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Use of Asphalt Emulsion and Foamed Asphalt in 

Cold-Recycled Asphalt Paving Mixtures 

MANG TIA AND LEONARD E. WOOD 

Increased interest in improving the quality of cold-recycled asphalt paving mix
tures has made it necessary to understand the behavior of these mixes better. 
This laboratory study investigates the long-term behavior of cold-recycled 
asphalt paving mixtures by using asphalt emulsion and foamed asphalt as the 
added binders. An artificially aged paving mixture was used to make the re
cycled mixes for this study. Specimens of the recycled mixes were compacted 
with the gyratory testing machine. The resilient modulus, Hveem stabilometer 
A-value, and Marshall stability were obtained on the compacted recycled mixes 
at various levels of compactive effort, added binder, testing temperature, and 
curing time. Results indicate that most of the rejuvenating action of the added 
binder on the old binder takes place during the compaction process. The binders 
of the recycled mixes that undergo the initial softening during the compaction 
process generally increase in stiffness with increasing curing time. The recycled 
mix with foamed asphalt added had properties comparable to those of the 
mix with asphalt emulsion added. However, slightly more added binder is 
needed when foamed asphalt is used. The structural performance of these re
cycled mixes as a stabilized base in a typical low-volume road was also evaluated 
and compared with that of a standard asphalt concrete by using a linear elastic 
multilayer analysis. 

The recycling of asphalt pavement is the process of 
reusing a deteriorated asphalt pavement material in 
a functionally new pavement. An existing asphalt 
Pavement material usually contains a hardened as
phaltic binder and a deteriorated aggregate and has 
lost such desirable characteristics as stability, 
flexibility, and durability. The fundamental pro
cess of asphalt pavement recycling involves the ad
dition of rejuvenating agents to soften the hardened 

old asphaltic binders and the addition of virgin 
aggregates to upgrade the deteriorated aggregates. 
Basically, it involves (a) removing the old pavement 
material from the road; (b) remixing it, when neces
sary, with additional virgin aggregate, a virgin 
binder, or a rejuvenating agent; and (c) recompact
ing it. The process can be carried out either hot 
or cold. In a hot-recycled mix, the blending of the 
old binder and the virgin binder is relatively more 
homogeneous. In a cold-recycled mix, the virgin 
binder or rejuvenating agent tends to adher.e to the 
old material (old aggregate coated with old binder) 
and to form a thin film around it. The diffusion of 
the virgin binder or rejuvenating agent into the old 
binder could be a function of time, temperature, and 
additional traffic compaction (1,2). This diffusion 
process could greatly influence -the behavior of a 
recycled material, and thus a knowledge of its long
term behavior is very important in designing a recy
cled mix. 

Asphalt emulsion is a commonly used added binder 
in cold recycling. Recently, increased interest has 
also been shown in usin9 foamed asphalt as an added 
binder in cold recycling. This laboratory study 
investigates the long-term behavior of the cold
recycled asphalt paving mixtures that use asphalt 
emulsion and foamed asphalt as the added binders. 
The study has the following objectives: 
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Figure 1. Vertical deformation measuring device in resilient-modulus test. 
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Figure 2. Gradation of recovered pavement aggregate. 
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1. To study the properties of cold-recycled as
phalt paving mixtures under the effects of time, 
additional compaction, and temperature; 

2. To compare the effectiveness of foamed as
phalt with that of asphalt emulsion as an added 
binder in cold-recycled mixtures; and 

3. To evaluate the structural characteristics of 
these cold-recycled mixes. 

It is hoped that these find i ngs would provide 
some guidelines for the desiqn of cold-recycled as
phalt mixtures that use these two materials as the 
added binders. 

EQUIPMEN'r 

The major pieces of equipment used in this labora
tory study are the gyratory testing machine, the 
diametral resilient-modulus test equipment, the 
Hveem stabilometer, the autographic Marshall testing 
apparatus, and the laboratory Foamix asphalt dis
penser. 

The gyratory testing machine was used for compac
tion of the recycled mi xtures. The gyratory machine 
had a fixed upper roller. The angle of gyration was 
set at 1 degree, and the ram pressure was adjusted 
to 1.38 MPa (200 psi). 

The diametral resilient-modulus test equipment 
proposed by Schmidt (3) was modified and used in 
this study. The loading frame and the deformation 
measuring device of the test equipment are illus
trated in Figure 1. A 222-N (50-lbf) pulse load of 
0. 1-s duration is applied to the test specimen every 
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Table 1. Physical properties of AE-150. 

Test 
Property Standard Condition 

Residue by distillation ASTM D244 Standard 

Oil portion of distillate ASTM D244 Standard 

Test on distillation residue 
Penetration ASTM D5 I 00 g, 5 s, 

25°C 
Specific gravity ASTM D70 25°C 
Float ASTM Dl 39 60°C 

Note: 1 g = 0.035 oz; t°C "" (r° F - 32)/l .B. 

Table 2. Physical properties of AC-2.5. 

Property Standard Test Condition 

Penetration 
Absolute viscosity 
Kinematic viscosity 
Specific gravity 
Ductility 

ASTM DS 
ASTM D2171 
ASTM D2170 
ASTM D70 
ASTM DI 13 

100 g, 5 s, 25°C 
60°C 
135°C 
25°C 
25°C 

Value 

70.0 per-
cent 

1.5 per-
cent 

215 dmm 

1.010 
>200 s 

Value 

>300 dmm 
300 poises 
160 cSt 
1.024 
> JOO cm 

Note: 1 g = 0.035 oz; t°C = (t° F - 32)/l .8; l poise= 0 .1 Pa ·s; 1 cSt = 0.01 cm2 /s; 
1 cm = 0.39 in. 

3 s through a diaphragm air cylinder. The vertical 
deformation of the test specimen is measured by two 
linear variable differential transformers and 
plotted on the chart recorder. 

The standard Hveem stabilometer and Marshall 
apparatus as specified by the ASTM standards were 
used to measure the Hveem stabilometer R-va.lues and 
Marshall stabilities of the recycled mixes. 

The laboratory Foamix asphalt dispenser developed 
by CONOCO, Inc., was used to produce the foamed as
phalt to be added to the recycled mixes. 

MATERIAL 

Artificially Aged Paving Mixtures 

An artificially aged paving mixture was used to make 
the recycled mixes for this study. The material for 
each test specimen was batched separately. This was 
done in order to have less variability and better 
control of the mixes studied. The artificially aged 
mixture was made to resemble an old pavement mate
rial used in an earlier study (_!). The aggregate 
was a limestone. Its gradation is depicted in Fig
ure 2. The aggregate was mixed with 5.5 percent of 
AP-3 grade asphalt cement at 150°C ( 302°Fl. The 
mixture was then artificially aged by placing it in 
a forced-draft oven at 120°C (248°F) for 24 h. The 
recovered asphalt from the artificially aged mixture 
had the following physical properties (l g = 0.035 
oz; !°C = (!°F - 32) / 1.8); 1 poise= 0.1 Pa•s]: 

Standard Test 
ASTM 05: penetration (100 g, 5 s, 

25°C) 
ASTM 02171: absolute viscosity (60°C) 

Added Binders 

Avg Val ue 
24 dmm 

32 300 
poises 

The added binders used in this study were a high
float anionic asphalt emulsion, designated AE-150 in 
the Indiana State Highway standard specification 
(llr ;o - '.l a foamed asphalt made from a soft asphalt 
desi,,, ~d AC-2.5. The physical properties of 
AE-150 a1.d AC-2. 5 are described in Tables l and 2, 
respectively. 
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RESPONSE VARIABLES filJUfe 3. Design for testi on artiflclally aged paving mixtures with AE-150 
added. 

The three measured variables used to evaluate the 
recycled mixes in this study are the diametral re
silient modulus, the Hveem stabilometer R-value, and 
the Marshall stability. 

The resilient modulus is defined as the ratio of 
the applied stress to the recoverable strain when a 
repeated dynamic load is applied. It is essentially 
the dynamic elastic modulus of a viscoelastic mate
rial. In the diametral resilient modulus test used 
in this study, the resilient modulus is calculated 
from the following relationship: 

MR= -3.583P/tdv (i) 

whe r e 

MR resilient modulus, 
? applied pulse load, 
t thickness of test specimen, and 

dv = recoverable vertical deformation of specimen. 

This relationship holds for a Marshall-size spec
imen [6.35 cm (2.5 in) in diameter] loaded dia
metrally. 

The Hveem stabilometer R-value is usually used 
for the evaluation of stabilized base mixtures. 

The Marshall stability is defined as the maximum 
load required to produce failure of a standard Mar
shall specimen in a Marshall test. It is a semiem
pirical figure that indicates the relative resis
tance of a material to plastic deformation. In this 
study, the Marshall tests were run at room temper
ature. 

SPECIMEN PREPARATION PROCEDURE 

The cold-recycled asphalt mixtures used for this 
study were prepared in the laboratory. The mixing 
and curing procedure adopted in previous studies on 
cold-recycled mixes was used <ll . This procedure 
was originally developed by Gadallah in his study on 
asphalt emulsion-treated mixes (~) and has been used 
by other researchers (2,7) . The specimen prepara
tion procedure consi.st;d - of the following general 
steps: 

1. The proper amount of the pavement material to 
be recycled was batched for one specimen. 

2. The required amount of water was added to the 
material and mixed thoroughly with a mechanical 
mixer and then with a spoon by hand. The material 
was then left for 10-15 min. 

3. The proper amount of virgin binder was added 
to the material and mixed with a mechanical mixer 
for 1.5 min and with a spoon by hand for 30 s. 

4. The mix was cured for 1 h in a forced-draft 
oven at 60°C (140°F). 

5. The mix was remixed for 30 s with a mechani
cal mixer and was compacted immediately in the gyra
tory machine. 

6. After compaction, the specimen was extruded 
from the mold within 30 min and left to cure at room 
temperature. 

The purpose of adding water to the mix was to 
facilitate the mixing process. When asphalt emul
sion was used as the added binder, l percent water 
was added. When foamed asphalt was used, 3 percent 
water was added. 

EXPERIMENTAL DESIGN 

Design l 

The first set of experiments dealt with the artifi-
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cially aged paving mixtures with AE-150 as the added 
binder. The experimental design is shown in Figure 
3. The factors studied were the compactive effort 
(two levels), the percentage of AE residue added 
(five levels), the testing temperature (three 
levels), and the curing time (five levels). 

Desig n 2 

The second set of experiments dealt with artifi
cially aged paving mixtures with foamed asphalt as 
the added binder. The experimental design is shown 
in Figure 4. The factors included were the compac
tive effort (two levels), the percentage of asphalt 
added (four levels) , the testing temperature (three 
levels), and the curing time (five levels). 

TESTING SEQUENCE 

The testing sequence on the specimens was designed 
so that as much information as possible could be 
extracted from a fabricated sample. The testing 
sequence for the specimens is shown in Figure 5. 
Due to the nondestructive nature of the resilient
modulus test, the same specimens were used repeat
edly in the resilient-modulus test at the various 
temperatures and curing times. After the resilient
modulus test had been performed on the specimens, 
they were evaluated in the R-value test and then in 
the Marshall test. 

METHOD OF ANALYSIS 

The response variables were analyzed with the aid of 
the analysis-of-variance (ANOVA) statistical 
method. The ANOVA determined whether the effects of 
certain factors and/or interactions of factors were 
statistically significant. The means of the re
sponse variables in each mix combination were used 
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Figure 4. Design for tests on artificially aged paving mixtures with foamed 
asphalt added. 
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Figure 5. General testing sequence for specimen cured to 28 days or ultimate 
condition. 

MARSHALL 

TEST 

M0 TEBT 

AT 

1 DA.YI cu"I! 
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TEST 

U,, TEBT .. 

ULTIMATE 

CURING 

in looking for any physical trend that might be 
present. 

RESULTS OF EXPERIMENTAL DESIGN 1 

Resilient Modulus 

The resilient moduli of the recycled mixes in design 
1 are presented in Figures 6-9 as functions of cur
ing time, from 1 day to 28 days. It can be observed 
that the resilient moduli increased significantly 
from 1 day to 7 dayG and leveled off after 7 days. 
The increase in resilient modulus with time can be 
explained by the increase in stiffness of the binder 
as the asphalt emulsion continued to cure (through 
evaporation of its water) • 

The ANOVA results indicated that the effects of 
percentage of AE residue added, compactive effort, 
curing time, and testing temperature were all sig
nificant. 

Figures 10 and 11 present the resilient moduli at 
ultimate curing as functions of percentage of AE 
residue added. It can be noted that the optimum 
percentage of AE residue added increased as the 
testing temperature decreased. For the compact i ve 
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effort of 20 revolutions, the optimum AE residue 
added was 0.5 percent at 40°C (104°F), 1 percent at 
23°C (73°F), and 2 percent at o•c. For the compac
tive effort of 60 revolutions, the optimum AE resi
due added was o. 5 percent at 40°C, 0 . 5 pe rcent at 
23°C, and 3 percent at o•c. 

Hveem R-Value and Marshall stabili ty 

Figures 12 and 13 depict the Hveem R-values as func
tions of percentage of AE residue added. It can be 
observed that the optimum AE residue added was 
around O. 5 percent for the two compactive efforts 
and the two curing times. 

Figures 14 and 15 present the Marshall stabili
ties as functions of percentage of AE residue 
added. Like the Hveem R-value plots, they indicated 
the optimum AE residue to be around 0. 5 percent. 
Unl i ke the R-value, the Marshall stability increased 
significantly with higher compact i ve effort. For 
the Marshall stability, the difference between 28 
days' curing and ultimate curing was not significant. 

RESULTS OF EXPERIMENTAL DESIGN 2 

Resilient Modulus 

The resilient moduli of the recycled mixes in design 
2 ;HP. prPRPnt.Pn in Figur~s 16-19 as fllnct ions of 
curing time, from l day to 28 days. It can be ob
served that the resilient modulus increased signif i
cantly with curing time from l day to 14 days and 
leveled off after 14 days. The increase in resili
ent modulus with time 1vas due to the drying of the 
mixture through evaporation of its water. When most 
of the moisture in the mixture had evaporated, the 
effect of curing time became less significant. 

Hveem R-Value and Marshall Stability 

Figures 20 and 21 depict the Hveem R-values as func
tions of percentage of asphalt added. It can be 
noted that for the compactive effort of 20 revolu
tions, the R-value was relatively insensitive to the 
changes in percentage of asphalt added. For the 
compactive effort of 60 revolutions, the effect of 
percentage .of asphalt added was more significant, 
and the optimum asphalt added could be noted to be 
around 1 percent. 

Figures 22 and 23 present the Marshall stabili
ties as functions of percentage of asphalt added. 
It can be noted that for low compactive effort (20 
revolutions) , the Marshall stability was relatively 
insensitive to the changes in percentage of asphalt 
added. For high compactive effort (60 revolutions), 
the effect of percentage of asphalt added was more 
significant, and the optimum asphalt added could be 
observed to be around 1 percent. It can also be ob
served that highe r compactive effort produced higher 
Marshall stability values. 

STRUCTURAL CHARACTERISTICS OF RECYCLED MIXES 

The resilient modulus, which was measured most ex
tensively throughout this laboratory study, was an 
essential input parameter to the analytical pavement 
design method, such as the multilayer elastic analy
sis. In this section, the structural characteris
tics of the recycled mixes in this study are com
pared with those of the conventional asphalt cement 
by using a linear elastic multilayer analysis. From 
the results of this analysis, the structural coeff i
cients of the American Association of State Highway 
and Transportation Officials (MSHTO) are estimated 
for these recycled mixes. 
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Figure 6. Effects of 
curing time on resilient 
moduli of artificially aged 
paving mixtures with 
AE-150 added: 20 
revolutions, 23° C. 

Figure 7. Effects of 
curing time on resilient 
moduli of artificially aged 
paving mixtures with 
AE-150 added: 60 
revolutions, 23° C. 

Figure 8. Effects of 
curing time on resilient 
moduli of artificially aged 
paving mixtures with 
AE-150 added: 20 
revolutions, 40°C. 

Figure 9. Effects of 
curing time on resilient 
moduli of artificially aged 
paving mixtures with 
AE-150 added: 60 
revolutions, 40° C. 

Figure 10. Resilient 
moduli at ultimate curing 
for artificially aged paving 
mixtures with AE-150 
added: 20 revolutions. 
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Figure 11. Resilient 
moduli at ultimate cur
ing for artificially aged 
paving mixtures with 
AE-150 added: 60 
revolutions. 

Figure 12. Hveem 
R-values of artificially 
aged paving mixtures 
with AE-150 added: 20 
revolutions. 

Figure 13. Hveem 
R-values of artificially 
aged paving mixtures 
with AE-150 added: 60 
revolutions . 

Figure 14. Marshall 
stabilities of artificially 
aged paving mixtures with 
AE-150 added: 20 
revolutions. 

Figure 15. Marshall 
stabilities of artificially 
aged paving mixtures with 
AE-150 added: 60 
revolutions. 

319 

~ JOO ,-,-.-,.-,-,---------,·2000 

"o 

~ 200 

5 c 
0 
:; 
I- 100 
z 
w :; 
iii 
w a: 

UL'~ 

__/~ 

0 .5 

AE RESIDUE ADDED (%) 

100 ,..------------, 

w 
::I 
...J 
< 
> 
I 

a: 

95 

90 

~8DAYS 

UUNAfE 

85 +-"'"'"0-,..----....... -...-..... -~ 

AE RESIDUE ADDED (%) 

100,---- --------, 

w 
::I 
...J 

95 

~ 90 
I 

a: 

85 

~· 
28 •• :\ 

\ 

80'---+-~-+---+---+--' 
0 2 

AE RESIDUE ADDED (%) 

10000..----------; 

iii 
d 
> 5 8000 

iii 
;: 
"' ~ 
~ 

~ 6000 

"' a: 

" ::; 

~oo +----------' 

iii 
d 
> 5 aooo 
iii 

" I-

"' _, _, 
~ 6000 

"' a: 

" ::; 

AE RESIDUE ADDED ('\,) 

4000 +----------' 

AE RESIDUE ADDED (0o) 

··-NT 

30000 

~0000 

'1110000 

NT 

25000 

.... 
" 1500 ~ 

1000 

500 

:. 
z 
0 

~ 



320 

Linear ~lastio Multilayer Analysis 

The resilient moduli of the recycled mixes in this 
study ranged from 345 to 2069 MPa (50 000-300 000 
psi) at 23°C. The structural performance of these 
mixes (with the resilient moduli in this range) as 
stabilized bases was evaluated by usinq a hypotheti
cal pavement system. The pavement system used in 
this analysis is depicted in Figure 24. This is a 
typical pavement structure for a low-volume road. 
The condition of the subgrade in this pavement 
structure is representative of the subgrade condi
tion of State Road 16 in Indiana, where a recycling 
project has recently been completed. The pavement 
system was to be subjected to an arbitrary wheel 
load of 20 000 N (4500 lbf) with a tire pressure of 
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552 kPa (80 psi) and a circular contact area. 
The bitumen structures in roads (BISTRO) computer 

program developed by Shell Research N.V. <!> was 
used to make the multilayer analysis. The induced 
vertical subgrade deformation was used as a means of 
measuring and comparing the structural performance 
of different pavement materials. Asphalt concrete 
10. 2 cm ( 4 in) thick was used as a reference base 
course in this hypothetical pavement system. The 
vertical subgrade deformation for this reference 
system was calculated to be O .189 mm ( 0. 007 45 in) • 
The recycled mixture (with resilient modulus of 345-
2069 MPa) was then used as the stabilized base of 
this hypothetical system, and the vertical subgrade 

Figure 20. Hv8em R-values of 
artificially aged paving mixtures 
with foamed asphalt added: 20 
revolutions. 

Figure 21. Hveem R-values of 
artificially aged paving mixtures 
with foamed asphalt added: 60 
revolutions. 

Figure 22. Marshall stabilities of 
artificially aged paving mixtures 
with foamed asphalt added: 20 
revolutions. 

Figure 23. Marshall stabilities of 
artificially aged paving mixtures 
with foamed asphalt added : 60 
revolutions. 
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Figure 24. Pavement 
system for linear elastic 
multilayer analysis. 

Figure 25. Estimated 
AASHTO structural 
coefficients of recycled 
mixtures. 
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deformations were calculated for various thicknesses 
of the stabilized base. For the range of resilient 
modulus considered, determination was made of the 
required thicknesses of the stabilized base for the 
vertical subgrade deformation to be the same (0.189 
mm). 

AASHTO Structural Coefficient 

In the AASHTO pavement design method (~) , the per
formance of a pavement section can be directly re
lated to the structural number (SN), which can be 
expressed by the following general equation: 

where 

structural coefficientsi 
thickness of surface course (cm) , 
thickness of base course (cm) , and 
thickness of subbase (cm) • 

(2) 

The structural performance can be measured by a 
combination of several variables. However, the most 
important variable is the vertical subgrade deforma
tion. The study by Little and Epps (10) indicated 
that there was good correlation between the vertical 
subgrade deformation and the number of load repeti
tions to failure. Thus, when two pavement systems 
have the same subgrade deformations under the same 
loading condition, it is assumed that they have the 
same SN. 

The structural coefficient of the reference as-
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phalt concrete was known to be 0.44 (9). For the 
pavement systems with the same subgrade- deformations 
and with everything else the same except for the 
stabilized base course, the following relationship 
can be established: 

(3) 

where a 2 is the structural coefficient of the re
cycled material and o2 is the required thickness. 

By using the above relationship and the results 
in the previous section, the structural coefficients 
of the recycled materials can be estimated. Figure 
25 presents the estimated structural coefficients of 
the recycled materials for the range of resilient 
modulus considered. It should be noted that using 
the calculated subgrade deformation to measure the 
structural performance of a pavement system was a 
simplified method. The derived structural coeffi
cients were thus only estimated values. 

CONCLUSIONS 

The results of this extensive laboratory study have 
given us a better understanding of the behavior of 
the cold-recycled mixtures that use asphalt emulsion 
and foamed asphalt as the added binders. Major 
findings from this study are summarized as follows: 

1. When a virgin binder or rejuvenating agent is 
added to the aged pavement material, most of the 
rejuvenating action of the new binder on the old 
binder will take place during the gyratory compac
tion process • 

2. The binders of the recycled mixes, which un
dergo the initial softening during the compaction 
process, generally increase in stiffness with in
creasing curing time. This could be explained by 
the evaporation of the water from the mixes. 

3. The optimum binder content increases with 
decreasing testing temperature. 

4. Higher compactive effort generally produces 
higher resilient modulus and Marshall stability of 
the recycled mixture. 

5. When the binder content is too high, higher 
compactive effort generally produces a lower Hveem 
R-value. When the mix is relatively stable, the 
Hveem R-value is insensitive to the changes in com
pactive effort. 

6. The recycled mix with foamed asphalt added 
had properties comparable with those of the mix with 
asphalt emulsion added. However, slightly more 
added binder is needed when foamed asphalt is used. 

7. The estimated AASHTO structural coefficients 
of these mixes range from 0.25 to 0.40 compared with 
0.44 for asphalt concrete. 
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Iowa County Maintenance Practices: A 20-Year Update 

MELVIN B. LARSEN 

In the late 1950s, the National Association of County Engineers was just getting 
started as an organization. In an effort to provide guidance to county engi
neers throughout the United States, they were working on a manual of mainte
nance procedures. In conjunction with these efforts and with a need for more 
information, a questionnaire on county maintenance practices was sent to the 
99 counties of Iowa; 94 counties responded. In 1980, the same questionnaire 
was again sent to the countires in Iowa so that the practices of today could be 
compared with those in 1960. There are similarities and differences in that time 
span. There is less county highway mileage today. There is a change in the 
spread of population; however, the mode of county population is the same: 
15 000 to 20 000. Safety has made an impact on operations. The physical evi
dence is shown by the greater number of signs, wider shoulders, and more 
center-line striping. Bridges were a concern 20 years ago. They are no less a con
cern today. Economic concerns are indicated by less emphasis on roadside 
maintenance (mowing and spraying). 

In 1959, in cooperation with the Maintenance Com
mittee of the National Association of County En
gineers (NACE), a questionnaire was sent to the 99 
counties in Iowa to obtain information relative to 
maintenance practices on county roads i 94 counties 
completed the questionnaire. These data became the 
basis for a paper (1) that was one of the first ef
forts to explore county highway maintenance prac
tices. It was presented to a committee on highway 
administration. The discussion pointed out that 
there was a dearth of information regarding highway 
practices at the county level. There was praise for 
the newly established NACE, which was barely four 
years old, and the excellent progress it had made in 
providing guidance through manuals and instructions 
to county engineers across the nation. The paper on 
Iowa county maintenance practices and the question
naire used were sent by NACE to counties in all 
states and used in preparation of a manual on county 
maintenance practices. 

In an effort to determine what has happened in 
the intervening time, the same questionnaire was 
sent to the counties in Iowa in 1980, approximately 
20 years la.t,er i 89 counties responded to the ques
tionnaire. Comparison of information from the two 
questionnaires is the basis for this paper. 

A tabulation of the answers to a majority of the 
questions was a part of the original paper. The 
1960 questionnaire answers are not available now. 
Some of the information received on this question
naire will be reported for today's knowledge even 
though there is no comparison with the information 
obtained 20 years ago. 

The original paper outlined the administrative 
structure in Iowa. As a backdrop to this paper, 
certain administrative information is essential for 
better understanding. 

The 99 counties of Iowa have jurisdiction for 
maintenance of approximately 89 000 miles of sec
ondary roads. There are certain Iowa Department of 
Transportation (!DOT) approvals of design plans and 
contracts in the construction of these roads. The 
selection, design, and initiation of the projects as 
well as maintenance are the responsibility of the 
local county officials. 

Highway policy for the counties is vested in an 
elected board of supervisors. Such policies are 
guided by statutes that give authority and limita
tions to the county board. The board of supervisors 
is elected at large or by district within each 
county and consists of three to seven members. 

Statutes require that the board of supervisors 
employ one or more registered civil engineers, who 
are known as county engineers. The term of the 
county engineer is one to three years. However, the 
tenure of this office may be terminated at any time 
by the board. The statutes require that the county 
engineers, in the performance of their duties, work 
under the direction of the board. However, another 
section of the law states that all construction and 
maintenance work shall be performed under the direct 
and immediate supervision of the county engineer, 
who shall be deemed responsible for the efficient, 
economical, and good-faith performance of that work. 

Some counti-.s are divided and run bv supervisory 
districts. In such instances, there is eome evi
dence that the maintenance operation is controlled 
to F!ome degree by the supervisor in that district. 
These counties are in the minority. 

An annual secondary road budget must be submitted 
by each county to IDOT, It provides a fiscal pic
ture of the counties' operations. There is good 
evidence that progress depends a great deal on the 
level of road management. Good management provides 
a high level of service and safe transportation with 
the revenues available • 

. Although each county is required to submit an an
nual report to !DOT, there is no requirement for a 
uniform accounting system. A system of accounts is 
used to provide information for the annual report. 
However, the fact that there is no required uniform 
accounting system may explain the wide range of an
swers to the maintenance questionnaire. There may 
be different interpretations and ways of keeping 
records as well as different levels of service that 
are used in the 99 counties. However, a majority of 
the county engineers have many years of experience, 
which lends authority to the information received 
and documented in this paper. This information 


