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What is a Bridge?



Bridges are . . .

• A Valuable and Critical Asset
– Major Rehabilitation or 

Replacement is Costly

– Detour Routes are often 
Long

• The Link that Connects the 
Roadways in our 
Transportation System



What 

is a 

Bridge?

Murna Hauck – North Dakota Township Officer – “When I 

was a kid, my Dad stopped at a ‘weak’ bridge.   My 

brothers, sisters, Mom and I walked across the bridge first 

and then he drove the car over.”



9% of Nation’s 614,400 Bridges are Structurally Deficient (NBI, 2016) 
(75% of those deficient bridges are on Rural Roads)



46 died

Collapsed December 1967

The Silver Bridge was an eyebar-chain suspension 
bridge built in 1928. The bridge carried US 35 over 
the Ohio River, connecting West Virginia and Ohio.



I-35 W in Minneapolis - 2007

13 died

https://www.youtube.com/watch?v=O6ommRCUcsg

https://www.youtube.com/watch?v=74JNl5n-YdI

https://www.youtube.com/watch?v=O6ommRCUcsg
https://www.youtube.com/watch?v=74JNl5n-YdI




Video Take-Aways

• Design for 75 to 100-year life

• Fracture Critical

• Bridge in America should not collapse

• Bridge movement

• Underfunded and overworked

• Fatalities

• Lesson – You’ve got to maintain bridges



Bad 

Day





Really

Bad 

Day



1985 – Adopted 20’+ major structures 

and dropped minor structure 

inspections



Bridges in North Dakota

NDDOT                  1,365 >=20’

City/County            3,287 >=20’

Total                      4,652

A bridge is a structure with a total opening 
of greater than 20 feet in length.



Bridge length





Buried Bridges





North Dakota Local Technical Assistance 
Program

< 1/2 dia

20’ minimum



Minor Structures

Less than 20’ in length



Who has bridge

responsibility?

Local Practices

Organized Townships





Bridge Cost Estimates

New bridge - $200/sf

Deck replacement - $75/sf

Treat deck with silane - $0.25/sf

Crack seal deck - $0.10/sf



Williams County 

Bridge Value

67 Bridges - $35 Million



Grand Forks County 

Bridge Value

285 Bridges - $169 Million
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Example of Life Cycle Cost Chart





Kansas Research



Detour Length 
– Closures





Key Terms and Topics

Bridge – Major Structure

Minor Structure

Design Life



Stream Rules 

North Dakota’s Laws



North Dakota Stream Crossing Standards







Gambling – the odds are always in your favor



North Dakota Local Technical Assistance 
Program



North Dakota Local Technical Assistance 
Program

2012 Storm

Duluth, Minnesota

8” Rainfall



North Dakota Local Technical Assistance 
Program



Bridge Parts



Bridge Components and Terms

• Three Major Bridge 

Components

– Deck

– Superstructure

– Substructure



Deck
• Portion of the bridge that you drive on



Wooden Deck



Beams as a deck



Superstructure

• Portion of the bridge that lies directly below 

and supports the deck

– Beams, girders, truss, arch 



Web



Diaphragms, Cross 
Bracing and Supports





Splice Plate



Gusset Plate



Truss Bridge 

Superstructure 

Elements

Bearing

Lower Chord

Upper Chord

Diagonal

Vertical



Substructure

• Portion of the bridge that supports 

the deck and superstructure.  

– Abutments, piers
A
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Abutment



Wood Pile

Foundations



Steel Pile Foundations



Bearings

• Transfer loads from 
Superstructure to 
Substructure

• Provide for movement due 
to expansion, contraction, 
rotation

• ¾” expansion with 120°
F temp change - 100’ 
bridge



Bearings

Sliding
Rolling/Rocking

Stretching
Swinging



Ice Nose



Wing Wall



Foundations

Piling



Metal Railing

W-Beam Retrofit

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjLh4KgifvOAhWM44MKHaT3Dq8QjRwIBw&url=http://en.ofweek.com/Product/W-Beam-Guardrail-Beam-prod-46241-928612.html&psig=AFQjCNFQuIkpkInnpoXjMsUHaK2sEptI5A&ust=1473262664539003
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjLh4KgifvOAhWM44MKHaT3Dq8QjRwIBw&url=http://en.ofweek.com/Product/W-Beam-Guardrail-Beam-prod-46241-928612.html&psig=AFQjCNFQuIkpkInnpoXjMsUHaK2sEptI5A&ust=1473262664539003


Approach Slabs



Key Terms and Topics

Deck

Superstructure

Substructure

Foundation





Beam Shapes













W or H – S or I 

Shaped



Bridge Loadings







Overload Permits

Process Review



Unit Weights

Water = 62.4 #/cubic foot

Gasoline = 42

Ice = 56

Wood = 25 - 50

Gravel= 120

Asphalt/Concrete = 150

Aluminum = 168
Steel = 490



Moment and Shear

Forces in a beam as a load crosses a bridge



Tension and Compression

Material properties and forces 



Span length –
forces in the beam



Load Rating of Bridges



Dead Load

Gravel
Asphalt
Combination



Overburden





Dynamic Impact Loads

What is it?

Is faster better?

Smooth ride solution



Fracture Critical Bridges





Underwater Inspections  

When Are They Needed?



Key Terms and Topics

Dead Loads

Live Loads

Fracture Critical

Bridge Posting – Operating and Inventory



Bridge Inspections



Jake Mertz, with the North Dakota Department of Transportation, maneuvers an aerial lift to reach under the Liberty Memorial Bridge during a 
routine structure inspection in Bismarck on Monday. The bridge, dedicated on Veteran's Day in 2008, replaced the original 1920 bridge 

spanning the Missouri River between Bismarck and Mandan. The inspectors look for cracks in the piers, corrosion and light bulb replacement. 
Burleigh County has 2,985 structures receiving inspections from the department on a two-year rotation.   November 28, 2017 Bismarck Tribune



NDDOT/FHWA Inspections

• Federally mandated

• Includes both NDDOT and 
City/County bridges

• Normal frequency - 2 years

• Special frequency – 4 years 
(box culverts)



Who are you going to call???



Bonnie Brown
Brandon Eslinger
Jay Lutes

Megan Isenhower

Andy Carlson
Dennis Rowell
Corey Wegner

Jamie Demaree
Brad Kerzman
Travis McCload
Jacob Mertz
Richard Schlenker
Tyler Wollmuth

Joe Lawson
Greg Olson

John Fischer
Jack Vinesett

Aaron Kelsch
Randy Kirkevold
Melanie Maneval
Tony Nguyen

Denis Horn
Gary Trottier



Structural Inventory 
and Appraisal Sheet

SI&A Sheet









Element Rating











Sufficiency 

Rating



Drone Inspection Video
https://www.youtube.com/watch?v=a4QcwQZPwcU

https://www.youtube.com/watch?v=a4QcwQZPwcU








Underwater Inspections



Inspection Tool List

100 ft tape

Tape measure

4’ level

Plumb bob

Range pole

Ladder

Magnifying glass

Flashlight

Binoculars

Hammer

First Aid Kit

Scraper

Shovel

Inspection forms

Camera

Paint

Lumber crayon





Outlet Scour



Outlet Scour Treatment





Bridge Photos – Photography 101



Concrete Deck Overlays



Deck Overlays Cause Problems



Bonding Issues

Trapping Salts







Identify

Joints



Finger 

Joints



Timber

Decay

Cracks



Look for 

damage  

and gaps





Bearings



Position is Important

Position At Median Temperature





Piling





Efflorescence –
leaching – stains



Alkali–Silica Reactivity (ASR) 



ASR



Steel and Weathering Steel

Patina is flaking



Pack Rust 

Oxidation 

Corrosion



Pack Rust Expansion 7X





Concrete Delamination



Chaining &

Delam Tool



NDDOT Awarded Grant 

Sept. 2016

• Purchase of Infrared camera
• Researched and tested several

• Purchased FLIR T620 – March 2017

• SME Training
• Provided training in Bismarck – May 2017

• Additional training and NDE 

tools
• ITC (Infrared Training Center) Level I 

Certification

• Delam Tool



Utilities





Key Terms and Topics

Sufficiency Rating

SI&A Sheet

Functionally Obsolete

Structurally Deficient

Bridge Length – Major and Minor



Inspections - Part #2 

and Reporting Procedures



Paperwork
• Load Posting Requirement

• Alert Code 3 notification

• Scour & Channel Profiles Due

• Bridge Location Maps









Alert Codes





Scour Surveys

Turned over to the 

Counties in 1995 – WHY??

Required every 4 years









Bridge Inspection

County pays 19.07% match for 
NDDOT inspection = 

$45.20/structure

Box Culvert Inspection Cycle



Key Terms and Topics

Guardrail Requirements

Critter Crossings

New/Rehabilitated/Repaired Bridges

Historical Bridge



Gur

Guardrail 

Clear Zone







Increased Rail Height

• Improved capture

• Reduced rollover 
potential

MGS – 2000P

MGS – 2270P

G4(1S )– 2000P



Test No. MGSBR-1

• MASH 
– 3-11

– 2270P

• Impact 
conditions
– 61.9 mph

– 24.9 deg.

• Dynamic 
deflection
– 48.9 in. 



Test No. MGSBR-1



Test No. LSC-2

• 2,261-kg Dodge Quad Cab

• 99.6 km/h - 24.9 degrees





Alert Codes

Critter Policies
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Moose Crossing





New Bridge 
Process

Bridge Removal 
Process





When to check

What bridges to check

When to close

Who to Inform

Actions to Save Bridge

Flood Plan of Action



http://www.myndnow.com/news/minot-news/bridges-destroyed-in-

bottineau-county-flooding/686441852

http://www.myndnow.com/news/minot-news/bridges-destroyed-in-bottineau-county-flooding/686441852
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Key Terms and Topics

Who can close a bridge?

Flood Action Plan

Clear Zones

Reporting for Closed, repaired or new bridges



Failures 



Frost Heaves

https://www.youtube.com/watch?v=7gjtFaCxVRU

Frost Damage in Pavement: 
Causes and Cures (You Tube video)

https://www.youtube.com/watch?v=7gjtFaCxVRU






Flow Rate of Water – Velocity Checks

Bridge - 5 feet per second 

Culvert – 10 feet per second 

(USFS uses 7 fps in the Badlands)

Walk = 3 mph = 4.5 feet per second
Jog = 5 mph = 7 feet per second
Run = 10 mph = 15 feet per second























McHenry County 2014





Fire Damage



Fire – above and below







Stark County Bridge Replacement

















Don’t Text and Drive 
Safety reminder brought to you by your 

friends at NDLTAP and the NDDOT.



Bridge Preservation 



What is Bridge Preservation?

AASHTO defines Bridge Preservation [as] 
“actions or strategies that prevent, delay or 
reduce deterioration of bridges or bridge 
elements, restore the function of existing 
bridges, keep bridges in good condition and 
extend their life.” 
Source: AASHTO Board of Directors, Policy Resolution PR-3-11, October 17, 2011.



Life Cycle Costs => Bridge Preservation

Maintenance Costs

Salvage Value

Construction Costs





– Sweeping & Washing Decks

– Cleaning joints

– Cleaning drains

– Crack sealing decks

– Cleaning & lubricating bearings

Scheduled Maintenance





Bridge Cost Estimates

New bridge - $200/sf

Deck replacement - $75/sf

Treat deck with silane - $0.25/sf

Crack seal deck - $0.10/sf





See no Evil



Williams County Asset Values

67 bridges =>$35 million

251 miles of paved road => $251 million

79 miles of AST => $59 million

497 miles of gravel road => $250 million

Sum = $595 million



Sand and 

debris 

holding 

water on 

deck

Keep It Clean!



Keep It Clean!







Deck 
Surface 

Treatment 
(Silane)





Box Beam Weep Hole



Cracked Beam – plugged weep hole



Bearing 

Maintenance



Timber Deck 

Maintenance









Erosion Issues



Key Terms and Topics

Crack Sealing

Life Cycle

Bridge Preservation





Solutions



Alternatives

Load Restrictions 

Temporary Bridges 

Single Lane Bridges 

Bridge/Road Closure 

Use of Low-Water Crossings 

Structural Repairs 

Reusing Structural Members 

ABC and Modular Units 

GRS- IBS Abutments 

Buried Bridges



Prior to ALL Bridge Work



Low  Water Crossings







Trends



GRS - IBS







GRS-IBS

Why Consider the GRS IBS? 

Lower costs 

Accelerated bridge construction 

Smooth transition eliminating the “bridge bump” 







(ABC-Accelerated Bridge Construction) 

& Modular Units 





Vibratory Piling Driver 



Railroad car bridge - temporary





Types of Cars 

Pulp Cars 

Military 

89’ Flatcars, Cost $19,000 (?) Delivered 

89’ Flatcar cut to 68’, Cost $16,667 Delivered 

Total Costs range between $65,000 and $95,000 



Flatcars 

NOT 

Boxcars





https://www.youtube.com/watch?v=GEw2YxIfIjg

https://www.youtube.com/watch?v=GEw2YxIfIjg




Barnes County 

– Timber Box 

Culvert



Richland County Bridge 









Stark County Bridge Replacement











Post-tension Wood Deck 

- Michigan



Load 

Test





Debris accumulation may cause 

lateral pressure and scour.



Water 











Plates welded to rusted pile



Beam Seat Failure









Shot Crete















Grand Forks County Tips 

Rip Rap

Sign

Treat timber ends

Keep wooden deck timbers tight

































Glue Laminated Beams



Williams County Action Plan 2016

Major Structures

– Provide an evaluation/interpretation based on NDDOT FHWA/NBIS

and field visit for each major structure

Minor Bridges

– Perform a full FHWA/NBIS inspection and provide an

evaluation/interpretation for each minor bridge

Scour and Channel Profile

– Perform a scour and channel profile evaluation, completing NDDOT

Form SFN 50344) for all major and minor bridges crossing water

Culvert Evaluation

– Perform a full evaluation on select minor culverts with significant

concerns and prepare a report with findings, recommendations, and

costs estimates

GIS Database



Key Terms and Topics

Local Solution Examples

Preserve What We Have

Solve Small Problems



Truck Overweight Permit System



Next up:

Bridge Inspections





Williams County 
Field Inspections





Resource List 

NDDOT Design Manual – Chapter 5

NDDOT Local Government Manual

NDDOT Bridge Inspection Team

ND Township Officers Manual

State Stream Standards



NDLTAP Resource Page 

Ndltap.org 

Your one stop shop for local road info

Tap into NDDOT and NDLTAP 

We Want to Help! 



Better roads save lives  

Together, we can do great things.    Please 

tap into the NDLTAP and NDDOT teams.  We 

look forward to expanding a partnership 

that elevates the knowledge of all those that 

touch our transportation network and  helps 

all of our friends and family return home 

safely every day.

Respectfully,

Dale C. Heglund, NDLTAP Program Director

701-318-6893 – dale.heglund@ndsu.edu

www.ndltap.org
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