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Better Gravel – Better Roads
Better Roads – Safer Roads



North Dakota’s

County/Local Road Network: 

97,600 miles

6,600 miles are paved

59,000 miles are gravel surfaced

32,000 miles are unsurfaced









The #1 problem with a 
gravel road:

It’s not a paved road!





Float – Loose Rock













Looking Back……

Good 
Gravel



Remember 

When…

Institutional 

Knowledge





Gravel
Material Assessment







22

Good gravel surfacing (good 
representation of sizes to fill voids, high 
enough minus #200 to create road crust, 
will hold chlorides well

Too much coarse rock, lacking 
coarse sands – will ravel badly

Too much coarse sand, too little rock, 
will washboard badly 
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Plasticity Index - Clay 

The glue that holds the 

rocks and sand together







Dirt is complicated



1 vehicle 

1 year

1 ton dust per mile Each mile with 100 cars per day
- 100 tons of fines per year!







Gravel Quality – Gradation and Binder



Roadway Slope







The number 25







PI – Cohesiveness
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Gravel 
Depth







NDLTAP – The Resource of Choice 







Bee 
good





UGPTI - Tribal Outreach





















Gravel Preservation

• Road Structure

• Gravel Specs and Testing

• Options to Improve Gravel Quality

• Prediction Models

• Test Sections

• Gravel Production 

• Safer Roads



Spec Gravel

Test Gravel















Dirt is complicated
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Investment Strategies - Alternatives





Dr David Jones – University of California Davis
stab/dust – break even at 75-125 vpd

























Iowa Study
7-15 PI

4-6% bentonite
$270/mile to pave vs $15k/mile to gravel

Steel smooth vibratory roller laydown
5x dust with normal gravel











Substandard 
Gravel

SD Standard  
Specification

Modified 
Specification

Buffer Sections

South Dakota Gravel Study



The float test (loose aggregate)



Corrugations =
Wash Boarding



Volume of loose aggregate measured in a dry season was 
the biggest difference in the test sections. 



Substandard section – aggregate has moved 
outward over 4 ft since construction



Change in Roadway Surface Width
Constructed Width – 21.5 ft on all sections

Constructed Width – Modified Section

Current Width – Oct 2013

Constructed Width – Standard Spec Section

Current Width – Oct 2013

Constructed Width – Substandard Section

Current Width – Oct 2013

Current width ranges from 22 ft on modified section (top 
bar) to 25.25 ft on substandard section (bottom bar)



The modified section in the spring after 
construction



One way to meet modified spec –

blend different material from separate 

sources











NDLTAP – The Resource of Choice 

















NDDOT Gravel Spec
(Special Provision 714)
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“Binder” Clay 
Requirement

“Gradation” 
Requirement
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Good gravel surfacing (good 
representation of sizes to fill voids, high 
enough minus #200 to create road crust, 
will hold chlorides well

Too much coarse rock, lacking 
coarse sands – will ravel badly

Too much coarse sand, too little rock, 
will washboard badly 
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Bringing Ideas to Life









The float test (loose aggregate)









Dust Control Policy



One way to meet modified spec –

blend different material from separate 

sources



Road mixing natural clay to get a high quality 
surface gravel



The modified section in the spring after 
construction



Corrugation was a 

problem on the 

substandard section.  

No corrugation on the 

modified section. 



Concluding Points

• Meeting basic SDDOT standard surface gravel 

specification reduces loose aggregate by 1/3 to 1/2. 

• 2012: 405 tons of loose aggregate on substandard 

section and only 71 tons on modified section.

• No corrugation ever observed on standard or 

modified material.



• Blade maintenance four times on substandard 

section and once on modified! 

• Some aggregate producers have resisted change -

prefer to produce as they always have – no close 

control of % passing the #200 sieve and plasticity 

index.

Concluding Points (Con’t)













What does your gravel spec look 
like now?

Sieve Size NDDOT Cl 13 MT Gravel Surfacing SD/FHWA Gravel 
Roads Manual

Proposed Gravel 
Surfacing

1” 100 100 100

3/4” 70-100 80-90 100 70-100

1/2” 60-80

3/8”

No. 4 38-75 50-70 50-78 38-75

No. 8 22-62 37-60 37-67 22-62

No. 10

No. 30 12-45 12-45

No. 40 13-35 13-35

No. 200 7-15 4-18 4-15 7-15

PI 4-12 4-12 4-12

Shale (max %) 12.0 12.0

LA Abrasion (max %) 50 40 50

NDDOT 4, Fractured 
Faces

10 10



How do you make the Transition to good 
gravel?
• Change your specification and start using it, or

• Need to try it first
• Get someone else to pay for it

• Like the Air Force



Trial Project

• Defense Access Road Program
• Funding for maintenance of TE Routes

• 300 miles of gravel roads in 8 Counties in ND

• FHWA works with the Air Force

• NDDOT typically manages the projects

• 2016 Graveling project 
• 40 miles in 5 counties

• Modified Cl 13 specified
• PI requirement of 4-9

• FHWA and the Air Force will monitor the project



How do you make the Transition to good 
gravel?
• Changing the specification?

• Get NDDOT to change the Cl 13 spec (add PI), or

• Get NDDOT to add new Spec (Cl ?) specifically for gravel surfacing, or

• Add a plan note in your plans to modify the spec, or

• Modify the gravel spec in each county to what works for each county?

• Do some training on blading/maintenance with the different material!









Grant County Sample







Material testing

Stockpile measurement

Payment

Reclamation





Better Gravel = Less Blading, 
Gravel Replacement, etc.
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South Dakota Gravel 
Quality Comparison Test

1” Minus Spec SD Spec, 
Low Fines & PI of 3

Modified Spec, 
High Fines & PI of 7 

75% less blading, 
no washboards

3$/Ton

7$/Ton

5$/Ton



Belly Dump 

Clay Spreading
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5. Spread on 300 to 500 ft 

of road 

6. Water, Blade Mix and 

Compact

1.  Excavate & pulverize 

clay depositClay Deposit

Window of 

pulverized clay

2. Haul in gravel and windrow

4.  Load out windrow from ends

Mixed 

Windrow

3.  Mix 1:1 Clay:Gravel –

one pass



Spread Bank Run Clay with  

Belly Dump

General Process:

1. Locate bank run clay source, dig holes to check moisture

2. Pulverize clay with blade, rotary mixer, disc, etc. & windrow 

with blade

3. Spread gravel windrow next to clay windrow and blade together

4. Reload belly dump with gravel clay mixture

5. Spread on 300 to 500 feet of road surface  If uneven spread, 

use more gravel on next load

6. Blade mixture into existing gravel
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Concept:  Add bank run clay and gravel to belly dump to help 

clay flow and spread uniformly during high speed spreading

Details:  Refer to one page guide Note:  If spread is poor, lower clay 

moisture or add more gravel





















Ruscheinsky Pit 

Tests

R-2 R-9 Average

4" 100 100 100

3" 89 88 89

3/4" 78 69 74

3/8" 58.0 47 53

#4 46 39 43

#30 28 25 27

#200 6.0 7.1 6.6

Ruschienski PitSieve 

Size




