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COST-COMPETITIVE TIMBER BRIDGE DESIGNS FOR LONG TERM PERFORMANCE 

BACKGROUND 
MnDOT data shows that only 17 timber beam or slab bridges have been constructed in Minnesota since 2000. During the same 
period, over 475 concrete slab spans or prestressed concrete beams bridges have been constructed. This has occurred due to a 
number of factors, iilcluding misconceptions about the durability, structural adequacy and expense of constructing timber 
bridges. However, significant advancements in design, preservation, maintenance and inspection of modern timber bridges 
have been made. Recent national service life assessment research has shown that timber is a durable option for primary 
structural members in highway bridges and can perfonn satisfactorily for over 50 years when properly designed, fabricated and 
maintained. However, both anecdotal assumptions and cost reports have indicated that timber bridges are more expensive than 
concrete bridges to construct (MnDOT 2013). The objective of this project will be to develop a series of design, contracting 
and construction options and strategies for cost-competitive (initial and life cycle costs), sustainable timber. bridges in 
Minnesota that meet the American Association of State and Highway Transportation Officials (AASHTO) HL-93 load 
requirements and Load and Resistance Factor Design (LRFD) bridge design specifications. The project will incorporate 
standard plans for timber bridge superstructures that are currently under development by the United States Department of 
Agriculture (USDA) Forest Service. These plans will be evaluated and modified for Minnesota and when coupled with best 
inspection and maintenance procedures, provide new opportunities for constructing innovative, long-lasting and cost
competitive timber bridges. Finally, several bridge construction projects would be identified with partner counties that would 
use the developed plans, allowing the project team to assess and validate the true initial costs of construction, predict life cycle 
costs and complete a life cycle assessment for these bridges. 

OBJECTIVE 
Minnesota has a noted need to replace its aging bridge inventory, but faces challenges in having adequate funds available to 
construct a large number of new bridges in rural Minnesota. There is a need by counties and townships to develop innovative, 
long-lasting and low-cost bridge options. The proposed project will provide key and valuable information on cost-competitive 
construction options and strategies for constructing green, sustainable timber bridges produced by Minnesota companies. 
Timber bridges are an important component of the United States highway system, especially in rural areas. The December 
2012 National Bridge Inventory (NBI) database includes 48,759 bridge structures that have timber as the primary structural 
member in the superstructures. Minnesota is reported to have 1,400 bridges containing wood or timber as a superstructure type, 
however there are additional 300 that have timber as a decking material on steel beams and several thousand with timber 
substructure elements such as columns, abutments, pilings, pier caps or wing walls (Federal Highway Administration [FHW A] 
2012). However, only 17 new timber bridges have been constructed in Minnesota since 2000, a function of a poor reputation 
created by a lack of timber knowledge, discrete cases of deterioration (usually substructure), and a perception that timber 
bridges have higher initial and life cycle costs than steel or concrete bridges (Smith and Stanfill-McMillan 1996). 

Recent Minnesota and national bridge assessments have shown that properly designed, treated and maintained bridge 
superstructures have demonstrated service lives of over 50 years, and often approaching 70 years (Wacker 2014). The USDA 
Forest Service is updating standard plans for timber bridges that will provide key information allowing engineers to evaluate 
timber bridges as possible options for replacing structurally deficient or load posted bridges. Recent improvements in materials 
and treating processes also provide new long-lasting options for planning and construction of timber bridges. 

There are concerns that timber bridges are not cost-effective options when compared to concrete bridges. There is a need to 
develop innovative approaches to design, components, and construction strategies that result in cost-competitive options. For 
example, panelized systems incorporating sawn lumber or glue laminated (glulam) beams and panels provide opportunities for 
reduced construction closures and/or installation by county crews, reducing initial costs. Once installed, implementation of 
advanced inspection procedures and maintenance of timber bridges developed during recent MnDOT/ Local Road Research 
Board (LRRB) projects will support proper inspection and preventative maintenance, extending the service life of these bridges 
even further. The development of construction and material options and strategies will allow engineers to accurately understand 
initial and life cycle costs, while identification of potential construction projects will validate the cost and performance aspects 
of construction. These efforts have the potential for cost savings for Minnesota counties and to increase the use of timber 
superstructures that are manufactured or treated in Minnesota or adjoining states. This would have a positive economic impact 
through employment. 
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This project also has the potential for environmental benefits. As concerns about carbon dioxide (C02) emissions and climate 
change increase, there is an increased emphasis on environmental sustainability and life cycle impacts. There are new programs 
promoting green building, such as the United States Green Building Council's Leadership in Energy & Environmental Design 
(LEED) program. In fact, the newest version of the United States Green Building Council's LEED standard, LEED v4, now 
gives credit to building projects using products that have Environmental Product Declarations (EPDs). LEEDv4-compliant 
EPDs summarize potential environmental impacts across the life cycle of products and materials for select impact categories. 
They are based on ISO 14025, the international standard for Type III environmental declarations. Recent research (Oliver et al 
2014) has confirmed that switching to wood construction from concrete reduces C02 emissions and that building with wood 
consumes substantially less energy than concrete or steel. By understanding the environmental aspects of timber bridges, this 
project could help identify new sustainability options for Minnesota bridges and serve as the first step for assessment of 
"green" bridges. 

SCOPE 
This project will focus on identifying innovations that allow for constructing long-lasting and low-cost timber bridges. The 
project team will develop construction options and strategies for cost-competitive/advantageous, sustainable timber bridge 
superstructures. Once developed, the project team will work with Minnesota county and state bridge engineers to identify 
potential projects that can be used to validate the cost-competitive and sustainable nature of the bridges. The scope of work for 
the project will include: 1) completion ofa literature review, commercial product review, and engineer survey related to cost
competitive timber bridge materials and systems, life-cycle costs, and environmental impacts, 2) creation of standard 
superstructure options for Minnesota that are cost-competitive and sustainable, 3) identification of potential construction 
projects and county partners to demonstrate and validate cost-competitive timber bridges, and 4) development of task and final 
reports. Project outreach will occur during the project through engagement with the Minnesota County Engineers Association 
(MCEA), MnDOT (Bridges and Structures, Communication), the development of a presentation for MCEA and a webinar and 
by placing the information into the web portal of the National Center for Wood Transportation Structures, hosted by Iowa State 
University (subcontractor). 

ASSISTANCE 
Assistance from MnDOT will be expected through the activities associated with the Technical Liaison and the TAP. This will 
include support in reviewing plans, identifying potential bridge construction and demonstration projects and in reviewing data 
associated with the project. 

WORK PLAN 

Task Descriptions 

Task 1: Literature Review, Product Review, aud Engineer Survey 
The University will complete a comprehensive literature review to identify previous research on modem, cost-effective, 
sustainable timber bridge superstructure plans, cost studies and assessment strategies for initial and life cycle costs. Further, a 
review of timber bridge product, manufacturing and construction options will be conducted to understand the available 
marketplace and construction market. The research team will review recent timber bridge construction projects in Minnesota 
and Iowa to obtain cost factors as available. To solicit information from county engineers, the University will develop a survey 
and distribute it with a goal of understanding timber bridge concerns, construction protocols for bridges, and the use of county 
crews or engineering construction firms. A version of the survey will also be distributed to bridge design firms and 
construction companies. The research team will also identify common concrete and steel designs used in Minnesota and gain 
information on the standard cost rates associated with their construction. 

Project Coordination: 
University: Manage the task activity and initiate the literature research review; identify current timber bridge 
component producers, collect material and production data, identify Minnesota timber construction projects in past 5 
years; submit task deliverable report. 
USDA Forest Service, Forest Products Laboratory (FPL): Develop survey for county engineers, bridge design firms 
and construction companies; interview current timber bridge component manufacturers; obtain cost information for 
recent timber bridges constructed in Minnesota ; identify additional research literature on life cycle analyses and timber 
bridge plans; identify compile final literature review prior to submission. 
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Iowa State University (!SU): Distribute survey to county engineers and collect results, collect cost data from previous 
and ongoing timber bridge construction projects in Iowa. 
Laminated Concepts, Inc. (LC!) and LHB, Inc. (LHB): Provide additional information (publications, cost studies, 
environmental reviews, and bridge plans) from their project files, and submit to the National Regulatory Research 
Institute (NRRI). 

Task 2: Creation of Standard Superstructure Options and Cost Assessment 
Based on the products from Task I, the University will develop standard superstructure options for Mirmesota, with an 
emphasis on cost-competitive, long-lasting timber bridges with specific moisture management details. These designs may 
include glulam beam with glulam deck, sawn timber spike-laminated panels and/or steel beam with timber deck. The 
University will explore design innovations and contracting options to support reduced cost options. The University will 
complete a preliminary economic assessment of the initial and life cycle costs of the identified Mirmesota options and compare 
them to typical concrete bridge designs commonly used in Minnesota. The University will also complete a preliminary life 
cycle assessment to identify environmental aspects and impacts for the selected bridge options. This information will be used to 
develop a presentation for discussion with the Bridge Committee of the MCEA. 

Project Coordination: 
University: Manage the task activity; conduct preliminary economic analysis of initial and life cycle costs as compared 
to standard concrete and/or steel bridge designs; submit task deliverable report. 
FPL, LC!: Manage the development of standard superstructure plans in cooperation with LC!, develop cost information 
for initial and life cycle costs; develop economic cost information in cooperation with project partners for analyses. 
!SU: Provide commentary and review for the standard superstructure plans developed during this task. 
LHB: Provide commentary and review for the standard superstructure plans developed during this task. 

Task 3: Construction Projects and Partners to Demonstrate and Validate Cost-Effective and High Performance Timber 
Bridges 
Based on the bridge designs and strategies selected, potential MnDOT and county partners will be identified for planning and 
construction of up to three beam or slab .type bridges. The research team will begin discussions with counties in 2016 to allow 
for permit applications. The research team will interface with the partner to demonstrate and validate the cost parameters 
associated with the project, and compare them to preconstruction estimates. The University will complete a final life cycle 
assessment, based on the specific bridge constructed. This information will be used to develop a presentation for MCEA and a 
webinar for Mirmesota county engineers. Funding and completion of the actual construction are outside the scope of the 
requested project funds. 

Project Coordination: 
University: Manage the task activity; identify Mirmesota counties that are interested in a new timber bridge 
construction project; engage project partners in discussions with these counties; collect and track costs associated with 
the construction projects; conduct final cost assessment; submit task deliverable report. 
FPL: Engage closely with project partners, specifically counties that will construct bridge projects; provide technical 
oversight to county partners and teclmical assistance to timber bridge design, fabrication and construction firms; 
develop presentation materials and make presentation to MCEA and bridge committee; help develop and compile task 
report. 
!SU: Engage with team to identify any comparable projects in Iowa, and ifidentified collect design and cost data for 
these projects that can be used in comparison with Minnesota projects; review life cycle cost estimates, presentation 
information and task report. 
LC!: Review project design plans for demonstration projects with an eye to cost-effective and high performing 
construction detail; review life cycle cost estimates, presentation information and task report. 
LHB: Help identify county partners; review project design plans; guide collection of cost data; review life cycle cost 
estimates, presentation information and task report. 

Task 4: Compile Report, Technical Advisory Panel (TAP) Review and Revisions 
The University will prepare a draft report, following MnDOT's publication guidelines, to document project activities, findings 
and recommendations. This report will be reviewed by the TAP, updated by the University's Principal Investigator to 
incorporate teclmical comments, and then approved by Teclmical Liaison. A TAP meeting will be held to discuss the draft 
report and review comments. 

-6-
(CSS/CM Last Reviewed 06/22/2015) 



MnDOT Contract No. 99008 Work Order No. 227 

Project Coordination: 
University: Manage the task activity and compile task reports to develop the final report according to the University's 
Center for Transportation Studies (CTS)/MnDOT guidelines; Schedule and host a TAP panel meeting. 
FPL: Provide support in developing the final project report and presentation materials for the TAP meeting. 
ISU: Review and comment on draft report materials. 
LCI: Review and comment on draft report materials. 
LHB: Review and comment on draft report materials. 

Task S: Editorial Review and Publication of Final Report 
During this task, MnDOT's Contract Editors will process the Approved Report. The editors wiJI review the document to ensure 
it meets the publication standard. 

Project Coordination: 
University: Coordinate response and final submission to any final editorial comments. 
FPL: Provide response to any final editorial comments as appropriate. 
ISU: Provide response to any final editorial comments as appropriate. 
LCI: Provide response to any final editorial comments as appropriate. 
LHB: Provide response to any final editorial comments as appropriate. 

Task Deliverables 

Task: Deliverable(s): 
1: A Written Report 
2: A Written Report 
3: A Written Report; Webinar Presentation 
4: A Draft Report and Final Report Anoroved for Publication 
S: Final Published Report 

PROJECT SCHEDULE 

Schedule 

201S 2016 
Months: 1 2 3 4 s 6 7 8 9 10 11 12 13 
Task 1 x x x x x 
Task2 - x x x x x x x 
Task3 x x x 
Task4 
Tasks 

2017 
Months: 14 lS 16 17 18 19 20 21 22 23 24 2S 26 
Task 1 
Task2 
Task3 x x x x x x x x x x x x 
Task4 x 
Tasks 
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2018 
27 28 29 30 31 

x x x 
x x 
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Draft and Final Deliverable Doe Dates: 

Task: Draft Deliverable Doe Date: Final Task Annroval Date: 
1: Februarv 29, 2016 April 30, 2016 
2: July 31, 2016 September 30, 2016 
3: November 30, 2017 December 31, 20 17 
4: February 28, 2018 Avril 30, 2018 
5: June 30, 2018 

Key Milestones: 

Kev Milestones Tareet Date Descriotion 

I. TAP Meeting April 1,2015 
Initial meeting to develop detailed task plans for 
contract ournoses 

2. Feedback on standard plans and 
July 30, 2016 

Key information that will guide the potential for 
cost measures develooing demonstration or construction projects 

3. Identification of potential December 31, 2016, or earlier, Identification of potential projects for validating 
bridge construction projects as aooropriate cost and performance measures 

4. Construction of up to three 
December 31, 2017 

County construction of bridges to allow for 
timber bridges complete cost and life cycle analyses. 

5. Final TAP meeting and final 
February 28, 2018 Final draft report submission. report submission 
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