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North Dakotag ——
Local Technical Assistance Program

Glue for Gravel Roads

January 31, 2020 - Fargo
Dale C. Heglund, PE/PLS, NDLTAP Program Director




Greetings from the

North Dakota Local Technical
Assistance Team

NDLTAP
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Sandy Baisch

Retired 2019

How lucky am | to have
something that makes saying
goodbye SO hard. winnie the Pooh
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Amanda Miller
NDLTAP Administrative Secretary
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Andrew Wrucke

UGPTI Road and Bridge Engineer ol
Now with City of West Fargo L4 w

Jerolyn Swenson

UGPTI Road and Bridge Engineer
Now with Detroit Lakes - MNDOT
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Kelly Bergtson, PE

UGPTI Road and Bridge Engineer
Starts February 18, 2020
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Greetings from the
NDLTAP Team
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North Dakota’s Local Road Network
97,600 miles

6,600 miles are paved
59,000 miles are gravel surfaced

32,000 miles are unsurfaced
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1 vehicle
1 year

-l .I.Oh dUST per mlle Each mile with 100 cars per day

- 100 tons of fines per year!




Two injured after
semis crash in

Griggs County

HANNAFORD — Two sermni
drivers were setiousty injured
Tuesday afternoon whentheir
Figs crashed into eachother in
a blinding dust on a county
road in northeast North Da-
kota.

Two semi drivers were seriously el 0 S PR,
injured when their rigs crashed into westbound on Griggs County

Road 26 about 7 miles '-'-:':!

each other in a blinding dust on a of Hannaford when his 2000

t d Peterbilt semi collided thh 4

2004 Peterbiit driven by Tay-

Cou n y roa - lor Rose, 29, of Wimbledon,

according to a news release

from the Morth Dakota High-

. way Patrol. Both were flown

BOth We re ﬂOWﬂ by heIICO pter tO by helicopter o hospitals with
. unknown injuries.

hOSpItaIS Cooc Die fo calm  conditions,

visibility. was “greatly re-

duced” at the time of the

crash due to lingering dust

and the drivers were unable

toavoid impact, 1{‘4 -—r‘lmgr 0
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northwest of Yallev 0 1t~.
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Gravel Road Problems & Consequences

Consequence of Problem

Problem cravelLoss| Road User Safety, Public
& Budget | Cost & Inconvenience | Health

Dusting X X X
Wash X X

Boarding

Raveling X X

Rutting X X

Potholing X




The #1 problem with a
gravel road:

.......

It's not a paved road!
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Better Gravel —Better Roads







STANDARD

SPECIFICATIONS
FOR
ROAD AND BRIDGE
CONSTRUCTION Re mem ber
When...
Institutional
Knowledge

North Dakota
Department of Transportation

“Providing a Transportation System that Safely
Moves People and Goods™

NDS




Gravel Road Surfacing

The North Dakota DOT maintains only PAVED ROADS. As such, the DOT uses gravel for pavement base
and shoulder material. They typically specify:

Cl 5 Gravel — drainable base material that is placed beneath a paved surface. Water that passes through
pavement cracks enters the Cl 5 base. Since the CI 5 base has limited fine material, water easily drains to the
outer edge of the roadway rather than progressing down into the subgrade. By keeping the subgrade (i.e.,
natural soil foundation) dry the NDDOT maximizes the roadway’s load carrying capacity.

Cl 13 Gravel — shouldering material for highways. CIl 13 shoulder material is essentially a Cl 5 material with
more fine material allowed (i.e., a dirty Cl 5). The fine material provides a reduction in water passage and
allows sensible utilization of pit materials.
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Too much coarse sand, too little rock,
will washboard badly

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

AW, |

BRI

L]
i

T M .

L ki

Good gravel surfacing (good
representation of sizes to fill voids, high
enough minus #200 to create road crust,
will hold chlorides well
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Montana 5D & FHWA Proposed ND
Gravel Surfacing| Gravel Roads Gravel
& 5 HOARD 2
Sieve Size m’%g;m“ Manual surfacing

HOAD AND GRIDGE
CONSTRUCTION

24
Mok fsbars
Dorn et o Tomewrari @i
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Mo. 4

No. 8

No. 10

No. 30

No. 40

Mo, 200

Pl

Shale (max %)

LA Abrasion (max %)

NDDOT 4, Fractured
Faces
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Plasticity Index
Clay

The Glue that holds
the rocks and sand
together




SDDOT/SDLTAP Surface Gravel Study

Brookings Site:
Constructed in 2011
Observed in 2012, 2013, 2014 & 2015




South Dakota Gravel-Study—
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Road mixing natural-claytogeta high
quality surface gravel

—a —

B VHP PLUS

A
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Volume of loose aggregate measuredina_dry
season was the-biggest-differencein the test
sections.

SD Gravel Quality Comparison Test - Tons of loose aggregate on one mile

NI'};_;[ LIPPER | = Substandard Surface Gravel Meets Standard Spedfication Modified Speafication
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Corrugation was a
problem on the
substandard section.
No corrugation on the

NIDSTJVERER GREAT PLAINS modified section.
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Substandard section — aggregatesnasfed __—
outward-over4 ft since
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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)




One of the biggest challenges was
finding gravel that meets the modified
SDDOT Specification: “Shall have

minimum plasticity index (Pl) of seven”.
(Even higher minimum was considered
in project planning)




The modified section in the spring

after construction
05/01/2012



 Blade maintenance
Substandard section — 4 times
Modified section - once

* Resistance to change

NDS UPPER GREAT PLAINS
TRAMNSPORTATION INSTITUTE




 Meeting basic SDDOT standard surface gravel
specification reduces loose aggregate by 1/3 to 1/2.

e 405 tons of loose aggregate on substandard section and
only 71 tons on modified section.

* No corrugation ever observed on standard or modified
material.
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Making Gravel Roads |

Great Again

Clay, Cutting Edges & Dust Suppressants
16 hours Road Schalar Credit)

April 30, 2019 (Tuesday) 9 a.m.— 4 p.m. C5T
STANLEY, ND — Mountrail County Highway Dept., 8103 61" 5t Nw

May 1, 2019 (Wednesday) 9 a.m, - 4:00 porm, C5T
GRAND FORKS, ND - Sheriff's Dept,, 5205 Gateway Drive

May 2, 2019 {Thursday) 9a.m. - 4 p.m. PM C5T
JAMESTOWN, ND - ND Farmers Union Office Bldg., 1815 12" Ave, 5F

Registration Deadline: 1 week prior to workshop
Class limit: 30 attendess - 550 Registration Fee {Includes printed training materials and instructor fees)
{Refreshrment breaks provided by Rosdwors/Lunch provided by DMC Wear Parts)

Learn how to add nature’s glee o existing gravel surfacing and “Make Gravel RBoads Great Again!” Specifying good gravel is
tough enaugh, but how can we make poor and tired gravel perform better? While evan the best af gravels can't match the
vear-round gualities of asphalt, we can sweeten the mix and make them batter with a small percentage of clay,

Ky MoCallam, DMC Wear Parts, will
demaonstrate new quick-change cutting edge
technoddgies that makes easy work of culting
road surfaces and blending clay into the rmix

Steve Monlux, PE and bow wolurne road
consultant, will share the secrets of adding a
very Small percentage of clay to hold gravel
surfacing togethar, Youw'll find aut why clay is
nature’s ghee for gravel surfacing

Terry Majar, BASE ONE, will thaw s how a Basa
stabilizer can be used 18 enhance our roadway
Sy SEEML.

Dale Heglupd, NDLTAP will review gravel
surfacing est sections and now performance
prediction programs. Mo glueciay results in
washboarding, dust, float, safety hazards and
high maintenance costs. What's halding your
gravel together?

Todd Pendleton, Roadwon, will show us how 1o
agmy magnesium chiorde and explain how clay
binder in gravel surfacing enfances dust
treatments
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Gravel Quality 3 P’s:

Prospecting, Production & Performance

April 28, POID (Tuesdag) B0 - 4:00 7% Cerntral
Locarthon ~ Caks Counby (tentative)

Mipril 19, POI0 (WWed nesderg ) 9:00 - 908 PA Central
Location — Mchenny County (fentative)

Apell 30, 20130 [Thursddasy| 900 - 4500 FAa Mountain
Locatsen — Stark County (tentative)

Registration Desdline: 1 week priar to workshop | Class Smit: 30 attendees — 550 Reghtration Fee

|Befreshment beeahs and lunch will be provided)

Learn Hps on how b find and evaluste gravel soorees, making reglisbe speoficatoes, how cramers and supplers working
ingether provide quatiby results. and addng clay [nature’s gleel o provel sudhicerg. Parbopants from the dass will lease
walth b workieg, beoew ledge om hisks To isprose grasel perfonssance and libe.

Crushing good grevel can be o challesgs, but haw can we rma ke mxishng poor s Bred graveel performs better? While ssen
the best of gravels can’t match the year-round quaiities of asphafit, we can sweeten the mix and make them better with a
small percentage of clay.

Hands on review of sand, silt and clay.

Identify the causes of gravel road deficiencies — wash boarding, dust, float, rutting, etc..

The value of Gravel testing.

Clay is the glue. Review test for fine materials in gravel.

Ways to lower bids for gravel

Best practices for gravel road maintenance.

Best practices for gravel sampling, testing and acceptance

Develop options to improve existing gravel quality — production, stockpiles and road surfaces.

Better gravel — better roads. Better roads — safer roads. Safer roads — save lives. With nearly 60,000 miles of
gravel roads, the class is meant to help us create better, safer roads.

Learn how to “Make Gravel Roads Great Again!”

Stewe Mosbug, PE and LR Conuultant,
will Ferlp us to batter understand all
aspects of graved, from prospecting to
roadwey maintenance,  What s goosd
gravel¥ How can we alance gravel
ariality with local resoarces? How can
i wolve prauel deficiencie

Fody Rebed. Kndle Fover Cosporations

Morth Central Regional Vice Presidant
— figprepate, will provide prospecting
tips, review production practices and
b e vweys 10 Enhasds grans qualty.

Dale Heghind, MDUTAP, will rewiad gravel

suripcing test secihons, perfomeance
prediction programs, sirlecs wlection

ook, and wemple specifcations,

This b5 & must atiend trainieg for anyone that toirches gravel o graved roats. Moior piadel opsratons, county eoad
superintendunis, counily and ivenship efficen, costacion, amd grevl seppdion

Reed heip? Costact us ot ndapBugptlong or F1-128-0055



Gravel Roads
60,000 miles
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NDDOT Special Provision — Gravel Surfacing SP 714(14)

Sieve Size Or Testing Method

Aggregate

Gravel Surfacing

Percent passing or Test Limit

17

100

%!!

70 - 100

No. 4

3875

No. 8

22 - 62

No. 30

12 - 45

No. 200

7-15

Plasticity Index (Pl)

3-9

ND T 113, Shale (max %)

12.0%

AASHTO T 96, L.A. Abrasion (max %)

50%

10%

NDDOT 4 Fractured Faces'
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Plastic Index Adjustment Factor.
The Engineer will determine the Pl content adjustment factor using the Table

Table 1
Pl Average Pay Adjustment Factor
> 9.1 Non Acceptance
7.1-9.0 1.0
40-7.0 1.05
3.0<3.9 1.0
20-29 0.85
<1.9 Non Acceptance
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Pit Information

Location Name Quantity
SW 1/4, Sec. 29, T134N, R86W Zimmerman 25,000 CY
NW 1/4, Sec. 35, T132N, R87W  Ruscheinsky 15,000 CY

Total 40,000 CY R-1 Elev. 2051.8
_ _ 0’'—1.5 Top

Grant County reserves the right to modify the overall 15 -5 Gravel

quantity and the quantity provided at each location. S Sand
This statement may raise bids because contractor cannot ; Jay Ruscheinsky Pt
base bid off of the 40,000 CY. What if they change to PN ection 3 TAEN. RETW
20,000 CY? ARILE - 16T OO 58

AVERAGE DEFTH =

ESTRAATED GRAVEL = LESSS C¥

The approach shown below is an option to help the bidder.

Pit Bid Option A | Bid Option B Bid Option C

Zimmerman | 15,000 CY 20,000 CY 25,000 CY

Ruscheinsk | 10,000 CY 12,500 CY 15,000 CY




Gradation and Quality
. Surface Gravel
Requirements
Gradation Plot Sieve Size 7 Passing
100 #200  #40 #4  3/4"
/’ 3/4" 100
%0 Al ] No. 4 50-78
mso f No. 8 37-67
7 ;g = No. 40 13-35
m MNo. 200 4-15
& 50 /1
c
8 40
8 30 D
20 g bl Shale {ma}{ ,.-";]] 12.0
10 ([P LA Abrasion (max %) 50
0 nr’/ Fractured Faces ** 10

0.01 0.1 1 10 100

Sieve Size



Ruscheinsky

Pit Tests

Sieve Ruschienski Pit
Size R-2 R9 |[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

Gradation Plot

#200

#40

#4

Ej'r"ﬂ“

100

| —1

.
\

001

Sieve Size

LY

100



NDSUYERERS




e

Pl — Cohesiveness
Sand Equivalent
Hydrometer
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Sand Particle

2.0-0.05mm

___-Silt Particle

0.05 to 0.002 mm

Clay Particle
smaller than

0.002 mm
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Ribbon Video and Simple Checks

Pl Control Samples
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MRC City and County
UNPAVED ROAD CHEMICAL TREATMENT SELECTION TOOL : Pavement Improvement Center

Home Instructions Treatment Selection Results Interpretation About

WELCOME TO THE UCPRC's UNPAVED ROAD CHEMICAL SELECTION TOOL SITE

There are millions of kilometers/miles of unpaved roads around the world managed by numerous authorities, land owners, and public and private |

organizations. Common to all of these roads are unacceptable levels of dust, poor riding quality and/or impassability in wet weather, and
expensive maintenance and gravel replacement activities. Over the last 100+ years, a range of different chemical treatments have been developed to overcome these
issues. Most of these are proprietary, which can complicate selection of an appropriate treatment for a specific set of conditions. There is also no single product that will

solve all problems under all conditions.

A procedure has therefore been developed to guide practitioners in the selection of an appropriate treatment.
This procedure, based on the 1999 US Forest Service Guide (Dust Palliative Selection and Application Guide), and
updated with new research and experience, factors traffic, climate, material properties, and road geometry into
the most appropriate treatment selections for a given set of input values. The procedure is based on the
philosophy of using chemical treatments to keep good roads in good condition, rather than attempting to use
chemical treatments to "fix” bad roads. This unpaved road chemical treatment selection tool and information
related to it is fully described in the UCPRC guideline entitled "Guidelines for the Selection, Specification, and

Application of Chemical Dust Control and Stabilization Treatments on Unpaved Roads.” This web-based chemical

treatment selection tool can be considered as a companion to the guideline,

The photo on the left shows loss of fines on an

Vool el (€ M) o piy e ieploe i untreated road while the photo on the right shows the

results of applying a fines preservation treatment.

Disclaimer

This unpaved road chemical treatment selection procedure has been developed to guide selection of an appropriate treatment. It is
based on the experience of practitioners and documented field experiment results. It is a guide only and does not replace
engineering practice and judgment. Before initiating a treatment program, users should check actual performance for their particular
materials and conditions with appropriate laboratory performance tests and/or short field experiments and/or seek guidance from

other experienced practitioners and treatment suppliers. The University of California does not endorse the use of any specific
product for dust control and stabilization of unpaved roads. In no event shall the University of California be liable to any party for

Stable fines preservation on a treated road
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Material Design

Increasing plasticity

Shrinkage product

365

100

Slippery and dusty

Erodible Good ‘ EEVES

Corrugates and ra!s

I
I
I
I

16 34
Grading coefficient
Increasing coarseness / increasing gap




ity and County
Unpavep Roap CHemicaL TREATMENT SeLecTioN Tool {F:RC Pavement Improvement Center

Treatment Selection Results Interpretation

Details Good County North Dakota

{.\Du v DI"Y > Ehﬂpt e

PlorBLSX) 3

Synthetic Fluid + Binder
Predicted Material Performance for Untreated Road Botroie R

Synthetic Polymer

Asphalt Emulsion

Slippery and dusty " Sy
Sgnesium orige

Lignosulfonate

Tall Cil

Concentrated Liquid Stabilizer
Erodible RN Ravels Clay Additive

Good but dusty

Calcium Chloride

Good
Sodium Chloride Brine

Water

Water + Surfactant
Glycerin Based
Molasses/Sugar
Plant Ol

Base Oil

Synthetic Fluid

Shrinkage Product

Washboards and ra'-.

Grading Coefficient

Suppliers

TR: Traffic; CL: Climate;  PL Plasticity; FC: Fines Content;  HV: More Than 10% Trucks Pri t-' .
SG: Steep Grades:  SC: Sharp Curves;  Rating: Treatment Performance Ratings LT Eh o Genter
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Gravel Roads Maintenance Cost

Potential Savings Per Mile

$8,077.50

DustGard Unireated

Aggregate Replacement
Cost

$2.340.00 §£5,827.50
Maintenance Cost $3,720.00 $10,560.00
Cost of DustGard $2 250,00 $0.00

Total $3,310.00 $16,387.50
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Investment Strategies

Alternatives

Agency Cost Parameters Setup

HHA | &5T | Grgel | Dust Centl | Stalilized Gravel
INITIAL COST
Tolal Initial Cost ($/mile}; % 725,115 | Initial Costs Calculator

MAINTENAMCE COST

Application Year Tnterval Appiication “unit Cost

Treatmsont Name Thmes Par Betwsen Shart Tesr ‘ﬂ‘h“ﬂ!i] Unlt Selection

T i nml]:atlmnn

Crack Se=aling

1 4 & 100

Seal Coat i = 200006

Thin LHT CrearLay 1 i) Fal 250N

Sarlping and Marking 1 ] J0H)

Fatching )/ Malntenancs i 1 0G0

Cithal

a

Mext 3wrface Back to Common Parameters Setup | View Analysis Summary | Help

s TITUTE
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Guide for Adding Bentonite Clay to Gravel Roads with Belly Dump (1-27-2020)

Feedback is desired: stevermonlux @gmail.com Special thanks to Clay (Teton Co 1D) & Sparky (Sargent Co ND)
Guide Purpose: Encourage rural road departments to use bentonite clay to reduce washboards, raveling, blading and gravel loss
on gravel roads. Show road crew personnel the benefits of clay by comparing gravel problems in clay treated gravel to untreated
gravel.

Guide Outline:
® Purchase a 2500 Ib. bulk bag of granular bentonite for about 5120. A list of bentonite suppliers is shown balow,
# Locate a road segment about Y mile long that has consistent problems with raveling, wash boarding, dusting, etc. The amount of

traffic on this segment should be similar from one end to the other. See diagram below.
- Road segment with same traffic, gravel problems, et -

MMM

*— |ntreated Control —®4— ClayTreated ~ 200t 400 ft. —®%—— Untreated Control —

= Water and then shape the road to the desired crown.
= Pull about 25 tons of gravel out of tha stockpils and dump In a windrow on the pit floor. Spread the bulk bag of Bentonits on top

the g:,ravel windrow, then |cad out the belly durnp Ty o el 2500 |1, bulk bag ol
starting at one end of the windrow. dumiped i nwindrow bentonite spreadon
» Spread the bantonite/gravel mix on about 200 o by bucket [oader top of gravel
400 feet of road. Stake the start and finish of the . o
B R N BT

spread on the road shoulder and get a rough e_.‘n‘?;“ Vit ‘ﬁ«,ﬂf L “ﬁ;t‘:ﬁﬁ:‘:ﬁ. s

k- R AN oy ¥
measuremeant between stakes. *.f‘,;:_'-:{,".:.-j'ﬁﬁ_}-;Ia?&-:?j_.;.‘;-_;_ s %ﬁ 3,;&m=ﬁ'1

= Mote any arsas that have bentonite concantrations.
= Blade mix the gravel-bentonite spread with in-place gravel to the depth shown in the table below

Inches of In-place Gravel to Mix with 25 Ton Gravel-Bentonite Blend in Belly Dump

] Spread lengths for Gravel/Bentonite Blend, ft (a}
Road Width, ft
100 200 300 400 500
16 4.2 21 1.4 10 0.8
20 3.3 1.7 11 0.8 0.7
24 2.8 1.4 0.9 0.7 0.6

[a) Mix depths with in-place gravel are based on achieving 2% bentonite by weight gravel, assuming one 2500 |b. bulk
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NORTH DAKOTA
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Moantrail County HW 104 Sec 3 W 10 Bee MW 14 Sac 3
i THEZN THEZN T18ZN
Ti8am RATW Raaw RESW
ROTW 3.0 males 1.0 miles. 2.7 miles
2.5 miles Froacheay Wickn 22 Hlml-rar Widih 28 Roudway Winsh 280
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“Gravel Preservation” - 1im Horner, PE

NDS

Gravel Survey

WDEA Wise Road Project
Better Gravel

Better Maintenance Practices
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302-P01 AGGREGATE SURFACE COURSE CL 13 (MODIFIED): This item shall be modified as follows:

Class 13 (Modified)
Sieve Size or Testing Method Percent Passing or Testing Requirement
1" 100
3/4" 90-100
3/8" 50-90
No. 4 35-65
No. 8 22-55
No. 30 12-45
MNo. 200 8-15*
% Shale and Soft Rock Max. 15%
L.A. Abrasion Loss Max. 15%
Plasticity Index 7-13%
Fractured Faces 10%

*The material passing the #200 sieve should be able to be rolled into a ribbon when
moistened, indicating adequate clay material in the fines.
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Dust Control Policy
Fpproned B the Bu fieigh County Commivdon
CFabbiary 5, 33140
OVERVIEW

As the area around the City of Bismarck grows, residents on the township and county roadway
system have experienced increases in traffic. It has long been the desire of the Burleigh
County Board of Commissioners and the Highway Department to promote the paving of new
subdivisions that are developed; however, in older subdivisions and on section line roadways in
the growth area, that have not been paved, we are receiving more calls requesting some type
of dust control.

The loss of fines {dust) from our gravel roads is not only a nuisance to residents, but it can also
be a health hazard to individuals with emphysema or asthma. It also decreases the
effectiveness of our gravel by creating greater segregation within our roadway surfacing. This
requires us to gravel more often. Chemical treatment of gravel roads with either Calcium
Chloride or Magnesium Chloride has been proven to reduce the loss of fines from gravel
roadways.  In general, Magnesium Chloride has been found most effective in our climate.
Other types of chemical treatments have been tested but none have been found as effective as
Magnesium Chloride.

It is the Highway Department’s desire to implement a Dust Control Policy to help direct the use
of chemical treatment of both township and county roadways. The following guidelines

would be used in administering the application of dust control chemicals:

OPERATING PROCEDURES

On county roads:
Dust control will be applied to gravel roadways meeting the following criteria:

1) Roadways with Average Daily Traffic (ADT) counts of 200 or greater will receive solid
application.
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