date Reason Reason for Replacement Photo No. 
S93 – S89 1918 B&MRR Rehab Rot not shown 
S90 – S86 " " " 19-2 
S87 – S82 " " " 19-3 
S79 – S75 " " " 19-4 
S75 – S70 " " " not shown 
S69 – S65 " " " not shown 
S61 – S54 " " " not shown 
S54 – S49 " " " not shown 
S49 – S44 " " " not shown 
S40 – S34 " " " not shown 
S40 – S34 " " " not shown 
S37 – S33 " " " not shown 
S33 – S30 " " " 19-5 
S30 – S25 " " " not shown 
N59 – N54 " " " not shown 
N75 – N70 " " " not shown 
N58 – N54 " " " 19-6 
N61 – N56 " " " 19-7 
N36 " " " 19-8 
S31 " " " 19-9 
S31 Oblique " " " 19-10 
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Photo No. 19-2  Added Arch S90 – S86 with flatter Built-in arch behind 

 
 
Photo No. 19-3  Added Arch S87 – S82, knee braces cut and nailed to arch 
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 Photo No. 19-4 Added Arch S79 – S75 

 
 

Photo No. 19-5  Added Arch S33 – S30, arch raduis deformed 
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Photo No. 19-6  Added Arch N58 – N54 above Built-in arch below 

 
 
Photo No. 19- 7 Added Arch N61 – N56, arch raduis deformed  
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Photo No. 19-8  Added Arch N36, cracks in laminations 

 
 
Photo No. 19-9 Added Arch S31, cracks in laminations 

 



Bath Village Covered Bridge, Bath, New Hampshire 
Rehabilitation Project Report 

  
November 2011 Page 268  

 
Photo No. 19-10 Added Arch S31 Oblique 
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  20 Feature:  Needle Beam Hanger Rod  

Total members:  52 Members affected: all   

Date:  1918-19 Explain:  Bridge raised and rehabilitated by Boston & Maine Railroad  

Description:  
A component of the Added Arch strengthening system added to the bridge during the 1918-1919 rehabilitation (see Added Arches 
sheet). Steel rod, 1 ½” diameter and of varying lengths, with threaded ends, washer and nuts, that extend vertically through 
vertical holes drilled through the Added Arches to carry transverse needle beams located below the deck. The needle beams are 
spaced roughly 8' apart and extend under the lower chords to lend support to the truss frame.  
 

Condition:  
Varying section loss due to corrosion.  
 

Describe Work:   
Replace with 1-1/8” galvanized steel rod in accordance with specifications.  
  

Project Need:   
Present rods do not meet design structural or service life requirements.  
 

Impacts:   
The Hangar Rods are features of the 1918-19 bridge rehabilitation. Rods are to be replaced in-kind.  
 

Alternatives:   
There are no other practical repair alternatives that meet engineering requirements and the Secretary's Standards other than 
"replacement in-kind."  
 

Drawings:  36, 37, 38, 39, 40, 41, 47, 48, 49, 50, 51, 52 Photos:   20-1 

Drawing No. 50 Photo No. 20-1 
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  21 Feature:  Needle Beams 

Total members:  31 Members affected: 10   

Date:  1918-19 Explain:  Bridge raised and rehabilitated by Boston & Maine Railroad  

Description:  A component of the Added Arch strengthening system added to the bridge during the 1918-1919 rehabilitation (see 
Added Arches sheet). Sawn timbers, 8"x8" suspended below the bridge deck by steel hangar rods attached to the Added Arches. 
The beams run transversely below the lower lateral bracing to directly support the chords on wood blocking or spacers as 
required.  
 

Condition:   
Needle beams identified for replacement exhibit structural deficiencies including rot and splits due to weathering.  
 

Describe Work:   
Replace existing needle beam with new 8” x 8” needle beam. All existing members shown to be replaced are to be replaced “in-
kind” with new members identical in dimensions and configurations as the members originally used in the covered bridge (GC-
12, Sheet 2). 
 
Members requiring replacement:  
N83–S83, N75–S75, N73–S73, N71–S71, N56–S56, N54–S54, N50–S50, N36–S36, N34–S34, N27–S27. 
 

Project Need:   
Members to be replaced do not meet project design structural or service life requirements.  
 

Impacts:   
The Needle beams are features of the 1918-19 bridge rehabilitation. The beams are to be replaced in-kind.  
 

Alternatives:   
There are no other practical repair alternatives that meet engineering requirements and the Secretary's Standards other than 
"replacement in-kind." 

Drawings:  32, 33, 34, 36 Photos:   21-1 

Drawing No. 32 Photo No. 21-1 
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  22 Feature:  Timber Struts and Sleepers 

Total members:  ~20 Members affected: all   

Date:  1918-19 Explain:  Bridge raised and rehabilitated by Boston & Maine Railroad 

Description:   
The struts are sawn 7 ¾” x 14” timbers at the west abutment acting as knee braces supporting the sleeper beams allowing for 
further cantilevering of the sleeper beams beyond the abutment. Sleepers are large dimension timbers that rest directly on the 
masonry abutments and piers. They serve as bearings and typically vary in dimension to accommodate irregularities in the pier. 
They may cantilever out from the substructure to shorten the span of the members they are supporting. Because they are usually 
in direct contact with the masonry, they are subject to rot and are considered sacrificial to protect the truss members they carry.  

Condition:   
The struts show cracking from drying and will be further evaluated for their structural integrity. Sleepers and bedding timbers are 
all in varying stages of decay, holding moisture and posing a threat of rot to structural members above them.   
 

Describe Work:   
Struts will be evaluated for replacement during construction. All Sleeper and bedding timbers are scheduled for replacement in-
kind to the extent possible with treated timbers of both soft and hardwood. Low-profile reinforced concrete bearing seats will be 
installed on top of piers and abutments to provide a uniform and structurally sound bearing for the sleepers.  
 

Project Need:   
The bridge members must have structurally sound decay-free bearings.  

Impacts:   
The struts, bedding and sleeper timbers are assumed to be features of the 1918-19 bridge rehabilitation when the bridge was 
raised to increase clearance over the railroad tracks. They do not have any significant association with the original bridge design 
and are sacrificial elements of the design.  

Alternatives:  There are no other practical repair alternatives that meet engineering requirements and the Secretary's Standards 
other than "replacement in-kind."  
.  

Drawings:  12, 35, 39 Photos:   22-1 to 22-4 

Drawing No. 35 Photo No. 22-1 
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Photo No. 22-2  Sleeper North West Abutment, Drying Splits 

 
 
Photo No. 22-3  Sleeper South West Abutment, Drying Splits 
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Photo No. 22-4  Sleeper North West Bent 1 – Bent 2, Drying Splits 
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  23 Feature:  Piers 

Total members:  3 Members affected: 3   

Date:  1831; 1852? Explain:  see below 

Description:  
The three (3) river piers consist of largely dry laid stone with concrete caps and concrete toe wall. Piers 2 and 3 date to 1831 
according to documentary evidence; they were constructed by Luther Butler for $1400. Prior to 1893 a new stone pier (designated 
Pier 1 for engineering purposes) was constructed under the westerly span. It may have been constructed when the White 
Mountain Railroad was built, passing under the west end of the bridge. Pier 1 has a concrete face and stone-filled wood cribbing 
sub-footing, while Piers 2 and 3 are founded on ledge. Concrete facing and caps were added to the piers and abutments when the 
bridge was raised in 1918-19.  

Condition:   
Piers 3 and 2 (easternmost pier and center pier respectively) are in poor to fair condition, while Pier 1 is in serious condition.  Piers 3 
and 2 are founded on ledge and Pier 1, which is not of original construction, is founded on partially exposed wood cribbing.  All three 
Piers have varying amounts of vegetation growing in the joints with Pier 2 having a small tree growing out of the downstream face.  
All three Piers have some large stones and chinking stones missing. In 2006 Pier 1 was found to have two scour pockets measuring in 
excess of 8 s.f. that exposed the wood crib footing, missing stones, and cracks in the concrete toe wall around the base. Repairs to Pier 
1 were made in 2007 to correct these deficiences. The arches bearing on Pier 1 are not well seated and, due to the steep slope of the 
arch, could slip or potentially fall off the pier (HTA Engineering Report).  

Describe Work:  
Remove all vegetation growth from seams of stones and apply herbicide to inhibit their growth. Cut flush all form ties from face 
of existing concrete. Remove 12”x12” wood support beams. Apply two coats of linseed oil at concrete surface. Chink entire stone 
face. Remove and replace all sleeper beams and bedding timbers with new 12” sleeper beams and 6 equally spaced 4”x12”x12” 
hardwood bedding timbers. Create new concrete pedestals for floor beams and truss bearings as part of bridge realignment. 
Reconstruct arch bearings; remove mortared stones and install new stone as needed.  

Project Need:   
The piers support the bridge and must have structural repairs to meet project design requirements.  

Impacts:   
Proposed repairs will be made consistent with the Secretary of the Interior's Standards for Rehabilitation.  

Alternatives:   
The repair methods will meet the Secretary's Standards therefore other alternatives were not considered.  

Drawings:  15, 16, 17, 18, 19, 20 Photos:  23-1 to 23-6 

Drawing No.  17 Photo No.  23-1 
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Photo No. 23-2  Pier 1 South (repaired 2007) 

 
 
Photo No. 23-3  Pier 2 North 
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Photo No. 23-4 Pier 2 South 

 
 

Photo No. 23-5  Pier 2 North 
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Photo No. 23-6  Pier 3 North 
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  24 Feature:  Abutments 

Total members:  2 Members affected: 2   

Date:  1831 Explain:  see below 

Description:   
The abutments and wingwalls are built with dry laid random rubble stone and date to the original construction of the bridge in 
1831. Documentary evidence indicates they were constructed along with the piers by Luther Butler for $1400. Concrete caps 
were added to the abutments when the bridge was raised in 1918-19.  
 

Condition:   
Fair. Differential settlement, missing stones and evidence of loss of backfill. 
 

Describe Work:    
Replace missing stones with similar stones as required. Chink open joints on faces of abutment and wingwalls, compact loose fill 
behind wall stones. New stones shall closely match the color, texture and pattern of existing stones. Stones shall be approved by 
the resident engineer prior to use.  
 

Project Need:   
Abutments support the bridge and must have structural repairs to meet project design requirements.  
 

Impacts:   
Proposed repairs will be made consistent with the Secretary of the Interior's Standards for Rehabilitation. 
 

Alternatives:   
The repair methods will meet the Secretary's Standards therefore other alternatives were not considered.  
 

Drawings:  11, 12, 13, 14 Photos:  24-1 to 24-6 

Drawing No. 11 Photo No.  24-1 
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Photo No. 24-2  Abutment, West   

 
 
Photo No. 24-3  Abutment, West   
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Photo No. 24-4  Abutment, East   

 
 

Photo No. 24-5  Abutment, East 
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Photo No. 24-6  Abutment, East 
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  25 Feature:  Timber Bents 

Total members:  3 Members affected: 2   

Date:  1919 – 1941  Explain:  see below  

Description:  
Three timber framed bents support the west span. They were added during the 1918-1919 rehabilitation and raising of the bridge 
for the Boston & Maine Railroad. The bents are of typical construction, consisting of timber columns, bracing and cap beams, 
resting on a concrete footing.   
 

Condition:   
Ice from flooding on January 25, 2010 damaged Bents 1 and 2 while completely removing Bent 3 closest to the river. Bent 3 was 
replaced in-kind; repairs were made to Bent 2 in-kind with new timbers. Bent 1 is in poor condition.  
 

Describe Work:  
Bent 3 is new and will be retained. Bent 2 will be evaluated during construction and repaired or replaced. Bent 1 will be replaced 
in-kind.   
 

Project Need:   
The bents serve a structural purpose by adding supplemental support to the long west span.   
 

Impacts:   
The Timber Bents are features of the 1918-19 bridge rehabilitation. Members are to be replaced in-kind.  
 

Alternatives:   
The repair methods will meet the Secretary's Standards therefore other alternatives were not considered.  
 

Drawings:  31, 35, 42 Photos:  25-1, 25-2, 25-3, 25-4 

Drawing No.  31 Photo No. 25-1 
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Photo No. 25-2  Bent 1 

 
 
Photo No. 25-3  Bent 2 
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Photo No. 25-4  Bents 2 and 3, elevation  
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BRIDGE FEATURE INVENTORY & TREATMENT FORM 

No.  26 Feature:  Interior Siding (or Wainscoting) 

Total members:  2730 s.f. Members affected: all   

Date:  1996 Explain:  Replaced earlier wainscoting removed in 1987 – 1988 in the Graton rehab process. 

Description:  
1"x8" sawn lumber installed by town after 1988 bridge rehab. Also known as wainscoting or shelter panel. According to the U.S. 
DOT Covered Bridge Manual of April 2005, “this siding protects the ends of the primary structural members from splashing 
water from vehicles and windborne rain. The inside siding can effectively protect the timbers, but also makes it difficult to 
perform routine visual inspections in that portion of the structure. Further, the reduced ventilation around the truss members may 
actually accelerate rotting of the timbers” (USDOT, p. 69). 
 

Condition:   
Good.  
 

Describe Work:   
Boards to be removed to effect repairs to truss members.  Engineer will likely recommend that wainscoting be left off. Town 
installed the current boards and may prefer that they be reinstalled. 
 
 

Project Need:   
Wainscoting must be removed to access and repair truss members.  
 

Impacts:   
No impacts: interior wainscoting is not historic fabric or a historic feature.  
 

Alternatives:  Not applicable.  
 

Drawings: 6 Photos: 6-8, 11, 14-16, 19-21, 24-31 

Drawing No.  6 Photo No. 27  
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