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MACADAM STONE BASE 
DES MOINES COUNTY 

INTRODUCTION 

In  today ' s  e ra  of advanced methods, it is i n t e r e s t i n g  t h a t  a  

centuries-old Roman road-building concept can be t h e  most 

a t t r a c t i v e  a l t e r n a t i v e  ava i l ab le .  The need f o r  a  less expensive 

road base const ruct ion  method is very apparent,  e spec i a l l y  t o  

the  county engineer faced with maintaining q u a l i t y  lower t r a f f i c  

volume farm-to-market roads. 

The r ev iva l  of t h e  Macadam s tone  base is one poss ib le  so lu t ion .  

Des Moines County bel ieved a Macadam road had exce l l en t  poss ib i l -  

i t ies  f o r  t h e i r  p a r t i c u l a r  needs. They proposed a research 

p ro j ec t  designed t o  e l iminate  some of the  unknown f a c t o r s  of 

Macadam s tone  base const ruct ion .  I t  is  t he  i n t e n t  of t h i s  

research p ro j ec t  t o  develop standardized design procedures and 

serve  a s  an a i d  f o r  o the r s  i n  const ruct ing  a  Macadam base road- 

way. The Iowa Department of Transportat ion has published 

spec i a l  provisions fo r  the const ruct ion  of Macadam s tone  bases 

tha twere  adopted as  t he  guidel ine  spec i f i ca t ions  fo r  the  

research  p ro j ec t  (Appendix A ) .  

PROPOSED RESEARCH 

The proposed research i n  D e s  Moines County involves t h e  construc- 

t i o n  of t he  experimental Macadam s tone  base,  which is composed of 



one o r  more compacted l a y e r s  o f  l a r g e  s t o n e  p a r t i c l e s  having a  

maximum s i z e  o f  f o u r  inches  and a  minimum s i z e  of  one i nch .  A 

l a y e r  of  sma l l e r  s i z e  s t o n e  having a  maximum s i z e  o f  one inch  

i s  then  p l a c e d  on t o p  of  t h e  l a r g e r  s t o n e  and compacted i n t o  

t h e  openings between t h e  l a r g e r  s t o n e .  (F igu re  1) The r e s u l t  

i s  a  f i r m  s t a b l e  crushed s t o n e  b a s e  w i th  a chokestone l a y e r  on 

t op .  The s u r f a c e  f o r  t h e  p r o j e c t  i s  t o  be a  double  a p p l i c a t i o n  

o f  a spha l t - agg rega t e  s e a l  c o a t .  

(F igu re  1) 
S ide  view o f  4"  s t o n e  and chokestone 

The exper imenta l  f e a t u r e s  i .nclude v a r i a t i o n s  i n  t h e  t h i c k n e s s  of 

t h e  Macadam b a s e  from 4 i nches  t o  10 inches  w i th  2 i nches  of 

chokestone,  v a r i a t i o n  i n  t h e  placement and type  o f  l a t e r a l  

d r a i n a g e  systems and a l t e r n a t i n g  s e c t i o n s  o f  Macadam o r  e a r t h  

shoulder  c o n s t r u c t i o n .  An a d d i t i o n a l  exper imenta l  f e a t u r e  i s  



provided by t h e  exis tence  of two s l i g h t l y  d i f f e r e n t  types of 

so i l  having d i f f e r e n t  support and drainage c h a r a c t e r i s t i c s .  

OBJECTIVES 

The main ob jec t ives  of t he  research p ro j ec t  a r e  t o  seek a more 

economical method f o r  road construct ion employing crushed stone 

and t o  inves t iga te  methods fo r  providing l a t e r a l  drainage. 

Other objec t ives  of t he  p ro j ec t  are:  

--To determine the  b e s t  method f o r  cons t ruct ion  and volume 
production of crushed s tone  

--To evaluate t h e  performance over a period of time 

--To evaluate t h e  usage of marginal crushed stone-abrasion 
not  t o  exceed 50 

--To consider t h e  energy conservation 

--To compare economic f ac to r s .  

PROJECT LOCATION AND LAYOUT 

D e s  Moines County Research Pro jec t  HR-175 c a l l e d  f o r  t h e  construc- 

t i o n  of 7.996 miles of Macadam Stone Base on D e s  Moines County Road 

X-31, (Pro jec t  No. RS-372(6)--61-29) from Sta t ion  0+00 t o  261 + 20 

then 187 + 7 1 t 0 3 5 1  + 67 s t a r t i n g  d i r e c t l y  nor th  o f  Danville 

(Figure 2 ) .  One add i t iona l  m i l e  on the  north end of t he  p ro j ec t  was 

a l s o  constructed by t h e  county t o  i n t e r s e c t  County Road H-38. This 

one-mile sec t ion  is  no t  included i n  t he  research p ro jec t .  

F j r s t  Four-Mile Sect ion (south t o  north)  

a )  So i l :  S i l t y  c l a y  loam 



L O C A T l  O N  M A P  

(Figure 2 )  



b) Topography: Level t o  gen t ly  r o l l i n g - c a p i l l a r i t y  problem, 
high ground water l i n e  

c )  Thickness: 1st mile - 6" depth o v e r a l l  

2nd m i l e  - 8" 

3rd m i l e  - 10" 

4 th  mile - 1 2 "  

Second Four M i l e  Sect ion 

a )  So i l :  S i l t  loam 

b) Topography: Level t o  r o l l i n g ,  high f i l l s  and deep cu t ,  
lower ground water l i n e  

c )  ~ h i c k n e s s :  1st  m i l e  - 8" depth ove ra l l  

2nd mile - 8" 

3rd m i l e  - 10" 

4 th  m i l e  - 1 2 "  

T importance of an exce l l en t  subbase t o  d ra in  t h e  grade, main- 

t a i n  s t a b i l i t y  and support t he  keyed-in Macadam s tone  should no t  

be overlooked. One six-inch Macadam sect ion  was l a i d  over a  

subbase where an aspha l t  mat had been removed and reused i n  t h e  

subbase. The rest of t h e  p ro j ec t  proceeded along a  re located  

grade t h a t  had been r e b u i l t  one year e a r l i e r .  The ex i s t i ng  

gravel  farm-to-market roadway had a  t r a f f i c  count of 250 vehicles  

per  day p r i o r  t o  t h e  s t a r t  of t h e  Macadam const ruct ion .  Weak 

spo t s  i n  t h e  subbase were s t a b i l i z e d  by add i t iona l  road rock. 

The county a l s o  surface  spread lignon sulphonate ( t r e e  sap) t o  



serve  a s  a s t a b i l i z e r ,  d u s t p a l l i a t i v e  and marker dye. Lignon 

sulphonate leaches when exposed t o  water and produces a brown- 

i s h  s t a i n  which i s  t raceable .  Should moisture bleeding occur 

i n  t h e  shoulders ,  l a t e r a l  drainage i n  t he  Macadam base can hope- 

f u l l y  be t r aced  by t h e  dye. 

B T E R I A L  

The access t o  a rock quarry within c lose  proximity i s  e s s e n t i a l  

t o  make a Macadam base const ruct ion  economical. Obviously a s  

t h e  d i s t ance  between t h e  p ro j ec t  and t he  quarry widens, t h e  c o s t s  

increase .  Usually i n  Iowa,hauling rock fu r the r  than 20 m i l e s  t o  

a p r o j e c t  makes Macadam base const ruct ion  uneconomical. Limestone 

base  mate r ia l  of two s i z e s  was produced by t he  Kaser Construction 

Company a t  t h e i r  Mediapolis quarry. Material  was obtained from 

two ledges simultaneously (Burlington and Wassonville),  i n  near 

equal  p a r t s  from each ledge. This was done because of high 

abrasion l o s s  i n  t he  upper ledge of Burlington limestone. The 

two s i z e s  were 4" nominal top  s i z e  t o  l " ,  and 1" t o  dus t .  The 

4"  t o  1"  mate r ia l  was used as  t h e  Macadam stone base  and t h e  1"  

minus mate r ia l  was used a s  a chokestone over the  base  course.  

The following tabula t ion  shows t he  range of gradation: 

Base Stone - 4 in .  

Sereens Ranqe, % Passinq 

4 i n .  
3 i n .  
2 i n .  
1 in .  



Chokestone - 1 in.  minus 

Screens Ranqe, % Passinq 

1 in.  
3/4 in .  
1 /2  i n ,  
3/8 in .  
#4 
8 
16 
30 
50 
100 
200 

The quarry sho t  mate r ia l  was processed through a Universal 3645 

Double Impeller Impact Crusher set t o  produce a nominal 4" top 

s i z e  material .  Then t h e  primary crusher  mater ia l  was screened 

over a 1" screening deck with t h e  1" plus  mate r ia l  taken by 

conveyor b e l t  t o  a s tockp i le .  The s tockp i le  was b u i l t  i n  a s e m i -  

c i r c l e  by a r a d i a l  s t acker .  This s tockp i l ing  opera t ion  resu l t ed  

i n  some segregation of t h e  base  mater ia l  and would have been 

b e t t e r  i f  an a r t i c u l a t e d  r a d i a l  s tacker  had been used. The 

limestone rock used has'&"method freeze-thaw values of 7.1 -13, 

b 'u t  is marginal f o r  abrasion l o s s ,  i n  t he  43-47 range, The 

Macadam spec i a l  provisions s t a t e d  t h e  chokestone should be the  

f i n e r  mater ia l  of t he  crushed 4" s tone.  



D-RALMGE sYS_TE&L 

One aspect  of t he  research p r o j e c t  involved t he  use of severa l  

v a r i a t i o n s  of l a t e r a l  subdrain t r a y  t renches back f i l l ed  with 

porous mater ia l .  This t r a y  t rench methoddra ins the  subso i l  

of t h e  roadway by providing an aqueduct f o r  excess moisture 

t o  escape through. The method has proven successful  i n  mini- 

mizing t h e  harmful e f f e c t s  of f r o s t  b o i l s ,  spr ing  thaws and 

o ther  subsurface drainage problems. Each suspected moisture 

area  i n  t h e  subbase was assessed individual ly .  By u t i l i z i n g  a 

t h r ee  foo t  s o i l  dril1,Edwards Construction Company of Clear  Lake, 

Iowa, obtained t he  necessary information they needed f o r  t h e  

cons t ruc t ion  of t he  drainage system. The t r a y  t renches measured 

5 foo t  i n  depth and 8 inches i n  width. (Figure 3 )  Two inch'  

top s i z e  g rave l  with t h e  f i n e r  mate r ia l  removed (1.2% passing 

No. 8 s ieve)  has been proven t o  be t he  b e s t  aggregate f o r  t he  

b a c k f i l l .  Two inch crushed limestone was a l so  used. Variat ions 

i n  t h e  placement of t h e  t renches a r e  t o  be watched c lose ly .  Some 

of t h e  t r ansverse  trenches a r e  f u l l  width while o the r s  a r e  

s taggered,  n ine  foo t  from c e n t e r l i n e  t o  shoulder i n  length. A 

sec t i on  of 45O angled t renches from t h e  cen t e r l i ne  was a l s o  

constructed.  There a r e  a few long i tud ina l  t renches t o  he lp  

e spec i a l l y  w e t  a reas .  



(Figure 3) 
F u l l  Width Drainage Trench 

MACADAM BASE CONSTRUCTION 

The 4-inch top  s i z e  Macadam base s tone  was placed with a Je r sey  

Spreader (12.5 f t .  wide) mounted on a C a t e r p i l l e r  D-8 Crawler 

Tractor .  The Macadam const ruct ion  was done by Norris  Construction 

Company of  Ottumwa, Iowa. The base &one was placed f u l l  depth in 

one l i f t  a s  follows: 

Desiqn Depth 
4 i n ,  
6 i n .  
8 i n .  

10 i n .  

Loose Depth 
6 in .  

10 in .  
14 in .  
18 in .  

QUANTITIES (28 '  width) 
To t a l  Base Macadam Stone Chokes tone 
Thickness Thickness Tons/mile Thickness Tons/mile 

8" 6" 4,960 2"  1,670 
10" 8" 6,655 2 " 1,670 
12" 10" 8,365 2 " 1,670 

The t yp i ca l  c ro s s  sec t ions  and a const ruct ion  summary a r e  given i n  

Appendix B. No problems w e r e  experienced during spreading. Two 

adjacent  passes,  one l i f t ,  with t h e  Je r sey  Spreader placed t he  28 f t .  

width base. The 40 f t .  Macadam base required 3 passes with t he  

Spreader. Two ou t s ide  passes w e r e  made f i r s t ,  and then 



t h e  t h i r d  t o  f i l l  i n  t h c  middle,  Rock hau l ing  t r u c k s  

d i d  n o t  d r i v e  ove r  t h e  rock u n t i l  it was compacted. A motor 

g r a d e r  was used f o r  l e v e l i n g  and shaping p r i o r  t o  compaction 

(F igu re  4 ) .  Everyone involved was amazed b y  how w e l l  t h e  

b l a d e  cou ld  l a y  t h e  s t o n e  and how e f f i c i e n t l y  shaping cou ld  

b e  done. 

Blading t h e  4"  Macadam b a s e  s t o n e  

A RayGo 404B Vib ra to ry  S t e e l  R o l l e r  was used f o r  compacting t h e  

b a s e  m a t e r i a l  (F igu re  5 ) .  Three v i b r a t o r y  pas se s  fol lowed by  

one  s t a t i c  r o l l i n g  was u s u a l l y  adequate .  Adequacy of  compaction 

t o  i n t e r l o c k  and s e a t  t h e  Macadam s t o n e  was based on t h e  r u l e -  

cpf-thumb t h a t  t h e  v i b r a t i o n  i n  t h e  compacted m a t e r i a l  was f e l t  

approximately  40 t o  50 f e e t  away from t h e  r o l l e r .  The compacted 

d e n s i t y  o f  t h e  4"  Macadam s t o n e  was found t o  be  127 pc f .  



( F i g u r e  5 )  
V ib ra to ry  R o l l e r  Compacting 4 "  Stone  

The f i n i s h e d  Macadam b a s e  i s  a  very  uniform s t r u c t u r e  and t h e r e  is 

no apparen t  deg rada t ion  of  t h e  rock,  and a  n e g l i g i b l e  amount o f  

crushing by t h e  r o l l e r .  However, c o n s i d e r a b l e  d i f f i c u l t y  was 

encountered i n  s e a t i n g  and i n t e r l o c k i n g  t h e  t h i n  4-inch depth  

b a s e  s t o n e .  The Macadam base  c o n s t r u c t i o n  was a  very  e f f i c i e n t  

o p e r a t i o n ,  w i th  t h e  q u a n t i t y  of  b a s e  m a t e r i a l  p l aced  vary ing  from 

approximately  2900 t o  5000 t o n s  per  day.  The d a i l y  y i e l d s  v a r i e d  

from 80% t o  106%. 

CHOKESTONE 

The chokestone m a t e r i a l  c o n s i s t e d  o f  t h e  1 "  minus m a t e r i a l  

which passed through t h e  s c r e e n  i n  t h e  pr imary c r u s h e r .  Lime 

was removed a s  neces sa ry  t o  o b t a i n  t h e  in tended  g r a d a t i o n  f o r  t h e  

chokestone.  The chokestone was pre-wetted xntith a  s p r a y  b a r  



and t h e n  s t o c k p i l e d  by t r u c k s .  Pre-wet t ing r e t a i n e d  t h e  f i n e s  

i n  t h e  agg rega t e ,  e l imina t ed  t r a n s p o r t a t i o n  seg rega t ion  and 

al lowed immediate spread ing  and r o l l i n g  on t h e  road.  T a i l g a t e  

spread ing  was cons ide red ,  bu t  t h e  county decided t o  t r y  t h e  

J e r s e y  Spreader  f o r  t h e  chokestone a l s o .  Again, very l i t t l e  

d i f f i c u l t y  was exper ienced u s i n g  t h e  J e r s e y  Spreader  t o  p l a c e  

t h e  s t o n e  (F igu re  6 ) .  However, t h e  amount o f  chokestone was 

inc reased  over  o r i g i n a l  des ign  c r i t e r i a  by 50 p e r c e n t  from a 

l oose  dep th  of two inches  t o  t h r e e  inches .  The l o s s  of  

approximately  an inch  of m a t e r i a l  i n t o  t h e  vo ids  o f  t h e  4-inch 

Macadam s t o n e  was exper ienced which o r i g i n a l l y  l e f t  o n l y  

an inch  f o r  l e v e l i n g  and f i l l i n g  s u r f a c e  d i p s  and voids .  The 

e x t r a  i nch  i n  depth o f  chokestone provided ample m a t e r i a l  t o  

ach ieve  a s m o o t h s u r f a c e .  The v i b r a t o r y  r o l l e r  compacted t h e  

chokestone t o  a d e n s i t y  of 145 p c f .  

. 

Spreading t h e  Chokestone 



A tack  coa t  using MC-70 aspha l t  with a r a t e  of appl ica t ion  of 

0.20 gal/sq. yd. was sprayed on the  chokestone. The roadway 

was completed by applying a double inverted s e a l  coa t  using 

1/2" limestone chips  spread a t  25 lbs./sq. yd. and 0.30 gal./sq. 

yd. of MC-3000 asphal t .  

Deflect ion t e s t i n g  on t h e  completed Macadam roadway was conducted 

by using both  t he  Benkelman Beam and Road Rater.  The def lec t ion  

t e s t i n g  of October 21, 1975, used t he  Benkelman Beam and recorded 

an o v e r a l l  average of 0.041 inches of de f lec t ion .  The following 

spr ing  t h e  t e s t i n g  was done on May 18, 1976. A t  t h i s  t i m e ,  t h e  

road was t e s t e d  with both t he  Benkelman Beam ( o v e r a l l  average 

of 0.048 inches) and t h e  Road Rater ( ove ra l l  average of 0.00392 

inches,  commonly r e f e r r ed  t o  as  3.92 m i l s ) .  The Road Rater i s  

a dynamic de f lec t ion  t e s t i n g  device b u t  t h e  number one sensor 

readings do c o r r e l a t e  t o  t he  Benkelman Beam readings.  

DEFLECTION TESTING 
MACADAM BASE COUNTY ROAD NORTH OF DANVILLE (HR-175) 

DES MOINES COUNTY 

1975 Benkelman Beam (10-21-75) 

No. of Mean Std. Coef. Low High 
Tes t s  Value Dev. Var . Reading Reading 

( inches)  ( inches)  ( inches) ( inches)  
NB 37 0.038 0.011 29.2 0.018 0.058 



1976 Benkelman Beam (5-18-76) 

N o ,  o f  Mean Std .  Coef. Low High 
T e s t s  Value Dev. Var . Readinq Readinq - - 

( inches  ) ( inches)  ( inches)  
NB 10 0.045 0.020 44.7 0.028 0.094 

1976 Road Rater  (5-18-76) 

N o .  o f  Me an S td ,  Coef . Low H igh 
T e s t s  Value Dev. Var, Readinq Readinq - 

( M i l s )  ( H i l s )  . ( ~ i ~ a )  - (Mirs)  ' 

NB 19 3.77 0.85 22.5 2 -50 5-60 

The i n i t i a l  Road Rater readings  (3.92 m i l s  average) a r e  i n d i c a t i v e  

o f  a medium s t r e n g t h  road. ,Higher d e f l e c t i o n  readings  i n d i c a t e  

a weaker roadway s t r u c t u r e .  La ter  Road Rater t e s t i n g  conducted 

on June 21, 1975, June 28 ,  1977, and August 18,  1977, recorded 

t h e  following: 

AVERAGE SENSOR 1 DEFLECTION READING 
June 2 1 ,  1 9 3  

6" Macadam base  
8 " 

l o "  
12" 

4.15 m i l s  
4-92 m i l s  
4.31 m i l s  
4.29 m i l s  

June 28, 1977 

4.5 m i l s  
7.0 m i l s  
6.0 m i l s  
4.5 m i l s  

4.76 m i l s  
5.57 m i l s  
4.89 m i l s  
4.76 m i l s  



The lower de f lec t ion  readings f o r  t h e  6"  depth sec t ion  a r e  

understandable s i nce  t h e  o ld  aspha l t  road makes f o r  a substan- 

t i a l l y  s t ronger  subbase than found on t h e  rest of t h e  p ro jec t .  

The French type t rench d ra ins ,  although d i f f i c u l t  t o  evaluate ,  

have been doing an adequate job. A s  of t h i s  time, it is i n t e r e s t -  

ing t o  note t h a t  s eve ra l  t rench d r a in s  placed i n  an e spec i a l l y  

w e t  conglomerate s o i l  a rea  a r e  bleeding moisture and t h e  above 

roadway i s  s t ab l e .  

Many breakups and f a i l u r e s  i n  the  road surface  have occurred as  

t he  end of t he  second year of se rv ice  approaches. Much of t he  

de t e r i o r a t i on  has been very recent .  A few of t he  f a i l u r e s  have 

been i n  t he  shoulders of t h e  southbound lane where 40 foo t  wide, 

6" and 8" Macadam base was used. The f a i l u r e s  appear t o  have 

been caused by loaded g ra in  t rucks running t h e i r  ou t s ide  wheels 

on t he  shoulder. The macadam base is los ing i t s  i n t e r l ock  due 

t o  t h e  inadequacy of t h e  subbase under the  shoulder. A center-  

l i n e  and edgel ines have recen t ly  been painted on t h e  road. 

These markings seem t o  have moved t r a f f i c  i n t o  t he  cen te r  and 

o f f  t h e  shoulders,  thus  reducing f a i l u r e s .  The h i g h - f i l l  new 

grade located  nor th  of the  br idge  has become rough, corrugated, 

and is s t a r t i n g  t o  r u t .  This condit ion e x i s t s  here due t o  not  

having a s u f f i c i e n t l y  s t a b l e  subgrade. One o ther  problem area 

was apparent even during construct ion.  The cause fo r  f a i l u r e  

here  can be l inked d i r e c t l y  t o  t he  subbase also.  



Numerous o ther  breakups have been occurring, e spec i a l l y  i n  

6" and 8" sec t ions .  It appears t h a t  once the  Macadam s tone  

i n t e r l ock  is  broken, rapid  de t e r i o r a t i on  occurs. D e s  Moines 

County has put  a number of a spha l t  patches on t h e  roadway 

t h i s  p a s t  summer. They a r e  serving both as  r epa i r  work and 

a s  preventa t ive  maintenance. An August 16, 1977 summary of 

patches and depression r u t t i n g  with regard t o  thickness is: 

6" 3 patches and 2 depr.  8" 10 patches and 1 depr,  
8" 8 patches 8" 4 patches and 2 depr.  

10" 1 patch 10" 1 patch and 1 depr. 
12" No patches 12" No patches. 

Each of t he  above sec t ions  is one m i l e  i n  length. Twenty-one 

of these  patches occurred i n  t h e  southbound lane and s i x  i n  

t h e  northbound land. I t  should be remembered, t he  southbound 

lane  is  where the  t rucks a r e  hauling gra in .  Of t he  a reas  t h a t  

a r e  patched, 15 occurred i n  t h e  40 foo t  wide sec t ions  and 1 2  

occurred i n  t h e  28 foo t  sec t ions .  

The performance of t h e  d i f f e r e n t  design depths was i n i t i a l l y  

above expectat ion.  However, it is  beginning t o  appear t h a t  

t he  6" and 8" depth bases a r e  under-designed. Des Moines 

County is of the  impression t h a t  t he  10" design w i l l  perform 

s a t i s f a c t o r i l y  with an adequate subbase and t h e i r  12" design 

i s  p resen t ly  serving s a t i s f a c t o r i l y .  

A s  of today, a 10" - 12" Macadam stone base (8-10 inches of 4" 

s tone  with 2 inches of chokestone),  28 f oo t  wide with e a r t h  



shou lde r s  appears  t o  be  t h e  b e s t  des ign  f o r  t h i s  p a r t i c u l a r  

farm-to-market road.  

(F igu re  7 )  
Completed 40 f o o t  Sec t ion  ( 3 5 '  t op )  

( F i g u r e  8 )  
Completed 28 f o o t  s e c t i o n  ( 2 6 '  t o p )  



CONCLUSION 

D e s  Moines County has kept  a c l o s e  watch on t h e  road and it 

has surpassed t h e i r  expectat ions.  The ob jec t ives  a s  s t a t e d  

have been met. 

The l a t e r a l  drainage systems a r e  working. 

E f f i c i e n t  cons t ruct ion  methods have been found. 

The marginal crushed limestone aggregate i s  performing 
s a t i s f a c t o r i l y .  

A small  amount of equipment was needed f o r  t h e  construc- 
t i on , t hus  conserving energy. 

The p ro j ec t  r e su l t ed  i n  high economical use of t he  aggregate. 

And most importantly,  the  Macadam base road has performed 

favorably with concrete  and aspha l t  roads cos t ing  over twice 

a s  much t o  bu i l d .  The average c o s t  per m i l e  of t he  9.003 m i l e  

D e s  Moines County Macadam road was $44,998.02. For t he  research 

p ro j ec t  s tandpoint ,  t he  Macadam p r o j e c t  was very successful  and 

d i d n ' t  have many of t he  problems usua l ly  associated with research 

p ro j ec t s .  

REC O m N D A T  I O N S  AND SUMMARY EVALUATION 

The research  p ro jec t  has shown t h a t  t he  aggregate used i n  

Macadam const ruct ion  does no t  have to  be of the  h ighes t  qua l i t y .  

The marginal limestone used i n  Des Moines County is serving 

q u i t e  adequately. The s l i g h t l y  elongated shape of t h e  4" s tone  

used i n  t h e  base appears t o  enhance a s trong in te r lock  key-in 

when compacted. Although only 4" s tone  was used i n  t h i s  p ro j ec t ,  



f u r t h e r  research on t he  use of 6" s tone  i s  recommended. 

Even though t he  2 "  chokestone l ayer  i s  performing s a t i s f a c t o r y  

and was an e f f i c i e n t  cons t ruct ion  method, research on the  use 

of a  t h i n  aspha l t  mat wearing surface  placed d i r e c t l y  on t op  

of t he  Macadam base is recommended. In order  t o  improve t he  

load bearing a b i l i t y  of t he  road s t r u c t u r e  and a l s o  reduce the  

amount of aggregate used f o r  the  chokestone, it i s  recommended 

t h a t  an open grade asphal t  mix be used. This "popcorn mix" 

w i l l  s e a l  o f f  t h e  Macadam s tone  base.  A I$" mat should be 

placed on top of t h e  "popcorn" l ayer .  

The l a t e r a l  t rench d r a in s  a r e  serving e f f e c t i v e l y  t o  e l iminate  

any excess moisture i n  t he  base and subgrade. Although no t  

s u f f i c i e n t  information has been co l l ec ted  o r  observed t o  compare 

t he  performance of t h e  two d i f f e r e n t  types of porous b a c k f i l l ,  

t he  2"  g rave l  is  t he  recommended mater ia l .  

The const ruct ion  methods and equipment used during t he  research 

p ro j ec t  work e f f i c i e n t l y .  The use of a  D - 8  o r  l a rge r  c a t e r p i l l a r  

on t h e  J e r s ey  Spreader is advisable.  The l a r g e r  C a t e r p i l l a r s  

do a  much more uniform and even spread of t he  Macadam s tone  

r e s u l t i n g i n t h e  need f o r  l e s s  blading.  Some segreat ion  was 

experienced i n  sec t ions  where it took severa l  motor p a t r o l  passes 

t o  l e v e l  the  s tone.  I t  was f e l t  t h a t  an e l e c t r o n i c a l l y  con t ro l l ed  

motor p a t r o l  could improve the  r i d ing  q u a l i t y  of t he  road. 



Conservation of mater ia l  and energy resu l t ed  i n  a very 

economical p ro jec t .  A l l  f r a c t i ons  of t he  crushed limestone 

could be used i n  t h e  const ruct ion .  Also, a  small  amount of 

equipment w a s  needed during t h e  construct ion period of 50 

work days. 
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D e s  M o i n e s  C o u n t y  R S - 3 7 2 ( 6 ) - - 6 1 - 2 9  ( 1  of 4) Flexible B a s e  & B i t .  Surf. 

( S p e c i a l  P r o v i s i o n s  C o n t i n u e d )  

S P E C I A L  PROVISIONS FOR MACADAH S T m E  BASE 

GENERAL. T h i s  work s h a l l  i n v o l v e  p r e p a r i n g  t h e  subbase ,  c o n s e r u c t i n g  
l a t e r a l  s u b d r a i n u ,  f ~ ~ r n i s h i n g ,  p l a c i n g ,  and compact ing a  Macadam s t o n e  base  
co l l r se  and a  choke s t o n e  base  c o u r s e ,  a p p l y i n g  a  prime and a  d o u b l e  b i tuminous  
s e a l  c o a t  t o  t h e  f i n i s h e d  work,  and t h e  c o n s t r u c t i o n  o f  e a r t h  s h o u l d e r s ,  a l l  
a s  r e q u i r e d  by t h e  p l a n s  and t h e s e  s p e c i f i c a t i o n s .  

PREPARATION OF TIE SUBBASE. The subbase  s h a l l  be p repared  by b l a d i n g  and 
s h a p i n g  t h e  p r e s e n t  subbase  t o  t h e  r e q u i r e d  c r o s s  s e c t i o n  a s  shown i n  t h e  
t y p i c a l  c r o s s  s e c t i o n .  R o l l i n g  s h a l l  be done i n  c o n j u n c t i o n  w i t h  t h e  b l a d i n g  
and s h a p i n g  t o  m a i n t a i n  uniform d e n s i t y  i n  t h e  subbase .  

MACADAM STONE BASE. The Macadam S tone  Base s h a l l  c o n s i s t  o f  c rushed  S t o n e  
p l a c e d  on t h e  p repared  subbase  and t h o r o u g h l y  compacted,  a l l  i n  a c c o r d a n c e  
w i t h  t h e  p l a n s  and t h e s e  s p e c i f i c a t i o n s .  

A .  M a t e r i a l s  f o r  t h e  Macadam S tone  Base s h a l l  be t h e  p r o d u c t  o f  c r u a h f n g  
l i m e s t o n e  02 d o l o m i t e u s i n g  t h e  B u r l i n g t o n  s t o n e  o r  a  combina t ion  of' 
t h e  B u r l i n g t o n  and Wassonv i l l e  s t o n e ,  s u b j e c t  t o  t h e  a p p r o v a l  o f  t h e  
e n g i n e e r , , a n d  mee t ing  t h e  f o l l o w i n g  requiremen5s:  
1. Abras ion  Loss .  The p e r c e n t a g e  O F  wear ,  de termined i n  a c c o r d a n c e  w i t h  

AASHO T-96, Grading A o r  B ,  s h a l l  n o t  exceed 50. 
2. Soundness .  When s u b j e c t e d  t o  t h e  f r e e z i n g - a n d - t h a w i n g  t e s t ,  ISWC 

L a b o r a t o r y  T e s t  Method 211,  Method A ,  t h e  p e r c e n t a g e  l o s s  s h a l l  n o t  
exceed 10. 

3 .  G r a d a t i o n .  The m a h e r i a l  s h a l l  be produced by a n  impact b r e a k e r  pr imary -- 
c r u s h e r  w i t h  t h e  g r a t e s  o r  b r e a k e r  b a r s  a d j u s t e d  t o  produce a  maximum 
s i z e  o f  4 i n c h e s .  The m a t e r i a l  s h a l l  be s c r e e n e d  o v e r  a 1 - inch  s c r e e n .  
The m a t e r i a l  r e t a i n e d  on t h e  1 - i n c h  s c r e e n  s h a l l  be h a u l e d ,  s p r e a d ,  
and compacted a s  t h e  Macadam s t o n e  base  m a t e r i a l .  

B. Equipment s h a l l  comply w i t h  2001.01 and t h e  f o l l o w i n g  r e q u i r e m e n t s :  
1. Weighing Equipment; A r t i c l e  2001.07 sha1.l a p p l y .  
2 .  - Compaction Equipment. A s e l f - p r o p e l l e d  v i b r a t o r y  r o l l e r  s h a l l  be used 

t o  compact t h e  Macadam s t o n e  base .  A r t i c l e  2001.05F s h a l l  a p p l y .  
Other  t y p e s  o f  r o l l e r s  complying w i t h  a r t i c l e  2001.05B, C and 5 may 
be r e q u i r e d ,  a t  t h e  d i r e c t i o n  of  t h e  e n g i n e e r ,  t o  o b t a i n  t h e  d e s i r e d  
s u r  Eace. 

3 .  S p r e a d i n g  Equipment s h a l l  be c a p a b l e  of  u n i f o r m l y  s p r e a d i n g  base  
m a t e r i a l  t o  t h e  r e q u i r e d  t h i c k n e s s .  

4 .  Motor P a t r o l s .  A r t i c l e  2001.15 s h a l l  a p p l y .  
C. C o n s t r u c t i o n .  Macadam s t o n e  base  s h a l l  be c o n s t r u c t e d  on t h e  c o r r e c t e d  
subbase  i n  accordance  w i t h  t h e  f o l l o w i n g  requ i rments :  
I .  S p r e a d i n g  Base M a t e r i a l .  A r t i c l e  2208.04C s h a l l  a p p l y ,  e x c e p t  t h i s  

m a t e r i a l  s h a l l  n o t  be w e t t e d .  
2. Compaction. P rompt ly  a f t e r  t h e  m a t e r i a l  h a s  been s p r e a d ,  i t  s h a l l  be 

compacted t o  s t a b i l L z a t i o n .  Compaction s h a l l  c o n t i n u a  u n t i l  t h e  baa@ 
m a t e r i a l  is i n t e r l o c k e d  and s e a t e d .  

D. F i l l e t s  f o r  I n t e r s e c t i n g  Roads,  D r i v e s ,  and T u r n o u t s  s h a l l  be c o n e t r u c t e d  
i n  a c c o r d a n c e  w i t h  t h e  p l a n s  and t h e s e  s p e c i E i c s t i o n s .  

E. Maintenance o f  Completed Base. A r t i c l e  2205.12M s h a l l  a p p l y .  

A-1 
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( S p e c i a l  Provisions continued) 

CHOKE STONE RASE. The Choke S t o n e  Base s h a l l  c o n s i s t  o f  c rushed  s t o n e  
p laced  on t h e  Macadam S t o n e  Base and thorough ly  compacted and primed w i t h  a  
b i tuminous  p r i m e r ,  a l l  i n  accordance  w i t h  t h e  p l a n s  and t h e s e  s p e c i r i c a t f o n s .  

A .   ater rials f o r  t h e  choke s t o n e  base  s h a l l  be t h e  p roduc t  of  c r u s h i n g  
l i m e s t o n e  o r  d o l o m i t e  meet ing t h e  f o l l o w i n g  r e q u i r e m e n t s :  
1.  Q t i a i l t y .  Choke S t o n e  Base m a t e r i a l  s h a l l  be from t h e  s o u r c e  used For 

t h e  Macadam S tone  Base c o u r s e  m a t e r i a l ,  a  p r o d r ~ c t  of  t h a t  o p e r a t i o n .  
2. G r a d a t i o n .  The m a t e r i a l  s h a l l  be produced by an impact b r e a k e r  pr imary 

c r u s h e r  w i t h  t h e  g r a t e s  o r  b r e a k e r  b a r s  a d j u s t e d  t o  p r o d u c e a  maximum 
s i z e  of  4 i n c h e s .  The m a t e r i a l  s h a l l  be s c r e e n e d  o v e r  a  1 - i n c h  s c r e e n .  
The m a t e r i a l  p a s s i n g  t h e  1 - i n c h  s c r e e n  s h a l l  be F u r t h e r  p rocessed  a s  
n e c e s s a r y  t o  meet t h e  f o l l o w i n g  g r a d a t i o n  r e q u i r e m e n t s  when t e s t e d  by 
means of l a b o r a t o r y  s i e v e s :  

S i e v e  S i z e  P e r c e n t  P a a s f n g  

T h i s  m a t e r i a l  s h a l l  be h a u l e d ,  s p r e a d ,  and compacted a s  t h e  choke 
s t o n e  base  m a t e r i a l .  

3 .  P r imer  Bitumen s h a l l  be NC-70 mee t ing  r e q u i r e m e n t s  of  S e c t i o n  4138. 
B.  Equipment s h a l l  comply w i t h  2001.01 and t h e  f o l l o w i n g  r e q u i r e m e n t s :  
I .  \$eighing Equipment. A r t i c l e  2001.07 s h e l l  a p p l y .  
2. Compaciion Equipment. A r t i c l e  2001.05F s h a l l  a p p l y  w i t h  t h e  a d d i t i o n  

oE a  smooth- laced ,  s t e e l  r o l l e r ,  mee t ing  r e q u i r e m e n t s  o f  2001.05B, f o p  
t h e  f i n a l  r o l l i n g .  

3 .  Equipment f o r  C lean ing  t h e  Base. A r t i c l e  2001.14 s h a l l  a p p l y .  
4 .  Equipment f o r  H e a t i n g  t h e  Bitumen. A r t i c l e  2001.11 s h a l l  a p p l y .  
5 .  Equipment f o r  D i s t r i b u t i n g  Bitumen. A r t i c l e  2001.12 s h a l l  a p p l y .  
6. Equipment f o r  Applying Water.  A r t i c l e  2001.12 s h a l l  a p p l y .  
7 .  P r e w e t t i n g  Equipment. A r t i c l e  2001.09 s h a l l  a p p l y  i f  p r e w e t t i n g  i s  

done.  
8. Spread ing  Equipment s h a l l  be c a p a b l e  o f  u n i f o r m l y  s p r e a d i n g  base  

m a t e r i a l  t o  t h e  r e q u i r e d  t h i c k n e s s .  
9 .  Motor P a t r o l s .  A r t i c l e  2001.15 s h a l l  a p p l y .  - 
C .  C o n s t r u c t i o n .  Choke s t o n e  base  s h a l l  be c o n s t r u c t e d  on t h e  Macadam 
S tone  Base i n  accordance  w i t h  t h e  f o l l o w i n g  r e q u i r e m e n t s :  
1 .  D e l i v e r y  oE Base M a t e r i a l .  The m a t e r i a l  may be p rewet ted  b e f o r e  d e l i v e r y  

t o  t h e  Macadam s t o n e  base .  The e n g i n e e r  may c o n t r o l  t h e  r a t e  o f  d e l l v e r y  
of m a t e r i a l  t o  r educe  t h e  t ime m a t e r i a l  w i l l  remain on t h e  base  i n  a n  
uncompacted c o n d i t i o n  t o  t h e  p r a c t i c a l  minlmum. 

2. Mois tu re  C o n t e n t .  If t h e  m a t e r i a l  is p rewet ted  b e f o r e  d e l i v e r y ,  o r  i f  
w a t e r  i s  added a f t e r  d e l i v e r y  t o  t h e  b a s e ,  w a t e r  s h a l l  be u n i f o r m l y  
d i s t r i b u t e d  th roughout  t h e  m a t e r i a l  s o  t h a t  a l l  p a r t i c l e s  a r e  uniEormly 
wet .  The amount of  w a t e r  s h a l l  be w i t h i n  2 .0  p e r c e n t a g e  p o i n t s  of  t h e  
amount de te rmined  a s  F i e l d  optimum t o  produce maximum d e n s i t y  t o g e t h e r  
w i t h  s t a b i l i t y  w i t h  t h e  f i e l d  compaction p r o c e d u r e .  T h i s  m o i s t u r e  c o n t e n t  
w i l l  u s u a l l y  be 85 t o  90 p e r c e n t  o f  t h e  optimum de te rmined  a c c o r d i n g  t o  
L a b o r a t o r y  T e s t  Method 103. T h i s  m o i s t u r e  c o n t e n t  s h a l l  be m a i n t a i n e d  
i n  t h e  m a t e r i a l  u n t i l  compaction of t h e  base  h a s  been completed.  
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3 .  Sprcnd ing  Agcregn te .  A r t i c l e  2208.04C s h a l l  a p p l y .  
4 .  ~ c m ~ a c t i o y  Prompt ly  n f t e r  t h e  m a t e r i a l  h a s  haen s p r e a d ,  i t  s h a l l  be 

t h o r o u K h i y  and u n i f o r m l y  compacted by t h r e e  p a s s e s  oE a  v i b r a t o r y  
r o l l e r  mee t ln8  r e q u i r e m e n t s  o f  2001.05F. During t h e  compaction p r o c e s s ,  
s11ct1 w e t t i n g ,  s h a p i n g ,  and edge tr imming s h a l l  be performed a s  may 
be n e c e s s n r y  t o  i n s u r e  p roper  compact ion and t o  a c h i e v e  t h e  r e q u i r e d  
p r o f i l e ,  crown, c r o s s  s e c t i o n ,  and edge a l ignernent .  An a d d i t i o n a l  
f i n a l  r o l l i n g  w i t h  a  smooth- faced ,  s t e e l  r o l l e r  w i l l  he r e q u i r e d .  
The f i n i s h e d  surEace oE t h e  b a s e  s h a l l  be Eree from i r r e g u l a r i t i e s  
and l o o s e  m a t e r i a l  and s h a l l  have a  smooth- r id ing  s u r f a c e .  . 

D. F i l l e t s  f o r  I n t e r s e c t i n g  Roads,  D r i v e s ,  and T u r n o u t s  s h a l l  be c o n s t r u c t e d  
i n  accordance  wlLh t h e  p l a n s  and t h e s e  s p e c i f i c a t  i o n s .  
E. P r iming  Base Course and Subgrade.  A r t i c l e  2205.14 s h a l l  a p p l y  t o  p r iming  
o f  t h e  b a s e  c o n r s e  and t h e  a d j a c e n t  subgrade .  
F. Maintenance o f  Completed Bise. p a r a g r a p h  2205.12N s h a l l  a p p l y ,  
G. Winte r  S e a l .  A r t i c l e  2205.15 s h a l l  app ly .  

METHOD OF MEASUREMENT. The q u a n t i t i e s  of  t h e  v a r i o u s  c l a s s e s  of  work 
invo lved  i n  t h e  c o n $ t r u c t i o n  of  a c c e p t e d  p o r t i o n s  oE t h e  baoe w i l l  be measured 
by t h e  e n g i n e e r  a s  f o l l o w s :  

A .  P r e p a r a t i o n  of Subbase .  The l e n g t h  of  subbase  p repared  i n  accordance  
w i t h  t h e  s p e c i l i c a t i o n s ~ i . l l  be measured i n  m i l e s  on t h e  s u r f a c e ,  a l o n g  
t h e  c e n t e r l i . n e  O F  t h e  subbase .  
B. Macadam S tone  Base w i l l  be measured i n  t o n s  computed by t h e  e n g i n e e r  - 
from w e i g h t s  of  i n d i v i d u a l  t r u c k  l o a d s ,  and w i l l  i n c l u d e  b a s e  m a t e r i a l  
f o r  F i ? . l e t s  a t  i n t e r s e c t i n g  r o a d s ,  d r i v e s ,  and t u r n o u t s .  
C.  Choke S tone  Base ,v? l l . l  be measured l n t o n s  computed by t h e  e n g i n e e r  
from w e i g h t s  oE i n d i v i d u a l  t r u c k  l o a d s ,  i n c l u d i n g  Eree m o i s t u r e  i n  t h e  
m a t e r i a l  a t  t h e  t ime of d e l i v e r y ,  and w i l l  i n c l u d e  base  m a t e r i a l  f o r  
f i l l e t s  a t  i n t e r s e c t i n g  r o a d s ,  d r i v e s ,  and t u r n o u t s .  M o i s t u r e  added 
a E t e r  d e l i v e r y  of t h e  m a t e r i a l  t o  t h e  roadbed w i l l  n o t  be measured EOP 
payment. 
D. P r imer  o r  Tack-Coat Bitumen. Pa ragraph  2307.06B s h a l l  a p p l y .  

BASIS OF PAYMENT. For t h e  performance of t h e  v a r i o u s  c l a s s e s  o f  work 
invo lved  i n  c o n s t r u c t i o n  of  t h e  b a s e ,  measured a s  p rov ided  a b o v e ,  t h e  c o n t r a c t o r  
w I l l  be compensated a s  fo l lows :  

A .  P r e p a r a t i o n  of  Subbase .  For  t h e  m i l e s  of subbase  p r e p a r e d ,  t h e  
c o n t r a c t o r  w i l l  be p a i d  t h e  c o n t r a c t  p r i c e  p e r  mi le .  
B .  Macadam S tone  Base. For t h e  number o f  t o n s  of Macadam S t o n e  Base p l a c e d ,  
t h e  c o n t r a c t o r  w i l l  be p a i d  t h e  c o n t r a c t  p r i c e  p e r  ton .  
C .  Choke S tone  Rase. For t h e  number oE t o n s  of  Choke S t o n e  Base p l a c e d ,  
t h e  c o n t r a c t o r  w i l l  be pa id  t h e  c o n t r a c t  p r i c e  p e r  t o n .  
D.  P r imer  and Tack-Coat Bitumen. For t h e  number of  g a l l o n s  of  p r imer  o r  
t a c k - c o a t  bi tumen measured f o r  payment,, t h e  c o n t r a c t o r  w i l l  be p a i d  t h e  
c o n t r a c t  p r i c e  p e r  g a l l o n .  A r t i c l e  1109.03 s h a l l  n o t  a p p l y  t o  t h i s  i tem.  
T h i s  payment s h a l l  be c o n s i d e r e d  iIu1l compensat ion , f o p  f u r n i s h i n g  a l l  

m a t e r i a l s , ! i n c ~ u d i n g  w a t e r ,  and f o r  a l l  opera tdona  invo lved  i n  t h e  c o n e t r u c e i o n  
o f  t h e  b a s e  and n o t  pa id  f o r  i n  o t h e r  i t ems .  
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LATERAL SURDRAINS. The l a t e r n l .  s r tbdra ins  s h a l l  c o n s i s t  of  t h e  c o n s t r t r c t f o n  
o f  t r e n c h  d r a i n s  a s  shown on t h e  p l a n s  and b a c k E i l l e d  w i t h  a porous  b a c k f i l l  
m a t e r i a l .  

A .  ~ s t e r i n l  f o r  porous b a c k f i l l  w i l l  be f u r n i s h e d  by t h e  County a t  
t h e  S u l l i v a n  Slough q u a r t y .  

B. Equipment. A mechanical  t r e n c h e r  c a p a b l e  o f  c o n s t r u c t i n g  a  t r e n c h  
8 i n c h e s  wide and t o  t h e  d e p t h  s p e c i f i e d  on t h e  p l a n s  s h a l l  be 
reqr t i r ed .  

C. C o n s t r u c t i o n .  L a t e r a l  s u b d r a i n s  s h a l l  be c o n s t r u c t k d  a s  i n d i c a t e d  on 
t h e  p l a n s .  Any e x c e s s  excava ted  m a t e r i a l  s h a l l  be d i s p o s e d  of a s  
d i r e c t e d  b y  t h e  e n g i n e e r .  

D. Method of  Measurement. The l e n g t h  of  l a t e r a l  s u b d r a i n s  s p e c i f i e d ,  
p r o p e r l y  p l a c e d ,  w i l l  be measured i n  Eeet a l o n g  t h e  c e n t e r l i n e  o f t h e  
d r a i n .  porous  b a c k f i l l  m a t e r i a l  w i l l  be measured i n  t o n s  computed by 
t h e  e n g i n e e r  from w e i g h t s  oE i n d i v i d u a l  t r u c k  l o a d s .  

E. Bssis of  Payment. For  t h e  number of l i n e a l  Eeet  of  s u b d r a t n  t r e n e t i , p l a c e d ,  
t h e  c o n t r a c t o r  w i l l  be p a i d  t h e  c o n t r a c t  p r i c e  p e r  f o o t .  F o r  t h e  
n ~ ~ m b e r  of  t o n s  of  porous  b a c k f i l l  m a t e r i a l  p l a c e d ,  t h e  c o n t r a c t o r  w i l t  
be p a i d  t h e  c o n t r a c t  p r i c e  p e r  t o n  l o r  h a u l i n g  and p l a c i n g .  

BITUMINOUS SEAL COAT. S e c t i o n  2307 s h a l l  a p p l y .  

EARTH SHOULDERS. E a r t h  s h o u l d e r s  s h a l l  be c o n s t r u c t e d  a l o n g  s e c t i o n s  o f  
road a s  i n d i c a t e d  on t h e  p l a n s .  A r t i C l e s  2123.02 and 2123.03 s h a l l  a p p l y .  

A.  P l a t e r i a l s  . for  e a r t h  s h o u l d e r  c o n s t r u c t i o n  s h a l l  be o b t a i n e d  from 
t h e  borrow a r e a  a s  shown on t h e  p l a n s .  

B. Method of  Measurement. F o r  e a r t h  s h o u l d e r s  p r o p e r l y  c o n s t r u c t e d  and 
f i n i s h e d ,  t h e  e n g i n e e r  w i l l  measure t h e  amount of  excava ted  m a t e r i a l  
used i n  c u b i c  y a r d s .  

C. F a s i s  o f  Paymcnt. For  e a r t h  s h o u l d e r  c o n s t r u c t i o n  and f i n i s h i n g ,  t h e  
c o n t r a c t o r  w i l l  be p a i d  t h e  c o n t r a c t  p r i c e  p e r  c u b i c  y a r d .  Payment 
s h a l l  be f u l l  compensat ion f o r  a l l  c o s t s  i n c l u d i n g  t h e  c o s t  of  . 
e x c a v a t i n g ,  h a u l i n g ,  p l a c i n g ,  compacting,  r e b u i l d i n g  approaches ,  
f i n i s h i n g  work, and c o s t a  o c c a i s i o n e d  by t r a f f i c .  
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CONSTRUCTION SUMMARY 
RESEARCH PROJECT HR-175 

EXPERIMENTAL MACADAM STONE BASE--DES MOINES COUNTY 

Experimental Sec t ions  

Base 
Sec t ion  S t a t i o n  Thickness Shouder 

- N o .  From To and Width Type Drains  

1 0 + 00 26 + 68 6" 40 '  Stone None 

2 26 + 68 39 + 98 6" 2 8 '  Ear th  A l t e r n a t e  a t  100 '  

3 39 + 98 53 + 29 6" 28'  Ear th  F u l l  Width a t  200' 

4 53 + 29 66 + 55 8" 2 8 '  Ea r th  F u l l  Width a t  200' 

5 66 + 55 79 + 8 1  8 "  2 8 '  Ea r th  Algernate  a t  100 '  

6 79 + 8 1  105 + 69 8" 40 '  Stone N o f i e  

7 105 + 69 132 + 34 10" 40 '  Stone None 

8 132 + 34 145 + 69 10" 2 8 '  5" Earth* A l t e r n a t e  a t  100'  

9 145 + 69 159 + 00 10" 28' 5" Earth* F u l l  Width a t  200' 

10 159 + 00 172 + 28 12" 28' 6" Earth* F u l l  Width a t  200' 

I 11 172 + 28 185 + 55 12" 28' 6" Earth* A l t e r n a t e  a t  100'  

12 185 + 55 212 + 06 12" 40'  Stone None 
1 

13  2 1 2  + 06 238 + 70 6" 40'  Stone None 

14 238 + 70 251 + 96 6" 28' Ear th  A l t e r n a t e  a t  100 '  

Ear th  

Ear th  

Ear th  

Stone 

Stone 

5" Earth* 

6"  Earth* 

Stone 

F u l l  Width a t  200' 

F u l l  Width a t  200' 

A l t e r n a t e  a t  100' 

None 

None 

None 

None 

None 

*Earth on t o p  of  s t o n e  **Equation: 261 + 20 = 187 + 71 




