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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 1oc:al 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 iP design method for aggregate 
roads. It .is not, the iiitentI.on 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 inf o~matioin on aggregate roads, this manual includes 
information on tihe use of the U . S .  Forest Service Aggregate Surface 
Design Guide (ref. 1). 

A l s o  included is; information regarding compaction, drainaige frost 
action, geosynthetic use, 1.ime stabilization, and an appendix with 
sample problems based on the Soil Factor and Forest Service design 
methods. 

Abstracz 

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 wou:Ld wish to use a more 
elaborate method, or wouldl like more baclkground information on 
aggregate roads, information on the use oE the U . S .  Forest Service 
design method has been included. 

ii 



-- Introduction 

This  s tudy  was fclndeld by t h e  LocaIL Road Research Board (LRRB). It: 
is intended t.o be used as a guide f o r  Minnesota caiunt::ies andl 
m u n i c i p a l i t i e s  f o r  the design of g rave l  roads.  Includied i n  t h i s  
paper a r e  : 

* a Soi:L Factor  Thickness Design Guide, 

* background inforimation on t h e  use of t h e  US Fores t  Service 

* information on cornpact:ion, drainage,  geosynthe t ic  use ,  and 

Aggregate Road Design Guide, 

1 i m e  st abi. I i z a t  ion,  

* an appendix w i t h  samp:l.e problems f o r  t h e  S o i l e F a c t a r  and 
Fores t  Serv ice  designs.  

The purpose c)E t h i s  S o i l  Factor  Design procedure is to give 
Minnesota coun t i e s ,  Itownships , and m u n i c i p a l i t i e s  a s imple methold 
t o  c a l c u l a t e  t h e  requi red  aggregate  th i ckness  f o r  gra,veIL roads ,  
when it is no t  prac:t.ical t o  perform s o i l  s t r e n g t h  tests. Th i s  
design was developed by averaging th ickness  r e s u l t s  arid r a t i o n a l  
judgement from four  design methods. These methods w e r e  t h e  U . S .  
Fores t  Se rv ice  ( r e f .  I), Mn/DOS’ S o i l  Factor  (ref. 2), AASHTO (ref. 
3), and Corps of Engineers (ref. 4 ) .  The r e s u i l t s  of these t r i a l s  
w e r e  t hen  c o r r e l a t e d  t o  s o i l  f a c t o r s .  

I f  p o s s i b l e ,  s o i l  s t r e n g t h  tests,  such as Cal ieorn ia  Bearing R a t i o  
(CBR) , Resis tance  va lue  (R-value) , pavement Dynamic Cone 
Penetrometer (DCP) , or Fall.ling Weight Def lectometer  (FF?D) should 
be performed p r i o r  t o  cons t ruc t ion  t o  detenuirie t h e  road c a r r y i n g  
capac i ty  of t h e  s u b s o i l  (Appendix A con ta ins  a diagram of t h e  
pavement DCP appa ra tus ) .  I f  tes ts  are done, it is recommended t h a t  
one use  t h e  US Fores t  Serv ice  (USFS) design method, because i t  
should provide an economically ef f ‘ ic ien t  design.  Even j.f cine does 
n o t  u se  t h i s  procedure, t h e  USFS r e p o r t  con ta ins  cons ide rab le  
background information on aggregate roads,  iinci t h e r e f o r e  it is am 
e x c e l l e n t  r e fe rence  guide. To o b t a i n  t h i s  guide see t h e  address 
found i n  t he  r e fe rence  sec t ion .  

A t  p r e s e n t  MN/DOT does no t  have a design method f o r  aggregate 
roads.  It  is no t  t h e  i n t e n t i o n  of t h i s  manual. t o  change t h e  p r e s e n t  
l e g a l  load 1 h i t s  of aggregate  roads.  

-- B o i l  Factor fiscrrecrate Thickness Desicrn 

The t h i c k n e s s  requirement of t h i s  design is based on s o i l  factors  
and t r a f f i c .  Table 1 lists s o i l  f a c t o r s  f o r  t.hree different :  soi:L 
c l a s s i f i c a t i o n  systems: Mn/DOT, AASHTO, and Unified.  T a b l e  2 lists 
t h i c k n e s s  requirements f o r  d i f f e r e n t  s o i  1 fac:tcsrs and traf f ic us ing  
t w o  way ADT and HCADT,, 
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Table 2 
Thickness Design - Using Soil Factors 

Soil Facto 
50 

I20 

130 

25 
50 
150 
400 
750 
25 
50 

400 
750 
25 
50 
150 
400 
750 
25 
50 
150 
400 
750 

1x1 

_____- 

______ 

25 
50 
150 
400 
750 
25 
50 
150 
400 
750 

2 
4 
I2 
32 
60 
2 
4 
12 
32 
60 
2 
4 
1.2 
32 
60 
2 
4 
12 
32 
60 

______.- 

2 
4 
12 
32 
60 
2 
4 
12 
32 
60 

-____I 

Surface 
Class 1 

"hichess 
_(inichesl - 

3 
4 
4 
4 
4 
4 
5 
4 
4 
4 
5 
4 
4 
4 
4 
4 
4 
4 
4 
4 

---- 

--.__- 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

___-- 

-___- 

Alt. Base Alt. Base 
Class 3; Sel. Gran,. 

Thickness Thichesfi 

--- --- I 
4 6 
5 8 

12 8 

3 4 
5 8 
7 10 
9 14 
3 4 
4 6 
7 10 
8 12 

16 11 
4 6 
5 8 
8 12 
9 ' 14 

.- - ~ -  -____-- 
--- .--- 

-___ ___..______ 

--______ -___-_ 

18 
5 8 

10 
16 

12 18 
13 20 

Notes: The suggested thicknesses found on this tablle assume that the! soil is unifonn and 
the road will b e  constucted at a moisture content in accordance! with MnlDOT Spec. 2105. 
The current (1991) Mn/DO'T Statti Aid standards; indicate that all C.S.A.H.'s with ADTs less 

than 150 should b e  aggregate surfaced. 



To c a l c u l a t e  t h e  aqgregate  th i ckness ,  one f.irst determines t h e  s o i l  
type. The p r e f e r r e d  method is t o  sample t h e  s o i l .  The sampling 
frequency should be as; shown on Appendix B ( r e f .  5 ) .  I f  sampling is 
no t  p r a c t i c a l ,  USGS malps o r  information from t h e  S C S  may be used t o  
determine s o i l  types .  Local Mn/DOT m a t e r i a l s  u n i t s  o f t e n  have d a t a  
on l o c a l  S o i l  Fac tors  and W-values,. 

Appendi-ces C-G ( ref .  5-8) a r e  c h a r t s  t h a t  w . i l l t  h e lp  definie t h e  s o i l  
t ype  arid r e l a t e  s t r e n g t h  parameters,  f o r  t h o  Mn/DOT, AASHTO, and 
Unif ied soil c l a s s i f i c a t i o n  systems. 

Note: The USDA s o i l  c l . a s s i f i c a t i o n  system is s i m i l a r  bu t  d i f f e r e n t  
from t h e  Mn/DOT’ s o i l  system. 

The next  s t e p  is t o  determine t h e  s o i l  f a c t o r  f o r  t h e  s0iLi:L type  
under cons idera t ion .  Table 1 lists s o i l  fcrct.ors f o r  each s o i l  
c l a s s i f i c a t i o n  system and s o i l  type .  

Once t h e  s o i l  f a c t o r  and two way t r a f f i c  d a t a  (ADT o r  HCADT) have 
been determined, use Table 2 to determine t h e  th.ickness 
requirement.  Thicknesses f o r  a s p e c i f i c  SOil. may vary because of 
t h e  range i n  s u b s o i l  s t r e n g t h  wi th in  a s p e c i f i c  s o i l  c1.a~:;. T h i s  
va r i ance  is  accounted f o r  by t h e  s o i l  f a c t o r s  w i th in  t h i s  s o i l  
class. If one canriot ob ta in  t h e  s t r e n g t h  of the  subso i l  arid only 
has  a th i ckness  rangre given by s o i l  fac:tsrs, use  t h e  average 
th i ckness ,  as a minimum, from these s o i l  f a c t o r s  f o r  t he  des ign  of 
t h e  aggregate  road. 

T h i s  des ign  recommends t h a t  t h e  t o p  l a y e r  should be Surface C las s  
1 material..  For th i cknesses  of f i v e  inches o r  less, the  e n t i r e  lift 
should be C l a s s  :L mate r i a l .  For th icknesses  g r e a t e r  than  f i v e  
inches ,  u se  Class  5 o r  6 m a t e r i a l  as a base f o r  t h e  C l a s s  1 
m a t e r i a l .  If Class  3 o r  4 mate r i a l  is used a s  a base, the base 
t h i c k n e s s  requirement should be increased  by 3 3 %  over t h e  C las s  5 
o r  6 t h i ckness .  If Select Granular is used, t h e  base th-ickness 
should be increased  b y  100% over the Class  5 or 6 th ickness .  

Note: Surface C::Lass 1 r e q u i r e s  10-X5% pass ing  t h e  No. 2 0 0  s i e v e .  

I f  both ADT and HCADT a r e  known, design the  roadway by u s h g  t he  
t r a f f i c :  parameter t h a t  g ives  t h e  g r e a t e r  th ickness .  

C a r e  shou.ld be taken when d e s i g n h g  roadways w i t h  s u b s o i l  s t r e n g t h s  
t h a t  are  h igh ly  va r i ab le .  For example, from Table 1, t h e  s o i l  
f a c t o r  range of a Mn/I)OT s i l t y  loam ( S i L )  s u b s o i l  is 100--130. From 
Table 2, f o r  a two way ADT of 150, t h e  to ta l .  t h i ckness  requirements  
u s i n g  <:lass 5 and C l a s s  1 aggregate  a re :  8 ,  9 ,  1 0 ,  and 1 2  inches 
for s o i l  f a c t o r s  of 100, 1 1 0 ,  1 2 0 ,  and :L30 r e spec t ive ly .  I f  
f e a s i b l e ,  t h e  s a i l  s t r eng th  should be determined and a m o r e  
thorough des ign  procedure used. I f  s o i l  s t r e n g t h  d a t a  a r e  n o t  
a v a i l a b l e ,  t h e  th ickness  should be a t  l e a s t  the  average t h k k n e s s  
wi th in  t h i s  range, 1 0  inches.  

4 



Note: The suggested th i cknesses  found on Table 2 assume tha t  t h e  
s o i l  is uniform, and ,the roadway w i l l  be cons t ruc ted  a t  a moisturs! 
con ten t  and dens i ty  i.rn accordance w i t h  MniD6T spec.  2105.  

Note: Because of eventua l  r u t t i n g ,  loss of crown, and aggrega te  
l o s s ,  p e r i o d i c  b l a d h g  and a d d i t i o n a l  aggregate  placement i e 3  
r equ i r ed .  These maintenance ac t iv i t i e s  are k)est determined a t  t h e  
l o c a l  l e v e l .  

--- US'FS Desiqn U s i n q S u b s o i l  8tr:enuths 

Severa l  design methods e x i s t  f o r  the aggregate  t h i c k n e s s  of grave!L 
roads.  Most methods, r e q u i r e  t h a t  one determine t h e  subsoi:L 
s t r e n g t h .  If one has  access  t o  s o i l  strengths, it is recommended 
t h a t  one use  t he  Fores t  Serv ice  method (ref 1). It. is ai simple t o  
fol low and an unc:omplicated method, and t h e r e  is a u s e r  f r i e n d l y  
computer program included with t h e  design. Inpu t s  needed fo r  t h e  
Fores t  Service method include: 

* t r a f f i c  (one way) I 

* s u b s o i l  and aggregate s t r e n g t h ,  

* r u t  depth,  

* and aggregate  10:s. 

T r a f f i c  is inpu t  i n  design l a n e  (one way) Equivalent S i n q l e  Axlle 
Loads (ESAL ' s )  ,, ESAL' s  are based on t h e  number of r e p e t i t i o n s  of a 
18-kip a x l e  load w i t h  a t i r e  p res su re  of 80 p s i .  It  is ireclommende~d 
t h a t  f i v e  t o  t e n  yea r s  of t r a f f i c  be imputed1 i n t o  t h i s  program. If 
one does no t  have d e t a i l e d  t r a f f i c  information t o  cal .culate  t h e  
number of ESAL's ,  Equation 1, which relatebs design l a n e  Average 
Daily T r a f f i c  (ADT) and design l a n e  Heavy Commercial Average Daily 
T r a f f i c  (HCADT) t o  design l ane  y e a r l y  ESAL ' s ,  may be used. The! 
d i s t r i b u t i o n  of t r a f f i c  used t o  d e r i v e  Equation 1 came from the! 
tables found i n  Appendices H . l  and H.2 (ref.  5 ) .  The t r a f f i c :  
d i s t r i b u t i o n  used was f o r  1oca.L r u r a l  CSAH and municipal roads.  To 
o b t a i n  t h e  t o t a l  t r a f f i c  mul t ip ly  t h e  yea r ly  ESAL's  by t h e  des ign  
l i f e  and by the yea r ly  growth f a c t o r .  

100 Design Lane ADT = 8 . 3  Design Lane HCADT = 882 Design Lane 
Yearly ESAL ' s .  

The next. information needed f o r  t h e  USFS method is t h e  Ca1.iforni.a 
Bearing Ra t io  (GIBR) of t h e  aggregate  and t h e  s u b s o i l .  Beciause t h e  
Forest Se rv ice  method uses  CBR t o  rate t h e  s o i l  and aggrega te ,  one 
should perform t h i s  t es t  a s  opposed t o  o t h e r  s t r e n g t h  tests. 
However, f o r  those performing o t h e r  strenigth tests, Appendix :C 
c o n t a i n s  equat ions  r e l a t i n g  r e s i l i e n t  motlul-us t o  CBR and K-value,, 



and equat ions  r e l a t i r i g  CBR t o  pavement DCI? (re.f .  3 and g-i..~). 

A s o i l ' s  CBR Tralue is defined as t h e  f o r c e  r equ i r ed  to cause a 
s tandard  c y l i n d r i c a l  p i s t o n  t o  pene t r a t e  a t  a given ra te  i n t o  the  
s o i l .  The CBR is t h e  r a t i o  between t h i s  measured f o r c e  and a 
s tandard  fo rce .  Standardized procedures for conducting the ClBR test  
are descr ibed  in ASTM Standard D 1883 or  AASHTO Standard T 193.  

The pavement DCP is a simple to use soi1. s t r e n g t h  t :es t ing 
instrument.  The! init i ial .  c o s t  of t h e  pavement 11CP is reasonable ,  and 
one can quick ly  eva lua te  a Sec t ion  of roadway. Because t h e  DCP is 
an economical t e s t  t o  perform and its d a t a  cosre l .a tes  w e l l  with 
other :;oil s t r e n g t h  tests,  its use should increase .  

The other two parameters t o  set are the  aggrebgate l o s s  and the  r u t  
depth.  According t o  t h e  Forest  Serv ice  r e p o r t ,  t h e  aggrega te  l o s s  
i s  u s u a l l y  set a t  one inch and t h e  r u t  depth a t  two inches.  

Appendix J con ta ins  s8ample prok>lems us ing  the Fores t  Se rv ice  and 
S o i l  Factor  Design mlethods. The first two examples coimpare t h e  
r equ i r ed  th i cknesses  using t h e  S o i l  Factor  and Fores t  Service 
methods with t h e  same input.  

Note: The confidence Itc?vel of using t h e  equat ions i n  Appendix I t o  
o b t a i n  CBR va lues  f o r  use i n  t h e  Fores t  Service design is unknown. 

Note: When performing f i e l d  s o i l  s t r e n g t h  tests,  it is c r i t i ca l  
t h a t  t hey  are analyzed a t  t i m e s  when t h e  s o i l  is a t  i ts lowest 
s t r e n g t h .  This w i l l  usua l ly  occur i n  t h e  sp r ing ,  when t h e  subgrade 
is s a t u r a t e d .  If  tests are run a t  o t h e r  t i m e s  of t h e  year, ,  one must 
compensate f o r  t h e  hiqher  values .  

Compaction 

Good compaction is t h e  most important requirement when bu i ld ing  an 
aggrega te  road. The aggregate should be placed and compacted i n  
accordance wi th  Mn/DOT spec. 2211 .  This  guide assumes t h a t  t h e  
s u b s o i l  and aggregate  a r e  w e l l  compacted. The CBR w i l l  decrease  
from 2 5  to 50 percemt f o r  each 5 percent  decrease  i r r  T-99 
compaction below 95% ( ref .  1 2 ) .  The decrease is g r e a t e s t  fo r  
cohesive s o i l s  and l e a i s t  f o r  granular  s o i l s .  

The fol lowing example was obtained by imputing t h e  fol lowing 
parameters i n t o  the Forest  Service design program, and is an 
i l l u s t r a t i o n  of t h e  b e n e f i t s  of compacting s u b s o i l s .  It: shows a 
t h r e e  inch  i n c r e a s e  i n  t h e  requi red  aggregate  f o r  compaction 
decreas ing  from T-'39 = 95% t o  T-99 = 85%. 

A subsoil is cohesi-ve (and has a CBR of 1 0  a t  915% T-99. Design l a n e  
t r a f f i c  i s  1500 ADT or  4 4 1 0  yea r ly  design l ane  I?SALts .  Five y e a r s  of 
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t r a f f i c  a r e  inpu t ,  f o r  a t o t a l  of 2 2 , 0 5 0  ESAL's. The CEPR of t l h e  
aggregate  is 4 0 .  Aggregate l o s s  is one inch, and r u t  depth is tWo 
inches.  

Compaction Soil Thickness R e q u i r e d  
mT-99)- -- CBR ( inches 1 

95 10 7 . 3  
90  5.0 8.6 
85 2 . 5  10.3 

-- Draiaaqe 

Another important design a t t r i b u t e  is drainage.  Whenever p o s s i b l e ,  
d i t c h e s  should be designed 4-6 f e e t  below t.he roadway crown, with 
t h e  crown a t  .least f i v e  feet  above t h e  noraial water table.  

Although no t  in t ended  t o  be covered i n  d e t a i l  he re in ,  w e t  subgracle 
s o i l s ,  sp r ing  areas, o r  f r o s t  heave a r e a s  should g e n e r a l l y  he 
cor rec t ed  by t h e  appropr i a t e  use  of pe r fo ra t ed  subsurf ace  drains;  ,, 
proper  grade and crown, deeper d i t c h e s ,  or replacemenlt w i th  non- 
f r o s t  susceptib1.e s o i l s .  

-- Fro:s t Action 

To minimize f r o s t  heaving and thaw weaken.inq, it is e s s e n t i . a l  that: 
t h e  f i n i s h e d  grade e l e v a t i o n  is placed an adequate d i s t a n c e  above 
t h e  w a t e r  t a b l e .  T h i s  d i s t a n c e  should be a t  l e a s t  equal. t o  t h e  
depth of ffrost pene t r a t ion .  For s i l t y  s o i l s ,  the d i s t a n c e  should be 
s i g n i f i c a n t l y  g r e a t e r  (Table 7 -503H Mn/DBT Road Design Manual). 

- Geosynthetic u s e i n  Asqreqate Roads 

Current  p r a c t i c e  sugqests  t h a t  one may decrease aggregatle t h i ckness  
through t h e  j u d i c i a l  use of geosynthe t ics  (geoteicti  Les and 
g e o g r i d s ) .  Many pub l i ca t ions  e x i s t  on the  use of geosynthe t ics  i n  
t h e  des ign  of aggrtzqate roads,  and fou r  are included i n  t h e  
reference s e c t i o n  (ref. 13-16) . While most. g e a t e x t i l e  s u p p l i e r s  
have "'designstt f o r  aggregate reduct ion ,  these should always be 
independently v e r i f i e d .  

Note: All aggregate  ireduction desngns r e q u i r e  that: t h e  g e o t e x t i l e  
be " ru t t edu1  t o  develop t ens ion  i n  t h e  f a b r i c  and t h a t  t h e  r u t s  be  
subsequent ly  f i l l e d  with new aggregate ,  no t  regraded aqgr tqa t e .  

Lime St-lizatioq 

Lime  s t a b i l i z a t i o n  may be used t o  improve a s o i l ' s  p l a s t i c i t y  ant1 
workab i l i t y .  L i m e  s t a b i l i z a t i o n  is most benef ic ia l .  on c l a y  s o i l s ,  
bu t  i ts success  is dependent on many v a r i a b l e s  including:  s o i l  and 
l i m e  t y p e s ,  l i m e  percentage,  temperature,  and moisture .  More 
de ta i led  informationl on l i m e  s t a b i l i z a t i o n  may be found from 



r e fe rences  17  and 18 .  

Using l i m e  s t a b i l . i z a t i o n  t o  enhance a s o i 1 8 s  s t r e n g t h  should be 
approached w i t h  some caut ion.  One Minnesota s tudy  on c l a y  so i l s ;  
found t h a t  t h e  R-Value r o s e  sharply a f t e r  an i n i t i a l  treaitment w i t f l  

l i m e ,  bu t  a f te r  being subjec ted  t o  freeze-thaw c y c l e s ,  t h e  soi l 'E;  
s t r e n g t h  decreased (ref.  19 arid 20)  . Consequently, thle pavement. 
cracked seve re ly ,  which increased maintenance costs] .  Another. 
unpublished studiy seems t o  i n d i c a t e  an a c c e l e r a t e d  r ide!  
d e t e r i o r a t i o n  w i t h  1 i : m e  t r e a t e d  subgrade on a blituni-nous road ( ref .  
21). 

--- Conclusions 

T h e  S o i l  Fac tor  desigln method included i n  t h i s  r e p o r t  was w r i t t e n  
f o r  coun t i e s ,  townships, and mun ic ipa l i t i e s  f o r  u se  i n  designing 
aggregate  roads.  Although t h i s  S o i l  Factor  Design Method w i l l  be 
h e l p f u l  t o  these agencies ,  r a t i o n a l  judgement. and experience i n  
ident iEying s o i l  types ,  determining s o i l  s t r e n q t h s ,  and th i ckness  
requirements should not be discounted. T h e  r equ i r ed  t .hicknesses 
assume t h a t  the soil .  is uniform and cons t ruc ted  a t  a moisture  
conten t  i n  accordance w i t h  Mn/DOT spec.  2105.  I:n subgirades t h a t  
have v a r i a b l e  so i l - s ,  IOC where s o i l  s t r e n g t h s  of' t h e  same s o i l  type  
vary,  one should use  p a r t i c u l a r  design judgement. 

FOP those  who would l i k e  a more thorough desi.gm method, o r  more 
background in f  cirmation on aggregate  roads,  it i.s recommended t h a t  
one obtain. a copy o f  t h e  U . S .  Forest  Servi-ce Aggregate Surface 
Design Guide. 

B y  designing f o r  drainage and a g a i n s t  t he  effects of f r o s t  a c t i o n ,  
t he  performance calf aggregate roads w i l l  be enhanced. 
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Appendix A 
Tavement" Dynamic Cone Penetrometer 

,,-------- Handle 

1-P 
Upper Anvil (Integrall with Handle) 

Sliding Weight (17-6 lbs.) 

Fixed Travel Weight Shaft (0.625" ciia,) 

Lawer Anvil (Couple Assembly) 

Cone Angle 60" 

I-4 
0.787" 

Clone 



Appendix B* 

Stabilometer R-Value Sampling Frequency Guidelines for Mn/I)OT Soil Types 

For cases where R-.v,alue samples wil l  be obtained, 
the following table may be used as a guide in sample frequency. 

Recommended Minimum 
Number of Samples 

to  slightly plastic) 
Silt h a m s  

~ - _ _ -  
3 per mile ~- ___ 

__ -- 

'Table 7-5.03G from Mn/lDOT Road Design Manual, January 31, 1982. 

''Major soil texture refers to a soil texture significant enough in atreal extent to 
economically justify a change in pavement design- 

*** If % passing #200 exceeds 15%, then sample and select a design R--value nn 
the Same manner as for claly, clay loams. This means that a sufficient number of 
gradation checks of the sand areas will have to be made to determime: if 
Stabnlometer tests are required. 

****  Given significanit local experience, this may be reduced to 1 or  2 samples. 

NOTE: Samples shoulld be representatnve of the upper 4 feet of  the proposed 
road grade as much a:; possible. In other words, in unbalanced jobs concentrate 
on the borrow soinrces; in blalanced jobs concentate on the cut:;. If practical, 
resample the embankment alter construction. 



Appendix C* 

Mn/DOT SOIL Classification Identification 

Ribbon AASHTO Group Group Rating For 

0-1/2" 

rextural Class Identification bv "Feel" 

A-2-6 or A-2-7 

Gravel (Gj 

Sand (S) 
Cuarse Sand (CSj 
Fine Sand (FS) 
Loamy Sand (LS) 
Sandy Loam (SL) 

a. slightly plastic 
b. Plastic 

Fine &avp! mG) 
\- 

Loam (L) 
Silt Loam (SiL) 
Clay Loam (CL) 
Silty Clay Loam (SiCL) 
Sandy Clay Loam (SCL) 

Silty Clay (SIC) 
Clay ((7 

San&j @el 

0-1" 
1"-2" 
1"-2" 

Stones: Pass 3" sieve, Retained on #18 
EfOIIPS: Pass 3,@" sieve, XefeiILed OIL #lc! 
100% pass #lo. Less than 10% silt & clay. 
Pass #iO, Retained on u 4 0  
Most will pass #40. Gritty-non plastic 
Grains can be felt, Forms a cast. 

0- 10% clay. Gritty 

Gritty, but smoother than SL. 
Smooth, slippery or velvety. Little resistance. 
Smooth, Shiny, considerable resistance. 
Dull appearance, slippery, less resistance. 
Some what gritty. Considerable resistance. 
Smooth, shiny, long thin ribbon. 
Buttery, smooth, slippery. 

*n-2nw Lu- u ,O h j ; .  GiitQ 

Ver. blit TpLp. TLon- t; $L-- .uLl ribbon. 

A-4 
A-6 

A-6 or A-5 

Length (H.R.B. Class) Index Umer  Emb. 
0 
0 
0 
0 
0 
0 

0 
0-4 
0-4 
0-4 

0- 16 
0- 16 
0-16 
0-20 
0-20 
0-nA 

I 

Excellent 
EaCe::e ii i 
Excellent 
Excellent 
Excellent to Good 
Excellent to Good 

Excellent to Good 
Exceiient 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/DQT Soil Classification System 

CLAY 
100% 

*Figure A 5-692.611. from MnDOT Grading & Base Manual. May 1, 1’959. 



Appendix E 

M S H T O  Classification of Soils and Soil -Aggregate Mixtures 

Plasticity Index 
Grour, Index 

Granular Materials I (35% or less uassir General Classification 

6 max. 
0 

Silt-Clay Materials 
5 No. 20( 
A-3f 

(more than 35% passing No. 200) 
A-6 I 8-7 

u 
A-4 1 A-1 

Group C!assMCa:ioii [A-I-a /A-i-b 
I I 

A- A-5 
A-2-6 A-2-7 

I ---- 
51 max. 
10 max. 

=--- 

N.P. 
0 

i - - - -  ---- 
35 max. 35max. + 
Gmax. 41 inin. 

0 
10 max. 110 max. 

I 
40 max. 141 min. 46 max. 

10 max. 
41 min. 
10 mx. 

I 

4 Max. 8 Max. 12 Max. 
Silty 
Soils 

Usual Q p e s  of Significant 
Chnstitneiit Makiiah 

Fine 
Sand 

Silty or Clayey 
Gravei and Sand 

clayey 
soils 

Pair to Poor 

*The placing of A-3 before A-2 is necessary in the “left to right e!iminatien process“, a d  d ~ e s  no: indicate ssperisdig, of 
A-3 over A-2. 

* *  Plasticity index of A-7-5 subgroup is equal to or less than LL minus 30. 
Phiiciij;  hdex  of A-7-6 subgroup is greater ihan LL minus 30. 



Appendix F* 

Stabilometer R-Values for AASHTO Soil Types 

AASHTO 
Soil 

A-l-a 

A-l-b 

Type 

A-2-4 
8t 

A-2-6 

A-3 
A-4 

A-6 

rextural 
Sands 
Gravels 
Sands 
Sandy L o a m  (non- 
plastic 
Sandy L o a m  (non- 
plastic, slightly 
plastic, or plastic) 

Fine Sands 
Sandy Loams (plastic) 
Silt Loams 
Silty Clay Loams 
L o a m  

Sandy Clay L o a m  
Clay Loams 
Clays 

Clays 
Silty Clays 

C!2y LQam 

Silty Clay Loams - 

C!=ys 

Assumed 
:-Value 

75 

30 
:70 for LS 
ind LFS) 

70 
20 

12 

12 

10 

hmments 
Excellent confidence in using assumed value. 

!f perant passkg number 200 sieve is 15 to 25 percent, 
R-value may be as low as 25. In such cases, it is highly 
desirable to obtain laboratorv R-values. 
Loamy Sands and Loamy Fine Sands commonly have R -values 
of 70. Laboratory R-values range from 10-80 for the entire 
A-2 classification. It is highly desirable to obtain laboratory 
R-values, for the Sandy Loams. 

Excellent confidence in usinn assumed value. 
Laboratory R-values range f r ~ ~ l l  10 to 75. It is higxy 
desirable to obtain laboratory R-values. 

Laboratory R-values commonly occur between 8 and 20. 

Data available is limited. 

&I-&,.. I.(VL,=. In iising the above a s s l ; i ~ ~ d  R-vafiie fa; bItiiininoiis pti~emeiit desigi-i, 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. 21 11. To minimize frost heaving and thaw weakening, it is also essential that finished grade 

frost penetration. For silty soils, this distance should be significant@ greater. 
e!eva!icn be p!aced an Idequate dishnce abeve the water tah!e. This distmce shmld bz at !east eqiial to the depth of 

"Table 7-5.03H from Mn/DGT Rozd Design Manual, January 31, 1982. 



Appendix G* 

Laboratory Criteria for Unified Soil Classification System 
Laboratory Classification Criteria ISYMRO!S I ' TYPICALNAMES 

(T Between I & 3 /c,=%4;cc= DlO L A o x B a o  I 
, Not meeting both @-,and C requirements above s 

I 

Above 'HA" line with PI 
between 4 and 7 
requires the use of dual 
symbols (GC-GM) 

n I- 

Atterberg limits below 
'A" line, or P1<4 
Atterberg limits above 
"A" line. and PI> 7 

q; %No. 200 

Ore@o sfta L o fpdo  sihlayr  d bw 
pklatbly. LL<m Plasticity Chart 

<O. 75 O m b  chya dmedb h ~ p h d i c i f y  Ll  (oven dry soil) 
ii (&r diji sdij 

Below "A" line and 

Visual Identification only j pt l - o r o m w h w m -  

*Table 2-1 from "Basic Soil Mechanics Workbook', USDA SCS, January 1981 
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Appendix H.2 

Average N48 Factors By Vehicle Type (Table 7-5.03D) 

Description 
Passenger Cars 
Panels and Pickups (under 1 ton) 
Single Unit - 2 axle, 4 tire 
Single Unit - 2 axle, 6 tire* 
Single Unit - 3 axle & 4 axle**** 
Tractor Semitrailer Combination - 3 axlr 
Tractor Semitrailer Combination - 4 axlr 
Tractor Sem*it,rl,i[er CQmbin&Ion - 5 
Tractor Semitrailer Combination - 6 axlr 
Trucks with Trailers and Buses** 

* Use 0.69 for 2 axle garbage tiiiCkS. 
** use 1-35 for MTC hl_lCPS* 
*** Too few to establish a value at this time. 
**** Use 0.91 for sugar beet trucks. 

Rural 
T; H; 
N18 
Fact or 
0,0004 
6.007 
0.01 
0.24 
0.41 
0.58 
0.53 
0.88 

0.42 
*** 

1 Metro 
IN18 I Factor 

8.807 
0.01 
0.22 
0.57 

10.41 
0.63 

10.42 

, n.on04 

10.21 

*** 

Local Rural 
CSAH and 
Muni ci pai 
K 1 8  
Factors 
0.0004 
0.007 
0.01 
0.21 
0.45 
0,15 
0.30 
0.59 

0.34 
*** 

Max. 
iegai  
10-Ton 

3.0 
3.0 
3.0 

2.61 
2.2Q 
2,62 
2.20 

-s 

-- 
-- 

Range- PI 
I 

Measured 1 
1 

Max. 
G. GGO8 
0.01 2 
0.070 
0.61 
1.40 
2.45 
3.91 
4.10 
-- 
-- 

0.0003 1 

0.003 osooo6 I 
0.019 1 
0-015 0.028 I 
0.060 
0.028 

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



Vehicle 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

T!%?!?- 

.-___ 

Metro 
% of 

Appendix H.1 

Assumed Distribution Factors By Vehicle Type  ('Table 7-5.03E3) 

L.ocal Rural 
arid CSAH 
% of 

Descri Dtion 
P a s s e n g e r  Cars 
Panels a n d  Pickups  (under  1 ton)  
S ingle  Unit - 2 axle, 4 tire 
Single  U n i t  - 2 axle, 6 tire 
S ingle  Unlit -- 3 axle & 4 axle 
'Tractor Sermitrailer Combination -- 3 axle 
'Tractor Semitrailer Combination -- 4 axle 
'Tractor Semitrailer combina t ion  -- 5 axle 
Tractor Semitrailer Combination -- 6 axle 
Trucks  with "Trailers a n d  B u s e s  --______--- _________ 

-I___.__ 

Rulral 

IHig h way 
% o f  
AAIDT 

723.1 
10.0 
1.4 
3.9 
1.3 
0.3 
0.5 
3.0 

1 .!5 

'Truck 

-I___.__ 

* 
-__I.._ 

AADT 
83.5 
9.0 
1.6 
1.8 
0.5 
0.3 
0.4 
2.. 4 

0.5 

-____ 

* 

75.7 
16.0 
2.4 
2.6 
1.7 

0.1 
0.5 

1 .o 
* 

* Too few to establ ish a value a t  this time. 
** Data for local r o a d s  is from 1975 a n d  1977 County IRoads Pilot Piroject, 
a n d  t h e s e  shou ld  n o t  be  u s e d  in preference to cur ren t  seasonally adjus ted  
classification counls .  

This is Table  7-5.038 Fronn Mn/DOB Road Design Manual J anua ry  3 1 ,  1982, 
re ference  5. 



Appendix I 

N o t e :  The conf idence  l eve l  of u s ing  t h e s e  e q u a t i o n s  t o  o b t a i n  CBR 
va lues  f o r  u s e  i.n t h e  F o r e s t  !i;ervice des ign  is unknown t o  t h e  
au tho r .  

E q u a t i o n s  R e l a t i i n q  R e s i l i e L M o d u l u s  to R - , v a l u e  anci CBR 

1) M, ( p s i )  = 1 5 0 0  x CBR. 

2 )  M R  ( p s i )  = A + ( B  2: R-value) ., 

3 )  MR ( p s i )  = 1 0 0 0  + (555 x R-value).  

Equat ion 1 is from Heukelom and Klomp. Th i s  c o r r e l a t i o n  w a s  made 
us ing  dynamic compaction f o r  CBR, and t h e  i n s i t u  modulus of t h e  
s o i l .  The d a t a  from which t h i s  cor re la t ion  w a s  developed ranged 
from 750 t o  3 0 0 0  t i m e s  CBR. 

Equat ion 2 i s  from t h e  Asphal t  I n s t i t u t e ,  where A := 7 7 2  t o  1:L55 and 
B = 369 t o  555. 

Equation 3 is from AASKTO, and t h e y  s t a t e  t h a t  t h i s  equatiion can be 
used f o r  f h e  g ra ined  s o i l s  (R-values less t h a n  o r  equa l  t o  2 0 ) .  

1Ewa.tions Relaxnq: DCP to CBR" 

1) Log CBR = 2.56 - 1.1.6 Log DCP, f o r  cohes ive  s o i l s  
and DCP > lO:mm/blow. 

2 )  Log CBR = 2 . 7 0  - 1.1.2 Log DCP, f o r  granular  s o i l s  
and DCP < lOmm/ 'b low.  

3 ) Log CBR = 2 . 8 1  '- 1 . 3 2  Log DCP, f o r  combined d a t a .  

JC From Har ison ,  J . A . ,  C o r r e l a t i o n  of CBli and Dynamic: Cone 
Penetrometer  S t r e n g t h  Measurement of S o i l s .  A u s t r a l i a n  Road 
Research 16  ( 2 ) ,  June 1.986. 



.---- 1LrS:FB and S o i l  F a c t o r  D e s i c r n  E x a m p l e s  

Note: Examples 1. andl 2 use both methods with t h e  s a i m e  i n p u t .  
Examples 3 and 4 use the  S o i l  Factor  Method; Examples 5 and 6 u s e  
t h e  Fores t  Service Method. 

E x a m p l e  1: U s i n q  Lloil Factor D e s i q n  

Subsoi l  is M n j D O T  Clay Loam, R := 12 ,  CBR = 2.5. The two way 
measured t r a f f i c  is  40  ADT and 4 HCADT. S ince  4 HCADlT gives a 
greater th ickness ,  t h e  HCADT should be t h e  t r a f f i c  parameter used. 
From Table 1, the s o i l  fac tor  is 100.  

U s i n c j  Table 2: 

---- T h i c k n e s u I n c h e s )  -- 
Surface C l a s s  J -- ___ B a s e  Type.---.----- 

4 . 0 "  -t 2.0"  C l a s s  5 or  6 = 6,O" T o t a l  Aggregate, o r  
4 .) 0" -t 3.om1 C l a s s  3 or  4 = 7.,0" T o t a l  Aggregate, o r  
4.0"  .t 4 .O" Select: Granular == 81.0" Tota l  Aggregate. 

I n  a l l  cases a su r face  of 4 inches of Surface! Class 1 should be 
used. I f  C l a s s  5 o r  6 is used, t h e  base should be 2 inches.  If 
C l a s s  3 o r  4 is used, t h e  base should be 3 jnches.  I f  S e l e c t  
Granular  is used, t h e  base should be 4 inches. 

E x a m p l e  1: U s i n q  Forest Service D e s i q n  

Subsoi l  is Mn/DOT Claly Loam, R = 1 2 ,  CBR = 2 . 5 ,  S o i l  Fac tor  = 1 0 0 .  
Two way  t ra f f ic :  is 40 ADT and 4 HCADT. The Fores t  Service method 
uses  one way t r a f f i c ,  t he re fo re  cane way t ra f f ic :  is 20  ADT and :2 
HCADT. Again t h e  t r a f f i c  parameter one should use is HCAIDT. 2 HCADT 
= 2 1 3  yea r ly  E S A L I s  (from equation 1). 
U s e  10 Year design = 10 years  x 2 1 3  ESAL's /Year  = 2 1 3 0  E S A L I s .  
B a s e  == C l a s s  5 or  6 (CBR = 80), o r  Class :3 or 4 (CBR = 4 5 ) ,  or 
Select Granular  (CBR I= 3 0 ) .  
Surface = Surface C l a s s  1. 
R u t  Depth = 2 inches.  
Aggregate loss  =: 1 inch. 

T h i c k n e s I I n c h e s )  - ---____ 
----__ Surface C l a s s  1 .- B a s e  Tms -- 

4.6'" + 0 .0 "  C l a s s  5 or 6 = 4.6" Total  Aggregate, or 
3.0'' + 3.3"  C l a s s  3 or 4 = 6.3" T o t a l  Aggregate, o r  
4.0" + 4.5" Select Granular = 8.5" T o t a l  Agqregate. 

E x a m p l e  2:  Usinq S o i l  Factor D e s i q n  

Subsoi l  is granular ,  AASHTO C l a s s  A-1-a, R = 60,  CBR = 2 5 .  
Measured t w o  way t r a f f i c  is 150 ADT. 
From Table 1, the s o ' i l  f a c t o r  is 50. 



Aupendix J-2 

Using Tab:Le 2:  

-- -- T h i c k n m  (Inches) - -~_-- - -  
-- -. ~ - _ _ _ - - _  Surface C l a s s  Y ' B a s e  T y p e  

4 . 0 "  + 2 . 0 "  Class  5 or  6 = 6.0"  T o t a l  Aggregate, o r  
4 . 0 "  + 3 . 0 "  Class  3 o r  4 = 7 . 0 "  Tota l  Aggregate. 

I n  both cases  i i  su r face  of 4 inches of Surface Class  1 should b e  
used., If Class  5 or 6 is used, t h e  base should be 2 inches.  If 
C l a s s  3 o r  4 .is used, t h e  base should be 3 inches.  

- Example 2 :  U s i n q [  Forest Service Ilesiqn 

Subsoi l  is  grzmular R = 60,  CBR == 25, S o i l  Factor  = 5 0 .  
Two way t r a f f i c  is 150 ADT, t h e r e f o r e  one way t r a f f i c  is 7 5  ADT = 
662 yea r ly  ESAL's. U s e  1 0  Year design = 6 , 6 2 0  E S A L ' s .  
B a s e  = Class  5 or 6 (CBR = 801, o r  Class  3 o r  4 (CBR == 4 5 ) .  
Aggregate loss = 1 inch .  

Thickness  (Inches) ---__--- 
-- - Surf ace C l a s s - _ l  B a s e  Type 

4.0"  + 0 .O1 I  Class 5 o r  6 = 4 . 0 "  Tota l  Aggregate, 01: 
4.7"  + O.O1 '  Class  3 o r  4 = 4.7'' Tota l  Aggregate. 

- Exanmle  3: U s i n q  SoiH Factor I)esi,,qn 

Subsoi l  i.s AASHTO Class  A - 4 .  
Measured two way t r a f f i c  is 75 A D T  and 1 2  HCIADT.. S i n c e  1 2  HCADT 
g i v e s  a g r e a t e r  th ickness ,  the! HCADT should be t.he t ra f f ic :  
parameter. used. From Table 1, t h e  s o i l  f a c t o r  v a r i e s  from 3.00-130,, 
t h e r e f o r e ,  if one does not have any s o i l  s t r e n g t h  informatian,  USE? 
t h e  average th i ckness  f o r  s a i l -  f a c t o r s  100 ,  110 ,  1 2 0 ,  and 1 3 0 .  

Using Table 2 :  

--- I Q k n e s s  (1nahe:s) --- 
Base1 Type  -- -- Surf ace 

C l a s s  1 + Class1 5 or 6 or C l a s s  31 or 4 or g$!l Gran,- ..---- S o i l  Factor 
100 4 4 5 8 
110 4 5 7 10 
120 4 6 8 12 

16 4 - 8 -- 11 1 3 0  - 
Average 4 6 8 12 

I 

I n  a l l  cases a e;urf,ace of 4 inches of Surface Class  It should be 
used. If Class  5 o r  6 is used, t h e  base should be 6 inches.  If 
Class  3 o r  4 is  used, t h e  base should be El inches.  I f  Select. 
Granu:Lar is used, t h e  base should be 1 2  inches.  



ApDendix ,I-3 

- Example 4: usilpq soil Factor Des:iqn 

Subso i l  is Mn/DBT sandy Loam (SL) wi th  0 - 1 0 %  c l a y .  
Two way t r a f f i c  is '750 ADT and 5 0  HCADT. Si.nce 750 AD'I' g ives  a 
g r e a t e r  t h i c k n e s s ,  t h e  ADT should be t h e  t r a f f i c  parameter  u s e d .  
From Table  1, t h e  s o i l  f a c t o r  v a r i e s  from 50-75, th ie refore  o n e  
should  t a k e  t h e  average t h i c k n e s s  f o r  s o i l  f a c t o r s  50  and 75. 

Using Table  2 :  

- Thickness (Inches] --- 
-- lgurf ace Basic Type 

Clasis ---- 1 + Class 5 or 6 or Cl.ass 3 or 4 or gel Gran: 
50 4 4 5 
75 - 4 - 6 - 8 _. 1 2  
Average 4 5 7 10 

Soil Factor 
- 

I n  a11 c a s e s  a surfface of 4 inches  of Sur face  C las s  1 should  be 
used.  I f  C la s s  5 or 6 i s  used, t h e  base should be 5 inches .  I f  
C l a s s  3 o r  4 is used,  t h e  base  should he 7 i nches .  If S e l e c t  
Granular  is used,  t : h e  base  should be 1 0  inlches. 

Example 5: U s i n q r  Forest Gervice Desiqn 

B a s e  = C l a s s  5 c ) r  6 ( u s e  CBR = 6 0 ) .  
One way t r a f f i c  = 500 ADT = 4 4 1 0  Yearly E S A L ' s .  
U s e  5 Year Desj.gn = 22,050 E S A L ' s .  
S u b s o i l  CBR =: 1.5. 
R u t  Depth = 2 inches .  
Aggregate l o s s  =: 1 inch .  
Thickness  = 5.2 i n c h e s  (use  5 . 2  inches of Class  1 on ly )  ,, 

Using 1 0  Year Design = 4 4 , 1 0 0  ESAL's 
Thickness  = 5 . 6  inches  ( u s e  3 i nches  of C l a s s  1 wi th  2 . 6  i n c h e s  crf 
C l a s s  5 or 6). 

Example 6: U s i a l c r  Forest Servi~IDesign 

B a s e  = C l a s s  3 or 4 (use  CBR = 4 5 ) .  
O n e  way t r a f f i c :  = 8 HCADT = 8 8 2  Yearly ESAL'E ; .  
U s e  5 Year Des ign  = 4 4 1 0  E S A L ' s .  
S u b s o i l  CBR =- 1 2 .  
R u t  Depth = 2 inches .  
Aggregate l o s s  == 1 inch .  
Thickness  = 5.0 inches  ( u s e  5 i nches  of C las s  1 o n l y ) .  

U s i n g  1 0  Year Design = 8820 ESAL's 
Thickness  = 5.5 i nches  ( u s e  3 inc:hes of Glass 1 wi th  2 . 5  inches of 
C l a s s  5 o r  6 ) .  


