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Executive Summary

The following Soil Factor Design Method was written for counties,
townships, and municipalities for use in designing aggregate roads.
Although many design methods for aggregate roads exist, most
require thorough soil identification and soil strength testing.
Since most local agencies do not have the means to perform
elaborate testing of soils, and because they are familiar with soil
factors, this design method should be helpful. This procedure
requires soil identification, traffic counts, and rational
judgement.

At present MN/DOT does not have a design method for aggregate
roads. It is not the intention of this manual to change the present
legal load limits of aggregate roads.

For those who would like a more thorough design method, or more
background information on aggregate roads, this manual includes
information on the use of the U.S. Forest Service Aggregate Surface
Design Guide (ref. 1).

Also included is information regarding compaction, drainage, frost
action, geosynthetic use, lime stabilization, and an appendix with
sample problems based on the Soil Factor and Forest Service design
methods.

Abstract

This Soil Factor Design Method was developed to assist counties,
municipalities, and townships in designing aggregate roads. It was
written for those who do not have the resources to use other more
costly design methods. For those who would wish to use a more
elaborate method, or would like more background information on
aggregate roads, information on the use of the U.S. Forest Service
design method has been included.
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Introduction

This study was funded by the Local Road Research Board (LRRB). It
is intended to be used as a guide for Minnesota counties and
municipalities for the design of gravel roads. Included in this
paper are:

* a Soil Factor Thickness Design Guide,

* background information on the use of the US Forest Service
Aggregate Road Design Guide,

* information on compaction, drainage, geosynthetic use, and
lime stabilization,

* an appendix with sample problems for the Soil¢Factor and
Forest Service designs.

The purpose of this Soil Factor Design procedure is to give
Minnesota counties, townships, and municipalities a simple method
to calculate the required aggregate thickness for gravel roads,
when it is not practical to perform soil strength tests. This
design was developed by averaging thickness results and rational
judgement from four design methods. These methods were the U.S.
Forest Service (ref. 1), Mn/DOT Soil Factor (ref. 2), AASHTO (ref.
3), and Corps of Engineers (ref. 4). The results of these trials
were then correlated to soil factors.

If possible, soil strength tests, such as California Bearing Ratio
(CBR) , Resistance wvalue (R-value), pavement Dynamic Cone
Penetrometer (DCP), or Falling Weight Deflectometer (FWD), should
be performed prior to construction to determine the road carrying
capacity of the subsoil (Appendix A contains a diagram of the
pavement DCP apparatus). If tests are done, it is recommended that
one use the US Forest Service (USFS) design method, because it
should provide an economically efficient design. Even if one does
not use this procedure, the USFS report contains considerable
background information on aggregate roads, and therefore it is an
excellent reference guide. To obtain this guide see the address
found in the reference section.

At present MN/DOT does not have a design method for aggregate
roads. It is not the intention of this manual to change the present
legal load limits of aggregate roads.

Soil Factor Aggregate Thickness Design

The thickness requirement of this design is based on soil factors
and traffic. Table 1 lists soil factors for three different soil
classification systems: Mn/DOT, AASHTO, and Unified. Table 2 lists
thickness requirements for different soil factors and traffic using
two way ADT and HCADT.
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Table 2
Thickness Design — Using Soil Factors

Two Two Surface Base Alt. Base Alt. Base
Way Way Class1 Class5or6  Class3  Sel. Gran.
Traffic Traffic Thickness Thickness Thickness Thickness
Soil Factor (ADT) (HCADT) (inches) (inches) (inches) (inches)
50 25 2 3 —_——— ——— _——
50 4 4 —_—— —— —_——
150 12 4 2 3 —_
400 32 4 3 4 ———
750 60 4 4 5 —_—
75 25 2 4 ——— - —_——
50 4 5 - —_—— —_——
150 12 4 3 4 6
400 32 4 4 5 8
750 60 4 -6 8 12
100 25 2 5 - —_— ——
50 4 4 2 3 4
150 12 4 4 5 8
400 32 4 5 7 10
750 60 4 7 9 14
110 25 2 4 2 3 4
50 4 4 3 4 6
150 12 4 5 7 10
400 32 4 6 8 12
750 60 4 3 11 16
120 25 2 4 3 4 6
50 4 4 4 5 8
150 12 4 6 8 12
400 32 4 7 9 14
750 60 4 9 12 18
130 25 2 4 4 5 8
50 4 4 5 7 10
150 12 4 8 11 16
400 32 4 9 12 18
750 60 4 10 13 20

Notes: The suggested thicknesses found on this table assume that the soil is uniform and

the road will be constucted at a moisture content in accordance with Mn/DOT Spec. 2105.
The current (1991) Mn/DOT State Aid standards indicate that all C.5.A.H.’s with ADT’s less
than 150 should be aggregate surfaced.



To calculate the aggregate thickness, one first determines the soil
type. The preferred method is to sample the soil. The sampling
frequency should be as shown on Appendix B (ref. 5). If sampling is
not practical, USGS maps or information from the SCS may be used to
determine soil types. Local Mn/DOT materials units often have data
on local Soil Factors and R-values.

Appendices C-G (ref. 5-8) are charts that will help define the soil
type and relate strength parameters, for the Mn/DOT, AASHTO, and
Unified soil classification systems.

Note: The USDA soil classification system is similar but different
from the Mn/DOT soil system.

The next step is to determine the soil factor for the soil type
under consideration. Table 1 lists so0il factors for each soil
classification system and soil type.

Once the soil factor and two way traffic data (ADT or HCADT) have
been determined, use Table 2 to determine the thickness
requirement. Thicknesses for a specific soil may vary because of
the range in subsoil strength within a specific soil class. This
variance is accounted for by the soil factors within this soil
class. If one cannot obtain the strength of the subsoil and only
has a thickness range given by soil factors, use the average
thickness, as a minimum, from these soil factors for the design of
the aggregate road.

This design recommends that the top layer should be Surface Class
1 material. For thicknesses of five inches or less, the entire lift
should be Class 1 material. For thicknesses greater than five
inches, use Class 5 or 6 material as a base for the Class 1
material. If Class 3 or 4 material is used as a base, the base
thickness requirement should be increased by 33% over the Class 5
or 6 thickness. If Select Granular is used, the base thickness
should be increased by 100% over the Class 5 or 6 thickness.

Note: Surface Class 1 requires 10-15% passing the No. 200 sieve.

If both ADT and HCADT are known, design the roadway by using the
traffic parameter that gives the greater thickness.

Care should be taken when designing roadways with subsoil strengths
that are highly wvariable. For example, from Table 1, the soil
factor range of a Mn/DOT silty loam (SiL) subsoil is 100-130. From
Table 2, for a two way ADT of 150, the total thickness requirements
using Class 5 and Class 1 aggregate are: 8, 9, 10, and 12 inches
for soil factors of 100, 110, 120, and 130 respectively. If
feasible, the so0il strength should be determined and a more
thorough design procedure used. If soil strength data are not
available, the thickness should be at least the average thickness
within this range, 10 inches.

gy



Note: The suggested thicknesses found on Table 2 assume that the
soil is uniform, and the roadway will be constructed at a moisture
content and density in accordance with Mn/DOT spec. 2105.

Note: Because of eventual rutting, loss of crown, and aggregate
loss, periodic blading and additional aggregate placement is
required. These maintenance activities are best determined at the
local level.

USFS Design Using Subsoil Strengths

Several design methods exist for the aggregate thickness of gravel
roads. Most methods require that one determine the subsoil
strength. If one has access to soil strengths, it is recommended
that one use the Forest Service method (ref 1). It is a simple to
follow and an uncomplicated method, and there is a user friendly
computer program included with the design. Inputs needed for the
Forest Service method include:

* traffic (one way),

* subsqil and aggregate strength,
*# rut depth,

* and aggregate loss.

Traffic is input in design lane (one way) Equivalent Single Axle
Loads (ESAL's). ESAL's are based on the number of repetitions of a
18-kip axle load with a tire pressure of 80 psi. It is recommended
that five to ten years of traffic be imputed into this program. If
one does not have detailed traffic information to calculate the
number of ESAL's, Equation 1, which relates design lane Average
Daily Traffic (ADT) and design lane Heavy Commercial Average Daily
Traffic (HCADT) to design lane yearly ESAL's, may be used. The
distribution of traffic used to derive Equation 1 came from the
tables found in Appendices H.1 and H.2 (ref. 5). The traffic
distribution used was for local rural CSAH and municipal roads. To
obtain the total traffic multiply the yearly ESAL's by the design
life and by the yearly growth factor.

Equation 1

100 Design Lane ADT = 8.3 Design Lane HCADT = 882 Design Lane
Yearly ESAL's.

The next information needed for the USFS method is the California
Bearing Ratio (CBR) of the aggregate and the subsoil. Because the
Forest Service method uses CBR to rate the soil and aggregate, one
should perform this test as opposed to other strength tests.
However, for those performing other strength tests, Appendix I
contains equations relating resilient modulus to CBR and R-~value,
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and equations relating CBR to pavement DCP (ref. 3 and 9-11).

A soil's CBR value is defined as the force required to cause g
standard cyllndrlcal piston to penetrate at a given rate into the
soil. The CBR is the ratio between this measured force and a
standard force. Standardized procedures for conducting the CBR test
are described in ASTM Standard D 1883 or AASHTO Standard T 193.

The pavement DCP is a simple to use so0il strength testing
instrument. The initial cost of the pavement DCP is reasonable, and
one can quickly evaluate a section of roadway. Because the DCP is
an economical test to perform and its data correlates well with
other soil strength tests, its use should increase.

The other two parameters to set are the aggregate loss and the rut
depth. According to the Forest Service report, the aggregate loss
is usually set at one inch and the rut depth at two inches.

Appendix J contains sample problems using the Forest Service and
Soil Factor Design methods. The first two examples compare the
required thicknesses using the So0il Factor and Forest Service
methods with the same input.

Note: The confidence level of using the equations in App@ndix I to
obtain CBR values for use in the Forest Service design is unknown.

Note: When performing field soil strength tests, it is critical
that they are analyzed at times when the soil is at its lowest
strength. This will usually occur in the spring, when the subgrade
is saturated. If tests are run at other times of the year, one must
compensate for the higher values.

Compaction

Good compaction is the most important requirement when building an
aggregate road. The aggregate should be placed and compacted in
accordance with Mn/DOT spec. 2211. This guide assumes that the
subscil and aggregate are well compacted. The CBR will decrease
from 25 to 50 percent for each 5 percent decrease in T-99
compaction below 95% (ref. 12). The decrease is greatest for
cohesive soils and least for granular soils.

The following example was obtained by imputing the following
parameters into the Forest Service design program, and is an
illustration of the benefits of compacting subsoils. It shows a
three inch increase in the required aggregate for compaction
decreasing from T-99 = 95% to T-99 = 85%.

Example:

A subsoil is cohesive and has a CBR of 10 at 95% T-99. Design lane
traffic is 500 ADT or 4410 yearly design lane ESAL's. Five years of

6




traffic are input, for a total of 22,050 ESAL's. The CBR of the
aggregate is 40. Aggregate loss is one inch, and rut depth is two
inches.

Compaction 8o0il Thickness Required
(% _T-99) CBR {inches)
95 10 7.3
90 5.0 8.6
85 2.5 10.3
Drainage

Another important design attribute is drainage. Whenever possible,
ditches should be designed 4-6 feet below the roadway crown, with
the crown at least five feet above the normal water table.

Although not intended to be covered in detail herein, wet subgrade
soils, spring areas, or frost heave areas should generally be
corrected by the appropriate use of perforated subsurface drains,
proper grade and crown, deeper ditches, or replacement with non-
frost susceptible soils.

Frost Action

To minimize frost heaving and thaw weakening, it is essential that
the finished grade elevation is placed an adequate distance above
the water table. This distance should be at least equal to the
depth of frost penetration. For silty soils, the distance should be
significantly greater (Table 7-503H Mn/DOT Road Design Manual).

Geosynthetic use in Aqgqregate Roads

Current practice suggests that one may decrease aggregate thickness
through the judicial wuse of geosynthetics (geotextiles and
geogrids). Many publications exist on the use of geosynthetics in
the design of aggregate roads, and four are included in the
reference section (ref. 13-16). While most geotextile suppliers
have "designs" for aggregate reduction, these should always be
independently verified.

Note: All aggregate reduction designs require that the geotextile
be "rutted" to develop tension in the fabric and that the ruts be
subsequently filled with new aggregate, not regraded aggregate.

Lime Stabilization

Lime stabilization may be used to improve a soil's plasticity and
workability. Lime stabilization is most beneficial on clay soils,
but its success is dependent on many variables including: soil and
lime types, 1lime percentage, temperature, and moisture. More
detailed information on 1lime stabilization may be found from

7



references 17 and 18.

Using lime stabilization to enhance a soil's strength should be
approached with some caution. One Minnesota study on clay soils
found that the R-Value rose sharply after an initial treatment with
lime, but after being subjected to freeze-thaw cycles, the soil's
strength decreased (ref. 19 and 20). Consequently, the pavement
cracked severely, which increased maintenance costs. Another
unpublished study seems to indicate an accelerated ride
deterioration with lime treated subgrade on a bituminous road (ref.
21) .

Conclusions

The Soil Factor design method included in this report was written
for counties, townships, and municipalities for use in designing
aggregate roads. Although this Soil Factor Design Method will be
helpful to these agencies, rational judgement and experience in
identifying soil types, determining soil strengths, and thickness
requirements should not be discounted. The required thicknesses
assume that the soil is uniform and constructed at a moisture
content in accordance with Mn/DOT spec. 2105. In subgrades that
have variable soils, or where soil strengths of the same soil type
vary, one should use particular design judgement.

For those who would like a more thorough design method, or more
background information on aggregate roads, it is recommended that
one obtain a copy of the U.S. Forest Service Aggregate Surface
Design Guide.

By designing for drainage and against the effects of frost action,
the performance of aggregate roads will be enhanced.

**-mmg
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Appendix A

"Pavement" Dynamic Cone Penetrometer

22.6"

_~———— Handle
l: S Upper Anvil (Integral with Handle)
~¢—— Sliding Weight (17.6 Ibs.)
g Fixed Travel Weight Shaft (0.625" dia.)
/——— | Lower Anvil (Couple Assembly)

/

y

v i

(

Variable Length
Typically 48")

Calibrated Penetration Shaft (0.625" dia.)

~—————— Replaceable Cone Tip

Cone Angle 60 0 —;V__!___ ,



Appendix B*
Stabilometer R—Value Sampling Frequency Guidelines for Mn/DOT Soil Types

For cases where R—value samples will be obtained,
the following table may be used as a guide in sample frequency.

Recommended Minimum
Major Soil Texture** Minimum Sampling Rate Number of Samples
Sands 0 (assume a value of 70 or 75)*** |(Q***
Clays, Clay Loams 1 every two miles Jrees
Sandy Loams (nonplastic |3 per mile 5
to slightly plastic)
Silt Loams 3 per mile 5
Silty Clay Loams 3 per mile 5
Plastic Sandy Loams 3 per mile 5
Sandy Clay Loams 3 per mile 5

*Table 7—5.03G from Mn/DOT Road Design Manual, January 31, 1982.

**Mayjor soil texture refers to a soil texture significant enough in areal extent to

economically justify a change in pavement design.

*** If % passing #200 exceeds 15%, then sample and select a design R--value in
the same manner as for clay, clay loams. This means that a sufficient number of
gradation checks of the sand arcas will have to be made to determine if

Stabilometer tests are required.

**** Given significant local expericnce, this may be reduced to 1 or 2 samples.

NOTE: Samples should be representative of the upper 4 feet of the proposed
road grade as much as possible. In other words, in unbalanced jobs concentrate
on the borrow sources; in balanced jobs concentate on the cuts. If practical,

resample the embankment after construction.



Textural Class

Appendix C*

Mn/DOT SOIL Classification Identification

Identification by "Feel"

Ribbon AASHTO Group
Length (H.R.B. Class)

Group Rating For
Index Upper Emb.

Gravel (G)
Fine Gravel

Sand (S)
Coarse Sand {CS)
Fine Sand (FS)
Loamy Sand (LS)
Sandy Loam (SL)

a. slightly plastic

b. Plastic
Loam (L)
Silt Loam (Sil)
Clay Loam (CL)
Silty Clay Loam (SiCL)
Sandy Clay Loam (SCL)
Clay (C)
Silty Clay (SiC

| Sandy Clay (S8C}

(FG)

Stones: Pass 3" sieve, Retained on #10
Stoneg: Pass 'ZIR" S:pvp Dpton‘nd on #10

100% pass #10. Less than 10% silt & clay.
Pass #10, Retained on #40

Most will pass #40. Gritty—non plastic
Grains can be felt, Forms a cast.

0—-10% clay. Gritty

clay Gi’lu_y

Gritty, but smoother than SL.

LU“ZV 70

Smooth, Shiny, considerable resistance.
Dull appearance, slippery, less resistance.
Some what gritty. Considerable resistance.
Smooth, shiny, long thin ribbon.

Buttery, smooth, slippery.

Very plastic but gritty. Long thin ribbon.

Smooth, slippery or velvety. Little resistance.

0 A-1
0 A-1

0 A-1-
0, A—l—aorA-1

0 A—-1-borA-

0] A—2~4o0orA-2-
0—-1/2"} A—-2~6o0rA—-2—-
12" =1 A
1/4"—1" A-
0-17 A-
1"-20 A-
"2 A—6GorA-
=20 A-6orA-
2"+ A-—-
2"+ A-TorA-7-
2%+ A-TorA-7

O\UI\IUIUIO\-h-h-h\l

Excellent
Excellent
Excellent
Excellent
Excellent to Good
Excellent to Good

(== <o R ]

o O o

Excellent to Good
Excellent to Good
Excellent to Good
Fair to Poor
Good to Fair

Fair to Poor

Good to Fair

Fair to Poor

Poor

Fair to Poor

Note: Where the group index is expressed as a range, such as 0—16, the lower values are the better foundation soils.

*Table A 5—692.607 from Mn/DOT Grading & Base Manual, April 7, 1978.




Appendix D*
Mn/DOT Soil Classification System

CLAY
100%
< 90
Q
e 80
o)
()
0‘3 % 60 S,
& / CLAY \
/\‘§/ \

O

o
- SANDY CLAY SILTY CLAY
SANDY CLAY SILTY CLAY
LOAM CLAY LOAM LOAM
(plastic)
SANDY LOAM S‘LT LOAM 10
(alightly plastic) \

ZERO CLAY

*Figure A 5-692.611 from Mn/DOT Grading & Base Manual. May 1, 1959.



Appendix E

AASHTO Classification of Soils and Soil —Aggregate Mixtures

General Classification

Granular Materials

(35% or less passing No. 200)

Silt—Clay Materials

(more than 35% passing No. 200)

A-1 A-3* A-2 A-4 A-S A-6 A-7
Group Classification A—-1-a |A-i-D A-2—-4 |A-2-5 A-2-6 A-2-7 A-7-5
A-7-6
Sieve Analysis:
Percent Passing:
No. 10 S0max. |———— |———= |m——— o — e e e e e e
No. 40 30 max. 50 max. Sl max. |——~— |———— |———— |[———— |m =~ e | —
No. 200 15 max. |25 max. |10 max. |35 max. {35 max. |35 max. |35 max. |36 min. |36 min. |36 min. {36 min.
Characteristics of Fraction
passing No. 40:
Liquid Limit ——=—== |==——= | ———— 4 maX. |41 min. |40 max. |41 min. |40 max. |41 min. |40 max. |41 min.
Plasticity Index 6 max. N.P. |10 max. |10 max. |11 min. {11 min. |10 max. {10 max. |11 min. |11 min.**
Group Index 0 0 0 4 Max. 8 Max. |12 Max. |16 Max. |20 Max.
Usual Types of Significant Stone Fragments | Fine Silty or Clayey Silty Clayey
Constituent Materials Gravel and Sand Sand Gravel and Sand Soils Soils

Fair to Poor

*The placing of A—3 before A—2 is necessary in the "left to right elimination process”, and does not indicate superiority of

A—-3 over A—-2.

** Plasticity index of A—7—5 subgroup is equal to or less than LL minus 30.
Plasticity index of A—7—0 subgroup is greater than LL minus 30.




Appendix F*

Stabilometer R—Values for AASHTO Soil Types

AASHTO
Soil Assumed
Type Textural R-Value = Comments
A-1-a Sands 75 Excellent confidence in using assumed value.
Gravels
A-1-b Sands H If percent passing number 200 sieve is 15 to 25 percent,
Sandy Loams (non-— R ~value may be as low as 25. In such cases, it is highly
plastic | desirable to obtain laboratory R —values.
A-2-4 Sandy Loams (non— 30 Loamy Sands and Loamy Fine Sands commonly have R —values
& plastic, slightly (70 for LS | of 70. Laboratory R—values range from 10—80 for the entire
A-2—-6 |plastic, or plastic) and LFS) | A-2 classification. It is highly desirable to obtain laboratory
R —values, for the Sandy Loams. ’
A-3 Fine Sands 70 Excellent confidence in using assumed value.
A-14 Sandy Loams (plastic) 20 Laboratory R —values range from 10 to 75. It is highly
Silt Loams desirable to obtain laboratory R —values.
Silty Clay Loams
Loams
Clay Loams
-|Sandy Clay Loams
A-6 Clay Loams 12 Laboratory R —values commonly occur between 8 and 20.
Clays
Silty Clay Loams
A-T7-5 Clays 12 Data available is limited.
Silty Clays
A-7-6 Clays 10 Labeoratery R —values commonly sccur between 6 and 18. j

Note: in using the above assumed R—value for bituminous pavement design, it is essentiai that the subgrade be constructed
of uniform soil, and at a moisture content and density in accordance with Mn/DOT Spec. 2105, and be capable of passing
test rolling, Mn/DOT Spec. 2111. To minimize frost heaving and thaw weakening, it is also essential that finished grade

elevation be placed an adequate distance above the water table. This distance should be at least equal to the depth o

aval AT RIS VELALL S LG,

s

-

frost penetration. For silty soils, this distance should be significantly greater.

*Table 7—5.03H from Mn/DOT Road Design Manual, January 31, 1982.



Appendix G*

Laboratory Criteria for Unified Soil Classification System

GROUP

Laboratory Classification Criteria TYPICAL NAMES
SYMBOLS
D (Dso)? Well graded gravels, gravel-sand
Lessthen | — Yo 0= 30, graded gravels, grave
2§ 5% passes §§ CU Do >4, Cc (D1ox Dso) Between 1 & 3 GW midures, litte or no fines
1S 8.8 the No. 200 . . )
. ﬁéig §§ siove sizs g & | Not meeting both C,and C_ requirements above GP [Pl grahd orvels ormobsand
25 | o BEEt homre |85 T Atterberg limits below Sity gravels, gravel-sand-si
58 |8 G, £38 between .;:’Qﬁdw%”’f’; : | [Aiing orPi<d GM | mitirs
o 2 o 2 8% theNo. 200 |8 25! requires the use of dua tterberg limits above Clayey gravels, gravet-sand-clay
2o Sg $32 lomam §2s S?’?WDO/S (GC-GM) "A" line, and PI>7 GC  |mame
@ o 2 Less than = QQQ 0= !DSO) 2 Woll graded sands, graveily sands,
§ § é, g gs zm C, D, > 6, C, Dyox Doo) Between 1& 3 SW i oo e
4 5 S| 5 glg 3?3 o 20 §§§ Not meeting both C,,and C, requirements above SP  |[oon oraded sands, gravely sands,
QL olw|cCi8sa & —
383 g! 535 More then |5 22 Above *A* line with Pl Atterberg limits beIow | qpr | sy sares, sancsit msures
!gg 17% passes £ 4] benv,eentﬁand? ¢ dual /SA ’;;2 e.rlP.-'<4
: requires the use of dua tterberg limits above
= 8 2 lsiove sizs s?/?nbols (SC-SM) “A* line, gnd Pl>7 SC Claysy sands, sand-clay mixtures
80 4 Inorganic siks & v fine sands, rock flour,
o) t x 50 o7 R 8 ML sﬂyorolayayn:rm Wi slight plastioky
3 g 2w Sen CL Inorg claya of Jow to med plasticly
@ ‘é ¢ $) : %sc o gravey, sandy, sifly, or iean ciays
5 o 8 % §‘ 20 \CLIML %{; o MH Inorg site, nrcacscu: or disbmacecus,
Cg § o % S 210 R T fine sandy or sity soils, slastio sits
_8 =2 S & oo/gzo 30 40 50 60 70 80 90700 CH  |inorgoleys of high plasticky, fat olays
883 2| 7 ML Liquid Limit
Se&IB| o Plasticity Chart OL | Szons si & orgerio sitolays o low
£S g ,
32 & | Below "A* line and el <0.75 OH | Qrwerie oleys of mod to high piectickty
Visual Identification only Pt |Peatorother highty organi sols.

*Table 2-1 from "Basic Soil Mechanics Workbook®, USDA SCS, January 1881




Appendix H.2

Average N18 Factors By Vehicle Type (Table 7—-5.03D)

Local Rural Range
Rural CSAH and
T.H. Metro |Municipai |Max. Measured
Vehicle N18 N18 Ni8 Legal
Type |Description Factor |Factor |Factors 10—-Ton |Max. | Min.
1 Passenger Cars 0.0004 0.0004 | 0.0004 - 0.0008 | 6.0003
2 Panels and Pickups (under 1 ton) 0.007 0.007 0.007 3.0 0.012 |0.0006
3 Single Unit — 2 axle, 4 tire 0.01 0.01 0.01 3.0 0.070 /0.003
4 Single Unit — 2 axle, 6 tire* 0.24 0.22 0.21 3.0 0.61 0.019
5 Single Unit — 3 axle & 4 axle**** 0.41 0.57 0.45 2.61 1.40 0.015
6 Tractor Semitrailer Combination — 3 axle{0.58 0.21 0.15 2.20 2.45 0.028
7 Tractor Semitrailer Combination — 4 axle 0.53 0.41 0.30 2.62 3.91 0.060
8 Tractor Semitrailer Combinaticn — 5 axle/ (.88 0.63 0.59 2.20 4.10 0.028
9 Tractor Semitrailer Combination — 6 axle; *** *k% fadaded -— -— -
10 Trucks with Trailers and Buses** 0.42 0.42 0.34 —— —-— -

* Use 0.60 for 2 axle garbage trucks.

** Use 1.25 for MTC buses,

*** Too few to establish a value at this time.
**** |Jse 0.91 for sugar beet trucks.

This is Table 7—5.03D from Mn/DOT Road Design Manual January 31, 1982, reference 5.




Appendix H.1

Assumed Distribution Factors By Vehicle Type (Table 7—-5.03B)

Rural |
Truck Local Rural
Highway|Metro |and CSAH
Vehicle % of % of % of
Type |Description AADT _ |AADT |AADT**
1 Passenger Cars 78.1 83.5 75.7
2 Panels and Pickups (under 1 ton) 10.0 9.0 16.0
3 Single Unit — 2 axle, 4 tire 1.4 1.6 2.4
4 Single Unit — 2 axle, 6 tire 3.9 1.8 2.6
5 Single Unit — 3 axle & 4 axle 1.3 0.5 1.7
6 Tractor Semitrailer Combination — 3 axle{ 0.3 0.3 _—
7 Tractor Semitrailer Combination — 4 axle| 0.5 0.4 - 01
8 Tractor Semitrailer Combination — 5 axle| 3.0 2.4 0.5
9 Tractor Semitrailer Combination —- 6 axle * * *
10 Trucks with Trailers and Buses 1.5 0.5 1.0 |

* Too few to establish a value at this time.
** Data for local roads is from 1975 and 1977 County Roads Pilot Project,

and these should not be used in preference to current seasonally adjusted
classification counts.

This is Table 7—5.03B From Mn/DOT Road Design Manual January 31, 1982,

reference 5.



Appendix
Note: The confidence level of using these equations to obtain CBR
values for use in the Forest Service design is unknown to the

author.

Equations Relating Resilient Modulus to R-value and CBR

1) M (psi) = 1500 x CBR.

]

2) M (psi) A + (B x R-value).

3) My (psi)

il

1000 + (555 x R-value).

Equation 1 is from Heukelom and Klomp. This correlation was made
using dynamic compaction for CBR, and the insitu modulus of the
soil. The data from which this correlation was developed ranged
from 750 to 3000 times CBR.

Equation 2 is from the Asphalt Institute, where A = 772 to 1155 and
B = 369 to 555.

Equation 3 is from AASHTO, and they state that this equation can be
used for fine grained soils (R-values less than or equal to 20).

Equations Relating DCP to CBR'

2.56 - 1.16 Log DCP, for cohesive soils
10mm/blow.

1) Log CBR
and DCP

\

2.70 -~ 1.12 Log DCP, for granular soils
10mm/blow.

2) Log CBR
and DCP

A

3) Log CBR = 2.81 - 1.32 Log DCP, for combined data.

* From Harison, J.A., Correlation of CBR and Dynamic Cone
Penetrometer Strength Measurement of Soils. Australian Road
Research 16 (2), June 1986.




Appendix ]

USFS8 and So0il Factor Design Examples

Note: Examples 1 and 2 use both methods with the same input.
Examples 3 and 4 use the Soil Factor Method; Examples 5 and 6 use
the Forest Service Method.

Example 1: Using 8oil Factor Design

Subsoil is Mn/DOT Clay Loam, R = 12, CBR = 2.5. The two way
measured traffic is 40 ADT and 4 HCADT. Since 4 HCADT gives a
greater thickness, the HCADT should be the traffic parameter used.
From Table 1, the soil factor is 100.

Using Table 2:

Thickness (Inches)

surface Class 1 Base Type
4.0" + 2.0" Class 5 or 6 = 6.0" Total Aggregate, or
4.0m + 3.0" Class 3 or 4 = 7.0" Total Aggregate, or
4.0" + 4.0" Select Granular = §.0" Total Aggregate.

In all cases a surface of 4 inches of Surface Class 1 should be
used. If Class 5 or 6 is used, the base should be 2 inches. If
Class 3 or 4 is used, the base should be 3 inches. If Select
Granular is used, the base should be 4 inches.

Example 1: Using Forest Service Design

Subsoil is Mn/DOT Clay Loam, R = 12, CBR = 2.5, Soil Factor = 100.
Two way traffic is 40 ADT and 4 HCADT. The Forest Service method
uses one way traffic, therefore one way traffic is 20 ADT and 2
HCADT. Again the traffic parameter one should use is HCADT. 2 HCADT
= 213 yearly ESAL's (from equation 1).

Use 10 Year design = 10 years x 213 ESAL's/Year = 2130 ESAL's.
Base = Class 5 or 6 (CBR = 80), or Class 3 or 4 (CBR = 45), or
Select Granular (CBR = 30).

Surface = Surface Class 1.

Rut Depth = 2 inches.

Aggregate loss = 1 inch.

Thickness (Inches)

Surface Class 1 Base Type
4.6" + 0.0" Class 5 or 6 = 4.6" Total Aggregate, or
3.0" + 3.3" Class 3 or 4 = 6.3" Total Aggregate, or
4.0" + 4.5" Select Granular = 8.5" Total Aggregate.

Example 2: Using Soil Factor Design

Subsoil is granular, AASHTO Class A-1-a, R = 60, CBR = 25.
Measured two way traffic is 150 ADT.
From Table 1, the soil factor is 50.



Appendix J-2

Using Table 2:

Thickness (Inches)

Surface Class 1 __Base Type
4.0" + 2.0" Class 5 or 6 = 6.0" Total Aggregate, or
4.0" + 3.0" Class 3 or 4 = 7.0" Total Aggregate.

In both cases a surface of 4 inches of Surface Class 1 should be
used. If Class 5 or 6 is used, the base should be 2 inches. If
Class 3 or 4 is used, the base should be 3 inches.

Example 2: Using Forest Bervice Design

Subsoil is granular R = 60, CBR = 25, Soil Factor = 50.

Two way traffic is 150 ADT, therefore one way traffic is 75 ADT =
662 yearly ESAL's. Use 10 Year design = 6,620 ESAL's.

Base = Class 5 or 6 (CBR = 80), or Class 3 or 4 (CBR = 45).
Aggregate loss = 1 inch.

Thickness (Inches)

Surface Class 1 Base Type
4.0" + 0.0" Class 5 or 6 = 4.0" Total Aggregate, or
4.7" + 0.0" Class 3 or 4 = 4.7" Total Aggregate.

Example 3: Using Soil Factor Design

Subsoil is AASHTO Class A-4.

Measured two way traffic is 75 ADT and 12 HCADT. Since 12 HCADT
gives a greater thickness, the HCADT should be the traffic
parameter uséd. From Table 1, the soil factor varies from 100-130,
therefore, if one does not have any soil strength information, use
the average thickness for soil factors 100, 110, 120, and 130.

Using Table 2:

Thickness (Inches)

Surface Base Tvype

S8oil Factor Class 1 + Clasgs 5 or 6 or Class 3 or 4 or Sel Gran.
100 4 4 5 8
110 4 5 7 10
120 4 6 8 12
130 4 8 11l 16
Average 4 6 8 12

In all cases a surface of 4 inches of Surface Class 1 should be

used. If Class 5 or 6 is used, the base should be 6 inches. If
Class 3 or 4 is used, the base should be 8 inches. If Select
Granular is used, the base should be 12 inches. :
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Example 4: Using S8oil Factor Design

Subsoil is Mn/DOT Sandy Loam (SL) with 0-10% clay.

Two way traffic is 750 ADT and 50 HCADT. Since 750 ADT gives a
greater thickness, the ADT should be the traffic parameter used.
From Table 1, the soil factor varies from 50-75, therefore one
should take the average thickness for soil factors 50 and 75.

Using Table 2:

Thickness (Inches)

Surface Base Type
S8oil Factor class 1 + Class 5 or 6 or Class 3 or 4 or BS8el Gran.
50 4 4 5 -
75 4 6 8 12
Average 4 5 7 10

In all cases a surface of 4 inches of Surface Class 1 should be
used. If Class 5 or 6 1s used, the base should be 5 inches. If
Class 3 or 4 1is used, the base should be 7 inches. If Select
Granular is used, the base should be 10 inches.

Example 5: Using Forest Service Design

Base = Class 5 or 6 (use CBR = 60).

One way traffic = 500 ADT = 4410 Yearly ESAL's.

Use 5 Year Design = 22,050 ESAL's.

Subsoil CBR = 15.

Rut Depth = 2 inches.

Aggregate loss = 1 inch. :

Thickness = 5.2 inches (use 5.2 inches of Class 1 only).

Using 10 Year Design = 44,100 ESAL's
Thickness = 5.6 inches (use 3 inches of Class 1 with 2.6 inches of
Class 5 or 6).

Example 6: Usinc Forest Service Design

Base = Class 3 or 4 (use CBR = 45).

One way traffic = 8 HCADT = 882 Yearly ESAL's.

Use 5 Year Design = 4410 ESAL's.

Subsoil CBR = 12.

Rut Depth = 2 inches.

Aggregate loss = 1 inch.

Thickness = 5.0 inches (use 5 inches of Class 1 only).

Using 10 Year Design = 8820 ESAL's ‘ .
Thickness = 5.5 inches (use 3 inches of Class 1 with 2.5 inches of

Class 5 or 6).



