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Culverts

Convey water from one side of the road to 
the other.  



9-25-17 Notes for 2018 Class, dch
Couple items we should add to next class – items you may want to start gathering.

12” long piece of 12” CMP, poly coated and spiral rib. We should have the pieces to show – really would drive home the info that we show in the 
presentation.

Tips to install bands and flared ends – review cordless impacts, extensions,….

Review bands – types, lengths, etc….

Video on flared end hydraulics. Does NCSPA have anything? Would be nice to help them ‘see’ the value of using end sections.

Add culvert length calculator. Does NCSPA have an app? Run through it in class.

I’ll bring a white board – we should jot down some key learning points.

Books – hand out at class.

CMP installation sheet – hand out at class.

Stream Stat – run through a sample on line and in class.

Other?????



Culvert Types



Culvert Types



Culvert Types





Culvert  - Key Points



Pipe type

Minimum Pipe Size – ice, debris, mud

Engineering study

Permits

Townships

Local Practices

Organized Townships





Stream Rules 

North Dakota’s Laws



North Dakota Stream Crossing Standards









Pipe size is determined by 

1. State Stream Standards

2. Local Property Owner

3. Surveyor

4. Culvert Supplier
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Gambling – the odds are always in your favor



100 – Year Storm

A 100-year storm refers to rainfall totals that have a one 
percent probability of occurring at that location in that 
year. Encountering a "100-year storm" on one day does 
not decrease the chance of a second 100-year storm 
occurring in that same year or any year to follow. In 
other words, there is a 1 in 100 or 1% chance that a 
storm will reach this intensity in any given year. 







North Dakota Local Technical Assistance Program





North Dakota Local Technical Assistance Program



A 100-year storm event means 

1. A Storm Every 100 Years

2. 1% Chance of Storm

3. Road Overtops with this Level of 
Storm

4. Biggest Storm that I Can Recall
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Culvert Calculations

Rational Method – Q= CIA

Q= predicted runoff from a specific storm event  (cubic feet per 

second)

C= runoff coefficient (percent of rainfall that becomes runoff)

I = uniform rate of rainfall intensity (inches/hour)

A = drainage area (in acres from quad map)







NDDOT Design Standards





Sliplining



Flow Rate of Water



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



Flow Rate of Water



Estimates for Pipe Capacity
(Comparison values only – culvert capacities should be calculated)

Data courtesy of MNLTAP

Pipe Size(In) Pipe Area(Sq Ft) Pipe Capacity (CFS)
(Rough est w/ 5% slope)

12 .8 1.7

18 1.8 4.9

24 3.1 10

30 4.9 19

36 7.1 31

48 12.6 68

60 19.6 120



Culvert Sizing – rule of thumb or experience

Don’t assume culvert that you are replacing is adequately sized

Examine history – snow melt, heavy rains, roadway overtopping, and other

Look at culverts upstream and downstream

Look for recent land use changes

Look for outlet erosion

If in doubt  - ask for assistance and a culvert design



Environmental Responsibilities





End Sections











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

https://www.youtube.com/watch?v=vnXmGyb_hKQ
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How Much Does Water Weigh?

8.3 pounds per gallon

62.4 pounds per cubic foot



Water Pressure – What is Piping?

High Water

Pressure

Road Surface





Soil Types

Pipe collars 

Headwalls



North Dakota Local Technical Assistance Program





Culverts wash out because of 

1. Flood Water pressures

2. Sand bedding

3. Deteriorated culvert walls

4. Voids behind the pipe

5. All of Above
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Pipe grade is important because 

1. Is a factor for amount of water that 
passes through

2. Can effect outlet erosion damage

3. Can change speed of water

4. All of the above

Is 
a fa

ct
or f

or a
m

ount o
f w

at
er t

...

Can
 e

ffe
ct

 o
utle

t e
ro

sio
n d

am
ag

e

Can
 ch

an
ge

 sp
ee

d o
f w

at
er

All 
of t

he a
bove

0% 0%0%0%

30
70





Culvert Length





24’ Road Top

5’
1’

3’

1’

3’

4’

Culvert Length = (3 x 5) + 24 + (3 x 4) = 51 ft



Maintenance





Dunn County 

Culvert Blaster

2017 YOU SHOW US CONTEST 

CULVERT BLASTER 

 

COUNTY: 

DESIGNERS: 

ADDRESS:  
                                     
 
CONTACT: 
 
E-MAIL: 
 
TELEPHONE: 
  
PROBLEM STATEMENT:   
Culverts plugged by beaver activity, silt, rock and/or other debris do not allow water to 
flow properly. Backed up and ponding water causes the road to “soften.” It is difficult to 
clean immersed culverts. 
 
SOLUTION:  
We created an innovative system that eliminates the necessity of going into water that is 
backed up behind a culvert. Details of our system are as follows: 
 

 We used a 2-7/8 inch pipe that is retrofitted with flat iron brackets that attach 
to the bucket of a backhoe. 

 The brackets attach to the bucket with bolts.  

 Chain hooks are welded to the backhoe bucket. 

 Chain is welded to the pipe and used to support the pipe when attached to 
the chain hooks on the bucket. 

 A water line is attached to a water pump and to the pipe.  

 The pipe is probed in and around the blockage inside the culvert. 
 
The pump pushes water under pressure through the pipe and into the culvert. The water 
pressure dislodges the debris and forces it out the other end of the culvert. 
 
LABOR, EQUIPMENT, AND MATERIAL USED: 
The following equipment was used: Welder, cutting torch, grinder, drill 

The following materials were used:  
Water pump – 4 inch 700 gpm (gallons per minute) 
Backhoe with 18 inch wide bucket 
2 7/8” steel drill pipe - 14 feet long 



Plugged Culvert



Plugged Culvert





Culvert Maintenance

Know what culverts you have and what condition they are in

Inspection cycle and procedures 

Identify problems and find out the cause

Evaluate problems to determine appropriate action

Make repairs

Update inventory

Identify modifications you want to see used in future installations



Inspections

& Inventories

GRIT







Prior to ALL Culvert Installations



Installation of Corrugated Steel Pipe  



Pipe Experts – True North Steel

Jeff Walters
Territory Manager – Eastern North 
Dakota/Western Minnesota
701-371-9980 
JeffWalters@TrueNorthSteel.com



Our group is asked this question all 

the time. 

• Our Territory Managers usually don’t last 

as long as the pipe!

• It depends on what the native soil is!

• It depends on what the backfill material is!

• It depends on how well it is installed!   

How Long will CSP Last??? 



How Long will CSP Last???

CSP Material Selection is NOT a 

“One Size Fits All” Proposition

What is the project design life?
- 25 Years
- 50 Years
- 75 Years 
- 100 Years



The NDDOT has an established corrosion map 

for the state.   The 4 zones shown in the chart 

indicate the estimated soil resistivity in the 

state.  Resistivity is measured in ohm*cm

ZONE 1 - DARK GREEN  >  (1250 ohms*cm)

ZONE 2 - LIGHT GREEN  (750 – 1250 

ohms*cm)

ZONE 3 - YELLOW  (400 – 750 ohms*cm)

ZONE 4 – RED  (< 400 ohms*cm) 

Service Life Predictions 



• The American Iron and Steel Institute 

assisted our industry in developing this 

chart for Estimating average invert life for 

16 gauge galvanized CSP.

• Resistivity and pH of the native soil and 

water is required to plot data point on the 

chart.

• Soil resistivity is plotted on the horizontal 

axis.      2000 ohm*cm

• Move up the graph until the soil pH is 

reached.         7.0

• Average invert life.      58 years 

Service Life Predictions 

2000  ohm*cm

58 years



• Free draining clean sands are the most 

favorable for galvanized CSP.   2000 

ohm*cm or higher.  

• When the soil resistivity is 2000 ohm*cm 

or lower considerations should be made 

to extend the EMSL (estimated material 

service life) of the by switching coating 

materials 

• Aluminized Type ll - 75 years

• Polymer Coated - 100 years 

Service Life 

2000 ohms*cm

200 ohms*cm

20,000 ohms*cm



Pipe Coatings Available

• Galvanized CSP

• 50 years 

• Aluminized Type ll CSP

• 75 years

• Polymer Coated CSP

• 100 years 

Estimated CSP Service Life (NCSPA) 



• Current NDDOT Standard plate drawing for conduit under roadway 4’ below the proposed base.

Installation of Corrugated Steel Pipe  



• There are many 

combinations of  

corrugation and gauge.  

• 11/2” x ½”

• 2” x ½”

• 22/3” x ½”

• 3”x1”

• 5”x1”

• 6”x2”

• 15” x 51/2”

• 16” x 6”

• Spiral Rib 

Corrugated Steel Pipe Profiles 

Industry recommended 

gauges

• 16 gauge

• 14 gauge 

• 12 gauge

• 10 gauge 

• 8 gauge



• Ring Compression is the 

principal stress in a confined 

thin circular ring subjected to 

external pressure.

• Proper fill and fill placement is 

essential to achieve ring 

compression

• You have to pack them!!!!!!

Installation of Corrugated Steel Pipe  



• Typical stage inspection forms 

similar to this for small CSP 

culverts (6” to 60” diameter) 

are available.   

• It is important to verify these.
• Foundation

• Bedding

• Pipe Construction

• Backfill – Haunches

• Backfill – Spring line

• Backfill – Crown

• Backfill – Minimum cover

Installation of Corrugated Steel Pipe  



Proper preparation of the 

foundation material is critical in 

all building projects.    These 

soils often times need to be 

scarified and compacted prior to 

any fill and culvert placement.

A good practice is to test these 

soils to ensure they meet or 

exceed project specifications.

Installation of Corrugated Steel Pipe  



Installation of Corrugated Steel Pipe  

• Trench should be constructed 
according to appropriate pipe 
detail.

• Separation fabric often 
specified and recommended 
where marginal subgrades are 
present.

• Bedding materials should be 
placed in a loose fashion and 
not compacted to conform to 
the corrugation.



Pipe strength is a function of

1. Pipe Material

2. Wall Thickness

3. Loading

4. Backfill Material

5. All of the above
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Installation of Corrugated Steel Pipe  

• One of the many benefits of 
corrugated steel pipe is its long 
length.    Up to 44’ with 16 gauge 
steel and 60’ with 12 gauge steel. 

• Straps or lifting hooks are always 
recommended to ensure that 
damage to the coating is 
minimized.  

• If coating damage is noted 
approved touch up coating is 
available.     





• Vibratory compaction in 6 

lift thicknesses is 

recommended

• Well compacted fill around 

the pipe helps to support 

the pipe load

• Well compacted material 

reduces settlement and 

deflection in the pipe

Installation of Corrugated Steel Pipe  



• Fill directly over the pipe 

should be free of any rocks 

that may cause point 

loading on the pipe

• Minimum fill height is 12” for 

AASHTO H-25 loading for 

24” diameter CSP

• Additional moisture may 

need to be added to 

lubricate soil particles.

Installation of Corrugated Steel Pipe  



• Live loads for construction traffic 

shall be in accordance with the 

manufacturer’s recommendation.

• During construction phases it is 
necessary to cross over the pipe 

with heavy equipment.   Excess fill 

material may be needed to carry 

the construction loads. 

Installation of Corrugated Steel Pipe  



Installation of Corrugated Steel Pipe  

• Point loading tends one of the 
biggest concerns during 
installation. 

• Table 10.1 of the NCSPA design 
manual lists safe minimum cover 
depths for various heavy off road 
construction equipment    



• A key component to a successful 

installation is keeping the backfill 

protected. 

• A compacted clay collar near both 

ends of the pipe is critical to seal off 

water migration past the out side of 

the pipe. 

• Also flared end sections, anti seep 

collars, head and wing walls with 

fabric and rip rap do the job and 

minimize water from wicking along 

the outside of the pipe.  

Installation of Corrugated Steel Pipe  



When does it make sense to 

rehabilitate / line?

• Deep fill sections!

• To avoid closure of 

crossing!

• Condition on host pipe!

Rehabilitation Opportunities  



Rehabilitation Opportunities  

Project Details

• Rail Road Embankment
• 23 feet of fill
• Existing opening 14’ arch
• Liner is 10’ diameter 
• 5” x 1” corrugation 
• 8 gauge galvanized CSP
• Annual space will be grouted in 3 

stages.



Type of distress noted:

• This pipe is old but the un 

tied joints have separated 

allowing backfill material to 

wash into the pipe.  

• Internal expanding bands 

were placed to seal the 

joint separation.

Rehabilitation Opportunities  



A structural assessment 

should include identifying

• Shape of the host pipe

• Joint Separation

• Crimping of the pipe wall 

• Invert lifting

• Excessive alignment 

changes

Rehabilitation Opportunities  



This existing CSP crossing 

was lined with CSP.    The 

County desired to rehabilitate 

with a liner so they would not 

have to close the road.   

The existing culvert was a 

30” diameter annular CSP.

(Rivited)

Rehabilitation Opportunities  



Rehabilitation Opportunities  

68’ of  24” diameter spiral rib 

pipe was placed inside a 30” 

diameter annular pipe.

Two (2) section of CSP each 

being 34’ in length were slide 

into the 30” diameter pipe.



Rehabilitation Opportunities  

A small tractor backhoe slide the 
liner pipe into the host pipe easily 
as the existing pipe was fairly 
straight in alignment.

Gasketed connecting bands are 
used to keep the grout from 
entering the pipe during that 
process.



Rehabilitation Opportunities  

Often time it is necessary to use a 
silo type rod and lug fastener in 
these applications as the typical 
band angle creates clearance 
problems.

Excess bolt thread can be trimmed 
off prior to advancing the liner 
completely into the host pipe. 



Rehabilitation Opportunities  

This County did not even remove to 
existing Flared End Section.

After the liner pipe was place they 
removed the sod areas and added a 
clay collar around the old pipe and 
direct buried several feet that 
extended from the host pipe.

Separation fabric and Rip Rap 
aggregate was again placed to 
minimize soil erosion.



Rehabilitation Opportunities  

Another liner option to 
consider is Snap Tite.

This is a solid walled HDPE 
material that is slid into the 
host pipe in a similar fashion.

Two pipe snap together as 
they are slid into position.



Rehabilitation Opportunities  

For these rehabilitation options 
it in necessary to fill the annual 
space between the liner and the 
host pipe to effectively transfer 
the load to the liner pipe.  

Selection of the grout type 
depends on the physical 
dimensions and condition of the 
host pipe.



Installation of Corrugated Steel Pipe  





Field Demonstration – CMP Installation



Culvert Types



Culvert Types



Culvert Types



https://streamstatsags.cr.usgs.gov/streamstats/

USGS Stream Stats

https://streamstatsags.cr.usgs.gov/streamstats/


https://streamstatsags.cr.usgs.gov/streamstats/









• Typical stage inspection forms 

similar to this for small CSP 

culverts (6” to 60” diameter) 

are available.   

• It is important to verify these.
• Foundation

• Bedding

• Pipe Construction

• Backfill – Haunches

• Backfill – Spring line

• Backfill – Crown

• Backfill – Minimum cover

Installation Demonstration



Design Considerations

Pipe size

Soil loading

Overtopping roadway

Outlet scour

Soil pH

Pipe bedding and structure



Culvert Sizing – rule of thumb or experience

Don’t assume culvert that you are replacing is adequately sized

Examine history – snow melt, heavy rains, roadway overtopping, and other

Look at culverts upstream and downstream

Look for recent land use changes

Look for outlet erosion

If in doubt  - ask for assistance and a culvert design





North Dakota Local Technical Assistance Program

Uniform Foundation





















Bullet nose





Installation of Corrugated Steel Pipe  



Jeff Walters

Territory Manager – Eastern North Dakota/Western Minnesota
701-371-9980 

JeffWalters@TrueNorthSteel.com

Dale C. Heglund, PE/PLS

NDLTAP Director

701-318-6893

Dale.Heglund@ndsu.edu



NDLTAP Presentation Partners


