
Ohio’s Covered Bridges:  

Preserving our Heritage for 

the Future



Historic Traditions and Local 

Heritage
Historic Covered Bridges of Monroe County

James Fleeman, EI., SI.

Assistant Engineer, Monroe County



Monroe County
Woodsfield, Ohio





Covered Bridges Of Monroe County Ohio

Foraker Covered Bridge CR 40 – M.P. 
0.99 SFN5633230 Built 1887 Last 
Rehab: 2005 Multiple King Post Truss

Span 95.5’ Current Inspection 
Condition 3P

Knowlton Covered Bridge Washington Twp Rd 834A 
-0.30 Built 1887 Last Rehab 1994  Retired SFN in 
1990’s with County Commissioners retaining 
ownership of structure. Park and structure 
administered by Knowlton Covered Bridge Park 
Board

3 Span (48’, 96’, 48’)  Multiple King Post Tied Arch 
Truss         Current Inspection Condition 1P



Knowlton Covered Bridge

Originally Built 1887



Foraker Covered Bridge
Originally Built 1886-87



Foraker Covered Bridge
Length 104’-8” Span 95’ – 6” 

Last Rehab: 2005 

Date of picture: 2007

Bridge in Freshly 

Minted Condition

Notice the sag 

already forming 

within 2 years of 

rehabilitation 

completion

Ominous Sign 

of times 

ahead



Relocated Local Bridge 

Monitor to Foraker 

Covered Bridge

Ready to 

work 

Boss!



Foraker Covered Bridge
SFN5633230

Bridge in Current Condition

August 8th, 2016

Within 10 years of 

monitoring the 

sag it has become 

a pressing issue at 

>10” on span of 

96 feet.



Foraker Covered Bridge 2001

NO SAG ISSUE,  

advanced 

deterioration and 

decay



Early on, the county engineer, 

Lonnie Tustin, had asked that we 

keep the steel beam support 

system in place. We told him NO.  

- ODOT district 10 

Keeping the steel beams is not 

necessary and not historical. – Ron 

Mattox, Project Manager



The Bridge shall be 

supported such that 

positive chamber is 

provided at midspan in 

the magnitude of 4”



Verbiage concentrates on historical nature while not emphasizing 

structural aspects (service stresses and future load considerations)

















At this stage project is 

starting to burn a hole in the 

budget 

The extra change order work: 

Abutment wingwalls, Concrete 

Cap and Approach pavement 

amounted to $14,592.64



Finally a 

SIGHT TO BEHOLD



Fast-forward to 

winter of 2014



Then forward 

onward to 2016



Then to today. Here 

is Newly Hired 

Bridge Monitor 

checking floor beam 

integrity



Associated problems with a sagging 

timber structure

Lower Chord Connections INTACT
Lower Chord Connections in stages of

SHEAR FAILURE



County could not 

afford rehabilitation 

so we turned to our 

BIG brother ODOT



District 10 LPA 

coordinator advised 

for a Transportation 

Alternative Program 

Grant



Our engineer filled 

out LETTER OF 

INTEREST FORM and 

emailed it to district 

with supporting 

documentation for 

the project on Feb 

4th, 2014

TRANSPORTATION ALTERNATIVE PROGRAM 
2014 LETTER OF INTEREST FORM 

 
 
Local Government:     ___MONROE COUNTY ENGINEER’S DEPARTMENT 
______________________________________________________________________       
 
Local Government Contact Person & Title: __LONNIE TUSTIN, COUNTY ENGINEER 
________________________________________________________  
 
Street Address:  ___47134 MOORE RIDGE ROAD 
__________________________________________________________________________    
    
City, State & ZIP: WOODSFIELD, OH  43793 
___________________________________________________________________________   
 
Telephone: __740-472-2537 _______    Fax: _740-472-2530___ E-Mail:mceng555@sbcglobal.net  
           
Estimated  total construction cost and amount of Federal Funds to be requested (Include 5 percent for 
construction inspection and administration, and adjust for annual inflation, considering the time element to bring a 
project to completion.)    
 
TOTAL CONSTRUCTION COST $_60,000.00_____ FEDERAL FUNDS $48,000.00__   %___80_____  
  
__________________________________________________________________________________________    
 
Identify source of 20% Cash match.  If match is not currently available, please explain.  
County License Plate and Gas Tax Funds/Contract Service-Bridge Fund 
 
 
Describe the project including project location, termini, and purpose.   
County Road #40, (Plainview Rd.) – M.P. 00.99 
Rehabilitation of Historic Covered Bridge 
 
 
Explain the project’s relationship to surface transportation, or well-defined benefits if recreational trail facility.  
In order to determine if there is a direct relationship to surface transportation, the applicant may have to ask and 
answer some questions. For example, how is the project related to surface transportation through present or past 
use as a transportation resource? Is there a direct connection to a person or event nationally significant in the 
development of surface transportation? What groups and individuals are affected by the relationship(s) and are 
these relationship(s) still in existence? Is a relationship substantial enough to justify the investment of 
transportation funds? 
 
Bridge located on thru County Road System 
 
Describe if the project is in conjunction with another planned transportation, or other, project, or has multi-modal 
components. 
 
Monroe County Road System 
 
Describe the Purpose and Need and the expected Public Benefit.   
 
Preserve Bridge at current load rating 



After not hearing 

back for obscene 

amount of time, this 

was our response 

from ODOT after 

inquiry



• Not to be discouraged, we reapplied in 2015 

with assurance that it would be processed 

properly.

• Applied for TAP Grant in May.

• Received notice in August that we had been 

awarded the project and was given scope and 

schedule details.

• Hired Woolpert to inspect and prepare 

rehabilitation plans for Foraker as well as 

inspect and prepare preliminary plans for 

Knowlton Covered Bridge.

• Woolpert submitted plans in January 2016



• March 2016 - Signed ODOT LET Contract 

and encumbered funds for project

• Bid out and awarded to RIGHTER 

COMPANY INC in April 2016 for 

$206,600.00

• Preconstruction Meeting was held in May 

with a scheduled start date of August 1

• Start Date has been pushed back to 

August 15, 2016 



Knowlton Covered Bridge

Current condition of 

Knowlton’s Covered 

Bridge August 8th, 

2016



Knowlton Covered Bridge

Current condition of 

Knowlton’s Covered 

Bridge August 8th, 

2016



Knowlton Covered Bridge

Current condition of 

Knowlton’s Covered 

Bridge August 8th, 

2016 Showing failed 

Tied Arch



Knowlton Covered Bridge

Current condition of 

Knowlton’s Covered Bridge 

August 8th, 2016 Showing 

2nd span global racking 

towards upstream side



Condition of Knowlton’s 

Covered Bridge 

January, 2016 County 

Force Account Labor 

emergency fix to lower 

chord connection



Condition of Knowlton’s 

Covered Bridge Febuary

22th, 2016 Showing 

Wind damage



Condition of 

Knowlton’s Covered 

Bridge Mid-March, 

2016 County Force 

Account Labor 

rebuilding roof



Condition of 

Knowlton’s Covered 

Bridge Mid-March, 

2016 County Force 

Account Labor 

rebuilding roof



• ODOT announces extra funds to equal 5% local 

match plus design cost for various project 

categories including TAP Grant

• Febuary 2016 – Submitted LOI for Knowlton 

Covered Bridge to ODOT as project sponsor for 

$1 million dollar complete rehabilitation with 

local match funding provided for by County 

Commissioners 

• May 2016 – Submitted Transportation 

Alternative Grant to ODOT

• August 2016 - Waiting to here Grant award 

Recipients from ODOT











CURRENT CONDITION 

OF MONROE COUNTY’S 

BUDGET TO FUND 

THESE PROJECTS 

INHOUSE

CHECK THE POCKET 

LINT FOR PENNIES



Ohio’s Covered Bridges:  

Preserving our Heritage for 

the Future

Design Perspective

Tom Less, PE



Foraker Covered Bridge

11” SAG



Foraker Covered Bridge

 Finite Element Model (Staad) of deflection with lost connection

11” Sag in model matched field



Foraker Covered Bridge

 FEM Modeling

 2-D frame analysis using beam members specified as “TRUSS”, tension-compression 

only action.  Also included tension only members for post-tensioned rods.

 External load applied to model the original post-tensioning at the ends of the 

truss.

 Failure model removed the post-tensioning external loads and instead modeled one 

end as having a roller type connection with a spring in the longitudinal direction.  

This allowed the truss to deflect horizontally and vertically and the post-tensioned 

rods to pick up additional load from the original connection.

 A small amount of horizontal deflection in the lower chord resulted in large 

vertical displacement at mid-span.



Foraker Covered Bridge



Foraker Covered Bridge

Post-tensioned Rod

Upper Chord

Lower ChordFractured Member



Foraker Covered Bridge

 Connection Failure

 Prior rehabilitation included a connection design that used a combination 

of incised shear joint in wood and bolts.

 Bolt bearing checks fail and over time the bolts will ‘work’ the holes 

larger in wood due to sustained stress.

 When bolt holes deform the bolts become no longer fully engaged and the 

shear connection becomes the primary load carrying mechanism.

 The wood in the shear connection fails, and the connection 

deflects/expands until the bolts re-engage.  In this case the prior 

rehabilitation included post-tensioned rods which picked up more load, 

allowing the bolted-only connection to be sufficient to prevent further 

failure.

 In summary the prior design failed to account for bolt bearing 

deformation and differential mobilization of the two connection methods 

(wood shear connection and bolts).  This is similar to combining welds and 

bolts in a steel connection.



Foraker Covered Bridge

 Recommendations

 Design shear connection and bolted connection to carry the load independently, 

similar to steel design with bolts and welds.

 Consider using undersized bolt holes to provide an interference fit to help ensure 

full bolt engagement.  Similar to rivets.

 Make sure to check bolt bearing calculations to help minimize hole deformation.  

Some deformation will still likely occur over time due to sustained loads.

 Consider using shear rings with the bolts.  This can however lead to maintenance in 

the future if the rings start to corrode.  Recommend galvanized.



Knowlton Covered Bridge

 Grant application submitted for $1,000,000 rehabilitation

 Emergency Repair for Lower Chord



Knowlton Covered Bridge

• Lower Chord at Center Span Midspan Has Fractured in Tension



Knowlton Covered Bridge

• Truss Arch Buckling and Racking

ARCH TRUSS BUCKLING



Knowlton Covered Bridge

 First End Span already shored



Knowlton Covered Bridge



Knowlton Covered Bridge

 FEM Modeling

 2-D frame analysis using beam members specified as “TRUSS”, tension-compression 

only action.  Similar to Foraker.  In future will expand to 3D model to capture 

structure-wide distribution of force, out-of-plane effects, and racking/buckling.

 Analyzed original condition for dead and snow load to determine repair forces. 

 Arch in truss adds redundancy to the structure – the reason it is standing!



Knowlton Covered Bridge

 County commissioner met on site, and brought local artwork



Knowlton Covered Bridge



Knowlton Covered Bridge
 Some original chord members are 6”x11” or 6”x6” x 52 feet long white oak –

would be very hard to find to replace in kind.



Knowlton Covered Bridge



Knowlton Covered Bridge

• Historic Detail



Knowlton Covered Bridge

 Don’t want the bridge to float away



Ohio’s Covered Bridges:  

Preserving our Heritage for 

the Future

Contractor’s Perspective

Brad Nadolson, PE



About Us

 Involved in bridge construction since 1977

 Repaired, reconstructed or built over 100 highway 
and pedestrian bridges since 1986

 Level 1, 2 & 3 Bridge Prequalified with ODOT

 City of Columbus Prequalified

 Over 50 Covered Bridge Rehabilitation, Repair and 
New Construction Projects since 1996, in three 
states



Issues to be Considered/Challenges

 Access & Site Constraints

Right of Way and Construction Easements – Is there 

enough room?

Relationships with the neighbors

Water way restrictions – Can we get in the stream?

Siding work

Support of structure



Foraker Covered Bridge



Issues to be Considered/Challenges

 Condition of the Existing Structure

Hidden issues

Rot

Insect damage

Structural damage

Corrosion on steel members

Contingency Quantities



Rot/Insect Damage



Rot/Insect Damage



Rot/Insect Damage



Rot/Insect Damage



Issues to be Considered/Challenges

 Condition of the Existing Structure

Hidden issues

Rot

Insect damage

Structural damage

Corrosion on steel members

Contingency Quantities



Steel Corrosion



Issues to be Considered/Challenges

 Condition of the Existing Structure

Hidden issues

Rot

Insect damage

Structural damage

Corrosion on steel members

Contingency Quantities



Issues to be Considered/Challenges

 Access to Materials

Wood species/Grading and availability – Lead 

times

Drying/Moisture Content specifications



Recommendations from Experience

 Never specify kiln-dried white oak

 If you are replacing the roof, consider replacing the roof 
system wood (purlins for sure)!

 Get the needed permits for water-way access

 Make sure you have enough right-of way or temporary 
construction easements

 Allow enough time for material lead-times when considering 
bid and completion dates

 Specify plain/black steel or weathering steel (check 
availability)



Recommendations from Experience

 Recognize that these bridges do require maintenance & 

inspection!

Tighten bolts

 Inspect timbers

Maintain roof and siding

Clean debris – especially off of lower chord

Vandalism/Impact damage



Impact Damage



Impact Damage – Repaired!



Recommendations from Experience

 Fire Retardant on every bridge – existing and new

 Tim-bor/Borate Treatment to prevent insect and fungal 

damage

 Experience requirement – don’t let just anyone work on 

your bridge!  

Submit with the bid for evaluation

 It is never too late to rehabilitate the bridge – preserve a 

piece of history!



Experience Requirement



Recommendations from Experience

 Fire Retardant on every bridge – existing and new

 Tim-bor/Borate Treatment to prevent insect and fungal 

damage

 Experience requirement – don’t let just anyone work on 

your bridge!  

Submit with the bid for evaluation

 It is never too late to rehabilitate the bridge – preserve a 

piece of history!



Before and After…Engle Mill Covered 

Bridge



Before and After…Engle Mill Covered 

Bridge



Before & After…Rinard Covered Bridge



Questions?

Brad Nadolson

Phone Number:  614-272-9700 Ext. 102

Email:  brad@rightercompany.com

Website:  www.rightercompany.com

mailto:brad@rightercompany.com


Ohio’s Covered Bridges:  

Preserving our Heritage for 

the Future

My Perspective

Ron Mattox, PE



Miriam Wood



By the numbers

 None in 1803 – Statehood

 1809 first recorded sighting

 3,850 documented in 85 of 88 counties

 Today 80 to 130 depending on definition



Significance and my Passion

 Historic

 Creative solutions

 Construction and Materials

 Bridge Design (Geek)

 Feeling



Little Round Top

July 2, 1863



Roberts 1829

Newton Falls 1831





17 truss types     



Chord joints



Details



Complexity

Craftsmanship

Knowledge





Species

Size



Champions



Rinard Covered Bridge



Thank you

Questions?


