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Overview
 Unpaved roads
 Economically important
 Lost art of unpaved road engineering
 “Paved road aggregate base is ok” (It’s NOT!)

 Sustainability and management issues

 Improvement and preservation options:
 Upgrade to paved standard
 Rehabilitate (regravel and reshape)
 Preserve fines (dust control)
 Stabilize or “waterproof”



Engineered Unpaved Roads



Introduction
 Materials are selected to optimize all-weather performance
 Good, year-round ride quality with minimal maintenance
 No dust when dry
 Passable when wet

 Numerous guides and specifications available worldwide
 Performance-related are the most useful, but not common
 Performance dependent on:
 Particle size distribution (grading)
 Plasticity (clay content)
 Strength and thickness (bearing capacity)
 Construction, shape/drainage, and maintenance

 Performance can be improved through mechanical 
stabilization and/or chemical treatments
 Chemical treatments best for “keeping good roads good”

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



Materials - Grading

Aggregate interlock
The right ratio between coarse, intermediate, and fine particles (1in., #4,  and #8 sieves)



Materials – Clay Content (Cohesion)

Liquid Limit  - Plastic Limit =  Plasticity Index



Materials – Clay Content (Shrinkage)

Shrinkage

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



Test Results (±$300)



US Guidelines & Specifications



Why Read Guidelines?



Example US Federal Specifications
Parameter FHWA USFS

Public Use Haul
Sieve
(mm [in.])

1
3/4
#4
#8

#40
#200

(25)
(19)

(4.75)
(2.36)

(0.425)
(0.075)

100
90 – 100
50 – 78
37 – 67
13 – 35

4 – 15

100
97 – 100
51 – 63
28 – 39
19 – 27
10 – 161

or 6 - 121

97 – 100
76 – 89
43 – 53
23 – 32
15 – 23
10 – 161

or 6 - 121

Plasticity Index
4 – 12

2 – 9 if P#200 is <12%
<2 if P#200 is >12%

1 Range for P#200 is 6.0 to 12.0% if PI is greater than zero



US vs. MDOT Specifications
Parameter FHWA USFS

Public Use
Michigan

(Table 902-1)
Sieve
(in. [mm])

1
3/4
3/8
#4
#8

#40
#200

(25)
(19)
(9.5)

(4.75)
(2.36)

(0.425)
(0.075)

100
90 – 100

–
50 – 78
37 – 67
13 – 35

4 – 15

100
97 – 100

–
51 – 63
28 – 39
19 – 27
10 – 161

or 6 - 121

100
–

60 – 85
–

25 – 60
–

9 – 16

Plasticity Index 4 – 12 2 – 9 if P#200 is <12%
<2 if P#200 is >12% Not specified

1 Range for #200 is 6.0 to 12.0% if PI is greater than zero
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Interpreting Test Results



Balanced Mix Design for Unpaved Roads
 Replace grading envelopes with grading 

coefficient (Gc)
 Ratio of coarse, intermediate, and fine
 ((P1-P#8) × P#4) / 100
 Target 15 to 35

 Replace plasticity index range with 
shrinkage product (Sp)
 Weighted plasticity
 Bar linear shrinkage (or ½PI) × P#40
 Target 100 to 365; preferably 100 to 240



Balanced Mix Design for Unpaved Roads

Maximum size (in. [mm])
Particle size distribution factor (Gc)
Weighted clay factor (Sp)
Strength factor (CBR) (if required)

< 1.25 (30)
15 – 35

100 – 365 (240)
>15

** Calibrate for local use, conditions and test methods! 

Performance is always dependent on construction and maintenance quality!**



Calibrate for Local Use
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Predicting Road Performance
 Plot shrinkage product against grading coefficient to get 

expected performance
 "Balancing" plasticity and gradation



Predicting Road Performance
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Deformation - Potholes



Deformation - Rutting



How do US Guidelines Predict?
Parameter FHWA USFS

Public Use Haul
Sieve (mm) 1

#4
#8

#40

100
50 – 78
37 – 67
13 – 35

100
51 – 63
28 – 39
19 – 27

97 – 100
43 – 53
23 – 32
15 – 23

Plasticity Index 4 – 12 2 – 9 if P#200 is <12%
<2 if P#200 is >12%
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How do US Guidelines Predict?
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Discussion
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Two wrongs can make a right



Mechanical Stabilization to Improve the Balance
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Web-Based Blending Tool
 Coded manual procedure with 

simple user interface
 Determines proportion that each 

layer contributes to a target 
thickness as a percentage

 Includes:
 Three layers plus subgrade
 Up to three materials in a blend
 User defined materials library
 Blend verification

 Rubbish in, rubbish out
 Use actual test results
 Use actual layer thicknesseswww.ucprc.ucdavis.edu/unpavedroad



Recommended Thickness Designs (FHWA guide)
Estimated Daily Truck Traffic Subgrade Shear Strength 

(CBR)
Suggested Minimum Gravel 

Thickness (in. [mm])

0 to 5
<3

3 to 10
>10

7  (175)
6  (150)
5  (125)

5 to 10
<3

3 to 10
>10

9  (225)
7  (175)
6  (150)

10 to 25
<3

3 to 10
>10

12  (300)
9  (225)
7  (175)

25 to 50
<3

3 to 10
>10

15  (380)
12  (300)
9 (225)

50 to 75
<3

3 to 10
>10

18  (455)
15  (380)
12  (300)



Example: Balanced Mix Design Correction

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

         Surface level - start of blend depth

Modeled RoadExisting Road
Balance Mix Design Correction Option



Example: Balanced Mix Design Correction



Example: Balanced Mix Design Correction

Actual

Predicted

Existing road

Design thickness

Supplemental 
aggregate

Materials library

Verification

Recycle depth



Example: Unpaving / Regraveling



Example: Unpaving / Regraveling

Existing road

Materials library

Verification

Actual

Predicted

Design thickness

Recycle depth

Supplemental 
aggregate



www.ucprc.ucdavis.edu/dustcontrol



Treatment selection for BMD



Treatment selection for UBMD
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Conclusions
 Unpaved roads are managed with very 

constrained budgets, but high user expecatations
 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
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