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ABSTRACT 

If adequately designed and high quality material and good construction 

practices are used, portland cement concrete is very durable. This is 

demonstrated by the oldest pavement in Iowa (second oldest in the U.S.) 

paved in 1904, which performed well for 70 years without resurfacing. The 

design thickness is an important factor in both the performance and cost 

of pavement. 

The objective of this paper is to provide a 30-year performance evalu- 

ation of a pavement constructed to determine the required design thickness 

for low volume secondary roadways. 

In 1951 Greene County and the Iowa Highway Research Board of the Iowa 

Department of Transportation initiated a four-mile (6.4 km) demonstration 

project to evaluate thicknesses ranging from 4-1/2" (11.4 cm) to 6" 

(15.2 cm). 

The project, consisting of 10 research sections, was formed pavement 

placed on a gravel roadbed with very little preparation except for redis- 

tribution of the loose aggregate. Eight sections were non-reinforced 

except for centerline tie bars and no contraction joints were used. Mesh 

reinforcing and contraction joints spaced at 29' 7" (9.02 m) intervals 

were used in two 4-1/2" (11.4 om) thick sections. The only air entrained 

section was non-reinforced. 

The pavement performed well over its 30-year life carrying a light 

volume of traffic and did not require major maintenance. There was sub- 

stantial cracking with average slab length varying directly with thickness. 

The 4-1/2" (11.4 cm) thick non-air entrained, mesh-reinforced pavement 

with contraction joints has performed the best. 
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INTRODUCTION 

Iowa's port land cement concrete paving began i n  1904 wi th  one-half 

block i n  the  town of  LeMars (second o ldes t  pavement i n  t h e  U.S.). This 

two l i f t  pavement w a s  6-1/2" (16.5 c m )  t h i ck  with t h e  top  1-1/2" (3.8 cm)  

having a g r e a t e r  cement f a c t o r  than t h e  bottom 5" (12.7 cm). The j o i n t s  

were formed a t  6'  (1.83 m) i n t e r v a l s  skewed 45O from each s i d e ,  r e s u l t i n g  

i n  a diamond pa t t e rn .  The t e x t u r e  was obtained by scor ing  t h e  su r face  i n  

4" (10.2 cm) squares. This pavement performed well  f o r  70 years  without 

resurfac ing and demonstrates the  p o t e n t i a l  of pcc pavement. 

Many miles of port land cement concrete pavement were constructed i n  

t h e  l a t e  1920s and e a r l y  1930s during a campaign t o  "get  Iowa o u t  of the  

mud" . 

Iowa, a s t a t e  of 56,290 square mi les  (145,791 square ki lometres)  and 

only 8 urban a reas  with populat ion over 50,000, now has 112,257 miles of 

roadway (180,660 km) with su r face  types a s  shown i n  Table 1. I n  1951, 

excluding municipal roads, t h e r e  w e r e  8,248 miles (13,274 km) of hard sur-  

fac ing,  58,598 miles (94,304 km) of gravel  and 35,523 mi les  (57,169 km) with 

1 no surfac ing.  The 94,121miles  (151,473 km) of roadway without  hard su r face ,  

and t h e  b e l i e f  t h a t  adequate design,  high q u a l i t y  ma te r i a l  and good con- 

s t r u c t i o n  a r e  e s s e n t i a l  f o r  durable concrete were t h e  impetus f o r  research 

p r o j e c t  HR-9. 

Subs tan t i a l  research  has been conducted i n t o  s t r u c t u r a l  requirements, 

with s tud ies  of f l e x u r a l  f a t i g u e  a s  a function of design th ickness  being 

completed i n  t h e  1920s. This research was used i n  t h e  development of t h e  

1933 Port land Cement Association (PCA) design curve f o r  pav~ment.  The Iowa 

DOT is present ly  using the  1966 PCA design procedure. 
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OBJECTIVE 

The objec t ive  of t h e  research  p r o j e c t  was t o  determine t o  what thick- 

ness port land cement concre te  (pcc) pavement could be reduced, with cor- 

responding c o s t  reduction,  while providing a high q u a l i t y  su r face  of long 

l i f e  f o r  l o w  volume secondary roadways. The ob jec t ive  of t h i s  r epor t  i s  

to provide a 30-year performance evaluat ion of t h e  experimental pcc roadway. 

PROJECT IDENTIFICATION 

Greene County i s  located i n  c e n t r a l  Iowa approximately 50 miles north- 

west of Des Moines. The p r o j e c t  is four miles (6.4 km) long on County ~ o a d  

E-33 from Iowa Highway 4 t o  Fa r l in .  

Signs showing t h e  th ickness  and re inforc ing of t h e  pavement were i n s t a l l e d  

along the  north right-of-way l i n e  of the  p ro jec t .  They were placed a t  t h e  

ends of t h e  sec t ions ,  and arrows on the  s igns  pointed t o  t h e  sec t ion  t o  

which the  information applied.  These s igns  are s t i l l  p resen t  on t h e  p r o j e c t  

a s  an a i d  t o  observers i n  l o c a t i n g  t h e  various sec t ions  and evaluat ing  t h e  

present  condit ion.  

A non-conformity of t h e  s i g n s '  t e x t  and t h e  terms used i n  t h i s  r e p o r t  i s  

t h a t  t h e  non-reinforced sec t ions  a r e  l i s t e d  a s  dowel re inforced.  The "dowel" 

term noted on t h e  s igns  r e f e r s  t o  t h e  cen te r l ine  t i e  bars .  

PRECONSTRUCTION TESTING 

In  the  sp r ing  of 1951 s o i l  borings were taken and load bearing t e s t s  

were performed by t h e  p l a t e  bearing method t o  determine t h e  s u i t a b i l i t y  of  

t h e  e x i s t i n g  ~ o a d b e d  a s  a base f o r  t h e  pavement. Bearing values under a 12" 

diameter p l a t e  a t  y i e l d  po in t  ranged from 58.5 p s i  (403 kPa) t o  9 p s i  (62 kPa),  
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with 30 p s i  (207 kPa) considered adequate. Based on t h i s  c r i t e r i a ,  load 

bearing tests showed 4,100' (1,250 m) of uns table  base and t h e  s o i l  borings 

indica ted  some a r e a s  i n  which t h e r e  w a s  a high water t a b l e  and a subgrade 

which consis ted  mainly of c lay  loam (U.S.  Bureau of Public  Roads subgrade 

group No. A-6) . 

BASE DRAINAGE 

I n  t h e  a r e a s  i d e n t i f i e d  a s  being uns table ,  v e r t i c a l  sand d r a i n s  were 

constructed t o  provide f o r  moisture movement. These d r a i n s  were 6 '  (1.8 m) 

deep, 7" (17.8 cm) diameter holes  f i l l e d  with c lean  sand and a so lu t ion  of 

calcium ch lo r ide  and water compacted with a mechanical v ib ra to r .  They were 

located  on 5 '  (1.5 m) cen te r s  i n  f i v e  p a r a l l e l  l i n e s  i n  a  checkerboard 

pa t t e rn .  There were 4,064 d ra ins  constructed i n  t h e  following locat ions :  ~ 
From s t a t i o n a  3+50 to  11+25 

26+00 31+00 
47+00 53+00 
62+00 65+50 
87+00 99+50 
99+50 105+60 

%ate: The p r o j e c t  is s t a t ioned  e a s t  t o  west. 

Soon a f t e r  t h e  p r o j e c t  was paved, t h e  county engineer questioned t h e  

ef fec t iveness  of these  dra ins  s ince  no hor izon ta l  interconnecting b lanket  

nor o u t l e t s  through t h e  e a r t h  shoulders were provided. The f i r s t  winter  

a f t e r  cons t ruct ion  produced severe f r o s t  a c t i o n  and resu l t ed  i n  minor 

heaving of two a r e a s  where the re  had been v e r t i c a l  sand d ra in  treatment. 

GRADE PREPARATION 

The o r i g i n a l  i n t e n t  was t o  use t h e  e x i s t i n g  gravel  surfaced roadway with 

very l i t t l e  prepara t ion  except f o r  uniform d i s t r i b u t i o n  of t h e  loose aggre- 

ga te  on the  surface.  A p r o f i l e  grade to lerance  of 0.15 of a f o o t  (4.6 cm) 
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was established (the allowable variation between the finish grade and the 

existing grade). This tolerance presented a challenge to the contractor 

since the roadbed had been constructed 12 years earlier. 

DESIGN AND CONSTRUCTION 

The four-mile (6.4 km) project was divided into 10 sections of various 

lengths, shown in Table 2. The pavement thicknesses were arbitrarily 

selected to range from 4-1/2" to 6" (11.4 cm to 15.2 cm) and were not based 

on the plate bearing results or the PCA design formula. Substantial 

engineering judgement is used with the modulus of subgrade reaction for 

Iowa pavement thickness design yet today. The concrete proportions were 

specified as Iowa State Highway Comission Mix No. 4A: 

Batch Quantities 
Absolute Volume lbs (kg) 

Cement Minimum 0.096419 510 (231) 
Water Approximate 0.161201 272 (123) 

Aggregates: 
Fine Approx. (Sp.Gr.=2.66) 0. 371190a 1664 (755) 
Coarse Approx. (Sp.Gr.=2.69) 0.371190 1682 (763) 

a~ggregate absolute volumes and batch quantities were adjusted 
for the air entrained concrete. 

The cement was type I from Penn Dixie in Des Moines, Iowa, and the sand 

and gravel aggregates were produced by Ferguson Diehl Company of Jefferson, 

Iowa. The air entraining agent used in section No. 10 was a commercially 

available liquid product (Darex) added at the mixer. Air entrainment was 

not a common practice in 1951. 

Paving operations began in September 1951. The 20' (6.1 m) wide pave- 

ment was built using the conventional equipment of that time. The concrete 

was dry-batched at a plant located in Farlin. The dry-batched concrete was 

mixed on site and deposited on subgrade paper between the fixed forms. 
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These forms were 8" (20.3 cm) h igh ,  and s ince  t h e  pavement th icknesses  

s p e c i f i e d  were less than 8" (20.3 cm), t h e  ou te r  6" (15.2 cm) of t h e  base 

on each s i d e  was s loped t o  t h e  bottom of t h e  form y ie ld ing  a thickened edge 

of s lab .  Figure 1 shows a t y p i c a l  c ross-sec t ion  of t h e  pavement. 

A l l  of t h e  "non-reinforced" pavement designs have 4'  (1.2 m )  long #4 

(1.27 cm d i a . )  deformed s t e e l  re-bars  placed on 4 '  (1.2 m) c e n t e r s  ac ross  

t h e  c e n t e r l i n e  as t i e  ba r s .  Two o f  t h e  four 4-1/2" (11.4 cm) t h i c k  sec- 

t i o n s  were a l s o  re inforced  with welded wire mesh. The layouts  f o r  t h e  non- 

r e in fo rced  and re inforced  pavements a r e  given i n  Figures 2 and 3 respec- 

t i v e l y .  

The j o i n t s  i n  t h e  s l a b  were formed by p lac ing  pre-molded bituminous 

p a r t i n g  s t r i p s  i n  t h e  f r e s h  concrete.  A longi tudinal  j o i n t  was formed 

along t h e  cen te r  of t h e  s l ab .  Other j o i n t s  included days-work j o i n t s  and 

con t rac t ion  j o i n t s  a t  t h e  ends of t h e  mats of reinforcement (29' 7" 

(9.02 m) spacing) i n  t h e  4-1/2" (11.4 cm) mesh re inforced  sec t ions .  

TESTING AND EVALUATION 

A .  Concrete St rength  

Both beam (6" x 6" x 33" o r  15.2 cm x 15.2 cm x 83.8 cm) and 

cyl inder  (6" x 12" o r  15.2 cm x 30.5 cm) test specimens were made 

during construct ion.  Cores were d r i l l e d  a t  260 days and 28 years  

A summary of concrete s t r eng ths  i s  given i n  Table 3. 

B. Crack Surveys 

Crack surveys have been conducted 14 times s ince  cons t ruc t ion ,  

being more f requent  i n  t h e  f i r s t  two years .  The l a s t  t h r e e  were 

6,  14 and 28 years  a f t e r  cons t ruc t ion .  The length of ind iv idua l  

sec t ions  is divided by t h e  t o t a l  t r ansve r se  cracks  p l u s  t r ansve r se  



Vernon Marks and John Helmers 

joints to yield an average slab length. A summary is given in 

Table 4. At one month, the average slab length of pavement with- 

out contraction joints ranged from 81' (24.7 m) to 192' (58.5 m). 

The five-year range is from 17' (5.2 m) to 33' (10.1 m) and the 

28-year range is from 13' (4.0 m) to 22' (6.7 m)(on the jointed 

slab). 

A summary of the longitudinal cracking is given in Table 5. 

Very little longitudinal cracking occurred during the first year 

but it increased steadily thereafter. There are some variations 

that are somewhat different than expected, both between repeated 

sections and averages of sections with different thicknesses. 

These differences may be due to the variations in stability of 

the grade. 

C. Riding Quality 

A test of the longitudinal profile was not made until 1955 

when the sections were tested with a Bureau of Public Roads (BPR) 

type roughometer. Testing with the BPR roughometer was conducted 

in 1955, 1979 and 1981. The results are summarized in Table 6. 

MAINTENANCE 

Maintenance of this pavement has been minimal, with little more than 

crack sealing for most of its life. A crack sealing effort in 1980 deposi- 

ted enough sealant material on the surface to result in a significant de- 

crease in riding quality. In recent years, full depth patches have been 

placed to restore some small broken and distorted areas. 
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A Greene County c o s t  accounting program provides information to  ob ta in  

a c o s t  pe r  mile (ki lometer)  f o r  both por t l and  cement concrete pavement and 

gravel  sur faced  roadways. The maintenance c o s t s  pe r  mile  (ki lometer)  f o r  

paved and g rave l  su r face  roadways a r e  $1,034 ($642) and $1,365 ($848), 

respect ive ly .  A higher  l e v e l  of s e r v i c e  (s igning ,  mowing, winter  mainten- 

ance) i s  provided on paved roads than f o r  g rave l  roads. I f  s igning ,  mowing 

and win te r  maintenance a r e  no t  included,  t h e  b a s i c  maintenance c o s t s  f o r  

paved and g rave l  roadways a r e  $483 ($300) and $1,108 ($688) respect ive ly .  

AGGREGATE DEMAND 

Calcula t ion  shows t h a t  it w i l l  t a k e  many yea r s  f o r  a paved road t o  

r e s u l t  i n  a reduction of aggregate usage. The cons t ruc t ion  of t h i s  road- 

way requi red  2,450 tons  per  mile  (1,381,061 kg/m) f o r  4-1/2" (11.4 cm)  

t h i ck  and 3,270 tons  pe r  mile  (1,843,294 kg/m) f o r  6" (15.2 cm) t h i c k  

pavement. 

Typical  Greene County gravel  road cons t ruc t ion  uses 700 tons  pe r  m i l e  

(394,589 kg/m) t h e  f i r s t  year ,  600 tons  p e r  m i l e  (338,219 kg/m) t h e  second 

year and 45 tons  pe r  mile  (25,366 kg/m) pe r  year  t h e r e a f t e r .  With these  

f igu res ,  it would be  27.6 years  f o r  a gravel  roadway t o  use 2,450 tons  

pe r  m i l e  (1,381,061 kg/m) and 45.8 yea r s  t o  use  3,270 tons  pe r  mile  

(1,843,294 kg/m) . 

A paved road must y i e l d  a g rea te r  than normal l i f e  t o  r e s u l t  i n  a t r u e  

reduction of aggregate demand. The paving aggregate,  however, i s  not  l o s t  

and provides an exce l l en t  base f o r  f u t u r e  overlays.  
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PERFORMANCE 

The volume of t r a f f i c  over t h i s  p r o j e c t  has been f a i r l y  cons tant  over 

the years .  The average d a i l y  t r a f f i c  from 1957 t o  1981 was about 260 

vehic les  pe r  day. T r a f f i c  volumes f o r  t h e  24-year period a r e  given i n  

Table 7. A g ra in  e l eva to r  i n  F a r l i n  increased t h e  amount of t ruck t r a f f i c  

during ha rves t  season during its opera t ion  from 1951 through 1976. A 

gravel  p i t  opera t ion  one-half m i l e  (0.8 km) e a s t  of F a r l i n  a l s o  produced 

heavier  loads on t h e  road (1951-1977). 

The 6" (15.2 cm) diameter cyl inders  of non-air entrained concre te  

averaged over 5,600 p s i  (38.61 MPa) when t e s t e d  a t  t h e  age of  twenty-eight 

days. The 28-day modulus of  rupture of t h e  beams was 800 p s i  (5.52 MPa). 

The concrete i s  of exce l l en t  q u a l i t y  28 years  a f t e r  cons t ruct ion  with com- 

press ive  s t r eng th  averaging 7,920 p s i  (54.61 MPa). 

The high p ressure  a i r  content  was determined on 28-year-old cores 

with the  non-air ent ra ined concrete averaging 3.2% and t h e  a i r  ent ra ined 

sec t ion  averaging 6.6%. 

Typical surface  appearance of the  pavement is shown i n  Figure 4 (4-1/2" 

o r  11.4 cm non-reinforced) and Figure 5 (6" o r  15.2 c m  non-reinforced). Even 

though t ransverse  j o i n t s  were not  sawed, the  random cracking i n  t h e  6" 

(15.2 cm) pavement produced a r e l a t i v e l y  uniform spacing with an o r i e n t a t i o n  

nearly perpendicular t o  the  cen te r l ine .  Most of the  t ransverse  cracking 

occurred e a r l y  i n  the  l i f e  of the pavement. I n  t h e  th inner  s e c t i o n s ,  l i t t l e  

add i t iona l  cracking developed a f t e r  the  f i r s t  two years.  Transverse cracks 

continued t o  develop i n  the  6" (15.2 cm) pavement through 28 years ,  b u t  a t  

a decl in ing r a t e .  
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The 4-1/2" (11.4 cm) mesh re inforced sec t ions  with con t rac t ion  j o i n t s  

e x h i b i t  the longes t  average s l a b  length  (22' o r  6.7 m) a f t e r  28 years .  

The non-reinforced pavements have s l a b  lengths  t h a t  range from 13 '  (4.0 m) 

t o  18 '  (5.5 m ) .  The average s l a b  length  f o r  t h e  non-reinforced pavement 

v a r i e s  d i r e c t l y  with the  thickness.  The 4-1/2" (11.4 cm) pavement has t h e  

s h o r t e s t  s l a b  length (13' o r  4.0 m ) ,  while t h e  6" pavement has s l a b  lengths  

of 18 '  (5.5 m ) .  These lengths  a r e  j u s t  l e s s  than t h e  cu r ren t  Iowa DOT 

design of 20 ' .  I t  is unfortunate t h a t  jointed non-reinforced pavement 

was no t  included f o r  comparison. 

The long i tud ina l  cracking genera l ly  v a r i e s  inversely with th ickness  

b u t  the re  are i r r e g u l a r i t i e s .  These i r r e g u l a r i t i e s  may be a t t r i b u t e d  t o  

v a r i a t i o n s  i n  t h e  grade from inadequate support  o r  grade se t t lement .  The 

4-1/2" (11.4 cm) th ick  pavement, both re inforced and non-reinforced, developed 

t h e  most longi tudinal  cracking, b u t  t h e  81' per  s t a t i o n  o r  m/hm average f o r  

t h e  mesh re inforced design r e s u l t s  from widely d i f f e r i n g  da ta  from t h e  two 

sec t ions  of  19'  per  s t a t i o n  o r  m/hm and 144' per  s t a t i o n  o r  m/hm. This ,  

and t h e  f a c t  t h a t  the  5'  1/2" (14.0 c m )  s ec t ion  exh ib i t s  the  l e a s t  longi- 

tud ina l  cracking,  would i n d i c a t e  t h a t  t h e  longi tudinal  cracking w a s  depen- 

dent  on t h e  base. There was no obvious c o r r e l a t i o n  between sand d r a i n  loca- 

t i o n s  and subgrade with longi tudinal  cracking. The cracking a t  1/4 po in t  

has no t  cont r ibuted  t o  any s u b s t a n t i a l  degree i n  a l o s s  of  s e r v i c e ,  though 

it may r e s u l t  i n  increased maintenance. 

The p r o f i l e  v a r i a t i o n  a t  30 years  of age ranging from 129" pe r  mile 

(204 cm/km) t o  158" per  m i l e  (249 cm/km) is rough f o r  a primary o r  i n t e r -  

s t a t e  route ,  b u t  is q u i t e  adequate f o r  a secondary route. The d a t a  e x h i b i t s  

a s u b s t a n t i a l  increase  i n  roughness from 1979 t o  1981. Visu-1 observat ions  

i n d i c a t e  an  extensive sea l ing  e f f o r t  during t h i s  period (1980) t h a t  deposi ted 
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enough material on the su r face  t o  adversely a f f e c t  t h e  r i d i n g  q u a l i t y .  I t  

is expected t h a t  t h e  ma te r i a l  on t h e  su r face  w i l l  be worn and bladed 

(winter maintenance) away and a longi tudinal  p r o f i l e  comparable t o  1979 

w i l l  r e s u l t .  The 4-1/2" (11.4 cm) mesh re inforced s e c t i o n  e x h i b i t s  t h e  

smoothest p r o f i l e .  No j o i n t  heaving o r  s l a b  warping is  apparent .  

COSTS 

The c o s t  of  each sec t ion  is l i s t e d  i n  Table 8. I t  is believed t h a t  

these  p r i ces  were g rea te r  than normal c o s t s  of pavement a t  t h e  time of 

cons t ruct ion  because of the  e x t r a  work involved due t o  the  research and 

s h o r t  sec t ions .  

CONCLUSIONS 

The conclusions drawn from t h i s  research a r e :  

1. A l l  design th ickness ,  from 4-1/2" (11.4 crn) t o  6" (15.2 cm), 

provided q u i t e  adequate se rv ice  f o r  a low volume secondary 

roadway wi th  minimal maintenance f o r  30 years .  

2 .  The 4-1/2" (11.4 cm) th ick  pavement has r e su l t ed  i n  a s l i g h t  

reduction of aggregate usage when compared t o  requirements for  

an unpaved gravel  roadway, b u t  t h e  6" (15.2 cm) pavement r e s u l t s  

i n  a s u b s t a n t i a l  increase  i n  aggregate usage. 

3. The 4-1/2" (11.4 cm) th ick  mesh re inforced sec t ion  has provided 

the  b e s t  o v e r a l l  performance. 

4. Slab lengths of t h e  non-reinforced sec t ions  without cont rac t ion  

jo in t s  vary d i r e c t l y  with thickness and are a l l  j u s t  less than 

the  cu r ren t  design length of 20' (6 .1  m ) .  
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5. The amount of longitudinal cracking varies inversely with the 

thickness of pavement. 

6. The cost of maintaining a paved road is less than for a gravel 

roadway. If only basic maintenance is provided, the cost for 

a paved road may be less than half that for a gravel surfaced 

roadway. 
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Table 6. Profile variation, BPR type rouqhometer. 

Section Thickness Inches per Mile (centimeters per kilometer) 

Number inches (cm) 1955 1979 1981 

1, 5 5 (12.7) 112 (177) 129 (204) 158 (249) 

2, 6 41, mesh (11.4) 107 (169) 110 (174) 129 (204) 

3, 7 4% (11.4) 107 (169) 132 (208) 156 (246) 

4, 8 5% (14.0) 109 (172) 123 (194) 143 (226) 

9 6 (15.2) 110 (174) 127 (200) 144 (227) 

10 G A E ~  (15.2) 105 (166) 121 (191) 131 (207) 

Longitudinal Profile valueb (LPV) 

(from BPR rouqhometer values) 

Section 

a - air entrained. 
b - longitudinal profile value (obtained by correlation with the 

CHLOE profilometer and use of AASHO Road Test PSI formula) = 

present serviceability index (PSI) without deduction for 

cracking and patching. 
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