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Purpose Statement

This webinar will present tools to help understand expected performances from wearing
course materials on unpaved roads, how to blend different gravel sources to optimize
unpaved road performance, and to select soil stabilization and dust control treatments that
will produce a durable and climate resilient low-volume road driving surface.

Learning Objectives

At the end of this webinar, you will be able to:
1. Selectunpaved road materials and understand likely performance

2. Optimize unpaved road performance by blending two or more materials following a
balanced mix design approach

3. Selectthe most appropriate chemical treatment for a given material and set of road
conditions



Questions

Questions and Answers

* Please type your questions into your webinar
control panel

No questions yet

*  We will read your questions out loud, and
answer as many as time allows

Questions you send and from the staff

Enter your question

Your question will be sent to staff
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Introduction

= Unpaved roads
o Economically important

o Safety, sustainability, resilience, and
management issues

* Problems exceed funding to fix them
o Often emergency evacuation routes
o Need to design for future climate, not past

o Lost art of unpaved road engineering
= “Paved road aggregate base is ok” (It’s NOT!)




Introduction

Materialsare selected to optimize all-weatherperformance
= Good, year-round ride quality with minimal maintenance

o No dust when dry

o Passable when wet

o Resilient during intense storms

Numerousguides and specificationsavailable worldwide

o Performance-related are the most useful, but not common
Performance dependenton:

o Particle size distribution (grading)

o Plasticity (clay content)

o Strength and thickness (bearing capacity)

o Construction, shape/drainage, and maintenance

Performance can be improved through mechanical stabilization
and/orchemical treatments

o Chemical treatments are best for “keeping good roads good”

Primary goal: safe; cost-effective to manage & maintain



Introduction

= Considerations
o Roads
o Drainage
o River crossings and approaches
o Slopes
* Improvement and preservation options:
o Upgrade to paved standard

o Rehabilitate (regravel and reshape)
o Preserve fines (dust control)

o Stabilize or “waterproof”




Engineered Unpaved Roads




Outline

= Understanding unpaved road materials




Understanding Materials




Materials - Grading

(&

Aggregateinterlock
The right ratio between coarse, intermediate, and fine particles

(26.5mm[1in.], 4.75mm [#4], and 2.36mm [#8] sieves)



Materials — Clay Content (Cohesion)

Liquid Limit - Plastic Limit = Plasticity Index



Materials — Clay Content (Shrinkage)

Some "glue" to hold everything together (weighted plasticity factor [linear shrinkage preferred])



Test Results (+$300)

QQF—EE.E LABORATORY SUMMARY
mﬁ = SIEVE ANALYSIS
Em ——M ASTM C117, C135, C102, D1140
e 26.5 1 100 100
I — ) 19.0 3/4 100 54
5 13.2 1/2 98 80
o 9.50 3/8 84 80
: 4.75 #4 51 48
2.36 #8 31 31
2.00 #10 7 28
1.18 #16 20 21
S— = 1.00 #30 15 16
0.425 #40 13 14
0.300 #50 11 12
0.150 #100 9 10
ﬂ_ — 0.075 #200 6.9 7.5
S e, | ATTERBERG LIMITS DETERMINATION Non-Plastic | Non-Plastic
® 2 onmmaton: o | ASTM D4318

Revision #11- 032012




US Guidelines & Specifications

Gravel Roads

Maintenance and
Design Manual

South Dakota Local Transportation
Assistance Program (5D LTAP)

November 2000




Why Read Guidelines?




Example US Federal Specifications

Parameter FHWA USFS
Public Use Haul
Sieve 26.5 (1) 100 100 97 - 100
(mm [in.]) | 19.0 (3/4) 90 — 100 97 — 100 76 — 89
4.75 (#4) 50-78 51-63 43 — 53
2.36 (#8) 37-67 28 — 39 23 —-32
0.425 (#40) 13-35 19 — 27 15-23
0.075 (#200) 4-15 10 — 161 10 — 161
or6-121 or6-121
Plasticity Index 4-12 2—-9if P0.075 is <12%

<2 if P0.075is >12%

* RangeforPo.o75is 6.0to 12.0%if Plis greaterthan zero




US vs. MDOT Specifications

Parameter FHWA USFS Michigan
Public Use (Table 902-1)
Sieve 26.5 (1) 100 100 100
(mm[in.]) | 19.0 (3/4) 90 -100 97— 100 —
9.5 (3/8) — — 60 — 85
4.75 (#4) 50-78 51-63 —
2.36 (#8) 37 —-67 28 -39 25-60
0.425 (#40) 13-35 19 — 27 —
0.075 (#200) 4-15 10 — 161 9-16
or6-121%
ici 2—-9if PO75 is<12% .p
Plasticity Index 4-12 e e @
1 Range for P0.075is 6.0 to 12.0% if Pl is greaterthan zero




Outline

= Balanced mix design for unpaved roads




Test Results (+$300)

ALLWEST SIEVE ANALYSIS
mczﬁ%ff o ASTM C117, €135, C102, D114
= 26.5 100 C_ 100 )
e 19.0 100 94
R 98 80
51 48
31 31
27 28
20 21
15 |
13 C 1D
0.300 #50 11 12
0.150 #100 g 10
0.075 #200 6.9 7.5
" aveme: | ATTERBERG LIMITS DETERMINATION Non-Plastic | CNon-Plastic)

Q128 E Indians Averup+ 5
@ 2127 20 Avenas Hoth - L

ASTM D4318




Balanced Mix Design for Unpaved Roads

= Replace grading envelopes with grading

coefficient (G,)
o Ratio of coarse, intermediate, and fine

= ((P26-P2.36) x P4.75) / 100
o Target 15 to 35

= Replace plasticity index range with
shrinkage product (S,)
o Weighted plasticity
o Bar linear shrinkage (or %2PI) x P0.425
o Target 100 to 365; preferably 100 to 240




Balanced Mix Design for Unpaved Roads

Maximum size (mm/in.)

Particle size distribution factgss




Calibrate for Local Use




Predicting Road Performance

= Plot shrinkage product against grading coefficient to get
expected performance
o "Balancing" plasticity and gradation



Predicting Road Performance

Increasing plasticity

365

100

Shrinkage product

Slippery & dusty

Good but dusty
Erodible @ F----- Goeot------- Ravels

Really good

Washboards & ravels

A\ 4

eg
15 35

Grading coefficient

Increasing coarseness /increasing gap



Predicting Road Performance
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Predicting Road Performance
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Predicting Road Performance

Increasing plasticity

Shrinkage product

N
Slippery and dusty
365
Good but dusty
240 Erodible Ravels
Good
100
| |
: Washboards & ravels :
| |
0 1 1
0 15 35

Grading coefficient
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Deformation - Potholes




Deformation - Rutting




How do US Guidelines Predict?

Parameter FHWA USFS
Public Use Haul
Sieve (mm/US) 26.5 1 100 100 97-100
4.75 #4 50-78 51-63 43 -53
2.36 H#8 37-67 28 -39 23-32
0.425 #40 13-35 19-27 15-23
4-12 2-9if P0.075is<12%

Plasticity Index

<2 if P0.075is >12%




How do US Guidelines Predict?

Parameter FHWA USFS
Public Use Haul
Sieve (mm/US) 26.5 1 100 100 97 -100
4.75 #4 50-78 51-63 43 -53
2.36 #8 37-67 28 -39 23-32
0.425 #40 13-35 19-27 15-23
Plasticity Index 4-12 2-9if P0.075is<12%
<2 if P0.075is >12%
Grading Coefficient: Low range
(15 - 35) Mid range
Highrange
Worst case
Shrinkage Product: Low range
(100- 365) Mid range
Highrange

Worst case




How do US Guidelines Predict?

Parameter FHWA USFS
Public Use Haul
Sieve (mm/US) 26.5 1 100 100 97-100
4.75 H#4 50-78 51-63 43 -53
2.36 H#8 37-67 28—-39 23-32
0.425 #40 13-35 19-27 15-23
Plasticity Index 4-12 2-9if P0.075is<12%
<2 if P0.075is >12%
Grading Coefficient: Low range 32 37 32
(15 - 35) Mid range 31 38 34
Highrange 26 38 36
Worst case 49 45 41
Shrinkage Product: Low range 26 38 30
(100- 365) Mid range 192 126 105
Highrange 420 243/27 207/23
Worst case 420 27 23




How do US Guidelines Predict?

Parameter FHWA USFS
Public Use Haul
Sieve (mm/US) 26.5 1 100 100 97-100
4.75 H4 50-78 51-63 43 -53
2.36 H8 37-67 28 -39 23-32
0.425 #40 13-35 19-27 15-23
Plasticity Index 4-12 2-9if P0.075is<12%
<2 if P0.075is>12%
Grading Coefficient: Low range 32 37 32
(15 - 35) Mid range 31 38 34
Highrange 26 38
Worst case C49) 45
Shrinkage Product: Low range 38 @
(100- 365) Mid range 192 126 105
Highrange 420 21@ 20723)
Worst case 420 27 @




How do US Guidelines Predict?
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Outline

» Blending tool




Two wrongs can make a right




Mechanical Stabilization to Improve the Balance

1 Slippery and dusty
Add coarse
365
= 0
'S = Good but dusty
| 2 240 Erodible Ravels
= oY rTTTTTTTT T T T T T :
o %’ Add coarse + Add fines +
@ < intermediate Good intermediate
Q .
5 & 100 i i
- ,  Washboards & ravels
| |
l Add fines / clay l
0 L L >
0 15 35

Grading coefficient

Increasing coarseness /increasing gap



Web-Based Blending Tool

UnPAVED RoAD MATERIAL DESIGN ToolL 42

‘ Pavement Improvement Center

Home Instructions Design About Print

WEeLcoME To THE UPAVED ROAD MATERIAL DESIGN TooL

There are millions of kilometers 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 (caused by erosion, washboarding, and/or raveling), and/or impassability in
wet weather, and expensive maintenance and gravel replacement activities. Along with good
construction practices. these prablems can often be mitigated through better gravel selection, or by
blending twe or more materials to meet a performance-based specification.

With the growing interest in converting severely distressed low-volume paved roads to engineered
unpaved roads, understanding expected performance in terms of the material properties after the
conversion, which typically involves pulverizing the
existing surface and blending it with the underlying
layers. is increasingly important to ensure that the
unpaved road is “better” than the paved road was.
Mechanical stabilization of unpaved roads through blending of two materials is not new. However,
determining appropriate blending ratios to meet performance-based specifications tends to be done on
a trial and error basis until a satisfactory blend is _—
achieved. This tool aims to eliminate the trial and error
nature of material blending by providing a more accurate
starting blend that can then be refined to provide
optimal performance for a given application.

Ride quality affected by washboarding

Distressed low-volume paved road

An overview of performance-based specifications for
unpaved road materials can be downloaded here. Use of this tool is fully described in the UCPRC
guidelines entitled Guidance on the Conversion of Severely Distressed Paved Roads to Enginesred
Unpaved Roads and Guidance on Performance-Based Material Selection and Blending for Unpaved
Roads.

Engineered unpaved road

Disclaimer

This Unpaved Road Material Design Tool has been developed ta guide selection and/or blending of materials to mest a performance-based
specification. Using the tool requires input of |aboratery test results for the actual materials that will be used, Skipping the laboratory testing and
guessing input values, or using default values fram other projects, will lead to inaccurate output values. Output from the tool provides a starting point
for a blend, which will need to be tested to confirm that it meets the required specification. In no event shall the University of California be liable to
any party for direct, indirect, special, incidental, or consequential damages, including lost profits, arising out of the use of this system, even if the
University of California has been advised of the possibility of such damage. The University of California specifically disclaims any warranties, including,
but not limited to, the implied warranties of merchantability, fitness for 2 particular purpose and noninfringement.

Accept

www.ucprc.ucdavis.edu/unpavedroad

Coded manual procedure with
simple user interface
Determines proportion that eac
layer contributes to a target
thickness as a percentage
Includes:

o Three layers plus subgrade

o Up to three materials in a blend

o User defined materials library

o Blend verification

Rubbish in, rubbish out

o Use actual test results
o Use actual layer thicknesses



Example: Balanced Mix Design Correction

5 &
Balance Mix Design Correction Option
Existing Road Modeled Road
Bentonite: + 6 mm (0.25 in.)
Additional Aggregate Surfacing: £+ 100 mm (4 in.) Additional Aggregate Surfacing: £ 100 mm (4 in.)
Aggregate Surfacing: £ 25 mm (1 in.) Aggregate Surfacing: £ 25 mm (1 in.)

Aggregate Base: = 100 mm (4 in.) Aggregate Base: = 100 mm (4 in.)

Subgrade: Semi-infinite Subgrade: Semi-infinite

v Surface level - start of blend depth




Recommended Thickness Designs (FHWA guide)

<3 175
3to10 150
>10 125
<3 225
3to10 175
>10 150
<3 300
3to10 225
>10 175
<3 380
3to10 300
>10 225
<3 455
3to10 380
>10 300




Example: Balanced Mix Design Correction

Existing road

Design thickness
Recycle depth

Supplemental

aggregate |

Materials library

v

‘ Project ID: ‘Balance Mix Design Correction

Existing Structure

| 2Llayers || 3layers || 4Layers | | Delete AllLayers | |
. S Thickness| Layer Sum| Passing 1" | Passing #4 | Passing #8 | Passing #40 | Passing #200|BLS (or PI/2)| |, o
(Inch) (Inch) (%) (%) (%) (%) (%)
1 |Aggregate base 4.0 4.0 100 64 52 24 10 2
2 |Aggregate base 1.0 5.0 100 64 52 24 10 [
3 |Aggregate subbase 40 9.0 100 78 60 41 15 10
4 |Subgrade o 9.0 100 84 78 58 44 1

M 7MThi(kness Design Tab\e)é
A
| Depth of Recycling: 5.0 .

\ Predict Performance \

EAdd Inch of Supplemental Material #:

iDAdd | 00

Plot Supplemental & Blend Validation Materials!

w
Il

**** Point plotted off of plot ™
Slippery and dusty

(sdd coarse)

N
o
S

ct (Increasing Plasticity -->)

/

Good but dusty

il
Erodible Ravels Lt
8dd cosrse (sdd intermedial
Good 3" &
LR

Washboards and ra\“1

(2fd fne g some cly

L

a

©

5 100

=

E

£

]

w
0
0

15 35
Grading Coefficient (Increasing Coarseness & Gap -->)

Supplemental Material Library

Verification

v

v

7 Description mssl(.;)g T l—ass(:;)g " mss(;:)g i HSS;;I:) #aU r:ssl;)nuu BLS (or PI7Z] Actions N
1 |Aggregate Surfacing 100 64 52 24 10 2 Edit Delete Insert

2 |RAP 100 28 18 6 3 0 Edit Delete Insert

3 |Clay 100 87 82 62 54 18 Edit Delete Insert

4 |Bentonite* 100 100 100 98 a5 50 Edit Delete Insert
Add Material

| Chemical Treatment Selection Tool

Blend Validation

- Passing 1" | Passing #4 | Passing #8 | Passing #40 |Passing #200 | BLS (or PI/2)| .

De: Acti
S ) ) ©) ) ) ons
Blend Validation 100 66 55 28 15 5 Edit Clear

Actual

Predicted



Example: Balanced Mix Design Correction




Outline

= Chemical treatment selection tool




Chemical Treatment Categories

» Fines retention/dust control

o Water and water with surfactants
o Water absorbing (chlorides)

o Organic non-petroleum (plant-based)
o Organic petroleum (crude-based)

= Stabilization/strength improvement
o Organic petroleum

o Synthetic polymer emulsions (acrylates, etc.) &=
o Concentrated liquid stabilizers




www.ucprc.ucdavis.edu/dustcontrol

ﬁRC City and County
UnPAVED ROAD CHEMICAL TREATMENT SELECTION TooL Pavement Improvement Center
Instructions Treatment Selection Results Interpretation
WEeLcoME To THE UCPRC's UnpavED RoAD CHEMICAL SELECTION TooL SITE Language & Units
® English  Spanish
There are milliens of kilometers/miles of unpaved roads around the werld managed by numerous autherities, land cwners, and public and private |« g 5]

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

Loss of fines (as dust) on an untreated road 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 dacumented field experiment results. It is a guide anly and does not replace
engineering practice and judgment. Before initiating a treatment pragram, 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
ather experienced practitioners and treatment suppliers. The University of Califomia does nat endorse the use of any specific

product far dust control and stabilization of unpaved roads. In no event shall the University of Califamia be liable to any party for
direct, indirect, special, incidental, or conseguential damages, including lost profits, arising cut of the use of this system, even if the Stable fines preservation on a treated road
University of California has been advised of the possibility of such damage. The University of Califomia specifically disclaims any
warranties, including, but not limited to, the implied warranties of merchantsbility, fitness for a particular purpose and
noninfringement.

Accept

® 2018 University of California + Pavement + Research » Center



Treatment selection for BMD objective Traffic

Road details

Material

propertlex

Evaluation

parameters

UnpPAVED RoAD CHEMICAL TREATMENT SELECTION TooL

Home Instructions

Treatment Selection

Results Interpretation About

‘RoadlD CR18

Details km 1to km 1

9Passing 25
™~ Passing 475

%Passing 2.36

N

Material Test Results

100 %Passing 0.425
45 %Passing 0.075
35 PI (or BLSx2)

Objective /
Short-term dust control (spray-on)
® Long-term fines preservation (spray-on)
Long-term fines preservation (mix-in)
Long-term stabilization (mix-in)

Roadway Para
More Than 10% Trucks
Traffic (AADT)] Climate

Steep Grades

Sharp Curves \

<100 v Damp

@ Environmental & Other Influences

Predicted Material Performance for Untreated Road

Slippery and dusty

5G: Steep Grades; SC: Sharp Curves;

Rating: Treatment Performance Ratings

5 965 \
3
o
e Good but dusty
o
> 250 Erodible e e Ravels
£
£
=
=
’ -
100
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% - 5
0 15 35
Grading Coefficient
Suppliers
TR: Trafficc  €L: Climate;  PI: Flasticity; FC: Fines Content.  HV: More Than 10% Trucks B
rin

Treatment Ratings

lycerin Based
Lignasulfonate
Molasses/Sugar
Plant Oil
Tall il
Base Qil
Petroleum Resin
Synthetic Fluid
Synthetic Fluid + Binder

Sodium Chloride Brine

Asphalt Emulsion

Synthetic Polymer

‘Water + Surfactant
Concentrated Liquid Stabilizer

Bentonite

oo%oooooooﬁooooooog

ololefe[olble]e]e]efc]o]a]]]]=]

Climate

T~

Geometry

Ranking

— Rating



Treatment selection for UBMD (Low Sp)

Unpravep RoAp CHEMIcAL TREATMENT SELECTION TooL

Home Instructions Treatment Selection Results Interpretation About
Road ID |CR13 Details |km 1 to km 1 Roadway Parameters
More Than 10% Trucks
Traffic (AADT) Climate
Material Test Results Objective TEEDEELE
=100 v Damp v Sharp Curves
sPassing 25 100 SPassing 0425 25 Short-term dust contral lsf)ray—ﬂn}
° Long-term fines preservation (spray-on) Compute Ratings Environmental & Other Influences
%Passing 4.75 45 Y%Passing 0.075 10 Long-term fines preservation (mix-in)
sepassing 2.36 a5 Pl (or B Long-term stabilization (mix-in)
Treatment gs
Treatment TR|CH PI 5G| SC(Rating
Asphalt Emulsion 2 o|0f0f| 20
Predicted Material Performance for Untreated Road Calcium Chloride 2|z o|of| 21
Magnesium Choride 2|2 ‘ oo 2.1
Glycerin Based N l o|o| 21
Slippery and dusty Lignosulfonate 2(z 0|0 21
Tall Qil 2(2 1) 21
365 »
g Base Qil - 2|z 0|0 h .
N
§ Good but dusty Petroleum Resin 2| o|o| 21 C a nge I n
: Synthatic Fluid 2|2 | | o TT =]
250 Erodibie Ravels Synthetic Fluid + Binder 2|2| QMoo 21 rati n
E o Synthetic Polymer A BEE oo 24 g
ﬁ Plant Qil 2 0|0
100 Sodium Chloride Brine 2 2 0|0 O rd e r
Molasses/Sugar 0|0
Washboards and ravels Water oo
0 - P . — Water + Surfactant oo
0 15 '\ 3/‘5 Concentrated Liquid Stabilizer 0|0
Chadin Bentonite o (oo
Suppliers
TR: Traffic  CL: Climate;  PL: Plasticity;  FC: Fines Content;  HV: More Than 10% Trucks -
SG: Steep Grades; SC: Sharp Curves; Rating: Treatment Performance Ratings Rt




Treatment selection for UBMD (High Sp)

UNPAVED RoOAD CHEMICAL TREATMENT SELECTION TooL

City and County
Pavement Improvement Center

WOPRC

Instructions Treatment Selection Results Interpretation About
Road ID [CR-18 | Details [km1 to km 10 | Road P
. o | More Than 10% Trueks
Material Test Results Objective Traffic (AADT)  Climate Cloieen
hort-term dust control (spray-on) [<100 __ w | [Dam A mGeans
3Passing 17 %5Passing #40 1%/ Long-term fines preservation (spray-on)
Environmental & Other Influences
%Passing #4 | 65/ % Passing #200
- Long-term stabilization (mix-in)
%Passing #8 Pl (or Treatment gs
T TR PI[gC|HV SG|SC
Lignosulfonate ) . o|0|0
Predicted Material Performance for Untreated Road -
Plant Oil olofo
Tall Oil olofo
siippery and oll} Base OIl 0
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3
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a } -
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[
= Good A Sugar ololo
“ Petroleum Resin ojofo
. Sodium Chloride Brine Z ojofo
Washboards and ravels Asphalt Emulsion alolo
1] L - Synthetic Polymer 2 olofo
0 15 35
Grading Coefficient LA °loje
Water + Surfactant 200
Suppliers Concentrated Liguid Stabilizer o|0|0
i - - Clay Additive olofo
TR: Traffic  CL: Climate; PI: Plasticity; FC: Fines Content; HV: More Than 10% Trucks — _F‘rinl
pver] _ n = Center

SG: Steep Grades;

SC: Sharp Curves; Rating: Treatment Performance Ratings

~

Change in
rating
order



Outline

= Conclusions




Conclusions

Unpaved roads are managed with very
constrained budgets, but high user expectations

Using performance-based specifications can
reduce maintenance/extend regraveling intervals

Difficult to source good unpaved road wearing
course materials from commercial sources

Relatively easy to blend supplemental aggregates
to meet that performance specification

Adopting an "engineered" unpaved road
management strategy will be most cost-effective

It's proven technology - give it a try!



Thank-you!

djjones@ucdavis.edu  sjlouw@ucdavis.edu  www.ucprc.ucdavis.edu
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https://www.nationalacademies.org/trb/events

Register for the 2025
TRB Annual Meeting!

January 5 - 9, 2025
Washington, D.C.
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Subscribe to TRB Weekly

If your agency, university, or
organization perform transportation
research, you and your colleagues need
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Each Tuesday, we announce the latest:
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3-5 new TRB reports each week
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