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On the Optimum Level of Effort for Evaluating 

Low-Volume Rural Road Projects in Developing Countries 

CHARLES G. VANDERVOORT 

ABSTRACT 

Reviews of several rural road projects in developing countries financed by the 
United States Agency for International Development have revealed that the level 
of effort in the evaluation of rural road projects has varied widely. The cost 
of evaluating projects can be significant, but if the higher cost results in 
better selection of projects, the possible increase in net value of the road 
program may make a more intensive evaluation worthwhile. A model based on prob­
ability theory and parameters believed appropriate for current low-volume road 
projects, where the benefits flow mostly from increased agricultural activity, 
are used to show that project benefits would increase if more effort were de­
voted to evaluation. Cursory evaluations such as "windshield surveys," though 
perhaps valuable as a screening tool and inexpensive, do not appear to have the 
accuracy required to maximize the net value of the road program. It appears 
that for the road projects considered, the so-called rapid rural appraisal 
techniques, costing about $400/km, are close to the optimum, striking a proper 
balance between cost of evaluation and benefits achieved. It is only roads with 
a high cost of construction for which the more elaborate evaluation methods 
involving in-depth surveys are required. It wa.s found that compared with the 
benefits foregone by not enough analysis, the cost of the evaluation is small; 
thus it is better to err on the side of too much analysis than not enough. 

The recent series of ex-post impact evaluations (4) 
by the U.S. Agency for International Development 
(AID) have shown that the level of effort applied to 
the economic justification of their road projects 
has varied widely. The evaluation of the Jamaica 
Feeder Roads project, an example of a high level of 
effort,, involved massive data gathering in the zone 
of influence of each road and detailed analyses of 
these data on computers. At the other extreme, the 
Liberia Rural Access Roads project involved only a 
simple reconnaissance lasting a few weeks and fol­
lowed by a brief analysis by a transportation expert. 
The difference in cost between these two approaches 
was, of course, large. The question is whether the 
return from a higher level of investment in economic 
evaluation procedures is worth the cost and what the 
best level of effort might be. 

The purpose of this paper is to present a model 
that assists in establishing the optimum· level of 
effort for the economic justification of a low-volume 
(say, less than 20 vehicles per day) road project. 
In this model, the cost of the evaluation effort is 
balanced against the benefits to be gained from the 
increased reliability of the evaluation. This reli­
ability is defined as the probability that economi­
cally feasible road projects are accepted and in­
feasible ones are rejected. 

The model is then applied to yield useful guidance 
on the level of effort that should be expended on 
selection of low-volume feeder road projects. For 
example, it turns out that, for the average AID 
feeder road project in which benefits are primarily 
determined by the additional value of agricultural 
production and other economic activity induced by 
the road project, the optimum level of the evaluation 
effort should be that of a rapid rural appraisal 

U.S. Department of Transportation, 400 7th Street, 
s.w., Washington, D.C. 20590. 

(see section on Estimation of the Parameters for 
definition) costing about $400 to $600/km of road. 
Furthermore, the model demonstrates that once the 
optimum level of effort has been reached, increases 
in the level of effort will result in only a slight 
reduction in the net value (benefits minus construc­
tion cost minus evaluation cost) of the road program. 
However, decreasing the level of effort from the 
optimum will result in a sharp dropoff of the net 
value of the road program. Thus, it is better to err 
on the high side of investing in evaluation; that 
is, it is better to spend too much on evaluation 
than not enough. 

THE MODEL 

'l'he model developed in this section relates the net 
value of the road construction program with the level 
of effort devoted to the selection of the roads. 
Typically, about 30 candidate road projects would be 
proposed for the rural roads construction program, 
of which perhaps 20 are economically feasible. The 
net value of this program is calculated by adding 
the net present value (NPV) of the benefits of each 
road that is constructed (and because of imperfect 
evaluation techniques, some infeasible road projects 
will probably be included in the construction pro­
gram) and subtracting the cost of the evaluation of 
all the projects. The NPV of the benefits for a road 
project is the value of the incremental agricultural 
production plus the savings in vehicle operating 
costs plus the savings in maintenance cost plus other 
benefits (such as those from increased ease and more 
convenient passenger travel) minus the construction 
cost of the project. The NPV can be calculated by 
using standard economic analysis techniques such as 
those described by Carnemark et al. (~). 

The NPV of the benefit for economically feasible 
road projects is, of course, higher than that for 
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infeasible ones. An opportunity is lost, therefore, 
if, because of unreliable evaluation procedures, an 
economically infeasible road project is selected or 
a feasible one is rejected. However, selection in­
volves economic analysis and data collection efforts 
that are not cheap, and there is a possibility that 
the gains from more reliable evaluation are nullified 
by the high costs of the evaluation. It is this 
trade-off that is analyzed in the model described 
here. 

It should be pointed out briefly that the term 
"economic evaluation" refers to more than the cal­
culation of costs and benefits and subsequent pro­
duction of a list showing which road projects are 
economically feasible. In this paper the term refers 
to the broader role that economic evaluation plays 
in increasing benefits and reducinq costs. For exam­
ple, through effective interaction with the rest of 
the ·aesign team, economic evaluation assists in in­
creasing the benefits by identifying constraints 
(other than access) that diminish the beneficial 
impact of a road project and by proposing effective 
measures to eliminate these constraints. At the same 
time, economic evaluation can reduce costs and in­
crease benefits by determining the proper mix between 
labor and capital during construction, exploring 
alternative alignments, or establishing the proper 
mix between road design standards and maintenance 
effort. 

GENERAL DERIVATION 

A brief description of the model is presented. It is 
assumed that the project has a fixed construction 
budget and that the roads to be constructed are 
selected from a long list of candidates. To keep the 
model simple, it will be assumed that all roads are 
of equal length and have equal construction cost. 
Dropping this assumption presents no analytical 
problem but would unnecessarily complicate the model. 

The road projects are evaluated one by one until 
the road program budget is exhausted; this will hap­
pen when the budget equals the cost of construction 
plus the evaluation of the roads. The list usually 
contains both "good" and "bad" projects. (To save 
space, the term "good" will be used for an 
economically feasible project and "bad" for an 
economically infeasible one.) Some candidate road 
lists will be of high quality, containing a large 
number of good projects. High quality may result, 
for example, if projects are screened before heing 
included on the list. Or, because local governments 
are often much aware of the transport needs of their 
communities, lists composed at the local level are 
sometimes of high quality. 

Depending on the reliability of the evaluation 
procedures, a good project will have a certain prob­
ability of being correctly identified as good. Simi­
larly, a baa project will also have a certain prob­
ability of being mistakenly identified as good. The 
reliability of the selection procedure will of course 
depend on the level of effort devoted to it and on 
the inherent difficulty of evaluating the projects. 
Road projects that are, for example, located in a 
remote area of a country that has been little studied 
and where few data are available will be more dif­
ficult to evaluate than those located in areas that 
have been well studied. 

Using probability theory, equations are derived 
that determine the number of good and bad projects 
that are constructed and, as a function of the qual­
ity of the candidate road list, the reliability of 
the evaluation procedures and the number of road 
projects that are evaluated. Then, with the budget 
constraint and the cost of constructing and evaluat-
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ing a project, an equation is derived that gives the 
total number uf ~1oj~c ts that arc evaluated. 

NC = (W - Wl) + Rl (1) 

W = N * (1 - PG) (2) 

Wl = Bl * W = Bl * N * (1 - PG) (3) 

W - Wl = N * [(l - Bl) * (1 - PG) + Gl *PG] (4) 

Rl = Gl * R = Gl * N * PG (5) 

where 

NC total number of projects constructed, 
W number of bad projects evaluated, 

Wl number of bad projects evaluated as bad, 
R number of good projects evaluated, 

Rl • number of good projects evaluated as good, 
N total number of projects evaluated, 

PG probability that a candidate project is good, 
Bl probability that a baa project will be 

evaluated as bad, and 
Gl probability that a good project will be 

evaluated as good. 

Thus, NC can be expressed as follows: 

NC= N * [(l - Bl} * (1 - PG} + Gl *PG] (6) 

By introducing the budget constraint and the cost of 
constructing and evaluating the projects, the equa­
tion for the total number of projects evaluated (N) 
can be derived, The cost of constructing the good 
projects plus the cost of constructing the bad ones 
plus the cost of evaluating the projects (B} is 

B N * [Gl * PG * CC + (1 - Bl) * (1 - PG} * CC 
+ EC] (7) 

where 

B budget available for the road program($), 
CC construction cost of a project ($) , and 
EC cost of evaluating a project ($) • 

Solving for N, 

N = B/{ [ (l - Bl) * (1 - PG) + Gl * PGl *CC 
+ EC} (8) 

The number of projects eliminated by the economic 
evaluation (NE) is 

NE= N * [PG* (1 - Gl} +Bl* (1 - PG)] (9) 

The number of economically feasible projects con­
structed (NG) is 

NG = N * PG * Gl (10) 

And the number of economically infeasible projects 
constructed (NB} is 

NB = N * (1 - PG) * (1 - Bl) (11) 

It can be seen that the total number of projects 
evaluated as given in Equation 8 is the sum of the 
good projects constructed (Equation 10) and the bad 
projects constructed (Equation 11). The total value 
of the road program is the sum of the benefits added 
by each project minus the construction cost of the 
good and bad proiects and the evaluation costs of 
all the projects. 

The value of the benefits added by a good project 
(VG) and that of the benefits of a bad one (VB) can 
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be expressed as the product of the project's benefit/ 
cost ratio and the construction cost. This follows 
simply from the definition of the benefit/cost ratio. 
For example, if the construction cost for a project 
is $700,000 and the benefit/cost ratio is 1.2, the 
benefits of the project can be calculated as 1. 2 x 
$700, 000 = $840 ,000. For an economically infeasible 
project with a benefit/cost ratio of 0.8, the bene­
fits would be 0.8 x $700,000 = $560,000. Assuming 
that the good projects have an average benefit/cost 
ratio of GS and the bad ones have a ratio of BS, the 
net value of the road program (VAL) is 

VAL (GS * CC * NG) + (BS * CC * NB) 
- (NC * CC) - (N * EC) (12) 

The first and second terms of the foregoing equation 
represent the sum of the benefits of the good and 
bad projects. The third term gives the total con­
struction cost of the projects, and the fourth term 
gives the cost of evaluating the projects, including 
those that were not constructed because they did not 
pass the evaluation. 

Calculation of the net value of the road program 
requires estimation of a complex set of parameters, 
which will be discussed in the next section. 

ESTIMATION OF THE PARAMETERS 

To exercise the model and to enable the drawing of 
some broad conclusions regarding the optimum level 
of effort for evaluating rural road projects certain 
parameters must be estimated: the probability that a 
project is good (PG), the probabilities that a good 
project is identified as good (Gl) and that a bad 
project is identified as Bad (Bl), and the average 
economic return (benefit) of an economically feasible 
and an economically infeasible project. 

It must be mentioned, however, that ex-post eval­
uations of feeder road projects are rare, and infor­
mation on the results of the evaluations is even 
more scarce. The author knows of only a few evalua­
tions that generated data useful to the estimation 
of these parameters. These sparse data do not instill 
much faith in the precision of these estimates. For 
this reason, care was taken to draw only those con­
clusions from the model that are not sensitive to 
the precision of the parameter estimates. The model, 
of course, was useful in examining this sensitivity. 

Probability That a Project Is Good 

The probability that a project is good (PG) depends 
on the amount of background work that went into the 
preparation of the list of road candidates. Usually 
this list is prepared by the host government, and 
its preparation may or may not involve some screening 
of the projects. A few historic projects will be 
examined to get an indication of what the range of 
PG might be. 

In a recent road project in Hai ti, for example, 
the candidate road list simply contained projects 
that were deemed desirable; no attempt had been made 
to apply quantitative criteria to screen the projects 
from the point of view of economic feasibility. For 
this project, ex-post evaluation revealed that about 
450 of the 600 km of candidate road projects were 
economically feasible, and the ratio of 450/600 = 
0.75 may be taken as an indication of the probability 
that a candidate road project is economically feas­
ible. It is not an exact indicator because the ex­
post evaluation techniques used to establish the 
feasibility were not perfect; nevertheless, this 
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procedure provides a useful indicator of PG for the 
Haiti project. 

Another example is a rural road project in the 
Dominican Republic. The candidate road projects had 
been screened with cursory data on traffic levels 
and agricultural potential. Ex-post evaluation indi­
cated that an average of 81 percent of the candidate 
road projects were found to be economically feasible. 

For an Asian Development rural road project in 
the Philippines, the candidate road project list was 
compiled from recommendations submitted by local 
government officials. Though the screening was not 
quantitative, it was based on judgment by persons 
familiar with the transport needs in their regions. 
Ex-post evaluation procedures established that 84 
percent of the road projects were indeed economically 
feasible. 

These three examples and other cases not cited 
here indicate that, depending on the degree of 
screening, the range for the parameter PG would be 
0.75 to 0.85. It would be possible to have lower 
values of PG for cases in which the roads are in an 
area with especially low potential (such as areas in 
the Sahel in Africa) and where screening is applied 
infrequently or not at all. But it would be surpris­
ing if PG fell below 0.6. For the upper limit of PG 
a value of 0.9 could be considered reasonable. Thus, 
the range for PG is estimated to fall between 0.6 
and 0.9. 

Evaluation Efficiency 

The values of Bl and Gl are a function of the level 
of effort devoted to the evaluation. These levels of 
effort can range from no evaluation, which is com­
parable to selecting projects by flipping a coin-­
heads, the project is good, tails, the project is 
bad--to comprehensive in-depth surveys to collect 
the necessary data on agricultural and other activ­
ities in the zone of influence of the project. 

Statistical theory suggests that the reliability 
of the evaluation process will increase as the level 
of effort devoted to the evaluation increases but 
that this relationship is governed by the law of 
diminishing returns. Thus, at low levels of effort 
it will be easy to achieve large gains in reliabil­
ity, but at the higher levels an increase in effort 
may produce only a small increase in reliability. 
The relationship is also a monotonically increasing 
one in that an increase in the level of effort will 
never result in a decrease in reliability. Finally, 
the reliability should asymptotically approach the 
value of perfection (100 percent accuracy) as the 
level of effort increases beyond bound. 

There are a number of mathematical functions that 
have been found useful in science and industry to 
depict such a reliability function. The one selected 
for this paper is a simple one (the data do not war­
rant more sophistication) and is defined as follows: 

R =A - 0.5 * (1 - exp (-M * K)] (13) 

where 

R = reliability or probability of correctly 
classifying a project, expressed as either Bl 
or Gl; 

K level of effort devoted to the evaluation 
($/km of road); 

A initial reliability at a zero level of effort; 
and 

M parameter specifying the efficiency of the 
evaluation procedures. 
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In theory, the level of effort may assume any 
value between zero and infinity. In thin paper, how­
ever, the discussion will be limited to the four 
levels of effort that have traditionally been applied 
to road projects. Ex-post evaluation of a number of 
past road projects is used to establish the rela­
tionship between reliability and the level of effort 
and to estimate the parameters A and M. 

The lowest level of evaluation effort, as men­
tioned earlier, is simply none. In this case, proj­
ects may be selected at random, by flipping a coin, 
for example. This selection process is repeated until 
the road construction budget is exhausted. At this 
practically zero level of effort the reliability of 
correctly classifying a project as good or bad will 
be 50 percent, and the intercept A of the reliability 
curve is therefore 0.50. 

Given that the value of A is 0.5, it can be shown 
that M, the efficiency parameter, can be expressed 
in terms of the level of effort (K) and the reli­
ability (Y) as 

M =log ([ (1 - Y)/0.5)/-K} (14) 

In this equation, it is stated that if the level of 
effort K that went into the evaluation and the reli­
ability Y that was achieved are known, the efficiency 
can be calculated. In estimating the reliability 
curve for Gl, for example, if the level of effort 
expended on the evaluation was $1,000/km of road and 
the ex-post evaluation showed that a reliability of 
0.86 was achieved, the value of M for the Gl curve 
would be 0.00127. If for that same level of effort 
of $1,000/km it was possible to achieve a reliability 
of 0.96, the value of M would increase to 0.0023. 
For the reliability of the Bl curve, the parameter M 
can in principle be estimated the same way. If for 
the level of effort of $1,000/km a reliability of 
D.86 could be achieved for Bl, the value of M would 
also be 0.00127. Carrying out the value of M to five 
decimal places is not an attempt to achieve spurious 
precision; rather, it is necessary because of the 
great sensitivity of R to M. 

M has to be carefully distinguished from the other 
parameter, K, also found in the curve for evaluation 
reliability and that relates to the level of effort 
devoted to the evaluation. K is measured in dollars 
per kilometer, or the cost to evaluate 1 km of road, 
and is proportional to the size of the evaluation 
team and their time spent. As will be described 
later, this cost is about $40/km for the windshield 
survey. M is a variable that gives the increaRe in 
reliability that can be expected from an increase in 
level of effort K. The higher the value of M, the 
more rapidly reliability will increase with level of 
effort. 

For example, if M = 0,001 and the level of effort 
is increased from $400/km to $425/km, the reliability 
will increase from 0.665 to 0.673, an increase of 
1.2 percent. But for M = 0.002 and for the same in­
crease in K, the reliability will increase from 0.775 
to 0.786, an increase of 1.4 percent. 

M can be considered proportional to the skill of 
the evaluation team and the amount of readily avail­
able information on the road and its zone of in­
fluence. The value of M will be high for an evalua­
tion in which the evaluation team io well trained 
and experienced in rural road evaluations and has 
available a number of studies and surveys pertaining 
to the road. Conversely, for an evaluation in which 
the team is unskilled and there are few reliable 
data on the road and the surrounding region, the 
value of M will be low. Typically, as indicated in 
the section on the estimation of the parameters, the 
average efficiency of evaluation teams used for 
estimating the value of M is around 0. 002, though 
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there may have been instances in which the efficiency 
dropped to 0.001. 

The lowest value for M is zero. This value implies 
that the evaluation team is totally incompetent and 
that its classification of projects is no better 
than that achieved by flipping a coin. In theory, 
there is no upper limit to the value of M. In prac­
tice, however, it does not appear that M could exceed 
the value of 0.04; this value implies that, even for 
the lowest meaningful level of effort, the windshield 
survey, the team could correctly classify about 90 
percent of the roads. Though this efficiency is high, 
it could conceivably be reached by well-trained 
evaluation teams that have the benefit of earlier 
studies of the road and its zone of influence. 

It was not possible to determine a reasonable 
range for the reliability of classifying a bad proj­
ect as bad. ~rejects classified as bad were, of 
course, not constructed, and for the projects in­
vestigated in this study, the data on the bad ones 
had been discarded. It would be reasonable to assume, 
however, that the efficiency for the process of 
classifying good projects as good would be similar 
to that for classifying bad projects as bad. In this 
paper, therefore, it will be assumed that M is the 
same for both processes. 

To review briefly, at this point the value of A 
is known, and the intercept of the reliability curve 
for Bl and Gl is 0.5. It has been assumed that the 
value for the efficiency (M) is the same for both 
reliability curves. It remains to estimate the value 
of M. To do this, some historic projects will be 
reviewed, and the level of effort (K) that went into 
the evaluation will be calculated and the reliability 
(R) that was achieved will be estimated. 

The nature and the cost of the various levels of 
effort, such as the windshield survey, rapid rural 
assessment, and the in-depth survey, that have been 
applied to past rural road project evaluations will 
be discussed first. This will be followed by the 
estimation of the reliability. By combining the 
reliability and level of effort it will be possible 
to estimate the value for the efficiency (M) • 

Windshield Survey 

In the windshield survey, the information for eval­
uating rural roads is collected by a quick visit to 
the candidate projects by a team of engineers and 
economists to obtain an impression of the actual or 
potential level of economic activity along the road 
and of the costs of road construction. No attempt is 
made to quantify the extent of cultivated areas for 
various crops, the density of population, or the 
location of sources of borrow for construction. Such 
a survey is cheap and rapid and, if done by a com­
petent team, a distinct improvement over no evalua­
tion. This approach was applied to the Liberia Rural 
Access Roads II project. 

The time required to survey a project consisting 
of, say, 500 km of feeder roads would take the two­
person team about 2 weeks. Allowing 1 week for office 
work and 1 week for contingencies, the approximate 
cost of the windshield survey would be about $20,000. 
This assumes that the work is done by expatriates 
and includes the per diem colit of a jeep plus driver 
and the cost of airfare from the United States to a 
less developed country in Africa. The average cost 
of the windshield survey would be about $40/km of 
surveyed road. 

Few ex-post evaluations have been carried out for 
projects that used a windshield survey, but their 
reliability is estimated to be somewhat less than 60 
percent. This estimate is supported by an ex-post 
evaluation of a rural road project in the Dominican 



Vandervoort 

Republic in which it was found that the ex-ante 
windshield survey had correctly evaluated 6 out of 
11 roads. This would make the reliability of the 
windshield survey about 0.55 and, assuming that the 
cost of the windshield survey was $40/km of road, 
the value for the efficiency parameter M would be 
0.0026. 

Rapid Rural Assessment 

In the rapid rural assessment, a small multidisci­
plinary team of exports attempts to quantify the 
costs and benefits of the road project by extensive 
use of direct field observations, aerial surveys, 
interviews of key persons, including, of course, 
farmers of small properties, and the use of key 
indicators as proxies for economic variables, such 
as the qual.i ty of housing as a proxy for income (~_) . 
In the rapid rural assessment, in-depth surveys of 
production, income, and so forth, based on scienti­
fically designed sampling plans and requiring de­
tailed questionnaire surveys, are avoided. 

In the calculation of the cost of this type of 
survey, it is assumed that the team consists of seven 
persons (team leader, two agronomists, two engineers, 
one sociologist, and one economist) and that two 
jeeps are used. About 60 days would be spent in the 
field and 40 days in the office. For a 500-km 
feeder-road project, the total cost of the evalua­
tion would be about $200, 000, again including per 
diem costs and domestic and international transpor­
tation, which makes the cost per kilometer about 
$400. 

Though there have been a number of rapid rural 
appraisals in the recent past, the author knows of 
no case in which their accuracy has been evaluated. 
It is estimated, however, that their reliability 
would be between 70 and BO percent and, assuming a 
cost of $400/km, the value of M would fall between 
0,0013 and 0.0023. 

In-Depth Survey 

'I'he in-depth survey represents the most intensive 
level of effort. A large multidisciplinary team 
spends a long time in the field collecting detailed 
data on crop types, cultivated areas, soil charac­
teristics, yields, and the other information required 
to calculate the value added by the road project. 
Household interviews, for example, would be made to 
gather information on rural travel pat1terns. This 
type of survey would enable the most accurate deter­
mination of the economic feasibility of the road 
projects. 

The team would consist of the same personnel as 
those for the rapid rural appraisal, with the addi­
tion of a statistician and 10 interviewers, and two 
more jeeps with drivers would be needed. They would 
spend about 5 months in the field and 3 months in 
the office, and the cost for the 500-km road survey 
would be about $500, 000. On a per-kilometer basis 
the cost would be about $1,000. 

In a comparative evaluation of selected highway 
projects performed by the world Bank and documented 
in an internal memo in 1974, it was found that of 15 
road projects that had been identified as economi­
cally feasible in the ex-ante evaluation, three in 
retrospect turned out to be infeasible. These proj­
ects accounted for 14 percent of the investment. 
Furthermore, five of the projects (17 percent of the 
investment) had, in retrospect, a marginal rate of 
return. Hence, between 14 and 31 percent of the in­
vestment was in subnormal or marginal projects, and 
it may therefore be concluded that the gross reli­
ability of the selection process was between 69 and 
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B6 percent. This modest reliability is not, however, 
all due to weaknesses in the economic evaluation 
procedures. A major factor accounting for the in­
feasibility of some of the projects in this program 
was the large cost overruns caused by poor implemen­
tation of construction. Assuming that half of the 
unreliability was due to these cost overruns, the 
actual reliability of the evaluation procedures would 
be between 85 and 95 percent. 

The level of effort devoted to the World Bank 
project evaluations was not documented, but it was 
estimated to fall between that of a rapid rural ap­
praisal and an in-depth survey, at a cost of about 
$700/km. By applying the equation, it can be cal­
culated that the value of M falls between 0.0017 and 
0.0028. Another example is the series of ex-post 
evaluations of eight loans for rural roads carried 
out by the Inter-American Development Bank in 1980. 
Between 11 and 12 of the 14 road projects were cor­
rectly classified, giving a reliability between 0,79 
and O. 86. As for the previous case, the level of 
effort devoted to the ex-ante evaluations is esti­
mated at about $700/km and M therefore ranges between 
0.00124 and 0.00182. 

Value Added 

'l'he benefit/cost ratio of an economically feasible 
road project will, of course, be higher than that 
for an infeasible one. However, its average benefit/ 
cost ratio will depend on a large number of factors, 
of which the two most important are the economic 
potential of the area within which the project is 
located and the condition of the road before im­
provement. Thus, for road projects that consist of 
upgrading an animal and pedestrian track in an 
agriculturally rich area that is only now being 
developed, the average benefit/cost ratio of the 
economically feasible projects may be quite high and 
may exceed 3.0. On the other hand, if the project 
consists of rehabilitating neglected roads in an 
area that has been under development for some time, 
and many of today's projects in the developing 
countries fall within this category, the average 
benefit/cost ratio of the economically feasible 
projects may fall between 2 and 3. Finally, a project 
consisting of improving a low-potential road located 
in, for example, the Sahel area of Africa may yield 
an average benefit/cost ratio of only about 1.5. 

From a review of a number of road projects in 
South America and Asia that were completed during 
this decade, it was found · that, on the average,\ an 
economically feasible project had a benefit/cost 
ratio of about 2.25, and the economically infeasible 
ones had a benefit/cost ratio of about 0. 5. The 
projects consisted of rehabilitating roads that had 
seriously deteriorated because of lack of mainte­
nance, and the lack of access resulting from the 
poor road conditions had supressed the development 
of agriculture in the regions served by the roads. 
Such road projects are common now in the developing 
countries, and in the application of the model in 
the next section, these roads will be taken to rep­
resent the nominal case. 

APPLICATION OF THE MODEL 

In this section the model will be used to develop an 
understanding of what the appropriate level of effort 
shoul~ be for feeder-road evaluations. Figure 1 shows 
the total value of the road construction program as 
a function of the level of effort devoted to the 
evaluation and as predicted by the model. The param­
eters used by the model in developing Figure 1 assume 
the nominal values derived in the section on estima-
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FIGURE 1 Nominal case. 

tion of the parameters. These values, it will be 
recalled, are believed appropriate for current proj­
ects involving the rehabilitation of feeder roads 
that, through neglect of maintenance, are in bad 
condition and therefore carry little or no mechani zed 
vehicle traffic. These values are as follows: 

1. The probability that a road project on the 
candidate list is economically feasible (PG) is 0.7. 

2. The efficiency (M) of the evaluation procedure 
is 0.002. 

3. The average benefit/cost ratio of an economi­
cally feasible project (GS) is 2.25. 

4. The average benefit/cost ratio of an economi­
cally infeasible project (BS) is 0.5. 

5. The average construction cost of a project 
(the project is assumed to be 20 km long) (CC) is 
$10,000/ km, and the total budget for road construc­
tion is $21 million. 

The effect of deviations from these nominal values 
will be explored later. 

As shown in Figure 1, the net value of the road 
program even with a zero level of evaluation effort 
is about $15 million. (As discussed earlier, the net 
value of the road program is equal to the total 
benefits generated by the program minus the construc­
tion cost and the evaluation cost.) As the level of 
effort increases, the net value of the program rises 
rapidly because Lhe infeasible projects are being 
weeded out until a maximum of about $20 million is 
reached at a level of effort around $600/ km. This i s 
the optimum level of effort, and the reliability of 
the evaluation effort at that point is about 0.85. As 
the evaluation effort increases beyond that point, 
still more infeasible projects are being eliminated, 
but the additional cost of the evaluation starts to 
offset the gain in benefits from the larger propor­
tion of feasible projects. Thus, the net value of the 
program gradually diminishes. And, at a level of ef­
fort of about $2,000/km, at which the reliability of 
the evaluation process should be about 0.99, the net 
value of the road program is again slightly above 
$15 million. 

A numerical example is useful to illustrate the 
shape of the curve in Figure 1. Because the propor­
tion of good projects on the candidate road list for 
the base case is 0.7, the zero level of effort (such 
as simply picking every other project on the list or 
choosing the projects by tossing a coin) will result 
in a set of constructed projects in which 70 percent 
are economically feasible and 30 percent are in­
feasible. Because the cost of evaluation was zero, 
the whole road budget ($21 million) can be used for 
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construction at $200,000 per project. Thus, 105 
projects can be constructed, of which 73.5 (70 per­
cent) are economically feasible and 31.5 (30 percent) 
are infeasible. The benefits generated by the eco­
nomically feasible projects will be 2.25 times their 
construction cost, $450,000 per project, or $33 mil­
lion in total (2.25 x $200,000 x 73.5). The infeas­
ible projects will contribute benefits of only 0.5 
times their construction cost, $110,000 per project, 
or $3.15 million in total (0.5 x $200,000 x 31.5). 
The total net return of the road program will there­
f ore be $33 million + $3.15 million - $21 million = 
$15.2 million as shown in Figure 1. 

With high evaluation levels of effort of $2,000/ km 
of road, the reliability of the selection effort 
will be practically perfect, and only economically 
feasible projects will be constructed. However, the 
cost of evaluation will be high. For every seven 
good projects that are evaluated and constructed, 
three infeasible ones are evaluated and eliminated. 
In effect, for every economically feasible project 
that is constructed, 1 3/ 7 of a project must be 
evaluated at a cost of $2,000/ km. The effective con­
s truction cost of the economically feasible projects 
is therefore 

$200,000 + 20 x 1 3/ 7 x $2,000 = $257 , 143 . 

Also, the number of economically feasible roads con­
structed is 

$21 million/$257,143 = 81.66. 

The net value of the road program therefore is 

2. 25 x $200, 000 x 81. 66 - $21 million = $15. 7 mil­
lion. 

As shown in Figure 1, the value of the road pro­
gram rises rapidly as the level of effort increases, 
until the optimum of about $19.8 million is reached. 
After that, the value diminishes gradually because 
of the excessive cost of evaluation. It is important 
to note that the curve is steeper on the left-hand 
side (the side of reduced level of effort) than it 
is on the right-hand side (the side of increased 
level of effort). This would indicate that, under 
the usual uncertainty faced when a project is 
plnnnpd, it is hetter to err on the side of too much 
effort on the evaluation. For example, as shown in 
Figure 1, the optimum level of effort is about $600 / 
km of road. A decrease in this level of effort. of 
$400 would reduce the net value of the program to 
$18,331 million, a reduction of 7.5 percent. However, 
increasing the level of effort by $400/km would re­
duce the value of the road program to $19.17 million, 
a reduction of only 3.3 percent. 

Figure 2 shows that with more efficient evaluation 
techniques (M = 0.005) so that a higher reliability 
of classifying a candidate road is achieved at a 
given cost, the optimum level of evaluation effort 
can be reduced to $400/km. (For the nominal case, as 
discussed previously, the optimum level of effort 
was $600/km.) In addition, more efficient evaluation 
techniques also increase the maximum possible value 
of the road project to about $22.6 million; this is 
about 14 percent above the $19.B million value for 
the nominal case. It can also be seen that , as for 
the nominal case, the curve is steeper to the left 
of the optimum level of evaluation effort than it is 
to the right. Again, this means that it pays to err 
on the side of too much effort on the evaluation 
rather than too little. For example, decreasing the 
level of effort by $400/km from the optimum would 
reduce the value of the road program to about $15 
million, a reduction of about 33 percent. Increasing 
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the level of effort by $400/km would reduce the value 
of the road program to about $21 million, a reduction 
of only 6 percent. 

Figure 3 is indicative of low-potential p rojects, 
such as those in sparsely populated areas wi t h low 
agricultural potential; the average benefit/cost 
ratio of the economically feasible projects in this 
case was assumed to be 1.5. The figure shows that 
the optimum level of evaluation effort is about 
$500/km. As expected f or s uch p r oj ects, however, the 
maximum value o f the road pro g r am is only $6 .5 mil­
l ion, far below the $20 million or so t hat can be 
realized from the more productive projects. 

The reason for the lower level of effort for low­
potential projects (assuming the same construction 
cost and evaluation efficiency) is the p roportionally 
lower return of these projects compared with the 
cost of evaluation and construction. 

Again, it can be seen that it is better to err on 
the high side of evaluation effort than on the low 
side. To illustrate, a reduction of evaluation effort 
by $400/ km will reduce the value of the road program 
to $5.2 million, a reduction of 20 percent. But an 
increase in effort of $400/km will reduce the value 
of the road program to $6 million, a reduction of 
only about 6 percent. 

Figure 4 shows that, when low-potential projects 
are involved, improving the efficiency of the eval­
uation (M "' 0. 005) will substantially increase the 
net value of the road program (from $6. 5 to $8 .1 
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FIGURE 5 High-cost projects. 

million, a 25 percent increase). The new optimum 
level of effort is $400/km, or $100 less than for 
the case with less efficient evaluation . 

It will be recalled that increasing the evaluation 
efficiency by the same amount for the nominal proj­
ects increased the net value of the road program by 
only 14 percent. Thus, it can tentatively be con­
cluded (clearly, more research is warranted in this 
area) that improving the skills of evaluation teams 
becomes even more important when low-potential proj­
ects are involved. 

Figure 5 shows the case for the high-cost proj­
ects; these are projects in which the improvement 
cost is $35,000/km of road. This would be an unusu­
ally high cost for a feeder-road improvement project 
and is presented only to illustrate the impact of 
higher construction costs on the optimum level of 
effort. The optimum level of effort for such high­
cost projects would be about $1,100/km, a substantial 
increase from the $600/km for the nominal case. But 
the net value of the road program is even less sen­
sitive to the optimum level of effort than it was 
for the previous cases. To illustrate, a decrease of 
$400/km in the level of effort would cause the net 
return to drop from $23. 3 million for the optimum 
level of effort to $22.8 million, a reduction of 
only 2 percent. Increasing the level of effort by 
$400/km would reduce the net value to $23.l million, 
a reduction of less than l percent. In fact, the 
curve is so flat around the optimum that a level of 
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effort corresponding to the nominal case, $600/km, 
would reduc.:e lh" nel value of th!! road program by 
only about 3.5 percent. 

In summary, it has been seen that, around the 
optimum, the net value of a road program is remark­
ably insensitive to the level of effort. In general, 
for road improvement projects that are of fairly low 
cost, such as around $10, 000/km, the optimum level 
of effort will fall between $400/km and $600/km; 
this is on or slightly above the rapid-rural-ap­
praisal level of effort. For more expensive road 
projects, such as those costing around $35, 000/km, 
the optimum level of effort is about $1, 100/km and 
comparable to an in-depth survey of level of effort. 
However, for the high-cost projects, the value of 
the road program is so insensitive to the level of 
effort that the use of rapid rural appraisal tech­
niques would result in only a minor reduction in the 
net value of the road program. 
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Recent Developments In Rural Road Design In Australia 

C. J. HOBAN 

ABSTRACT 

Two-lane roads make up the bulk of the rural road system in Australia and carry 
most of the travel between major cities. A number of developments in the geo­
metric design of these roads are discussed, with particular reference to the 
contributions made by the Australian Road Research Board. Some of the major 
changes have been a greater emphasis on alignment consistency, the growing use 
of auxiliary lanes, and the move toward partial sealing of shoulders. Some de­
tails of new design guidelines are presented. Partial shoulder sealing was 
introduced primarily to reduce maintenance costs but has since been found to 
have safety and operational benefits. A survey of shoulder use has provided 
information on the probability of meeting stopped vehicles on the roadside and 
given some recommendations on shoulder and rest area design. Traffic simulation 
has been used to evaluate alternative road improvement strategies, including 
alignment changes and the use of auxiliary lanes. The TRARR simulation model is 
now being used by several state road authorities for planning and investigation 
studies. A consideration of accidents and road geometry is an underlying theme 
of the research on all of these topics. 

Approaches to the geometric design of rural roads in 
Australia have undergone a number of changes in 
recent years. The emphasis has shifted from the 
rigid application of design standards to a greater 
awareness of the specific objectives for a given 
project and the alternative methods for achieving 

these. Many design standards have been critically 
reviewed, and particular attention has been paid to 
the cost-effectiveness of alternative road improve­
ment options. 

A number of these changes are discussed, with 
particular reference to the contributions made by 
the Australian Road Research Board (ARRB) and the 
continuing research in this area. For simplicity, 
only the geometric aspects of road design for iso­
lated road sections away from intersections and towns 
are considered. 

Australian Road Research Board, 500 Burwood Highway, 
Vermont South, Victoria 3133, Australia. 
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TABLE 1 Comparative Statistics for Australia and North America, 1979 

Mileage/ I, 000 
Roads Automobiles 

Country 
Area Population 
(x 106 km 2

) (x 106
) 

Freeways Population 
(x 106 km) (x 103 km) (no./km) (km) 

BACKGROUND 

Australia 
United States 
Canada 

7.7 
9.4 
9.9 

14.5 
226.4 

23.6 

0.87 
6.25 
0.89 

Australia has a land area almost as large as that of 
the United States (excluding Alaska and Hawaii) but 
with a population of only 15 million. A large pro­
portion of the population lives within a few large 
cities in the Southeast. Outside the cities, the 
majority of travel occurs on two-lane roads, which 
thus represent the principal means of long-distance 
regional and intercity travel and include most of 
the National Highway network. Some comparative 
statistics are presented in Table 1. 

During the 1960s and 1970s, road design practice 
in Australia was largely based on well-established 
high geometric standards. For major two-lane rural 
highways, these called for wide cross sections and 
high design speeds for vertical and horizontal 
alignment. As traffic volumes grew, these roads were 
converted to four-lane freeways with full access 
control. 

In the mid-1970s, however, it was becoming ap­
parent that only a small proportion of required road 
improvements could be undertaken with available road 
funds. This was leading to a network with some sec­
tions of high-standard road and a growing backlog of 
substandard road lengths. 

With this background, road practitioners and re­
searchers took a renewed interest in the objectives 
of rural road designs and the most cost-effective 
means of achieving those objectives. This interest 
culminated in 1980 with the workshop on the Economics 
of Road Design Standards (!) and the publication of 
the Interim Guide to the Geometric Design of Rural 
Roads (~) by the National Association of Australian 
State Road Authorities (NAASRA). In both these pub­
lications a need for changes to the prevailing 
philosophies of rural road design was recognized. 
The process of review and change is continuing, and 
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,_ 

1.0 6.8 60.0 
82.0 18.7 27.6 

4.9 10.8 37.7 

a revised version of the NAASRA Interim Guide will 
be published in 1986. 

ALIGNMENT CONSISTENCY 

The alignment of a road--that is, its vertical and 
horizontal profile--can affect traffic speeds and 
safety. In a major study of speeds on curves, McLean 
(3) demonstrated that horizontal curves had a strong 
effect on traffic speeds, whereas vertical curves 
had very little. Further, he found that speed reduc­
tions on horizontal curves depended on the overall 
alignment of the road as well as the specific curve 
radius, as shown in Figure 1. McLean used the term 
"speed environment," defined as the 85th-percentile 
speed on level tangent sections, to reflect the 
driver's perception of the overall speed standard of 
a road. 

The speed environment perceived by the driver is 
often different from the design speed conceived by 
the engineer. Consider, for example, a road designed 
to 85 km/hr but with a long straight between curved 
sections. The straight may give the driver an im­
pression of a higher design speed, and he may be 
caught unaware by the sharpness of the next curve. 
McLean found that drivers were consistently exceeding 
the safe speeds for curves in such situations. 

Accident research studies have also highlighted 
the role of unexpected sharp curves. The U.K. Trans­
port and Road Research Laboratory (4) reported that 
accident rates on sharp curves o~ high standard 
alignments were over five times as high as those for 
similar curves on more winding roads, as shown in 
Table 2. 

These concepts were incorporated into the Interim 
Guide to the Geometric Design of Rural Roads (2) • 
'.!'he new design procedure called for greater attention 
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TABLE 2 Nonintersection Injury Accident Rates on Straights and Curves (4) 

Bend 

Radius 5,000- Radius 2,000-
Avg Straight3 2,000 ft 1,000 ft Radius < 1,000 ft Total 
Curvature 
(degrees/ mi) AMVM NOA AMVM NOA AMVM NOA AMVM NOA AMVM NOA 

0-40 1.2 284 1.2 33 1.U 4 ~.6 18 1.3 339 
40-80 0.9 142 0,9 37 0.9 23 1. 5 14 0.9 216 
80-120 0.7 69 0.5 11 0.9 16 1.6 24 0.8 120 
> 120 0.4 I 5 0.5 3 1.0 19 1.2 19 0.7 56 

Total 1.0 510 0.9 84 1. 0 62 1.8 75 1.0 731 

Note : AMVM = accidents per million vehicle miles ; NOA = number of accidents. 
3Bends with radius more than S,000 rt included . 

to consistency of alignment from the driver's point 
of view, and recommended that 

1. On long straights, the design speed be take n 
as the speed environment: 

2 . Design speeds on successive road elements not 
normally differ by more than 10 km/hr and definitely 
not more than 15 km/hr: 

3. Where larger changes are unavoidable, more 
gradual change be accompli i>hed with a sequence of 
horizontal curves: and 

4. Special attention be paid to curves at the 
end of long straight road sections. 

In the current review of the guide it is recog­
nized that it will sometimes be impossible to achieve 
consistent road geometry_ In these situations, the 
use of traffic management techniques such as warning 
signs or speed zoning is recommended to alert drivers 
to an unexpected change in geometric standard. 

AUXILIARY LANES 

A major change i n rural r oad design practice in 
Australia in recent years has been the growing us e 
of auxiliary lanes. These were initially provided on 
long steep grades to overcome delays and bottlenecks 
caused by slow trucks. They are now being used at a 
wide range of locations to break up bunched vehicles 
and improve the quality of service on a road. The 
term "auxiliary lane" is used here to include over­
t11king 111neR, climbing 111ne!'I, neRcenning laneR, 11nn 
short passing bays. 

When an additional lane is provided over a short 
length of road to increase overtaking opportunities, 
benefits should be experienced for some distance 
upstream and downstream of the added lane. If advance 
notice is given to drivers, say, 1, 2, and 3 km be-
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fore the overtaking lane, their overtaking behavior 
over this upstream section is likely to be more re­
laxed and safe, because marginal overtaking maneuvers 
are less likely to be attempted. Because the over­
taking lane breaks up bunched traffic, downstream 
traffic should experience higher average speeds and 
an improved quality of service. The benefits of the 
s hort extra lane can thus extend for a number of 
kilometers downstream. 

'l'o investigate traffic behavior on an overtaking 
lane, the author (2_) measured changes in traffic 
performance near transitions between two- and four­
lane rural roads. The transitions were in fairly 
level terrain, and some results are presented in 
Figure 2, On entry to the four-lane road section, it 
is shown that speed continued to improve over a dis­
t anc e of 2.2 km, bu t ha lf of the observed benefits 
occurred within the first 400 m. The deterioration 
in traffic speed on return to the two-lane road (at 
a second site many kilometers downstream) was con­
siderably more gradual. 

A number of studies in Australia have used traffic 
simulation to estimate the benefits in traffic oper­
ations that could be expected from the provision of 
auxiliary lanes. An example is discussed in the sec­
tion on simulation of road improvement strategies. 
In each case, the studies indicated that substantial 
benefits in traffic operations could be achieved at 
quite low costs. A two-lane road with regular aux­
iliary lanes in effect provided an intermediate level 
of service between two- and four-lane roads. The 
term "two-and-a-half-lane roAn" wi'ls coined to de­
scribe this type of road. 

A major review of auxiliary-lane research and 
design practice in Australia and Canada has recently 
been completed (§), which highlighted many areas of 
similarity between the two countries, although there 
are some differences in lengths, signing, and barrier 

100 

J:. e 90 
.>< 

'O 

~ 80 
n 

Cl) 

c: 
~ 70 
~ 

60 

-------
0 2 3 

Position (km) 

(bl Four Lanes to Two Lanes 

4 5 

FIGURE 2 Changes in traffic speed on transitions between two-lane and four-lane rural roads (5). 



Hoban 11 

lining practice. Also, Australian research on this 
topic was compared with results from Canada (2 ) and 
the United States (!!_,2_). 

GUIDELINES FOR AUXILIARY-LANE DESIGN 

In the current review of the Australian design guide 
(£) , the section on auxiliary lanes is being sub­
stantially expanded and modified to incorporate the 
results of recent research and experience. Some key 
provisions of the draft guidelines are described in 
the following paragraphs. 

Justification 

The justification for an auxiliary lane is based on 
an evaluation of a significant length of road rather 
than on an isolated location. The basic evaluation 
assesses the need for overtaking opportunities and 
depends on traffic volume, the percentage of slow 
vehicles in the traffic stream, and the availability 
of overtaking opportunities in the surrounding ter­
rain. 

TABLE 3 Recommended Minimum Volume Guidelines 
for Overtaking Lanes 

Overtaking Opportunities over Current-Year Design-
Preceding 5 km' Hour Volume< by 

Percentage of Slow 
Percent of Road Vehiclesd 
Provi1ling 

Description Ov~rto kingb 10 20 

Excellent 70-100 850 750 650 
Good 30-70 680 600 520 
Moderate 10-30 500 450 400 
Occasional 5-10 340 300 260 
Restricted 0-5 230 200 170 
Very restricted 0 140 120 100 

3
Depending on road length being evaluated, this dislance could range from 3 
to 10 km. 

bThesc percentages are based on a much more demanding criterion than lhe 
1,500 ft used in the Highway Capacity Manual (10). See NAAS RA Interim 
GulJ< (2). 

~V C"hldc.s per hour, both di rC'ctlons. 
In cluding light trucks and enrA towing traiJers, caravans, and boats. 

Draft volume guidelines are presented in Table 3. 
These are appropriate for short low-cost auxiliary 
lanes at spacings of 10 to 15 km or more. Climbing 
lanes, descending lanes, and passing bays are then 
regarded as special cases that may justify auxiliary 
lanes at lower traffic volumes. Where grades are 
steep and long enough to reduce a design truck speed 
to 40 km/hr, for example, the volume guidelines may 
be reduced by specified reduction factors. 

Table 4 presents a range of auxiliary lane lengths 
appropriate for both grades and level terrain. As a 
general rule, it is considered more cost-effective 
to construct two short auxiliary lanes several kilo­
meters apart than one long one in excess of the 
normal maximum length. If long bunches occur at a 
given location, the provision of several auxiliary 
lanes at regular spacings should break them up before 
they become very extensive. 

On grades, auxiliary lane length is often con­
s trained by the choice of appropriate starting and 
termination points. These constraints can lead to 
long or expensive climbing-lane proposals. Because 
the volume guidelines in Table 3 are based on bene-

TABLE 4 Auxiliary Lane Lengths 

Auxiliary Lane Length, Including Taper (m) 
Design Total 
Speed' Taper Normal 
(km/hr) (m) Minimum Recommended Maximum 

so 125 200 350 450 
60 150 250 400 550 
70 175 300 500 650 
80 200 400 600 850 
90 225 500 700 1,000 

100 250 600 800 1,200 

3 For the section on which the auxiliary Jane is constructed. 

fit-cost analysis, they may not be applicable to 
more expensive proposals. When climbing-lane pro­
posals exceed 1,200 m in length or have construction 
costs well above those for surrounding terrain, con­
sideration may be given to the use of partial climb­
ing lanes or, in extreme cases, short passing bays. 
Alternatively, if the grade delays are not excessive, 
it may be appropriate to construct a lower-cost aux­
iliary lane away from the grade. 

Location 

The choice between grade and nongrade locations 
should take account of relative costs, delays on the 
grade, and the nature of traffic demand on the road. 
If significant bunching occurs for several kilometers 
along a route, an auxiliary lane at any location is 
likely to produce substantial benefits. In other 
cases, the major problem could be truck crawl speeds 
at specific locations, and the solution may need to 
be provided where the problem occurs. 

Spacing 

On a road with no auxiliary lanes, it is most cost­
effective initially to place auxiliary lanes well 
apart rather than to have several close together. A 
spacing of 10 to 15 km or more is appropriate for 
this approach. As traffic volumes grow, or where a 
larger improvement in traffic operations is required, 
additional auxiliary lanes may be provided at spac­
ings as close as 3 to 5 km. 

Approach to Design 

Auxiliary lanes may be provided at regular spacings 
to upgrade traffic operations over a long section of 
road. Locations should be chosen where possible to 
minimize construction costs, and a mixture of climb­
ing and overtaking lanes is often appropriate. Some 
important considerations are the following: 

1. Starting and termination points should be 
clearly visible to drivers, and tapers should be 
adequate to allow smooth lane changing. 

2. Merges should, where possible, be located so 
as to minimize speed differences between fast and 
slow vehicles. 

3. Advance notice is desirable for several kilo­
meters upstream of an auxiliary lane. 

4. For traffic in the opposing direction to that 
of an auxiliary lane, barrier lines to restrict 
overtaking should generally follow normal practice 
for two-lane roads. (This would often allow the op­
posing traffic to make some use of the auxiliary 
lane for overtaking.) The use of more restrictive 
barrier lining practice may be appropriate in some 
circumstances (such as high volumes) , but should not 
be too widespread. 
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When auxiliary lanes are not constructed on 
grades, they should be located ~o as to appear ap­
propriate to drivers. Sites with curved alignment 
and restricted sight distance are generally prefer­
able to straight sections with long sight distance. 
Curves with lower safe speeds should be avoided, 
however, because these are not appropriate locations 
for overtaking. 

SHOULDER DESIGN 

At the request of the NAASRA Road Design Committee, 
ARRB has recently investigated many aspects of 
shoulder design for two-lane rural roads. The project 
considered the effects of shoulder width and sealing, 
and incorporated five main tasks: 

1. A literature review of the effects on both 
traffic operations and safety; 

2. A more detailed investigation of the effects 
on road accidents; 

3. A field study of vehicle lateral placement on 
the road and its variation with lane width, shoulder 
width, and shoulder type; 

4. A survey of state road authority divisions to 
determine current practice and attitudes regarding 
shoulder construction, maintenance, and use by vehi­
cles; and 

5. A field survey of the extent and nature of 
use of road shoulders by stationary vehicles. 

Literature Review 

Armour and McLean (Jd) found that much of the liter­
ature on road shoulders was over 20 years old and 
that the effect of shoulder width on accidents was 
still unclear. Sealed shoulders were found to have 
better safety records than gravel shoulders for a 
wide range of traffic volumes and shoulder widths. 
The accident reductions achieved through shoulder 
improvements were mainly in run-off-road and oppos­
ing-direction accidentlol. The role or Lhe shoulder in 
providing a stand-clear area for stopped vehicles 
did not appear to produce significant safety bene­
fits. 

On the ,basis of overseas research, Armour and 
McLean (11) argued that narrow sealed shoulders may 
be appropriate for many Australian highways. The 
benefits would include reduced maintenance costs, a 
reduction in loss-of-control accidents associated 
with gravel shoulders, and the possibility that 
slow-moving vehicles could pull to the left to be 
overtaken. Armour and McLean suggested that, because 
nondiscretionary stops are fairly rare on rural 
roads, continuous wide shoulders may not be neces­
sary on all roads. 

Shoulders and Accidents 

A more detailed study of shoulders and accidents was 
reported by Armour (12), who used the fatal-accident 
report forms completed by engineers of the Depart­
ment of Main Roads (DMR) in New South Wales and the 
computerized road inventory developed for the NAASRA 
Roads Study (13) • 

Armour (12) considered fatal accidents on un­
divided ruralhighways with a 100 km/hr speed limit 
(the normal state limit) from 1980 to 1982. The fre­
quency of accidents on roads with various shoulder 
types was compared with the frequency of travel on 
these road sections, using the road inventory infor­
mation. Armour found that the DMR forms covered only 
55 percent of fatal accidents reported by the police 
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TABLE 5 Relative Accident Rates by 
Shoulder Type and Road Geomelry ( 12) 

Shoulder Type 

Geometry Unsealed Sealed 

Horizontal 
Straight 1.0 0.3 
Curved 5.9 1.5 

Vertical 
Flat 1.1 0.4 
Grade 5.6 1. 2 

All 1.8 0.6 

All 

0.7 
3.5 

0.8 
3.0 

for state highways over that period, but provided an 
unbiased sample of all accidents. She therefore ex­
pressed her results as "relative accident rates," 
assuming a rate of 1.0 for straight roads with un­
sealed shoulders. 

The results of this study are presented in Table 
5. Overall, the relative accident rates were 1. 8 on 
roads with unsealed shoulders and 0.6 on roads with 
sealed shoulders. This indicates that accidents oc­
curred three times as often with unsealed shoulders 
than with sealed shoulders. When grades and curves 
are isolated, the difference is even more pronounced. 
That is, the accident rate on curves and grades wit h 
unsealed shoulders was roughly four times that on 
similar road sections with sealed shoulders. 

Investigating these relationships further, Armour 
(12) noted that roads with sealed shoulders may have 
b;;n reconstructed more recently, and thus incorpor­
ated better road geometry, pavement, or surroundings 
than the roads with unsealed shoulders. An assessment 
of the frequency of various types of curves and 
grades, however, revealed similar results for both 
road types. 

A closer examination of accident report forms, 
however, showed that loss of control on the gravel 
shoulder was a contributing factor to 17 percent of 
all accidents and 50 percent of run-off-road acci­
dents. This examination also showed that parked 
vehicles and vehicles overtaking on the left were 
not a significant accident factor. 

Vehicle Lateral Placement 

In the third stage of this project, Armour <..!.!> re­
ported on a field study of the effects of road cross 
section on vehicle lateral placement. Vehicles were 
observed on the road at 19 rural highway sites, in­
cluding 11 in the state of Victoria and 6 in Queens­
land. The sites included a range of shoulder types, 
shoulder widths, lane widths, and delineation treat­
ments. The major findings of this study were as fol­
lows: 

1. The main factors affecting lateral placement 
at the sites were shoulder type and lane width; 

2. A lateral shift of 0.15 m away from the center 
line was produced by either increasing lane width 
from 3. 2 to 3. 7 m or sealing or partly sealing the 
shoulders; 

3. There was a significant variation in lateral 
placement between vehicles alone on the road and 
those meeting other vehicles; that is, vehicles moved 
farther from the center line when opposing vehicles 
were in the vicinity; 

4. The effect of unsealed shoulder width was 
unclear; 

5. No effect of edge lines on lateral placement 
was detected; however, all studies were conducted in 
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daylight and night behavior with regard to edge lines 
may be differenti and 

6. No difference was found in the lateral place­
ment data from the two states. 

Vehicle lateral placement is sometimes regarded 
as a measure of driver comfort and safety. If this 
is the case, the provision of wider lanes (up to 3.7 
m) or sealed shoulders will increase the spacing 
between opposing vehicles and improve comfort and 
safety. The sealed shoulders investigated in this 
study had widths of 1.2 to 1.5 m. 

Current Shoulder Design Practice and Attitudes 

With the support of the NAASRA Road Design Committee, 
a questionnaire survey was circulated to engineers 
of each state road authority in Australia. A total 
of 94 questionnaires was circulated to all district, 
divisional, and regional engineers and head office 
sections responsible for road design. Sixty-nine of 
these were returned by July 1984, although some did 
not contain replies to all questions. 

The results of this survey (15) provide a useful 
summary of current practice and attitudes to road 
shoulders. Some interesting results were the follow­
ing: 

l. On existing rural roads, both wide and narrow 
shoulders are used, and the majority are unsealed. 
On new construction, however, about half of the 
replies indicated that sealed shoulders are provided 
on over 50 percent of new work. 

2. Of those divisions providing sealed shoulders, 
half provided them at volumes below 500 vehicles/day 
and 94 percent provided them at volumes below 3 ,000 
vehicles/day. Sixty-eight percent of divisions 
always provide full-strength pavement under sealed 
shoulders. 

3. Two questions asked for general opinions on 
construction and maintenance costs. The majority of 
respondents believed that sealed shoulders only 
slightly increase construction costs and substan­
tially reduce maintenance costs. Those respondents 
actually using sealed shoulders particularly sup­
ported these views. 

4. There was general agreement that although 
sealed shoulders would be used by moving vehicles, 
this was not desirable and should not be encouraged. 
It was stated that sealed shoulders should be de­
signed for traditional shoulder functions and should 
not be used as an alternative to providing extra 
traffic lanes. 

5. The most common delineation treatment with 
both shoulder types was edge lining. About 28 percent 
of respondents believed that edge lines reduced 
maintenance costs of unsealed shouldersi of divi­
sions using edge lines with unsealed shoulders, 49 
percent believed that they reduced maintenance costs. 
A number of respondents commented that edge lines 
had safety benefits. 

SHOULDER USE 

The final component of this project consisted of a 
field survey of vehicles stopped on the road 
shoulder. This survey has recently been undertaken 
in six regions of Queensland, with considerable as­
sistance from the Main Roads Department. 

The survey involved drivers traveling over pre­
determined routes with known traffic volumes and 
noting all vehicles stopped by the roadside in rural 
areas. If the driver was present, a short question­
naire was administered to determine whether the stop 
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was discretionary or unavoidable, how far the vehicle 
might have traveled before stopping, and the driver's 
knowledge of nearby rest areas. Information on the 
placement of the vehicle relative to the traffic 
lane and shoulder was also recorded. 

Details of the survey procedure and results are 
given by Charlesworth (_!i). Some of the key findings 
were as follows: 

l. A total of 283 stopped vehicles was recorded 
in almost 6,000 km surveyed. This gave an average of 
one stationary vehicle met per 21 km traveled. The 
frequency of stationary vehicles increased with 
traffic volume. 

2. The distribution of reasons for stopping is 
shown in Table 6. Sixty-five percent of stopped 
vehicles were parked completely off the road car­
riageway, that is, clear of both the traffic lane 
and shoulder. The majority of these were service 
vehicles (e.g., telephone or gas) or those parked 
outside houses, farms, and schools. The frequency of 
stopped vehicles met on the carriageway was one every 
62 km. Most of these vehicles were on the shoulder. 
Only three were fully on the traffic lane and five 
straddled lane and shoulder. 

3. Table 7 shows a clear relationship between 
the proportion of vehicles off the carriageway and 
the duration of stop. Vehicles stopped for a long 
time were most likely to be off the carriageway. 

4. Roads with fewer rest areas had more dis­
cretionary stops but a similar number of breakdown 
stops relative to roads with more frequent rest 
areas. 

5. Discretionary stops not related to specific 
locations accounted for 33 percent of vehicles stop­
ped on the carriageway. The results of this study 
indicate that better publicity about rest areas may 
reduce this number. 

6. A disabled vehicle was met on the carriageway, 
on average, every 180 km driven. Forty-seven percent 
of disabled vehicles could have been driven further. 

Charlesworth <!§) reported two measures of the 
interaction between moving traffic and stopped vehi­
cles. These were vehicles met per kilometer of travel 

TABLE 6 Distribution of Reasons for Stopping (16) 

Location of Vehicle 

Off On 
Reason for Stopping Carriageway Carriageway Total 

Service 56 4 60 
Outside property 60 12 73 
Breakdown 20 23 43 
Leisure or refreshments 17 18 35 
Other discretionary 3 14 17 
Other location (specific) 14 13 27 
Unknown 15 13 28 

Total 185 97 283 

TABLE 7 Percentage of Vehicles off Carriageway and 
Estimated Duration for Different Types of Stops (16) 

Percent of Estimated 
Vehicles off Duration Sample 

Type of Stop Carriageway of Stop Size 

Service 93 5.5 hr 20 
Outside house 88 4.0 hr 9 
Leisure 51 25 min 35 
Breakdown 53 16 min 28 
Location (specific) 52 14 min 5 
Outside business 18 11 min 5 
Other discretionary 18 7 min 14 
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by one driver and vehicles met per kilometer per 
hour at a given trattic volume. She recommended that 
road designers give particular attention to shoulder 
and roadside design at locations where drivers are 
likely to stop. Improving the frequency and attrac­
tiveness of, and information about, rest areas was 
also recommended as a way of reducing discretionary 
stops on the roadside. 

SIMULATION OF ALTERNATIVE ROAD IMPROVEMENT STRATEGIES 

A number of studies have been undertaken at ARRB to 
investigate alternative strategies for rural road 
improvement. McLean (17) used a single-vehicle simu­
lation model to examine the cost implications of 
various design speed standards in hilly terrain. 
Briefly, his findings were as follows: 

1. With the cost parameters typically employed 
for economic assessment of road projects in Aus­
tralia, travel time costs for cars were about three 
times those for fuel consumption, whereas these two 
cost components were about equal for trucks. 

2. In hilly terrain, a design speed increase of 
20 km/hr in the range 50 to 90 km/hr represents 

• A doubling of earthworks, 
• A 10 percent decrease in car travel time, 
• A 7 percent decrease in truck travel time, 
• A 0 to 10 percent decrease in car fuel 

consumption, and 
• A 2 to 5 percent decrease in truck fuel 

consumption. 
3. In terms of trade-offs between standards for 

horizontal and vertical alignment, trucks gain rela­
tively more from improved vertical geometry, whereas 
cars gain relatively more from improved horizontal 
geometry. 

More recently, a detailed microscopic simulation 
model has been used to evaluate road improvement 
alternatives. The TRARR rural traffic simulation 
model (~) was developed at ARRB, and copies have 
been provided to over a dozen organizations both 
inside and outside Australia. Several Australian 
state road authorities are using the model for plan­
ning future road programs and evaluating alternative 
design standards. Some specific applications are 
described by Robinson (.!2_), Hoban (.3..Q_), and Cox (21). 

Some typical results from one case study (~1) are 
presented in Table 8. This study compared several 
options for upgrading a 9-km section of road in 
rolling to hilly terrain with a substandard align­
ment relative to adjacent road sections. Although 
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the existing alignment had an original design speed 
of 80 k111/l11, ito; averaye liiyhway o;1Jeetl (10) uveL <tll 
road elements was 99 km/hr. A proposedrealignment 
to llO km/hr was costed at $2.25 million in 1981 
Australian prices. To investigate a wide range of 
options, the simulation study considered overtaking 
lanes, duplication to four lanes, and partial dupli­
cation on both the existing and proposed alignments. 
Simulated traffic speeds on these options are illus­
trated in Figure 3. 

The results in Table 8 show that overtaking lanes 
were found to be highly cost-effective and could be 
economically justified at traffic volumes of about 
1,000 vehicles/day on this road. The options of re­
alignment and duplication were considerably more 
expensive and could only be justified at much higher 
volumes. The results of this and similar studies 
have provided a major input to the development of 
Australian design guidelines for auxiliary lanes. 

The simulation studies found that the provision 
of overtaking opportunities is generally more im­
portant to improved traffic operations than a high 
standard of road geometry, In discussion, however, 
the importance of alignment consistency was stressed 
(see section on auxiliary-lane design). It was sug­
gested that localized alignment improvements could 
have great benefits for both traffic operations and 
safety. 

ROAD SAFETY CONSIDERATIONS 

The safety implications of geometric design alterna­
tives have also been investigated. A detailed dis-

TABLE 8 Benefit/Cost Results for Nine Road Proposals 

B/C AADT 
Cost Ratio for 

Proposal ($000s) (AADT = 4,000) B/C = 1.0 

Existing alignment 
EI: existing two-lane road 
F.?.: two overteking lenes lliR 5.2 9SO 
E3: four overtaking lanes 336 4.4 1,160 
E4 : partial duplication S49 2.S 2,000 
ES: full duplication 1,710 1.4 3,030 

New alignment 
Rl: two-lane road 2,2SO 0.3 -· R 2: two overtaking lanes 2,4 18 0.6 6,430 
R3: four overtaking lanes 2,586 0.8 4,920 
R4: partial duplication 2,836 0.7 S,180 
RS: full duplication 4,0SO 0.7 5,040 

Note: AADT =ann ual average da il y t raffic (vehicles per day); B/C = benefit/cost. 
9AADT > 8,000 vehicles/day, outside the range of th is stud y. 
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F1GURE 3 Simulated 85th-percentile speeds for 10 road options. 
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cussion of this topic is beyond the scope of this 
paper, but useful Australian reviews have been made 
(~-24). These have drawn heavily from U.S. research 
studies (25-~) and reinforce many of the recommen­
dations already made in this paper. They indicate, 
for example, that road safety may be improved by 
actions such as 

l. Realignment of road sections with sharp curves 
and steep grades, especially where these are below 
the standard of adjacent road sections; 

2. Increasing lane width, at least up to 3. 4 m, 
or providing additional lanes; 

3. Sealing road shoulders and increasing shoulder 
width; 

4. Adding auxiliary lanes; 
5. Controlling access to a road; 
6. Providing gentle batter slopes and removing 

fixed objects or installing guard fence to protect 
motorists from hazards; and 

7. Providing special facilities for runway trucks 
on steep downgrades. 

Road safety improvements are sometimes considered 
as a relatively low-cost alternative to major re­
alignment of a problem section of road. 

SUMMARY 

In recent years, road design practice in Australia 
has placed greater emphasis on selecting cost-effec­
t ive solutions to particular road problems. This has 
required a move away from the rigid application of 
design standards and a critical review of road im­
provement needs. A particular feature of evolving 
road design practice is a reduced emphasis on a high 
alignment design speed. Improved alignment is gener­
ally quite expensive, and if funds are limited, it 
may not be the most cost-effective approach in many 
cases. 

As an alternative, primary emphasis is placed on 
consistency of the road environment as seen by the 
driver. Greater consistency may be achieved by 
localized alignment improvements, and large changes 
in speed environment should where possible be in­
troduced in stages. As a last resort, traffic man­
agement measures such as signs and road markings 
should be used to alert drivers to unexpected road 
features. 

A second element of evolving design practice is a 
much greater emphasis on provision for overtaking. 
Auxiliary lanes are now being provided at both grade 
and level locations on Australian highways, giving 
substantial improvements in traffic performance. 
Cost is an important factor in decisions about 
auxiliary-lane locations, and other guidelines are 
included in this paper. 

The use of partial (l.O to 1.5 m) sealed shoulders 
on Australian rural highways is also growing. These 
provide for substantial accident reductions, reduced 
maintenance costs, and improved driver level of ser­
vice. The need for gravel shoulder adjacent to the 
narrow seal is uncertain, and a recent study of 
stopped vehicles on road shoulders gives some in­
formation on the requirements of these vehicles and 
the expected frequencies of meeting them on a given 
road. 

The alignment and cross section of a road can be 
designed to minimize the possibilities and severities 
of road accidents. However, an ideal design may be 
extremely expensive and often not practical in par­
ticular circumstances. The provision of guard fence 
and runaway-vehicle facilities can be a cost-effec­
tive alternative approach. 
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Economic Analysis of Broad-Based Dips Versus 

Aluminum Pipe Culverts on Low-Volume Roads 

RONALD W. ECK and PERRY J. MORGAN 

ABSTRACT 

There is currently some controversy regarding the relative benefits and costs 
of culverts and broad-based dips as drainage devices on low-volume roads where 
no intermittent or permanent streams exist. A research project was undertaken 
in the Monongahela National Forest to attempt to determine, by using an eco­
nomic analysis, under what conditions broad-based dips were more appropriate 
than 18-in. aluminum pipe culverts. Construction cost data for each of the 
drainage devices were acquired from Forest Service records and a survey of con­
tractors. Eighty percent of the contractors preferred culverts to dips. The 
type of drainage structure specified in project plans affected contractors' 
bids. Typical culvert costs were around $500 per structure, whereas dips aver­
aged around $350 per device. Maintenance costs had to be estimated on the basis 
of discussions with private foresters, because no actual maintenance cost data 
were available. Annual maintenance cost per culvert was estimated at $8.33 
whereas that per dip was $10. To gain insight relative to road user attitudes 
toward broad-based dips, a truck driver questionnaire was utilized. Almost 9 0 
percent of the respondents reported feeling physical discomfort when passing 
through a dip; one-half of the drivers suggested eliminating the use of dips 
entirely. It was found that the additional travel time through a dip can be 
neglected; excess vehicle operating costs were estimated at $0.077 per vehicle 
per dip. Broad-based dips were less expensive than pipe culverts for roads 
carrying traffic volumes in the range of 5 to 10 vehicles per day. At higher 
volumes, the increased road user costs associated with dips made culverts the 
more economical alternative. 

In order to meet the continuing demand for timber 
and mineral resources, there has been an increase in 
the number of logging and mining roads being con­
structed. As a result of budget constraints, the 
financial resources available to build these low­
standard roads (which may serve only 0 to 50 vehi­
cles per day) are severely limited. Although it is 
in the best interests of the operators to construct 
roads that are cost-effective, these roads must also 
protect the natural environment. The problem is not 
limited to logging and mining roads, howeveq sim­
ilar goals apply to the low-volume roads being built 
to stimulate economic and social benefits in devel­
oping nations. 

One of the primary concerns in locating and de­
signing low-volume roads is drainage. There must al­
ways be adequate drainage if a road is to remain 
usable. Roadway drainage begins with the removal of 
surface runoff from the roadway itself. In addition, 
drainage design must consider (a) the removal of 
excess water from under the roadway; (b) provision 
of roadside ditches of proper size, shape, and 
slope; (c) the prevention of side-slope and ditch 
erosion; and (d) the passage of water flowing in all 
natural and man-made drainage channels. These con­
siderations imply the need for a variety of drainage 
structures or devices. 

Several types of drainage devices are used for 
controlling water flow on low-volume roads; probably 

R.w. Eck, Department of Civil Engineering, west Vir­
ginia University, Morgantown 26506. P.J. Morgan, City 
of Huntington, Huntington, w.va. 25717. 

the most common type is the culvert. Culverts, as 
shown in Figure 1, are closed conduits that carry 
surface water across or from the road right-of-way. 
A second device is the broad-based dip, a depressed 
outsloped section of roadway that acts as a water 
catchment and drainage channel. Dips can be used in­
stead of culverts for cross drainage where no inter­
mittent or permanent streams are present. Figure 2 
shows the plan and profile of a typical broad-based 
dip. 

Currently, there is some controversy among for­
esters and engineers regarding the relative benefits 
and costs of each of these devices. One school of 
thought suggests that metal culverts are superior 
for most drainage needs. The initial cost of cul­
verts is high compared with simple drainage devices 
but they have relatively long lifetimes, require 
relatively little maintenance, and are essentially 
unnoticed by road users. 

Others promote broad-based dips because of their 
several advantages. Dips have a relatively low ini­
tial cost and, unlike culverts, they can be used 
without the expense of a ditch line. When high flows 
exceed the design capacity of a culvert, there -is 
the potential for increased ditch scour, extensive 
erosion of the road surface, and mass failure of 
roadway fills. In such cases, dips located just 
downgrade of the culvert can serve as a safety over­
flow device. Properly constructed dips have low 
maintenance costs and, like culverts, do not increase 
wear on vehicles or reduce hauling speeds. However, 
a disadvantage of broad-based dips is that equipment 
operators need special training in order to be able 
to construct them properly. Thus, dips are often not 
built according to the intended specifications. 
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FIGURE 1 Profile and cross-section views of typical ditch relief culvert used on 
forest roads. 
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FIGURE 2 Plan and profile of 
broad-based dip currently used by 
national forests in North Carolina. 

Design er i ter ia have been established for both 
broad-based dips and culverts, although actual de­
vice dimensions and other details may vary from one 
geographic region to another. Most drainage devices, 
if constructed according to specifications and if 
placed at an appropriate location, will perform sat­
isfactorily for many years. Although dips and cul-

verts each have their place as a drainage device on 
low-standard roads, there are certain conditions 
under which one is more appropriate than the other. 
Apparently, however, no for ma 1 engineering economic 
analysis has ever been made of this issue. 

COSTS ASSOCIATED WITH DRAINAGE STRUCTURES 

There are three major cost categories pertinent to 
the evaluation of the two types of roadway drainage 
structures under discussion here: construction, 
maintenance, and road user costs. In this section a 
sununary of published qualitative and quantitative 
data relative to broad-based dips is presented. Data 
on culverts will not be presented here because their 
design criteria are relatively well established and 
their costs can be determined by using standard con­
struction estimating procedures • 

Construction Costs 

Although engineers and foresters appear to agree 
that the initial cost of dips is less than the cost 
of metal culverts, there is limited documentation in 
the published literature comparing the costs of the 
two devices. Koger (1) reported on a study in which 
the construction of- three dips was observed. He 
found that a dip could be constructed by an operator 
using a 105-hp tractor in approximately 3 min. Total 
construction cost was estimated at $1.17, which does 
not include the time required to move the bulldozer 
to the next broad-based dip or any materials, such 
as gravel surfacing. The results of this study are 
open to question for several reasons. The sample 
size of three is too small to determine a reliable 
average cost. The reported construction time of 3 
min also appears unrealistic, because the construe-
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tion of a dip involves creating a structure that is 
relatively detailed. 

Kochenderfer and Wendel C1l presented perhaps the 
most detailed information available up to that point 
on the construction and operation of broad-based 
dips. On the study roadway, 6 hr was required to 
construct 19 broad-based dips; installation of two 
culverts required 5 hr. The total cost of a graveled 
dip averaged $128. 

Maintenance Costs 

Both dips and culverts require periodic maintenance 
to ensure that the devices remain in working order. 
Because culverts are the traditional drainage struc­
tures on many roads, maintenance crews are generally 
familiar with the procedures for maintaining ditches 
and culverts. The training and experience of equip­
ment operators must be considered in the maintenance 
of dips. Hewlett et al. Cll noted that properly con­
structed dips should require little maintenance ex­
cept under heavy traffic or off-season use. It was 
reported that some dips held up under weekly auto­
mobile trips for 15 years without reshaping or main­
tenance. However, traffic must be limited during 
unfavorable weather to reduce soil erosion and main­
tenance costs. 

In the U.S. Forest Service Transportation Engi­
neering Handbook (j_), it is noted that dips are in­
tended for low-volume, low-speed roads where there 
may be extended periods of nonuse. When properly 
constructed, dips provide a relatively maintenance­
f ree structure. Although the initial cost of a dip 
may be cheaper than purchasing and installing a cul­
vert pipe, unless the dip is properly designed and 
constructed, the total cost (including maintenance) 
may be more than if a pipe culvert had been in­
stalled. Several disadvantages of dips were noted, 
including low travel speeds, poor riding comfort, 
difficult blading of the traveled way, and possible 
adverse effects on water quality. 

Maintenance costs are obviously an important fac­
tor in decision making. To date, however, no pub­
lished maintenance costs comparing culverts with 
broad-based dips have appeared in the literature. 

Road User Costs 

The volume and types of vehicles traversing a road 
can influence the drainage device selected. Culverts 
should be used exclusively on roads open to auto­
mobile traffic. This is because vehicles with low 
ground clearance may have trouble negotiating broad­
based dips. Because of the ground clearance problem, 
dips of the design being discussed here should not 
be used on paved roads. 

Culverts could be said to be invisible to the 
road user in that they can go unnoticed by vehicle 
operators. However, the associated ditch and head­
wall can pose hazards to vehicles that stray from 
the roadway. In contrast, dips have a definite im­
pact on the road user. Most vehicles will have to 
slow down to negotiate the rather abrupt change in 
grade. Cook and Hewlett (~) noted that an improperly 
designed short dip will cause a jolting of the 
driver and the vehicle regardless of the reduction 
in speed. Furthermore, the vehicle will undergo some 
twisting action, which, in extreme cases, could cause 
damage to the vehicle, the load, or both. The cost 
of vehicle damage and wear, time loss, and addi­
tional fuel consumption attributable to dips must be 
considered in comparing the two drainage devices. In 
an attempt to obtain specific data on this issue, 
Hafterson (£_) sought a dip design that would be hy-
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draulically efficient as well as comfortable to 
drivers. Relationships were developed between vehi­
cle speed and vertical acceleration with a view 
toward driver comfort. The dip was correlated to 
vertical curvature and limits for the maximum sharp­
ness of curvature were determined by using vehicle 
underclearance as a criterion. 

As is apparent from the preceding discussion, the 
information found in the literature was of a general 
and sometimes subjective nature. Little, if any, 
quantitative benefit/cost data or economic analyses 
were available to permit an objective comparison to 
be made between dips and culverts. This points to 
the need for additional research concerning the 
economics of broad-based dips. It must be emphasized 
that for valid comparisons to be made between cul­
verts and dips, it is necessary to examine mainte­
nance and road user costs in addition to construc­
tion costs. 

STUDY OBJECTIVES 

A research project was undertaken in the Monongahela 
National Forest (West Virginia) to determine, by 
using an engineering economic analysis, under what 
conditions conventional metal culverts are more ap­
~ropriate than broad-based dips on low-volume roads. 
To address this overall goal, several specific ob­
jectives were established: 

• To conduct a literature review to acquire quali­
tative and quantitative information relative to the 
use and performance of broad-based dips and conven­
tional metal culverts on low-volume roads (a brief 
synopsis of this review was presented in the preced­
ing section); 

• To conduct an economic analysis of 18-in. 
aluminum culverts (the typical device used in the 
study area) and broad-based dips, considering con­
struction, maintenance, and road user costs; and 

• To recommend, on the basis of the foregoing, 
specific conditions under which culverts, broad­
based dips, or both should be installed. 

DATA COLLECTION 

The primary component of the data collection effort 
was input from practitioners. The objective here was 
to contact persons with experience or knowledge in 
design, construction, maintenance, operations, or 
all of these aspects of logging roads to acquire in­
formation about broad-based dips and 18-in. aluminum 
pipe culverts. Persons providing input for this part 
of the study can be categorized as Forest Service 
personnel, private foresters, logging-road contrac­
tors, and log haulers. Persons contacted included 
those both within and outside West Virginia but the 
study was generally confined to the Appalachian Re­
g ion of the eastern United States. 

Contact with Forest Service personnel was through 
telephone conversations, personal interviews, and 
field trips. These interviews supplied valuable in­
sight about technical details and cost information; 
field trips provided an opportunity to observe at 
first hand the performance of dips and culverts. 

Based on conversations with Forest Service per­
sonnel, two lists of persons or firms were devel­
oped: those involved with road construction and 
maintenance, for example, private foresters and con­
tractors, and those involved in log-hauling opera­
tions. It was decided to telephone those on the 
first list to request information about drainage, 
construction, and maintenance procedures and costs. 
In order to ensure that the same type of information 
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was received from each conversation, a questionnaire 
was designed to be administered during the telephone 
conversations, Questions asked pertained to the 
labor, materials, and equipment required to build 
and maintain dips and culverts. Relatively detailed 
cost information for each of these three items was 
also sought from contractors. From the telephone 
survey, bid prices for the construction of both 
broad-based dips and 18-in. aluminum culverts were 
obtained. 

Because the data were confidential, respondents 
were encouraged to give estimations for construction 
and maintenance costs; however, several contractors 
were willing to provide actual bid prices. 

As noted earlier, although the literature men­
tions a number of road user consequences of broad­
based dips, there was little, if any, hard data 
available, especially in the area of drivers' per­
ceptions of broad-based dips. However, because 
broad-based dips must be traversed by log-hauling 
vehicles, the investigators believed that any er i­
ter ia for determining need and location should also 
include input from vehicle drivers. A one-page ques­
tionnaire, which could be administered by telephone 
or in person, was developed to obtain information on 
truck drivers' experiences with and perceptions of 
broad-based divs. Specifically, the survey form 
sought information on the type of driving done by 
the vehicle operator and on the impacts of dips on 
road users (e.g., vehicle damage and time loss). 
More details about the truck driver questionnaire 
are contained in the full research report (7). 

One of the findings of the literature review was 
the implication that broad-based dips result in an 
extra cost to road users. Lost time, increased fuel 
consumption, and wear and tear on the vehicle can 
occur when a vehicle reduces speed to traverse a 
dip. In an attempt to determine whether broad-based 
dips result in a loss of time or other resources to 
the log hauler, a pilot study was formulated to 
analyze travel times of logging trucks over both 
dipped and undipped sections of a logging road in 
the Monongahela National Forest (West Virginia). 

The approach selected for the study was to deter­
mine how long it took to travel a measured distance. 
Two adjacent 100-ft sections of an active logging 
road of 4 percent grade with similar surfacing and 
other character is tics, one containing a broad-based 
dip and the other not, were marked in the field. One 
stopwatch was used to record travel time over the 
dipped section and another for the undipped section. 

For the vehicles checked during a 1-day period, 
the time loss due to the dip was negligible (on the 
order of 1 sec per dip). Given that a logging truck 
typically makes only two or three round trips per 
day over the haul road (in the Appalachian Region), 
an extremely large number of dips would be required 
to have any significant effect on truck travel time. 
Because any time loss that results from a broad­
based dip would be too insignificant to justify the 
expense of a large-scale study of the type described 
here, it was decided not to pursue a full-scale 
travel-time study as originally planned. Note that 
the study just described did not attempt to evaluate 
the increased fuel consumption and wear and tear on 
the vehicle brought about by the existence of the 
dip; for this evaluation, the published literature 
was consulted. 

RESULTS 

Construction Costs 

Thirteen contractors from the central Appalachian 
Region responded to the survey on drainage device 
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construction and maintenance procedures and costs. 
Eleven firms provided actual cost figures; two 
others furnished only qualitative information. Al­
though cooperation from the contractors was gener­
ally excellent, there were a few firms that could 
not be reached by telephone and several others that 
elected not to participate in the study. However, it 
is believed that the firms providing data formed a 
representative sample of logging-road contractors. 

In response to the question of whether the firm 
had a preference for dips or culverts, 80 percent of 
the contractors said that they preferred culverts. 
Those favoring dips cited economics as the primary 
reason. One specifically remarked that there was no 
ditch line to worry about. In contrast, a wide vari­
ety of reasons was given by those preferring cul­
verts. Most frequently cited was the opinion that 
dips require more maintenance than culverts. Several 
others mentioned hidden costs incurred by trucks 
hauling construction material as they traverse the 
dips (additional wear and tear on the truck) and 
those associated with maintaining dips during the 
construction period. Three firms mentioned that al­
though dips look simple, there are so many variables 
involved that it is difficult for equipment opera­
tors to install them properly, 

This same theme wan found in responses to the 
question about whether the type of drainage struc­
ture specified in project plans has an effect on the 
contractor's bid. Eight firms noted that their bids 
were affected when dips were specified. Although two 
contractors stated that dips would be less expensive 
than culverts, the majority of firms indicated that 
they would increase their bid where dips were speci­
fied. The main reason given was that dips were 
harder to bid on because they involve more guesswork 
than pipe culverts. The difficulty of constructing 
dips was mentioned several times. One contractor 
noted that although he currently did not like to in­
stall dips, once he had learned how to install them 
properly, he would probably prefer them to culverts. 
These results suggest that contractors' attitudes 
toward broad-based dips might improve if they could 
acquire hands-on experience or training in proper 
field construction of them. 

Although contractors were in general agreement 
about the types of equipment used to construct dips 
and culverts, there were different practices in 
terms of the labor requirements. In general, con­
struction of a culvert requires a backhoe, a tamper, 
and hand tools. Construction of a dip typically re­
quires only a small bulldozer or grader. All but one 
contractor reported that three persons (a foreman, a 
laborer, and an equipment operator) were required to 
construct a culvert. Labor requirements for broad­
based dips ranged from one to five persons, with the 
typical value being two (a foreman and an equipment 
operator). This wide variation in personnel require­
ments may be due to the just-mentioned practice by 
some contractors of intentionally bidding high on 
broad-based dips. That a foreman, an equipment op~ra­
tor, and three laborers would be required to build a 
dip appears somewhat extravagant when the literature 
reports the construction of many successful dips by 
a single bulldozer operator. 

The reported time required to construct each 
drainage device was surprisingly similar. Construc­
tion time for culverts ranged from 2 to 5 hr with a 
mean of 3.2 hr. Dip construction time ranged from 1 
to 7.5 hr with a mean of 3.2 hr. In both cases, the 
median construction time was 3 hr. Once again, it is 
believed that the time to construct a dip has been 
intentionally inflated in certain cases. 

Contractors were asked to furnish estimated cost 
figures for constructing dips and culverts. The cost 
data are summarized as follows [the culvert used is 
an 18-in. aluminum corrugated metal pipe (CMP)]: 
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Cost ($) 
Broad-Based 

Cost Category Culvert Dif2 
Mean 546 373 
Median 530 300 
Range 230-805 68-1,000 
Standard deviation 153 227 

It is apparent that the average reported cost of a 
broad-based dip is significantly less than that of a 
pipe culvert. Also apparent is the wide variability 
in cost of broad-based dips. Reasons for this vari­
ation have been discussed previously. 

To validate the cost data compiled from the con­
tractor survey and to supplement the survey's admit­
tedly small sample size, additional sources of cost 
data were sought. A principal source was data com­
piled for the researchers by Monongahela National 
Forest engineers for a sample of 16 road projects in 
the forest. However, these data were limited to cul­
verts (average length, 25.3 ft) and did not include 
broad-based dips. The cost per pipe culvert varied 
from $391.50 to $765 with a mean cost of $527.10 per 
culvert ($23.0 per linear foot of culvert). Note 
that this is virtually identical to the median cul­
vert cost ($530) determined from the contractor 
survey. 

A third source of drainage structure cost data 
was a bid tabulation for the Falls Road project, 
also provided by Monongahela National Forest engi­
neers. Falls Road was (through summer 1984) the only 
project in the Monongahela National Forest for which 
dip construction was identified as a bid item. It 
should be noted that the item to be bid was for ex­
cavation only; stone surfacing was not included. The 
bid tabulation also included cost data for 18-in. 
CMP culverts. A summary of the dip and culvert con­
struction cost information derived from the Falls 
Road bid tabulation is as follows: 

Cost Category 
Engineer's estimate 
Mean 
Range 
Standard deviation 

Cost ($) 

Culvert 
547 
632 
426-760 
161 

Broad-Based 
DiE 

70 
500 
200-1,000 
356 

Note that the average costs of both culverts and 
dips are significantly higher than those determined 
from the contractor survey data. As before, the dips 
demonstrate a greater variability in cost. 

For the economic analysis, it was necessary to 
have a single typical cost for dips and culverts. On 
the basis of the preceding discussion, it was de­
cided to use the following drainage device construc­
tion costs in the economic analysis: 18-in. CMP cul­
vert, $530; broad-based dip, $350. 

Maintenance Costs 

Data on drainage device maintenance costs were not 
readily available. None of the contractors respond­
ing to the telephone survey indicated that they had 
experience with maintenance of drainage structures. 
Maintenance cost data could not be obtained from 
Monongahela National Forest engineers because rec­
ords were not kept of the type of data requested by 
the researchers. The only maintenance cost data that 
could be obtained were those acquired through tele­
phone conversations with private foresters or those 
estimated by the researchers on the basis of the 
literature review. The costs that were obtained or 
estimated were on a per-mile rather than a per­
structure basis. 
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According to estimates provided by private for­
esters, approximately $100 per mile per year would 
be required to maintain ditches and culverts. This 
cost includes maintaining the ditch line as well as 
checking and cleaning the heads of culverts. The 
cost was based on an average of 12 culverts per 
mile; thus the average annual maintenance cost per 
culvert was $8.33. 

Because no maintenance cost data could be found 
for broad-based dips, the costs were estimated by 
the researchers. According to pr iv ate foresters, a 
bulldozer or motor grader should be able to dig 4 to 
5 mi of ditch line per day (average of 4. 5 mi per 
day). Under the assumption that two to three passes 
of the grader or bulldozer might have to be made to 
maintain the dip, it appears reasonable to expect 
that 1. 5 mi of dipped road could be maintained per 
day. Assuming a dip spacing of 200 ft, this would 
mean that 40 dips could be maintained daily or 5 
dips per hour during an 8-hr work day. In Mononga­
hela National Forest in summer 1984, costs for a 
bulldozer and operator were approximately $50 per 
hour. Because such maintenance should be done once a 
year, the annual dip maintenance cost was estimated 
at $10 per dip. 

Truck Driver Survey 

The last of the three cost elements to be considered 
in the economic analysis was the road user costs. 
Before the road user cost estimates are actually 
presented, however, a brief review of the results of 
the truck driver questionnaire will be given to pro­
vide a driver's perspective of the impacts of broad­
based dips. 

All respondents drove single-unit, or straight, 
trucks; no tractor-semi trailer operators responded. 
Although the predominant truck in Appalachian for­
ests is the single-unit variety, there are at least 
a few tractor-semitrailers in operation. Just over 
three-fourths of the respondents (78 percent) drove 
tandem rigs (two rear axles), whereas 22 percent 
drove triaxle trucks (three rear axles). The average 
wheelbase for the tandems was 213 in. compared with 
268 in. for the triaxles. 

A high percentage of respondents (89 percent) 
made either two or three round trips (between load­
ing point and mill) per day. On logging roads having 
no broad-based dips, drivers estimated that they 
traveled at an average speed of 13.8 mph. It is in­
teresting to note that the average reported speed 
for roads with dips was exactly one-half this value, 
or 6.9 mph. All respondents said that dips caused 
them to be delayed in traveling over logging roads. 

Almost 90 percent of the respondents reported 
feeling physical discomfort when passing through a 
broad-based dip. Reasons given ranged from "throws 
driver around cab" to "bouncing, jarring and twist­
ing of truck causes driver to feel off-balance." 
Slightly more than one-third of the drivers indi­
cated that a dip had caused damage to a truck or 
load. A cracked or broken frame was the most fre­
quent complaint. One driver reported that trucks get 
"hung up" in deep and narrow dips. 

Three-fourths of the respondents thought that 
some dips scare drivers because they look like they 
might damage the truck or the load. A variety of 
suggestions was given on how to build dips that 
would be less intimidating to drivers. Half of the 
drivers suggested eliminating the use of dips en­
tirely. 

It was clear from the survey results that truck 
drivers in general have a negative attitude toward 
broad-based dips. One limitation that must be kept 
in mind when evaluating the results is that it was 
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not known whether the dips with which respondents 
were familiar met appropr !ate standards. One tl111be1 
purchaser contacted by telephone noted that properly 
constructed dips created no problems for trucks or 
drivers. However, the firm had sometimes experienced 
vehicle damage and other problems because of im­
properly constructed dips. It is the researchers' 
belief that more than a few dips are improperly con­
structed. These dips, because of the problems they 
create, might tend to be remembered by drivers and 
cause them to dislike all dips even though the ma­
jority of drainage structures can be traversed with 
no problems. It is interesting to note that the pos­
sibility of trucks overturning in dips located on 
horizontal curves, which had been cited by some en­
gineers as a possible problem, was not even men­
tioned by survey respondents. 

The data collection section presented results 
from a pilot study conducted to assess the effects 
of dips on vehicle travel time. It was found that, 
for dips built according to standards, the vehicle 
delay attributable to a dip is on the order of a few 
seconds. On this basis, a vehicle would have to tra­
verse 10 or more dips to decrease its travel time by 
1 min. Although drivers have reason to believe that 
they are being delayed at each dip, the overall im­
pact io minimal. The investigators believe that the 
travel-time effects of dips are not an issue, be­
cause the travel time saved on an undipped road is 
not sufficient (unless the truck makes a large num­
ber of round trips per day) to cause an increase in 
the number of round trips that can be made per day. 

Rmiil llRP.r C:osts 

The road user consequences, either beneficial or 
adverse, of drainage structures on forest roads 
occur primarily through the operating cost of motor 
vehicles, the change in highway accidents, and the 
change in travel time. Because of the low traffic 
volume on forest roads, motor vehicle accidents are 
rare events, and in most cases accident data are not 
generally available. Therefore, accident costs have 
not been included as a road user consequence in this 
study. No evidence could be found either in the lit­
erature or during the data collection task to indi­
cate that the accident experience with broad-ba sed 
dips was any different from that with culverts. 

Culverts can be said to be invisible to road 
users in that vehicles can traverse them at the de­
sign speed of the roadway and neither vehicles nor 
drivers are subjected to any extraordinary forces or 
sensations. An exception to this statement would be 
the situation in which the roadway is constricted by 
severe erosion of the culvert inlet or outlet, thus 
causing the vehicle to reduce speed while traversing 
the culvert. However, this is a correctable situ­
ation, so it is not appropriate to include such ex­
cess travel-time costs in the economic analysis. 

Dips, on the other hand, because of their shape, 
require that all vehicles reduce speed while tra­
versing the drainage device. It was shown earlier 
that the extra time involved to negotiate a broad­
based dip was negligible. Because this conclusion 
was based on limited field data, it was decided to 
confirm these results by using data from Winfrey's 
(8) c omprehensive text on highway economics. Winfrey 
(B) p resents tables showing the excess hours con­
s~med (excess above continuing at initial speed) per 
speed-change cycle, in which speed-change cycle con­
sists of the reduction in speed and the return to 
the initial speed. Although separate tables were not 
developed for the three-axle single-unit truck typi­
cally found in log-hauling operations, Winfrey noted 
that for highway economic analysis purposes, the 
three-axle single-unit truck could be put in the 
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same class as the 40-kip tractor-semitrailer. To 
provide a conservative estimate uf ex<.:e:;:; Llme, an 
initial speed of 15 mph and a reduced speed of 5 mph 
were assumed based on the 13. 8 mph and 6. 9 mph 
speeds reported in the truck driver survey. Under 
these conditions, there would be 0.00134 hr consumed 
per cycle, or 0.08 excess min per dip. On a per-dip 
basis, this is a negligible quantity. However, it 
was believed worthwhile to examine the effect of a 
large number of dips. Assumptions were made that (a) 
the t ypical log-haul road contains 17 dips (this was 
the average value for 19 sites examined in a related 
study) and (b) the typical logging truck makes five 
passes ( 2. 5 round trips) per day over these dips. 
The time lost by drivers under these conditions is 

(17 dips/trip) x (5 trips/ day) x (0.08 min/ dip) ~ 
6.8 min/day. 

Because the driver cannot put this small increment 
of time to any productive use in terms of increasing 
the number of round trips made per day, it was con­
cluded that under typical conditio ns in Appa l achian 
forests, the additional travel time through a broad­
based dip can be neglected for purposes of economic 
analysis. 

Although broad-based dips do not produce a sig­
nificant increase in travel time, there is an in­
crease in fuel consumption and wear and tear on 
vehicles brought about by the presence of a dip. Be­
cause project resources did not permit the monitor­
ing and collection of actual logging truck operating 
costs, vehicle running coi;t data availabl11 in the 
literature had to be used to estimate the road user 
impact of dips. Re latively little is known about the 
factors that affect log-hauling costs. Cost data 
available presented general information based on 
hauls between landings and the mill. Such data were 
not detailed enough to permit computation of the 
additional cost generated by traversing a broad­
based dip. Fortunately, Winfrey (8) included data 
that could bP. adapted to the situation. He presented 
a table containing the excess cost in dollars of 
speed-change cycles (excess cost above continuing at 
initial speed) for a 40-kip tractor-semitrailer 
operating on a high-type pavement in good condition. 
If an initial speed of 15 mph and a reduced speed of 
5 mph are assumed, the table yielnA cm PXCP.RR cost 
of $19. 42 per 1, 000 speed-change cycles. The cost 
includes fuel, tires, engine oil, maintenance, and 
depreciation. However, the cost was based on an 18-
cent/ gal price of gasoline and other unit prices 
typical of the mid- to late 1960s. Recalculation of 
this figure using current costs was complicated be­
cause Winfrey (~) did not provide a detailed break­
down of the cost components for the speed-change 
situation. Thus, current costs had to be estimated 
in the following manner. 

An updated (1977) version of Winfrey's data was 
found in the literature (9). The 1977 cost per 1,000 
speed-change cycles for t~ucks with an initial speed 
of 15 mph and a reduced speed of 5 mph was $45. 
Based on u.s. Department of Labor consumer price in­
dex information, the 1977 cost figures were con­
verted to current (spring 1984) dollars by multiply­
ing them by 1. 7. This yielded an excess cost of 
approximately $77 per 1,000 speed-change cycles, or 
$0.077 per dip. If the typical conditions used ear­
lier (17 dips traversed, five passes per day) are 
assumed , the excess cost per vehicle may be deter­
mined: 

(17 dips/trip) x (5 trips/day) x ($0.077/dip) 
$6 . 54/day. 
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This value probably represents an underestimate of 
the actual excess costs incurred because it does not 
account for the additional vehicle wear and tear 
created by the twisting motion induced by the broad­
based dip. 

It must be emphasized that the road user costs 
for broad-based dips just described represent costs 
over and above those incurred on a road without 
dips. In this analysis, the actual road user costs 
for a section of forest road will not be calculated. 
The road user costs presented here represent the 
extra cost attributable to broad-based dips. 

Overall Evaluation 

The total cost associated with a drainage device 
represents the sum of construction, maintenance, and 
road user costs. For the purposes of this analysis, 
the equivalent-annual-cost approach was used to com­
pare culverts with broad-based dips. Assuming, as 
noted earlier, that only the additional road user 
costs incurred by dips are of interest, the equiva­
lent annual cost (EAC) of a CMP culvert would be 

EAC = construction cost x (crf-i-n) 
+ annual maintenance cost 

The cost for a broad-based dip would be 

EAC construction cost x (crf-i-n) 
+ annual maintenance cost 
+ additional annual road user cost 

where 

(1) 

(2) 

crf capital recovery factor applied to convert 
the initial cost (a present value) to an 
annual cost, 

i discount rate, and 
n = expected life of drainage structure. 

Given the difficulties associated with selecting 
an appropriate discount rate and given that high 
rates tend to favor projects with low costs initi­
ally but high costs later, whereas low rates tend to 
favor projects with high costs initially and low 
costs later, it was decided to perform the economic 
analysis with three different discount rates: 5, 10, 
and 15 percent. 

Because of the large number of variables affect­
ing drainage device durability, it is difficult to 
specify a single value for n. However, on the basis 
of discussions with practitioners, it appeared that 
20 years was a reasonable lifetime for aluminum pipe 
culverts. Because of the lack of any information to 
the contrary, it was assumed that, with proper main­
tenance, broad-based dips would also have an ex­
pected life of 20 years. 

The following costs were derived earlier for use 
in Equa tions 1 and 2: 

Cost 
CoMtruction 
Annual maintenance 
Road user 

Culvert ($) 
530.00 

8.33 

Broad-Based 
Dip ($) 
350.00 
10 .oo 

0.077/vehicle 

It should be noted that road user cost is a function 
of traffic volume. For the purpose of this study, it 
was assumed that hau l ing takes place only during 
good weather, that is, May 1 through September 30 of 
each year. This represents a period of 100 working 
days. It was recognized that depending on the manner 
in which the timber or mining operation is managed, 
there could be a variety of different traffic condi-
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tions. Two scenarios were considered in the analysis 
presented here: 

1. Traffic volume remains constant for each year 
of the 20-year life of the structure, and 

2. Traffic uses the road for the first 3 years 
of its existence to harvest timber, but then no ad­
ditional traffic, other than perhaps a negligible 
amount of administrative traffic, uses the road for 
the next 17 years. 

Traffic volumes in five-vehicle-per-day increments 
from O to 15 vehicles per day (the range of traffic 
volumes experienced by the study sites) were consid­
ered in this analysis. Other scenarios could be de­
veloped by applying the procedures outlined here. 
Using appropriate compound interest factors, equiva­
lent annual drainage device costs were calculated 
for these traffic volume increments for the two sce­
narios just described. 

Plots were made of equivalent annual cost versus 
average daily traffic (ADT) (daily traffic volume 
during the hauling period as opposed to annual ADT) 
to determine the traffic volumes at which one device 
is less expensive than another. Results for the 
first scenario for discount rates of 5, 10, and 15 
percent are shown in Figure 3. Because of the high 
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FIGURE 3 Relationship between average daily traffic 
and equivalent annual cost for dip and culvert, Scenario 1, 
for various interest rates. 
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road user costs incurred by assuming constant traf­
fic volume over the entire 20-year life of the 
structure, it can be seen that dips are less expen­
sive than culverts only when traffic volumes are in 
the range of less than five vehicles per day. This 
represents a worst-case condition for traffic, be­
cause most logging roads with dips would not carry 
the same volume year after ye.ir; there would be gaps 
of several years or more when no harvesting (and 
therefore, no hauling) occurred. 

The second scenario was believed to represent ex­
pected traffic conditions more realistically. Once 
again, plots were made of equivalent annual cost 
versus ADT. These results are shown in Figure 4 for 
discount rates of 5, 10, and 15 percent. The plots 
indicate that dips are the lower-cost drainage de­
vice in an ADT range of about 8 to 12 vehicles per 
day and less. When traffic volumes exceed approxi­
mately 15 vehicles per day, culverts become more 
economical than broad-based dips because of the user 
costs incurred with dips. 
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FIGURE 4 Relationship between average daily traffic 
and equivalent annual cost for dip and culvert, Scenario 2, 
for various interest rates. 

CONCLUSIONS AND RECOMMENDATIONS 

The results of the economic analysis confirmed what 
had been learned from the literature review and 
practitioner input tasks of the study. That is, 
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broad-based dips are less expensive than pipe cul­
verts for roads carrying traffic volumes in the 
range of 5 to 10 vehicles per day. At higher vol­
umes, the increased road user costs associated with 
broad-based dips make culverts the more economical 
alternative. It is recommended that any road han­
dling in excess of 15 vehicles per day, whether sub­
jected to this traffic level for 2 years or for 20 
years, use strictly culverts because of the high 
user cost associated with dips. Dips are appropriate 
on roads with traffic volumes less than 5 vehicles 
per day, assuming that their use is not ruled out by 
design, soils, or hydrologic factors. For traffic 
volumes between 5 and 15 vehicles per day, the deci­
sion to use a dip or culvert is influenced by the 
nature of vehicle use of the road. If the road is 
used each year for the life of the road (assumed to 
be 20 years), the high road user costs associated 
with broad-based dips make culverts the preferred 
drainage device. If the road is to be used only dur­
ing the first few years of its life and then "put to 
sleep" for some period of time, broad-based dips are 
the more economical drainage structure. 

It must be emphasized that there are certain con­
ditions under which one drainage device is more ap­
propriate than the other and a decision based solely 
on an economic analysis could lead to serious prob­
lems in terms of greatly increased future mainte­
nance or road user costs. The decision whether to 
use a culvert or a dip in a particular situation 
should be based on both economics and physical fac­
tors such as design elements, soils and geology, 
hydrology, and traffic factors. The authors have 
developed u. fru.mework, incorporating economics and 
other factors, that can be used in deciding whether 
to use metal pipe culverts or broad-based dips to 
handle cross drainage on low-volume roads. A paper 
describing the decision-making framework is in prep­
aration. 

This study indicated an important aspect that 
could influence the use of broad-based dips: the 
negative attitude toward them on the part of con­
tractors and truck drivers. There was evidence that 
contractor attitudes would improve if they could 
gain experience in dip construction. Hands-on work­
shops in proper field construction of broad-based 
dips are recommended as one way of providing this 
experience. Such workshops should also improve the 
quality of dips constructed by those contractors al­
ready having experience. 

It was noted in the economic analysis that the 
additional road user costs incurred by traversing a 
broad-based dip were underestimated because of the 
difficulty in estimating vehicle damage associated 
with the dip. Additional research in this area ap­
pears warranted. A truck could be instrumented with 
strain gauges or other devices to monitor the motion 
of the truck frame and other components as the truck 
negotiates a number of different broad-based dips. 
By correlating this movement with loading condition, 
material properties, and other factors of this na­
ture, one should be able to specify better the di­
mensions of a "tolerable" dip. 

In the economic analysis, the cost data with the 
greatest uncertainty were those for dip maintenance. 
It is recommended that dip maintenance cost data be 
acquired for a large number of dips. Not only would 
this provide more accurate cost data so that the 
economic analysis could be refined, but it would 
also yield a better understanding of dip maintenance 
procedures and frequency. 
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Effects of County Highway Management Practices on 

Maintenance Costs for Unpaved Roads in Indiana 

JOHN n. N. RTVERSON, KUMARES C. SINHA, and CHARLES F. SCHOLER 

ABSTRACT 

Costing highway maintenance for both budgeting and performance reporting is a 
er itical problem, particularly for counties and other local highway agencies• 
In Indiana, guidelines are available for preparing county highway accounts. 
However, the success with implementation has varied among counties. Road main­
tenance costs calculated for four Indiana counties are presented. The effects 
of management practices and policies such as grading frequency, regraveling, 
and equipment use on maintenance costs of unpaved roads are discussed. In the 
analysis presented, traffic volume is found to be an important consideration' 
especially in determining grading frequencies. However, another important fac­
tor, road condition or perfor mance, is seldom routinely measured by Indiana 
counties. Although the condition of unpaved roads is not discussed in detail in 
this paper, it is considered important to monitor road condition periodically 
and relate it to the maintenance strategies adopted. The problems of data col­
lection and accurate maintenance costing are traced to deficiencies in the ac­
counting system, which does not enable costing by activity, road type, or loca­
tion. An improvement in the maintenance cost accounting system is considered 
necessary for better cost control as well as accurate life-cycle costing. 

The ability to estimate the costs of various con­
struction and maintenance activities is an important 
element in effective highway planning and manage­
ment. Cost information is useful for both budgeting 
and accomplishment reporting. However, costing high­
way maintenance is a critical problem, particularly 
for counties and other local highway agencies. Gen­
erally, because construction ann major r.api tal im­
provement projects are bid by pr iv ate contractors, 
the costs are usually well known. The variations 
from the original contract costs can usually be mon­
itored and the final costs can be estimated. Because 
most of the maintenance is performed by an agency's 
own personnel, the ability to estimate highway main­
tenance cost depends on the maintenance cost­
accounting or management system in operation. In 
Indiana, county highway departments differ in their 
approach to management, and some of them are unable 
to monitor and keep adequate records of their oper­
ations for accurate budgeting or for reporting ac­
complishment. 

In this paper the procedure used to determine 
county highway maintenance costs in Indiana is dis­
cussed; this procedure is part of research under­
taken by the Highway Extension and Research Project 
for Indiana Counties and Cities (HERPICC) at Purdue 
University (!). The costs of maintenance activities 
for unpaved roads undertaken in 1983 and also some 
maintenance activities for paved roads are deter­
mined from data available from county records or 
collected specially as part of the study. In addi­
tion, the impact of various county highway manage­
ment practices on maintenance costs, particularly 
for unpaved road surfaces, is also examined. 

School of Civil Engineering, Purdue University, West 
Lafayette, Ind. 47907. 

METHODS OF DATA COLLECTION 

To obtain the required cost information, arrange­
ments were made with engineers and supervisors from 
five counties--Bartholomew, Huntington, Jasper, 
Tippecanoe, and Warrick--to monitor and maintain 
records for maintenance activities on selected un­
paved road sections for 1983. The maintenance activ­
ities included blading or grading, regraveling or 
spot regraveling, brush cutting, mowing, side ditch­
ing, snow plowing, and sign maintenance. As much as 
possible, the existing data reporting system used as 
part of county maintenance cost accounting was used. 
This data collection approach was aimed at reducing 
problems likely to arise if new data forms were in­
troduced. The only special requirement was that 
equipment operators and other personnel working in 
any activity on the selected roads were to provide 
detailed information for certain i terns on the daily 
work reports. Information reported included labor 
time, equipment time, and distance traveled as well 
as material types and quantity and costs for each 
activity. An example of the daily work report form 
currently used by Indiana counties is shown in Fig­
ure l. Because maintenance activities are not ade­
quately identified on the form, they were described 
in the space provided for project or location. These 
details were discussed with the county highway offi­
cials before the special study. 

Another approach adopted was to analyze past an­
nual operating reports submitted by the counties, 
which provide the only reported source of informa­
tion on county operations. Costs from Mason County, 
in Washington State (~), which has implemented a 
maintenance management system, are also presented 
for comparison with costs estimated for Indiana. 

The data collection procedure was implemented 
fairly successfully by three counties, especially 
when the highway engineers, supervisors, or clerks 
became personally involved in monitoring the infor­
mation. In another case, the information was ex-



Riverson et al. 27 

Fotm Prucribed by Stale Boord of Acc01.1r'lt• Coun1v H1Qhwov Forrn No. I {it.v. 1972) 

COUNTY HIGHWAY DAILY WORK REPORT 

Nome o Emolovee: D ate: . 19 

PROJECT OR LOCATION: (If work was on two or more construe - CONSTRUCTION AND MAINTENANCE OTHER 
tion projects describe each project separately by code 11A" 1 " B", RECONSTRUCTION AND REPAIR 
etc.) 

< "" u c 
t; t; Qi >- " u u -ii - "' "' "' "' "' "' c a 
·o ·o ·o ·o c :"!1 " ~ 

0 0 c .t .t .t .t "' .ii u Cl 

LABOR - TOTAL HOURS FOR DAY 

Speedometer Numbe1 
EQUIPMENT Total of 

NUMBER Bea in End Miles Hours 

~ MATERIALS - SUPPLIES - REPAIRS : (Describe and aitach delivery 

or sales tickets, invoices, etc) 

~ 

FIGURE 1 Indiana county highway daily work report form. 

TABLE 1 Breakdown of Annual Maintenance Expenditure by County, 1980-1983 

Percent Expenditure by County 

Item 

Administrative and operational overhead 
Garage and mechanical overhead 
Equipment 
Stone and aggregate 
Bituminous and mixes 
Culverts and tiles 
Road signs 
Other materials 
Labor 
Contractual services 

Note: The expenditures given are 4-year averages. 

~Total spent, $1 ,137,000. 

~~~!:: !~:~!: ~!i191,~0°o~0• 
ei~::: :~=~~: ;~:~~~:ggg: 

Bartholomew• 

22.1 
9.8 
3.4 
9.5 

13.9 
1.5 
0.4 
1.5 

19.9 
17.9 

tracted from the daily work reports and accounting 
records of 1983 supplemented by interviews with the 
bookkeepers, the highway supervisor, and the grader 
operators assigned to the roads in the study. The 
main problem observed during data collection was 
that the daily work report form, in spite of the 
provision for other entries, served in most cases as 
mainly a labor time card. The extent to which other 
details were provided depended on the individuals 
completing the forms within the same county. The 
success at implementation also varied from county to 
county. Reporting without the necessary detail on 
equipment and material use by location was suffi­
cient for annual operating reports. The annual 
reports showed mainly gross summaries of labor, 
equipment, and material costs for major budget 
classifications. These summaries are usually pro­
vided from the various accounting ledgers and forms 

Huntingtonb 

26.6 
18.6 
2.3 
7.0 
3.6 
1.9 
1.1 
3.2 

23.4 
12.2 

Jasper< 

25.3 
15.7 
6.3 

12.3 
5.4 
2.1 
1.3 
0.2 

24.4 
7.0 

Tippecanoed 

23.0 
9.9 
7.5 
8.0 

13.5 
1.0 
0.4 
9.6 

17.7 
9.6 

Warrick• 

21. 7 
14.6 
8.1 
4.7 
5.3 

0.6 
15.5 
25.0 
4.6 

kept by the counties. However, suggestions were made 
for modifying the current reporting system to enable 
maintenance activity costing; these suggestions are 
described in greater detail by Riverson (.!_). 

UNIT MAINTENANCE COSTS ESTIMATED FROM 
ANNUAL REPORTS 

In general, reasonable estimates can be made of the 
mix of labor, materials, equipment, and overheaa 
from annual expenditure reports. A breakdown of 
major cost i terns for maintenance and repair calcu­
lated from annual reports is given in Table 1. Fol­
lowing procedures set out in the county accounting 
guide (_l) , the administrative and operational over­
head and the garage and mechanical overhead were 
estimated from annual reports. Items included in 
overhead are as follows: 
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1. Administrative and operational overhead 
a. ~ersonal services and administrative Btaff 
b. Office supplies 
c. Other supplies and charges 
d. Employee benefits 
e. Communication and transportation 
f. Insurance (excluding garage) 
g. Professional services and other charges 
h. Capital outlays (properties) 

2. Garage and mechanical overhead 
a. Salaries of garage mechanics and other 

staff 
b. Garage and motor supplies 
c. Insurance premiums (garage only) 
d. Utilities 
e. Repairs to garage and service building 
f. Rents (garage only) 
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other aspect of this research: counties in Indiana 
with the highest unpaved road mileage also spent 
less per mile of road <!>· Figures 2 and 3 present 
the relative expenditure by cost category and the 
percentages of total maintenance and repair expendi­
ture for all counties. The average annual costs for 
the 4 years, 1980-1983, were used in the plots. The 
specific cost items plotted are as follows: 

1. Administrative and supervision overhead 
2. Garage and mechanical overhead 
3. Equipment maintenance and rental costs 
4. Stone and gravel materials 
5. Bituminous materials and mixes 
6. Other materials (culverts or tiles, bridge 

metal, road signs, etc.) 
7. Labor (truck drivers, equipment operators, 

etc.) 
From the foregoing analysis, unit costs of main­

tenance and repair for all roads independent of sur­
face type ranged from $990/mi to $2,310/mi. The var­
iation in costs appears to be more a function of 
revenue received than mileage maintained. The county 
with the highest mileage had the least unit cost per 
mile of road maintained. Comparatively, it also had 
the second highest mileage of gravel roads. However, 
this appears to be in line with the findings in an-

8. Contractual services 

On the average, over the period 1980-1983, the 
three highest expenditure categories for all five 
counties were, in decreasing order, udministrativc 
and supervision overhead (item 1) followed by labor 
(item 7) and garage and mechanical overhead (item 
2). Together they represent between 50 and 60 per-
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cent of the annual expenditure on maintenance and 
repair. Operationally, the control of these catego­
ries of expenditure will greatly determine the final 
costs of individual activities. Because they make up 
the larger portion of costs, they also affect the 
rela tive expenditure on 'the other items, mainly of 
materials used, which represents essentially the 
more variable component of maintenance costs. Aver­
age costs of all materials and supplies, if consid­
ered together, represents the highest individual 
cost category, about 26 percent for the five coun­
ties, ranging from 17 to 32 percent. 

DETERMINING COST OF COUNTY ROAD MAINTENANCE 

Data returns from four of the five counties for the 
selected unpaved road sections in the study provided 
some indication of relative costs of gravel road 
maintenance. Information on activity costs for all 
county roads, paved or unpaved, from Huntington 
County in Indiana and Mason County in Washington 
State, both of which implemented some maintenance 
management procedures, are also presented. 

Gravel Road Maintenance Costs 

The major activities reported on gravel roads are 
grading and spot regraveling. Other minor activities 
included brush cutting or vegetation control, side 
ditching, and snow plowing. Some of these costs were 
reported by Huntington and Jasper counties. In the 
former county, data were obtained from its manage-' 
ment information system. Costs for activities common 
to both gravel and paved roads, such as snow plow­
ing, were usually not separated by surface type. 

Bartholomew County 

Annual unit costs of gravel road maintenance com­
prising mainly grading and gravel addition for the 
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three study roads in Bartholomew County averaged 
$259/mi and ranged from $155/mi to $490/mi. However, 
the unit grader cost of $11.14/hr provided by the 
county represented labor and grader running costs 
for fuel and oil and not the total cost for operat­
ing the grader including depreciation and other re­
pair costs. The maintenance cost details are pre­
sented in Table 2. 

Huntington County 

The 1993 data for Huntington County gave a unit 
gravel road grading cost of $320/mi. With additional 
data provided by the county engineer, a 3-year 
(1991-1993) average unit cost for grading of $365/mi 
was obtained. There was more blading of unpaved 
roads in 1991 and 1992; hence the 3-year average 
unit cost was higher than the unit cost in 1993. The 
aggregate patching cost for 1993, however, was 
$93/mi. On the average in 1993, just for the two 
major activities of grading and aggregate patching, 
the unit maintenance cost was estimated at $409/mi 
of aggregate road. In Table 3, additional cost cal­
culations were made in consultation with the county 
engineer for those activities such as vegetation 
control, sanding and snow plowing, drainage struc­
tures, and sign repair that were undertaken irre­
spective of road type. The percentages of the total 
expenditure on each activity spent on gravel roads 
are also shown in Table 3. Including the additional 
items, annual unit gravel road maintenance cost was 
$750/mi. 

Jasper County 

The annual unit costs in 1983 for the roads studied 
in Jasper County ranged from $540/mi to $6 ,567/mi, 
giving an average gravel road maintenance cost of 
about $1,360/mi. The rather high estimated unit cost 
of $6,567/mi was for a road that serves primarily a 
private large-scale mint farming project, which gen-

TABLE 2 Gravel Road Maintenance Costs on Stnrly Roads: Bartholomew County 

Grading Activities Stone Added 
Annual Annual 

Length Frequency• Time Cost Cost Total Cost 
Road (mi) ADT (no. x days) (hr) ($) Tons ($) ($) ($/mi) 

l 6.5 38 6 x 55 29 323.06t 169 1,049.49 1,372.55 211. 
2 1.75 55 5 x 69 7 77.98 31 192.5 270.4\1 155. 
3 3.25 52 6 x 58 10 111.40 156 968.76 1,080.16 480. 

~Frequ.g;ncy is shown as number of gradlo,p recorch:d dudng the year and average number of days between gradings. 
COurU)I' unjt grader costs at $ 11.14/hr (l11bor + gr:ide r). 

TABLE 3 Gravel Road Maintenance Costs on Study Roads: Huntington County 

Expenditure($) Percent 
of 

Activity Labor Materials Equipment Contractual Overhead Total Total 

Grading 18,680 5,765 42,432 15,605 82,482 42.3 
Aggregate patching 2,391 14,798 5,151 1,890 24,230 12.4 
Sanding and snow plowing• 3,459 10,010 6,434 2,872 22,835 11.7 
(15, 25) 

Vegetation control• 7,363 7,863 8,756 23,982 12.3 
(33) 

Drainage structures• 4,851 10,481 7,645 4,080 27,057 13.9 
(33) 

Side ditching• 420 66 922 17 1,425 0.1 
(25) 

Sign repair" 5,384 2,633 1,422 3,703 13,142 6.7 
(25) 

Total 195,154 

8
These activities were costed irrespective of surface type. Amounts shown in parentheses are proportions assigned to unpaved roads. 
Sanding, including addition of salt, was estimated as 15 percent compared with 25 percent for snow plowing on gravel roads. 
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TABLE4 Gravel Road Maintenance Costs on Study Roads : Jasper County 

Grading Activities Stone Added 
Brush Side Snow Annual Annual 

Length Frequency• Time Cost Cost Cutting Ditching Plowing Total Cost 
Road (mi) ADT (no. x days) (hr) ($) Tons ($) ($) ($) ($) ($) ($/mi) 

I 2.5 118 38 x 7.5 330 14,286 380.75 1,092.1 840 200 16,418.1 6,567 
2 4.5 44 24 x 11.5 72 3,389.2 533.05 1,471.6 840 200 5,900.8 1,311 
3 2 60 19 x 13.4 21.5 890.7 133.9 435.22 280 70 1,675.9 838 
4 2.5 149 37 x 7.4 53.5 2,024.6 457.2 1,459.2 560 105 4,148.8 1,659 
5 4.0 14 19xl3.4 31.5 1,259.8 181.2 555.93 280 70 2,165.5 541 
6 2.0 28 20 x 8.0 I 5 588.5 122.7 398.8 560 105 1,652.3 826 
7 4.0 28 11 x 12.6 II 655.04 31.95 168.5 70 11 .36 140 1,044.93 261 
8 4.25 34 17 x 12.6 33.5 1,069.7 886.5 70 2,026.2 477 

afrequency is shown as number of gradings recorded during the year and average number o f days between gradings. 

erates high average daily traffic volume mainly of 
farm vehicles. Maintenance expenditure on that road 
is borne largely by the pr iv ate company engaged in 
the project. Average daily traffic on that road was 
118. Excluding that road, average gravel road main­
tenance cost for 1983 was about $800/mi. The details 
of costs for Jasper Count y are p r e sented in Table 4. 

Grading Costs for Tippecanoe County 

Consistent monitoring of costs on the study sections 
was not undertaken by Tippecanoe County. However, 
information was collected from the county to calcu­
late the cost of grading on the sections under 
study. The daily work report completed by grader 
operators and the information on equipment mainte­
nance and fuel use were the mu in oourcc of data. 
Grading costs are presented in Table 5. Grading 
costs in 1983 varied from $203/mi to $346/mi for 
gravel roads in the seven districts of the county. 
The costs, were, as expected, a function of the fre­
quency of maintenance and the equipment used in the 
different districts. Equipment operating costs in­
clude annual depreciation costs based on a straight­
line depreciation over 10 years of estimated life of 
the grading equipment. 

Effect of Different Management Practices 

Three management practices that were examined in­
cluded grading policies, equipment used, and spot 
regraveling. The implementation of such policies in 
practice may stem from budget limitationsi however, 
detailed examination of their effects is seldom 
undertaken by the average county. 

Grading Policies 

Differences in cost between counties are a direct 
result of policy differences, which also affected 

the grading frequencies applied. The lower unit 
costs for Bartholomew County are due to less fre­
quent grading. Grading frequencies ranged from five 
times at an average interval of every 69 days (10 
weeks, approximately) to six times at an average 
interval of every 55 days (less than 8 weeks). The 
range of average daily traffic (AOT) on the roads, 
however, does not provide a basis for determining 
the relationship to traffic volumes using the roads. 

For Huntington County, the grading frequenci• 
ranged from every 14 days to every 54 days on the 
study sections. Figure 4 is a ·plot of grading fre­
q uency versus traffic volume. A logical pattern is 
seen in which roads with higher traffic volumes ar e 
graded more frequently than roads with lower traffic 
volumes. A simple linear regression of grading fre­
q11Pn"y VPrR11R tr11ffic volume is shown in E'}nation 1 
(r 2 is 90.4 percent for six data points with an 
adjusted r' of 88 percent): 

Y = 72.989 - 0.656T (1) 

where Y is the number of days between gradings and T 
is the ADT. On the basis of Equation 1, if a maximum 
frequency of grading of every 7 days is adopted, 
traffic volume should be at least 100 vehicles per 
day. A minimum frequency of about once every 73 days 
is expected for roads carrying little or no traffic. 

Figure 5 is a similar plot of grading frequency 
and ADT for Jasper County. A linear trend is again 
evident, showing a decrease in days between grading 
with increasing ADT. The range of grading frequency 
for this county is, however, smaller. Grading fre­
quencies ranged from approximately every 7 days or 
weekly to about every 14 days (13.4 days). The lin­
ear regression equation obtained for the plot is as 
follows: 

Y = 13 .119 - 0.039T (2) 

where the variables are the same as those in Equa­
tion 1. 

TABLE 5 Unit Costs of Grading Operations: Tippecanoe County 

Total Grader Unit Annual 
Gravel Grader Annual Repair Number of Operating Grader Grading 
Road Year of Cost Depreciation Cost• Bia dings Cost Cost Cost 

District (mi) Purchase ($) Cost($) ($) a Yearb ($/mi) ($/mi) ($/mi) 

I 56 1973 24,989 2,499 7,223 14 9.6 14.5 203 
2 49 1974 28,263 2,826 7,731 18 9. 3 14.2 256 
3 58 1972 27,227 2,723 6,850 16 7.8 12.7 203 
4 42 1973 24,989 2,499 10,053 19 11.9 16.8 319 
5 43 1982 111,176 11,118 4,035 14 18.8 23. 7 332 
6 48 1980 80,615 8,062 8,534 18 14.3 19.2 346 
7 47 1983 55,533 5,553 5,275 15 12.l 17. 255 

~Tulal igriidn 1ie11nh c::Olt (Or nH use,, (u ... n1mod gradln' Ii i 5 ini.run t). 
cEquiv(lh.rnt 1rnmbt!lr or complete bl3ding1 of mll grn.YC!,I roBd& In di&lrlct , Actual blading mny differ from road to road. 
Jncludti:~ opcnator WA$CCI esdniatcd It S6.S9/hr. Assumo~ J .. ml ; r11oding takes 0. 7 S hr or opi=rato'r s time. 
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The r 2 is 0.49 and the adjusted r 2 is 0.407. 
One or two outliers are evident in the plot. From 
Equation 2, a road should carry a traffic volume of 
at least 157 vehicles a day for it to receive the 
maximum frequency of grading every 7 days. The 
higher frequencies in Jasper County appear to be the 
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result of generally poor subgrades in several parts 
of the county. High water tables and prevalence of 
"muck" soils create a need for frequent addition of 
gravel on some roads. The county highway department 
also grades the roads frequently in order to re­
spread surface gravel. 

Grading frequency plots for the gravel road sec­
tions in Tippecanoe County are presented in Figure 
6. Regression analysis resulted in a very low r '­
value of less than 1 percent for the relationship 
between grading frequency and ADT. The grading pol­
icy in the county is that every road be graded at 
least once a week. Grader operators in the seven 
grading districts attempt to meet the schedule. How­
ever, graders use personal judgment and knowledge of 
the area, and some differentiation is made in the 
frequency of maintaining individual unpaved roads in 
their care. No definite equation was determined for 
this plot because it appears that traffic volume had 
little influence on the frequency of grading in that 
county. 

The various grading policies identified have had 
an influence on the local unit costs of unpaved road 
maintenance in each county. In general, traffic vol­
ume appears to be an important consideration in de­
termining grading policies for counties. Applying 
appropriate differences in traffic volumes could 
ensure that money is spent where the need is great­
est. Unpaved road distresses such as roughness, rut 
depth, potholes, and corrugations have been found to 
reduce with grading or blading (1,4-7). However, as 
a practice, few Indiana counties- measure road dis­
tresses or monitor road condition routinely as part 
of maintenance management (8). 

The equations for Huntington and Jasper counties 
provide first estimates of possible relationships. 
Because grading frequency in Jasper County is in­
fluenced greatly by the poor existing subgrade mate­
rial, the curve for Huntington County was used to 
develop possible grading frequency for various 
ranges of ADT. Riverson Cll also found in a separate 
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TABLE 6 Suggested Traffic Volume Groups, Grading Frequency, 
and Other Considerations for Unpaved-Road Main.tenance 

Grading Frequency 
Traffic 
Volume Days 
(vehicles/day) Between Times/Yr 

< 50 40-60 7-5 

50-100 21-40 13-7 

100-200 7-20 40-13 

>200 7 or less > 40 

Annual 
Cost 
($/mi) 

150-108 

280-150 

860-280 

> 860 

Remarks 

Roads with steep grades; 
frequent corrugation 
may require minimum 
days 

Same as above, includ­
ing locations with 
frequent driveways 

Same as above ; some 
dust control may be 
required 

Same as above ; stabili­
zation or paving 

study of unpaved road roughness that Huntington 
County roads had on average the lowest roughness 
number values compared with those of the other coun­
ties. Although the values were also influenced by 
the material gradation characteristics in the vari­
ous counties, the curve for Huntington County was 
used as a reasonable basis, initially, for estab-
1 ishing grading frequencies for Indiana counties. 
Table 6 shows the grading frequencies for various 
ADT ranges and the variation in grading as a result 
of terrain and other condition factors such as the 
rate of corrugation development. 

Equipment Used 

Another aspect of importance for maintenance manage­
ment is the type of equipment frequently used for 
grading unpaved roads. Huntington County, for ex­
ample, uses mainly trucks with mounted underbody 
blades for grading gravel roads. Routine blading 
usually required to maintain a gravel road in good 
condition is adequately provided by the trucks. In 
addition, gravel or stone required for spot regrav­
eling can be transported to the road site on the 
truck, which enables material to be dumped and 
spread by the same unit of equipment. Annual unit 
cost of equipment maintenance using 1983 equipment 
cost data is about $163 per year per mile of road 
maintained (261 mi of unpaved roads). Unit cost in 
1983 of using the truck-mounted blade maintainer is 
$13.42/hr compared with $28.69/hr for using the 
motor grader. 

Thus, the choice of equipment affects unit costs 
of grading and hence gravel road maintenance. This 
choice is usually the prerogative of the particular 
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county engineer or supervisor. Actual road perfor­
mance such as roughness after blading or relative 
deterioration of roads that have been maintained by 
any piece of equipment is also an important consid­
eration. Nevertheless, it is expected that continued 
use of any particular piece of equipment by any 
county would be an indication of the satisfactory 
road performance experienced previously in any par­
ticular county as well as better production rates. 

Spot Regraveling 

The amount of spot or total regraveling undertaken 
by any county could increase or lower the unit main­
tenance costs for gravel roads. A minimal amount of 
spot regraveling was undertaken by Huntington 
County, for example, in 1983. It was estimated by 
the county that to bring existing roads to standard, 
the average gravel road in the county requires a 
coating of 1,000 yd' of gravel (1,500 tons), about 
3 in. of gravel over an average width of 20 ft. The 
unit cost is estimated as $4,255/ mi of gravel road. 
Such a program can, however, only be sustained on a 
periodic basis. The 260 mi of unpaved roads in Hunt­
ington County will require an annual budget of over 
$1.l million for regraveling alone. As expected, be­
cause of the poor subgrade conditions prevailing in 
Jasper County, spot graveling costs there, shown in 
Table 4, are much higher than those estimated for 
Huntington County. 

Total regraveling should thus be considered like 
paving of the gravel surface, as a periodic mainte­
nance activity. In the absence of adequate funds, 
spot regraveling could continue to be undertaken as 
a routine maintenance activity. With a properly de­
veloped unpaved surface crust, as was evident on 
several roads in Huntington County, a minimal amount 
of spot regraveling would usually be necessary. The 
unit cost of gravel road maintenance for Mason 
County is about $1,000/ mi for grading and regrav­
eling. However, this results from undertaking re­
graveling every year on selected roads, which in 
turn has led to a reduction in grading. Gravel roads 
are graded at a frequency of six times per year (~) • 

Costing Other Activities 

Huntington County in Indiana and Mason County in 
Washington State both provided information to deter­
mine the relative costs of other maintenance activi­
ties at the county level. On the basis of their dif­
ferent reporting procedures, the top 10 activities 
in 1983 on which each county spent the most money 
are indicated in Table 7. Although the actual 
amounts spent on different activities differ between 

TABLE7 Comparison of the Top 10 Expense Items in Huntington and Mason Counties 

Huntington County, Indiana Mason County, Washington 

Amount Percent Amount Percent 
Rank Activity ($000s) of Total Activity ($000s) of Total 

1 Ice control and snow removal 142.4 17.l Seal coating 418.5 26.2 
2 Bituminous patching 133.8 16.0 Bituminous patching 256.7 16.0 
3 Administrative• 114.l 13.7 Ditching and minor maintenance 208.8 13. 1 
4 Sealing 98.2 11.7 Traffic control and striping 156. 9.8 
5 Grading 82. 5 9.8 Administrative 114.4 7.2 
6 Storm drainage structures 82.4 9.8 Vegetation control 104.4 6.5 
7 Vegetation control 69.2 8.2 Storm drainage structures 92.08 5.8 
8 Traffic sign repair 52.6 6.3 Aggregate patching 80.4 5.0 
9 Aggregate patching 24.2 2.9 Miscellaneous (including road cleaning) 66.4 4 .2 
10 Shoulder maintenance 2 1.3 2.5 Grading 63.2 4.0 

Total 820.7 98.0 1,560.9 97. 8 

8Includes office and field engineering, training, county survey, garage, gro unds, parking area, and vehicle maintenance. 
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TABLE 8 Comparison of Maintenance Expenditure in Two 
Counties by Roadway and Environmentally Related Activities 

Item 

Pavement and shoulder 
Paved 
Unpaved 

Winter maintenance 
Roadside drainage 
Vegetation control 
Sewer and storm drainage 
Traffic control and services 
Total 

Percent of Total Expenditure 

Huntington County 

30.2 
12.7 
17.1 
0.8 
8.2 
9.8 
6.3 

84.3 

Mason County 

42.3 
9.0 
2.3 

13.1 
6.5 
5.8 
9.8 

88.8 

the two counties, it is clear that ice control and 
snow removal constituted a major cost item in Hunt­
ington County and not in Mason County . The differ­
ences in weather effects on expendi ture in the two 
counties are highlighted. Bituminous patching and 
seal coating were among the top four activities with 
the highest expenditure levels in both counties. 
Administrative costs, however, may not have been 
defined in the same way in the two counties. Hunt­
ington County, for example, accounts for administra­
tive overhead in each activity. 

An alternative breakdown of maintenance and re­
pair expenditure is presented in Table 8. The cost 
items covered include pavement and shoulder mainte­
nance for paved and unpaved roads. Winter mainte­
nance, vegetation control, roadside drainage, sewer 
and storm drainage, structure maintenance, and traf­
fic control accounted for over 80 percent of the 
1983 expenditure on maintenance and repair in both 
counties. Pavement and shoulder maintenance activi­
ties on paved roads were the highest expenditure 
i terns in both counties compared with similar expen­
diture on unpaved roads. 

EFFECT OF ROAD CONDITION 

Ultimately, the management effects mentioned earlier 
would affect the condition of gravel roads. However, 
in most counties in Indiana, no formal procedures 
based on quantitative measurements are used to de­
termine the condition of roads in the network (~). 

Road condition is determined subjectively from in­
spections conducted by grader operators, foremen, 
supervisors, or engineers. Considerable weight is 
also given to complaints by local residents in de­
termining the need for maintenance or major repairs. 
However, unless care is taken to ensure some ration­
ality in planning maintenance activities, unneces­
sarily high costs of maintenance may result. For un­
paved roads, typical distresses include rutting, 
corrugation, potholes, dust generation, and loss of 
surface gravel or stone. The results of other parts 
of the research by HERPICC concerning unpaved road 
condition parameters such as roughness, rut depth, 
material characteristics, and so on are presented by 
Riverson (1). For management purposes, it is impor­
tant to note that the condition of unpaved roads 
changes more rapidly than that of paved roads and it 
is influenced by factors like material character is­
tics, traffic volume, weather, and drainage, includ­
ing surface crown or cross slope, as well as the 
frequency and type of maintenance. Hence, a "one­
time" condition measurement may not be sufficient, 
and any periodic monitoring of unpaved road condi­
tion should be related to the strategies adopted for 
maintenance as well as the desired level of service 
and the budget limitations. 
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CONCLUSIONS 

'!'he attempt t o isolate gravel r oad maintenance costs 
from coun ty highway accounts has t hrown s ome light 
o n specif ic maintenance management needs of most 
coun ties i n I.ndiana . Cont i nu ing the present sys t em 
of a ccounting will only pr ovide annual summa r ies of 
labor, equipment , and materials costs for various 
budget classifications. Proposals have been made for 
a maintenance management system to fulfill these 
needs Cll· The system adopts current accoun ting pro­
cedures wi t h s ome modifications to improve county 
maintenance management . 

Maintenance management of unpaved roads, even if 
based simply on annual accounts, will be enhanced if 
adequate consideration is given to traffic volume, 
road condition, and performance in its planning and 
implementation. Proper allocation and control of 
county maintenance funds for specific activities 
will ensure the best use of funds for the revenue 
received. Each county will need to take its pecu­
liarities into consideration. However, proper re­
porting by activity will greatly aid cost accounting 
and improve maintenance management, which depends on 
good estimates of maintenance costs of roads of all 
surface types. As maintenance activity costing is 
improved in the counties, adequate life-cycle cost­
ing procedures can be implemented as the ability to 
monitor road performance is also enhanced. For some 
counties, however, the procedure may have to be im­
plemented on a step-by-step basis. 
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Commentary Driving Applied to Safety Evaluation of 

Low-Volume Rural Roads: Training and Use 

BOB L. SMITH and DAVID K. MURDOCK 

ABSTRACT 

The procedure of conunentary driving is a simple field technique used in the 
safety evaluation of roadways. The procedure and its uses are described. A set 
of checksheets based on the concepts of decision sight distance are introduced. 
These checksheets should be a valuable tool in the safety evaluation of sites 
that are found to be information deficient by conunentary driving. Two teaching 
methods for the technique of conunentary driving were studied. '!'he study was 

· conducted to determine the amount of time required to teach someone the tech­
nique of conunentary driving and then to determine the effectiveness of the two 
alternative teaching methods. The two teaching methods were to have the students 
make conunentaries (a) while viewing a videotape of a predetermined route (VIDEO) 
or (b) while driving a predetermined route (DRIVE). It was concluded that the 
conunentary driving technique and the use of the information-deficient location 
checksheets can be taught to county personnel in a 1- to 2-day workshop. It was 
also concluded that the VIDEO or DRIVE methods work about equally well in 
teaching the use of the conunentary driving technique. 

Every day, county personnel from states across the 
nation are faced with the problem of signing and 
maintaining the low-volume roads (roads with less 
than 400 vehicles per day) within their county. Many 
of the counties have their own methods for the in­
ventory and inspection of their signs and markings. 
However, few counties have a simple method for the 
evaluation of information-deficient locations on 
their road systems. 

Whereas an inventory is simply a matter of the 
number of signs and their respective locatiom;, the 
inspection is concerned with the physical condition 
and appearance of the sign. An evaluation determines 
whether the current signs are correct, needed at 
all, or missing (i.e., an information-deficient lo­
cation). 

One can readily see that there is a definite need 
for some type of simple procedure by which the coun­
ties can evaluate the road systems for locations 
that are information deficient or potentially haz­
ardous. Conunentary driving is one such procedure. 
Conunentary driving is a technique in which, at the 
beginning of a section of road to be evaluated, the 
driver states his expectancies of the road and as he 
proceeds along the road he conunents on locations or 
conditions that violate his expectancy. 

This study was conducted to determine the amount 
of time required to teach someone the technique of 
conunentary driving and then to determine the effec­
tiveness of two alternative teaching methods. The 
two teaching methods were to have the students make 
conunentaries (a) while viewing a videotape of a pre­
determined route (VIDEO) or (b) while driving a pre­
determined route (DRIVE) • 

This study dealt only with the aspects of teaching 
the technique to county personnel in Kansas and to 
Kansas State University students who have the same 
background as the county personnel. The term "back­
ground" refers to the students' knowledge of the 
proper rules, regulations, general signing, and geo-

Department of Civil Engineering, Kansas State Uni­
versity, Manha-ttan, Kans. 66506. 

metrical layout of county and township road systems. 
Even though, as described later in the Sununary, com­
mentary driving can be used for various other situa­
tions, this study was concerned only with its appli­
cation on low-volume rural (LVR) roads. The reason 
for applying this limitation to the study was to 
gather information on teaching conunentary driving to 
county personnel and to later add a section on com­
mentary driving to the Handbook of Traffic Control 
Practices for Low Volume Rural Roads (LVR Handbook) 
<.!>. 
BACKGROUND 

Conunentary Driving Procedure 

The information that a driver receives from the 
roadway must be correct, pertinent, concise, and 
presented in such a way that it is readily usable by 
the driver. In many cases, however, this information 
is not consistent with what he expects to, or should, 
receive. If the driver's expectancy of the roadway 
environment is violated, a potentially hazardous 
situation exists. The procedure of conunentary driving 
was developed by R.S. Hostetter et al. (2). Generally 
stated, conunentary driving is a simple-field tech­
nique that requires no special equipment and from 
which information is gathered concerning the roadway 
environment to help eliminate all information­
deficient locations. Information-deficient locations 
are specific locations on the roadway where the in­
formation, received by the driver from the roadway, 
is not sufficient to give the driver the needed in­
formation to safely traverse the roadway. 

In the planning for the evaluation of a county's 
road system it is recommended that the roads be 
divided into several routes. Each route is from 3 to 
15 mi long. Every road that the county is responsible 
for is placed on only one of the routes. The routes 
are listed on a priority basis so that the roads 
deemed to be most hazardous are evaluated first (~)· 

After the routes have been established and listed 
on a priority basis, either a team of two or an in-
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dividual with a tape recorder (see section on per­
sonnel requirements) drives the roads, making sure 
to drive each route in both directions and, if 
necessary, driving some routes at night. As the team 
or individual drives the route, the driver will com­
ment verbally on what information is needed versus 
what information is received from the various situa­
tions on the route. The driver's commentaries will 
usually be stored on a cassette tape so that later 
reference can be made to them if necessary. 

The driver's commentary is divided into two parts. 
Within the first half-mile, the driver makes state­
ments concerning the general nature of the roadway 
environment. Included in this group of general com­
ments are the classification of the road, the surface 
quality, existing positive guidance (l_) , predicted 
safe driving speeds, availability of warning signs, 
and other general expectancies of the road. The 
driver's comments then focus more specifically on 
the events that he encounters as he moves farther 
along the roadway, commenting on the situations as 
they arise (~).The comments regard 

1. The driver's expectancy concerning direction 
(i.e., straight or curves to the left or right), 
vertical curves, sharpness and safe speed of curves, 
oncoming traffic, culvert and bridge width and 
alignment, right-of-way controls at intersections, 
etc.: 

2. What actions may be necessary regarding speed 
changes, lateral movement, turns, etc.; and 

3. Any uncertainty related to any of the two 
foregoing items. 

During the running commentary, the driver may 
believe it necessary to restate his initial comments. 
This is especially true on long straight tangents 
where there is little need for specific comments. It 
is believed that during the initial statement and 
restatement of expectancies, obvious information­
deficient locations will be identified as a result 
of the commentary. 

Verbal comments are suggested because this forces 
the driver to state what he expects from the road 
environment ahead and thus makes him more sensitive 
to any inconsistencies that may confront him. It is 
also suggested that the driver maintain a speed as 
close to the posted speed limit as is comfortably 
possible. If no speed limit is posted, the driver 
should drive the road as he believes a reasonably 
prudent driver would. 

As stated earlier, the driver's comments should 
be stored on an audiotape cassette in a cassette 
tape recorder so the driver can replay the tape in 
the event that he must further investigate a site. 
For this reason, in addition to identifying the 
route, it is necessary that the driver /record the 
mileage at the beginning of and also at the specific 
points of interest along the route. Although some 
drivers may be uneasy with the tape recorder at 
first, with a few hours of practice they will become 
relaxed and proficient in its use <l>· This point is 
discussed in more detail in the Conclusions of this 
paper. 

The last step in the procedure is to conduct more 
detailed surveys of the sites that have been identi­
fied as infor· ation def icient during the commentary 
driving portion of the task. This job is made easier 
by using the checksheets developed by Hostetter et 
al. (l, Vol. 2) • Figures 1 and 2 are 2 of the 10 
checksheets. The other eight checksheets are for 
horizontal curves, tangential intersections, inter­
sections that require a turn, railroad-highway grade 
crossings, uncontrolled Y-intersections, low water 
stream crossings, height and weight restrictions, 
and other situations. Table 1 is mentioned in Figures 
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1 and 2 and in the other eight checksheets. All of 
the checksheets were developed to aid the crew when 
they revisit the information-deficient locations to 
conduct further study of the site. The checksheets 
are self-explanatory for experienced highway person­
nel. The locations in question are those in which 
there was no obvious solution on the initial drive­
through of the route. These locations can then be 
listed in priority order and later improved as the 
county acquires the funds for this purpose. 

Survey Frequency 

It is important to note that this type of survey 
probably need not be done at any set interval of 
time. In fact, once the initial s urvey has been 
finished, the only reason for redoing it would be 
for substantial changes in the nature of the roadway 
environment. This in no way means that once the sur­
vey is completed, the responsible county engineer is 
no longer concerned with providing the needed infor­
mation to the motoring public. He must continue the 
routine inspection of all his roadways (~). Note 
that surveys during seasons of high vegetation growth 
can be very helpful in determining problems of ob­
struction of signs by weeds or trees. 

Personnel Requirements 

When a team of two is used, the driver does the com­
mentary and the passenger acts as a guide or navi­
gator. The passenger can also be a recorder if the 
tape recorder is not used. The main objective in 
using a team of two is to free the driver from con­
cerns about staying on the route so he may concen­
trate on evaluating it. 

Although there are no rigid requirements for 
selecting a driver, it is recommended that he be 
knowledgeable in the application of traffic control 
devices, particularly signs. He should also be 
familiar with the Manual of Uniform Traffic Control 
Devices (MUTCD) (_!) and in particular the LVR Hand­
book (1). The preferred driver would be unfamiliar 
with the road system to be driven (i.e., an engineer 
borrowed from the neighboring county). The driver 
should be neither too cautious (overstates defi­
ciencies) nor too aggressive (has high tolerance for 
deficiencies) (l). 

Hostetter <ll suggests that the driver be a traf­
fic engineer and the recorder be a technician. From 
their experience in Kansas, the authors believe that 
the driver (commentator) should be a county engineer 
or road supervisor or some other of the technical 
personnel experienced in the use of the LVR Hand­
book. Although it would be helpful if the passenger 
(navigator or recorder) were a technician, the 
authors do not believe this to be necessary. On the 
other hand, if the driver is a county engineer or 
road supervisor from, say, an adjacent county, the 
passenger should be a technically qualified person 
from the county in which the roads are located. 

EXPERIMENTS 

In this section the two experiments are described 
that were designed to answer the question, Can a 
student show that he has learned the technique of 
commentary driving by watching a videotape of a route 
in a classroom and commenting on what he sees, or 
does the student need to do the commentary from an 
automobile out on the road? 

The commentaries were about 40 to 50 min long and 
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the routes were 20 to 25 mi long for both exper i­
ments. All routes include examples of the v<11 ious 
types (A, B, and C from LVR Handbook definitions ) of 
LVR roads. Included in this section is a brief ex­
planation of each experiment followed by a section 
on the statistical results. 

Experiment l 

Procedure and Experimental Design 

The 21 subjects for this experiment were all members 
of the fall semester 1984 Route Location and Design 

INrERSECTING 
ROtrrE ID _____________ ROtrrE 

APPROACH DIRECf ION N s 

DATE TIME - -----
AM 
PM 

E w (circle) 

ESTIMATED TYPICAL 
SPEED LIMIT ___ MPH APPROACH SPEED _____ MPH 

DECISION SIGHT DISTANCE (circle one set) 
SPEED (max of a&ove) 30 35 
DSD (feet) 220 275 

40 45 
345 420 

50 55 
500 585 

60 
680 

(1) ls the intersection clearly visible from decision eight distance? 
___ Yea ___ No 

(2) Is the stop 'sign clearly visible from decision sight distance? 
___ Yes ___ No 

If no, go to (4) 

(3) From decision sight distance, can you determine that the stop 
sign applies to you? ___ Yes ___ No 

If yes, go to (6) 

(4) Is there a STOP AHEAD warning sign present? ___ Yes ___ No 

If no, go to (6) 

(5a) Is the STOP AHEAD warning sign clearly visible an the approach? 
___ Yes ___ No 

(5b) Is the STOP AHEAD warning aign designed according to the specifi-
cations in the MtrrCD? Yes ___ No 

(5c) la the STOP AHEAD warning sign properly located? (i.e., neither 
too far upstream such that you would "forget" it or too close to 
the intereection euch that you etill would not have euf ficient 
time to atop) ~Check Table of Placement Distances for Advance 
Warning Signe) __ Yes __ No 

(6) Do other informa tional sources (i.e., roadway aurface edges, 
terrain cuts , brush/tree line, shoulder edges, centerline•, etc.) 
provide tnformation suggesting eit·her I) that the situation ahead 
is ~ n stop-controlled intersection, 2) that atop sign doe• not 
apply to your approach,, or 3) that the stop control led intersec­
tion is located f urther down stream than it actually is? 
___ Yes No 

If yes, then identify those sources and describe how they provide 
confusing, conflicting or misleading information: __________ _ 

( 7) Is the pre&ently available information sufficient for you to 
recognize the stop-controlled intersection at a distance such that 
you can stop safely? __ ._Yes ___ No 

(8) Would the presently available information be sufficient for you to 
recognize that a stop-controlled intersection is located downstream: 

o during nighttime conditions? ___ Yes No 
o when the roadside vegetation is at its 

densest growth? ___ Yes No 

* See Table 1 

FIGURE 1 Information-deficiency evaluation checksheet for a stop-controlled 
intersection. 



SUGGESTED TREATMENTS 

Install STOP AHEAD warning sign 
Improve visibility of STOP AHEAD warning sign 
Relocate STOP AHEAD warning sign 
-Move closer to intersection by feet 
-Move back from intersection by ---feet 
Replace non-standard warning sign with standard STOP AHEAD 
warning sign 
Improve sight distance to intersection 
Improve visibility of atop sign 
Install stop lines 
Improve markings at intersection 
Improve signing at intersection 
Correct for confusing, conflicting or misleading information: 

Implement other treatment: 

F1GURE I continued. 

LOCATION: _______ MILES FROM 
ROUTE ID ________ _ REFERENCE POINT. _________ _ 

APPROACH DIRECTION N s E W (circle) 

AM 
DATE _____ _ TIME _____ _ 

PM INSPECTORc----------

ESTIMATED TYPICAL 
SPEED LIMIT MPH ----- APPROACH SPEED. ________ HPH 

DECISION SIGHT DISTANCE (circle one set) 
SPEED (max of above) 30 35 
DSD (feet) 230 290 

40 
355 

45 
430 

50 
510 

55 
590 

(1) Is the bridge clearly visible from decision sight distance? 
Yes No 

If no, go to (3) 

60 
680 

(2) From decision eight distance, can you perceive the reduced roadway 
width at the bridge? ___ Yes ___ No 

If yes, go to (5) 

(3) ls there a NARROW BRIDGE or ONE-LANE BRIDGE warning sign present? 
Yes No 

If no, go to (5) 

(4a) ls the warning sign accurate? (i.e., the ONE-LANE BRIDGE ia appli­
cable to bridges with usable roadway widths leas than 16 feet or 
18 feet if a significant number of wide vehicles cross the bridge 
or if the approach alignment is winding) 
___ Yes No 

(4b) ls the warning sign clearly visible on the approach? 
___ Yes ___ No 

(4c) ls the warning sign properly designed according to the specifi-
cations in the MUTCD? ___ Yes ___ No 

(4d) Is the warning sign properly located: (i.e., neither too far 
upstream such that you would "forget" it or too close to the 
bridge such that you still would not have sufficient time to 
select a safe speed and decelerate to it~ (Check Table of Place-
ment Distance for Advance Warning Signs) ___ Yes ___ No 

(4e) Is there a supplemental speed advisory plate attached to the 
warning sign? ___ Yee ___ No 

* See Table 

FIGURE 2 Information-deficiency evaluation checksheet for a narrow or one-lane 
bridge. 
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(5) Do other informational sources (i.e., hazard panels, guardrails, 
edgelinea, roadway edges, bridge abutments, etc.) provide infor­
mation suggesting 1) that the situation ahead is not a 
narrow/one-lane bridge, 2) that usable roadway widt'h""acroas 
~he bridge is wider than it actually is, or 3) that a 
narrow/one-lane bridge is located further downstream? 
___ Yes ___ No 

If yes, then identify thoee source• and deecribe how they provide 
confusing, conflicting or misleading information=----------~ 

(6) le the eight distance to opposing vehicles sufficient for you to 
make a eafe decision on whether you can safely cross the bridge and 
to safely execute the selected maneuver? ___ Yes ___ No 

(7) Is the presently available information sufficient for you to 
recognize the narrow/one-lane bridge at a distance ouch that you 
can decelerate safely to a safe and comfortable crossing speed? 

Yes No --- ---
(8) Would the presently available information be sufficient for you to 

recognize that a narrow/one-lane bridge is downstream: 

o during nighttime condition? Yes No 
o When the roadside vegetation is at its 

densest growth? ___ Yes ___ No 

SUGGESTE:D TREATMENTS 

Install NARROW BRIDGE: warning sign 
Install ONE-LANE BRIDGE: warning sign 
Improve visibility of advance warnin& si&n 
Relocate advance warning sign 
-Move closer to bridge by feet 
-Move back from bridge by ---feet 
Replace non-standard warning sign with standard warning sign 
Install supplemental speed advisory plate; 
suggested speed is MPH 
Install other advan~rning signs, i.e., 

Curve warning 
Intersection warning 
Low overhead clearance 
Other (specify) 

Improve pavement markings at bridge (i.e., tapered approach 
treatment) 
Install hazard panels at bridge 
Improve visibility of bridge 
Correct for confusing, conflicting or misleading imformation: 

Implement other treatment : 

FIGURE 2 continued. 

class in the Civil Engineering Department at Kansas 
State University (KSU). 

Before the subjects began the experiment, they 
attended several lectures and slide presentations in 
which they were given information on how to identify 
various types of problem locations. In addition, 
they were required to read the information and con­
cepts presented in the LVR Handbook <.!>. Furthermore, 
they were exposed to the technique of commentary 
driving by way of prepared commentary driving tapes 
(videotaped segments of road with someone correctly 
doing commentary driving), and they were given hand­
outs showing hypothetical examples of commentaries 
(~) (Figures 3 and 4). 

The first group (pairs, driver and navigator) was 

assigned to go into the field and actually drive a 
designated route. While driving the route, the driver 
did commentary and identified the problem locations 
on an audiotape. The navigator simply made sure that 
the driver stayed on the designated route. Drivers 
were told that they would be graded on their ability 
to identify all of the problem locations on the 
route and to follow the recommended commentary driv­
ing procedure. They also were told that they would 
be penalized for reporting a location that was not 
actually a problem location. This was done to keep 
them from commenting that every little spot in the 
road was a problem location. The second group (indi­
viduals) was given the same assignment with the 
exception that they demonstrated their ability at 
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TABLE 1 A Guide for Advance Warning Sign Placement Distance1 (1,4) 

Condition General warning signs' 
A high 

Posted or judg- Condition Condition C-Dece/eration condition to listed 
85 percentile ment B-Stop advisory speed-MPH (or desired speed at condition) 
speed MPH needed' condition 

(10 secs. JO 20 30 40 50 
PIEV) 0 

20 .. . ........... • 175 (') (') •• I 104' I >II' 10 Ill Io' 0 10 11101 ••• oo • •I 

25 .. ............ 250 (') J 100 . .. . ... . .... .. . . ..... . . . .. .......... 
30 . .... . .. .. . . .. 325 ' 100 150 ' 100 010II10 I I I 0 1 011 0 II I I' 4 oo 001 

35 ... ... . ....... 400 150 200 175 ''''' '' • •' o ' ' ' ''''I 00 0' o I I• 

40 ... . ........ .. 475 225 275 250 ' 175 . ... . ... . ......... 
45 .............. 550 300 350 300 250 . . ................. 
50 . ............. 625 375 425 400 J25 ' 225 . . . . . .. . . 
55 .. . ...... . .... 700 450 500 475 400 300 . .... ... . 
60 . ........... .. 775 550 575 550 500 400 '300 

Typical Signs for the Listed Conditions in Table 11-1; Condition A-Merge. Right Lane Ends, etc; Condition B-Cross 
Road, Stop Ahead, Signal Ahead, Ped-Xing, etc.; Condition C-Turn, Curve, Divided Road, Hill, Dip, etc. 

I Distances shown are for level roadways. Corrections should be made for grades. If 48-inch signs are used, the legibility 
distance may be increased to 200 feet. This would allow reducing the above distance by 75 feet. 

2 In urban areas, a supplementary plate underneath the warning sign should be used speci[ying the distance to the condi­
tion if there is an in-between intersection which might confuse the motorist. 

3 Distance provides for 3-second PIEV, 125 [eel Sign Legibility Distance, Braking Distance for Condition Band Comfor­
table Braking Distance for condition C as indicated in A Policy on Geometric Design of Rural Highways, 
1965, AASHTO, Figure Vll-158. 

4 No suggested minimum distance provided. At these speeds, sign location depends on physical conditions at site. 

5 Feet 
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identifying problem locations by looking at a pre­
recorded videotape of the same designated route. Both 
groups were given a tape and tape recorder for re­
cording their comments. At the end of the experiment, 
both groups returned their tapes. 

explanation of how the experimenter compared the 
subjects' tapes with his is given elsewhere (~), 

Results 

Measurement 

The experimenter evaluated the subjects' tapes by 
comparing them with a key tape (the experimenter's 
evaluation of the routes). The subjects were graded 
according to (a) the number of actual problem loca­
tions that they were able to identify and (b) the 
number of locations that they identified as problem 
locations when in fact they were not. A score was 
calculated for each subject by totaling the number 
of correct observations made and subtracting the 
number of incorrect observations made. The scores 
then were averaged for the subjects within the groups 
and the variances were found. The averages and vari­
ances then were compared for the two groups, The 

The tapes produced by the students were evaluated 
and a score was determined for each. The score was 
determined as described in the previous section. 
Table 2 shows the scores arranged in descending order 
and separated into the two conditions, VIDEO (com­
mentaries made while viewing a videotape) and DRIVE 
(commentaries made while driving a selected route). 
The subject numbers have been arbitrarily defined 
and do not suggest the order in which the route was 
driven. The highest possible score for this route 
was 366 according to the experimenter's evaluation 
of the route. 

Averages and standard deviations were calculated 
for both conditions. The average score for the 
viewers of the videotape (VIDEO) was 221 (range 189 
to 257), whereas the average score for the students 
driving (DRIVE) was 175 (range 150 to 206). The 

"Now travelling on Rt. 101, Northbound. The road has a smooth 
surface with a 2-4 foot paved shoulder and open terrain. The 
road is generally straight with a few gentle curves and short 
crests with generally good sight distance. The road is marked 
with centerlibe and edgeline. I expect to be able to travel at 
55 mph even though a speed limit is not posted. I am not concerned 
about on-coDDDing traffic. If there are curves or other situations 
requ1r1ng a speed reduction, I expect to be warned through 
appropriate signing." 

or 

"Now travelling on Jones Bridge Road, Southbound. The road is 
paved but there are occasional breaks in the pavement. There 
is no shoulder or centerline and I am not certain as to my lane 
limits. The road is curvilinear with several crests and dips 
which limit the sight distance. Except for some locations my 
safe speed is about 50 mph. There will be several occasions where 
I will have to reduce my speed but I expect to receive curve 
warning signs with speed advisory only at those locations." 

FIGURE 3 Two hypothetical examples to show how one might comment on 
initial expectancies (2). 
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Approach to Crest 

On Vertical Curve 
Crest 
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Pos ei ble Commenta ry 

Exam le A 

"Crest curve ahead, view of road limited ••• 
tree Vertical Curve line indicates that road goes 
straight ahead • • • not concerned about on-coming 
traffic ••• wide enough pavement ••• can 
maintain cruising speed . . 11 

"Confirmed" [continue with next section] 

or 

"Expectation violated • •• tree line went 
straight but road curved left • not sharp 
enough to cause any problem ••• no need for 
warning sign .. 11 

[continue with next section] 

or 

·~xpectation violated , •• tree line went 
straight but road turned left sharply ••• 
neeoed to reduce speed • • • should have had curve 
warning • ign at least • • • possibly speed advisory 

mark site for study" 

Exam le B 

Approach to "Curve left ahead ••• eee curve warning sign, no 
Horizontal Curve speed advisory ••• should be able to take curve 

at cruising speed • • • looking out for opposing 
vehicles because of narrow width" 

Point of Curvature "Curve sharper than anticipated ••• speed 
reduction ncccooary expecially if on-coming 
vehicles .•• mark site for speed advisory check" 

Approach to Narrow 
Bridge on Curve 

Closer to 
Curve/Bridge 

Exam l e C 

"Curve right ahead ••• see curve warning sign 
.• • assume I can maintain a peed ••. " 

"See bridge headwalls ••• narrower pavement 
not certain if wide enough for two vehicles • 
need to slow down ••• can't see across bridge 
for opposing veh i cles ••• " 

FIGURE 4 Sample commentaries for specific situations (2). 

TABLE 2 Subject Scores 
by Subject 

Condition and 
Subject Score 

VIDEO 
1 257 
2 239 
3 237 
4 226 
5 206 
6 191 
7 189 

DRIVE 
8 206 
9 203 

10 175 
11 168 
12 168 
13 159 
14 ISO 

two g r oups were checked f o r normali ty by us ing the 
Kolmogorov- Smirnov one-sample test (l,pp.4 7- 52 , 251). 
Th e calculated D, the s t ati s tic f o r the Kol mogorov­
Smirnov test, for the VIDEO condition was 0.16, 
whereas that for the DRIVE condition was O. 23. The 
er i tical D for both conditions (N = 7, a = 0. 05) 
was O. 49. Therefore, because both of the calculated 
values were less than the er i tical value, it was 
concluded that the sample could be assumed to be 
normally distributed. 

standard deviation for the VIDEO condition was 26 as 
compared with 21 f or the DRIVE cond.ition. 

Next, the F-test was run on the data set. The 
nul l hypot hesis f o r t his test was that th e mean 
scores of the t wo c ondi t ions we r e equal <Ho : µv "' 
µa) , where µv i s t he mean scor e of t he VI DEO c ondi ­
t i on, a nd µd is t he mean score of the DRIVE c ondi­
t ion . The calc ulated F , the test statistic for the F­
tes t, for this set of data was 12.64. The critical F 
f o r degrees of freedom v1 = l and v2 = 12 with an 
n- l evel, or probability of rejecting the null hypoth­
esis when it is true, of 0.05 was 4.75. Because 12 . 64 
is larger than 4.75, there is a significant differ­
ence between the two sample mean scores. In other 
words, the two sample set s probably do not come from 
the same distribution. Because t he mean for the VIDEO 
condition was larger than tha t of the DRI VE condi­
tion, the subjects wa t ching the videotape scored 
highet and performed better than those s ubject s 
driving the road. 

The objec t i ve of the analysis o f data by the 
F-test (6 , pp . 364-365 ) was to find o ut whethe r t he r e 
was a significant difference between the t wo condi­
tions o f the e xper iment . Because the F-test assumes 
t hat the t wo samples are normally d istributed , the 
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Expe r i me n t 2 

Procedure and Experimental Design 

The second experiment was divided into two sections. 
The only difference between the two sections was the 
type of subjects used. The first section used 23 
students from the spring semester 1985 Route Location 
and Design class at KSU. The second section enlisted 
the aid of 23 county-level highway employees (county 
personnel). Included in this group were county engi­
neers, engineering technicians, road supervisors, 
bridge supervisors, signing foremen, and a Kansas 
Department of Transportation (KDOT) safety engineer. 
This section of the experiment was conducted as an 
experiment-workshop type of exercise. Two consecutive 
6-hr days of instruction and experiment were used. 

The subjects in each section were separated into 
two groups. The first group consisted of several 
pairs (driver and navigator), who were assigned to 
the DRIVE condition of the experiment. The second 
group consisted of the remaining individual subjects, 
who were assigned to the VIDEO condition. 

Before the subjects began the experiment, they 
attended several lectures and slide presentations on 
how to identify various types of information-def i­
cient locations. In addition, they were required to 
read the information and concepts presented in the 
LVR Handbook (!). Twenty-two of the 23 members of 
the county personnel had attended a 3-day workshop 
on the use of the LVR Handbook within the last 2 
years. Furthermore, they were given instruction on 
the technique of commentary driving by way of lec­
tures and prepared commentary driving tapes (video­
taped segments of road with someone correctly doing 
commentary driving) along with handouts illustrating 
hypothetical examples of commentary for particular 
situations on a road (~) (see Figures 3 and 4). 

Each section of the experiment consisted of two 
trials. In Trial 1, the first group (pairs, driver 
and navigator) was assigned to go into the field and 
actually drive a designated route. While driving the 
route, the driver did commentary and identified the 
problem locations and the navigator made sure the 
driver stayed on the designated route. Drivers were 
told that they would be graded on their ability to 
identify all the problem locations on the route and 
to make the correct and appropriate comments that 
described the route. The second group (individuals) 
was given the same assignment with the exception 
that they demonstrated their ability to identify 
problem locations by looking at a prerecorded video­
tape of the same designated route. Both groups were 
told that they would be penalized for reporting a 
location that was not actually a problem location, 
for the same reason as that in Experiment 1. At the 
end of Trial 1, the subjects in both groups returned 
their tapes to the experimenter. 

During Trial 1 of the second section, the experi­
menter decided to see whether more than one person 
could participate in the VIDEO condition at one time. 
He found that by using full audio protection ear­
muffs, he could keep the subjects from hearing one 
another's comments. He also found that by using ex­
ternal microphones, held close to the subject's 
mouth, the comments from one subject did not record 
on the tapes of the other subjects. The subjects 
were spaced about 5 ft apart. In this part of the 
experiment only four subjects were trained at a time, 
but it is believed that more can be trained if room 
space and the field of view to the video monitor are 
available. 

Before the start of Trial 2, the experimenter 
listened to portions of each subject's tape. From 
these tapes he was able to get a fairly good idea of 
how well the subjects were doing, Then the experi-
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menter talked to the subjects about the types of 
comments that they had made and gave several sugges­
tions that might improve their performance. 

After the conference between subjects and experi­
menter, the subjects were sent out to the route for 
the second trial. In Trial 2, the assignment was 
similar to that given during the first trial. Once 
again the subjects were to use commentary driving to 
pick out the information-deficient locations on a 
route. The route was the reverse direction of travel 
of the route driven in Trial 1. As with the first 
trial, the driver-navigator pairs drove the route. 
For this trial, however, the individuals responsible 
for doing commentary while viewing the videotape of 
the route in the first trial became drivers (com­
mentators) and went out with a navigator to drive 
the route. Navigators were either the experimenter 
or someone who had previously finished this part of 
the experiment. 

Measurement 

The experimenter evaluated each subject's tape for 
each route and compared it with a key tape (the ex­
perimenter's evaluation of the routes). The subjects 
were graded according to the same criteria listed in 
the Measurement section of Experiment l. The score 
was calculated for each subject by totaling the num­
ber of correct observations made, subtracting the 
number of errant observations, and then dividing 
this by the total possible for each of the routes. 
This score reflects a subject's percentage of cor­
rect observations for a route and allows for the 
comparison of the performance of the participants in 
both directions around the route. The total possible 
score for the first route was 733 and for the second 
(reverse) route it was 798. An explanation of how 
the experimenter compared the subjects' tapes with 
his own is presented elsewhere (1l· 

Results 

As described in the earlier paragraphs, the second 
experiment consisted of two sections. The first in­
volved the use of students as subjects, whereas the 
second used county-level transportation personnel. 
In each section there were 23 subjects split into 
two groups, which reduced the amount of data col­
lected even further. In ai:i effort to make the tests 
more sensitive, the experimenter believed that the 
data should be combined in such a way that only two 
conditions were left; either the subject (student or 
county personnel) drove the route or else he watched 
a video of the route. In other words, both types of 
subjects were combined into one large sample within 
each condition. 

The hypothesis for this test was that the scores 
for the two types of subjects, within conditions, 
were from the same distribution. It was assumed that 
the data sets were all normally distributed. The 
F-test was used to determine the statistic (6). 

The first set of data that was analyzed- was the 
Trial 1 scores for the VIDEO condition. The mean 
score for the students was 51.7 (range, 37.8 to 
60.4), whereas that of the county personnel was 51.3 
(range, 41.6 to 58.1). The standard deviations were 
7.2 and 5.4, respectively. The calculated statistic, 
F, was 0.02. The critical F-value with degrees of 
freedom of v1 = 1 and v2 = 14 and at level ~ = 0.05 
was 4.60. Therefore, because 0.02 is less than 4.60, 
there is no significant difference between the two 
samples, and the samples could be from the same dis­
tribution. 



42 

TABLE 3 Subject Scores by Subject for the 
Combined Groups of Subjects 

Trial I Trial 2 

Score Score 
Subject Condition (%) Condition (%) 

I VIDEO 37.79 DRIVE 41.73 
2 VIDEO 45.70 DRIVE 50.38 
3 VIDEO 46.38 DRIVE 40.60 
4 VIDEO 51.7 1 DR TVR 56.39 
5 VIDEO 53.21 DRIVE 68.92 
6 VIDEO 55.80 DRIVE 51.00 
7 VIDEO 56.48 DRIVE 41.60 
8 VID EO 57.7 1 DRIVE 70.68 
9 VID EO 60.44 DRIVE 60.28 

10 VIDEO 41.61 DRIVE 67.04 
11 VIDEO 49.25 DRIVE 56.02 
12 VID EO 49 .80 DRIVE 70.80 
13 VID EO 51.7 1 DRIVE 55 .76 
14 VIDEO 51.7 1 DRIVE 46.37 
15 VIDEO 56.75 DRIVE 56.52 
16 VIDEO 58.12 DRIVE 74. 19 
17 DRIVE 30.97 DRIVE 28.57 
18 DRIVE 34.79 DRIVE 52.76 
19 DRIVE 38.74 DRIVE 61.40 
20 DRIV E 43.GG DRIVE 51.00 
2 1 DRIVE 44.20 DRIVE 50.38 
22 DRIVE 55.66 DRIVE 60.15 
23 DRIVE 57.30 DRIVE 70.55 
24 DRIVE 38.47 DRIVE 44.49 
25 DRIVE 40.93 DRIV E 63.78 
26 DRIVE 44 .75 DRIVE 63.4 1 
27 DRIV E 45.43 DRIVE 64.04 
28 DRIVE 49.25 DRIVE 62.66 
29 DRIVE 50.89 DRIV E 7 1.68 
30 DRIVE 50.89 DRIVE 81.33 
31 DRIVE 51.98 DRIVE 68. 17 

Next the sample sets from Trial 2 for the VIDEO 
condition were analyzed, The mean score for the 
students was 53.5 (range, 40.6 to 70.7), whereas the 
mean score of the county personnel was 61.0 (range, 
46.4 to 74.2). The standard deviations were 11.5 and 
9.9, respectively. The calculated F was l.68, and 
the er itical F was 4. 60 with the same parameters 
just listed. Again there was no significant differ­
ence between the two samples, and the two data sets 
were combined. 

The third data set to be analyzed was from the 
subjects in the DRIVE condition of Trial l. The mean 
for the students was 43.6 '(range, 31.b to 57.3), and 
the mean for county personnel was 46.6 (range, 38.5 
to 52.0). The standard deviations were 9,9 and 5.0, 
respectively. The calculated F-value was 0. 55. The 
critical F with v1 = l and v2 = 13 at a = 0.05 was 
4.67. Once again the samples could be combined. 

The l a s t sample that wa s checked for the poss i ­
bility o f combin i ng the t wo types of sub j ects was 
the Trial 2 s cores f or the DRIVE condition . The 
students' mean score was 53.7 (range, 28.6 to 70.5) 
as compared with that of the county personnel, which 
was 64.9 (range, 44.5 to 81. 3). The respective 
standard deviations were 13.l and 10.4. The critical 
F was 4. 67. The calculated F was 3. 44. Therefore 
there was no significant difference between the two 
samples. 

Because there was no significant difference be­
tween the two groups of s ubjects as noted in the 
f o ur cases j ust d iscussed, the e xper i mente r combined 
t he two groups . The remai n i ng a na lysi s of da t a is 
ba s ed on the two combined groups o f subjects. Table 
3 shows the reduction of the data due to the combi­
nation of subjects. 

Before running the F-test (6) on the combined 
data sets, the experimenter che~ked the assumption 
of normality by using the Kolmogorov-Smirnov one­
s amp le t est <1>· The four cases tes ted wer e Case l: 
VIDEO cond i t i on, Tiial 11 Case 2: VIDEO condition, 
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Trial 21 Case 3: DRIVE condition, Trial 11 and Case 
4: DRIVE condition, Trial ?. • 'T'hP r.;,l r.111 ated statis­
tics were 0.0844, 0.1330, 0.0880, and 0.1160, re­
spectively. The critical values were 0. 328 for the 
VIDEO condition (N = 16, ex = 0.05), and 0.338 for 
the DRIVE condition (N = 15, ex = 0.05). Therefore, 
because all of the calculated values were less than 
the respective critical values, the results of this 
test show that the samples can be assumed to be nor­
mally distributed. 

The first F-test, using the combined subjects, 
was run on the data taken from the tapes of Trial l . 
The mean score of the VIDEO condition was 51.5 
(range, 37.8 to 60.4) with a standard deviation of 
6.3. In contrast, the mean score of the DRIVE condi­
tion was 45.2 (range, 31.0 to 57.3) with a standard 
deviation of 7.6. The calculated value of F was 6.43, 
which was greater than the er i tical F with degrees 
of freedom v1 = 1 and v2 = 29 and at ex-level 0.05 of 
4.18. Therefore there is a significant difference be­
tween the two conditions at ex = 0.05. This means 
that, on the average, the VIDEO subjects did a better 
job than did the DRIVE condition subjects. 

The final F-test was run on the Trial 2 scores 
for the combined subjects. The objective for taking 
this set of data was to draw conclusions about which 
of the two methods better prepares the subject for 
the real-world environment. 

The results of the F-test are as follows: The 
mean score for the VIDEO condition was 56.8 (range, 
40.6 to 74.2) with a standard deviation of 11.1. In 
comparison, the mean score for the DRIVE condition 
was 59.7 (range, 28.6 to 81.3) with a standard 
deviation of 12.7. The critical F was 4.18 with the 
same parameters as were listecJ in u,., pr:evious te11t. 
The calculated st~tistic F was 0.47. Because 0.47 is 
smaller than 4.18, there is not a significant dif­
ference between the two conditions. In other words, 
both methods equally prepare the student for the 
real world, that is, prepare him to identify problem 
locations on the actual roadway. 

In both experiments the subjects' scores were low 
compared with the experimenter's evaluation of the 
route. The reason for this is that the experimenter 
wanted the tests to be as sensitive as possible. 
Therefore, as he listened to the tapes, he was look­
ing for very specific comments that were not neces­
sarily mandatory, but that could have been made if 
the commentator had thought about it at the time, 
for example, the loc a tion of every c r est vertical 
curve, where power poles (positive g uidance (1_)) 

switch from one side of the road to another, whether 
the adjacent land is wooded or farm ground, and so 
on. These comments do not really impose a constant 
threat to the driver but they are a part of the road­
way environment. 

Al though the scores were low, the experimenter 
believes that subjects did a satisfactory job of 
finding the really er i tical problem areas on the 
roads. The experimenter could go back and reanalyze 
the tapes without looking for the specific comments, 
but he believes that the time consumed would be 
wasted on a trivial matter. The experimenter is con­
vinced that the subjects will be able to do an eval­
uation on LVR county roads that is complete and cor­
rect. 

DISCUSSION OF RESULTS 

The VIDEO condition can be looked at as a simulation 
of the real world while driving in the real world. 
The VIDEO condition also provides the opportunity to 
create real-life situations and combinations of sit­
uations that may not be readily found on the local 
roads but that may confront the student somewhere 
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later. These situations can be set up and filmed and 
then removed so as not to pose a hazard to the 
drivers of the road. This allows for a multitude of 
"what-if" situations. The major drawback to this 
advantage is that it requires the road to be closed 
for the taping if the temporary situation is not a 
permanent feature of the road environment. 

The instructor has no control over what the 
student in the field may miss when driving the roads. 
The instructor can, however, control what the student 
sees on the videotape. For example, assume that there 
is a sign, vital to the driver, with lettering too 
small to be read at the traveling speed or that is 
obscured by vegetation; the instructor can capture 
this sign on t .ape so that the student realizes that 
there is a problem at that location. Thus the student 
will be made aware that such situations do exist in 
the real world and will be able to find a corrective 
measure. 

One major problem encountered in the DRIVE condi­
tion was the student driver's getting lost. This 
will always be a problem with the students learning 
by the DRIVE condition. Even with the navigato.r in 
the vehicle, the possibility of this problem exists. 
With videotapes of the route there is no possibility 
of the driver's getting lost. The VIDEO condition 
allows the driver to concentrate on the task of 
learning to do commentary driving and picking out 
the problem locations without losing his way. 

The VIDEO condition allows for the training of 
people in remote counties that cannot afford to send 
someone to a central location for the needed train­
ing. The equipment is relatively lightweight and 
compact. The instructor, with considerable time, can 
locate various routes that have the same or familiar 
terrain as that found in the county that he will be 
visiting. He can then get these routes on videotape 
and take them to the county with him. Then as he 
trains personnel from other counties with similar 
terrain, he can use these same tapes. With the DRIVE 
condition the instructor would still have to go out 
several days in advance, locate routes to drive, and 
then put on the workshop, an9 if he needed to visit 
another county, he would to go that county and find 
even more routes instead of using the routes he had 
already found. The VIDEO condition is also independ­
ent of weather conditions present during the training 
period. If necessary, the videotapes can be used to 
train students at night who are normally too busy 
during the daytime hours. 

The VIDEO condition can be used to train several 
people at the same time; therefore less valuable 
time is wasted than is necessary with the DRIVE con­
dition. The multiple-person training session requires 
the use of full audio protection earmuffs and would 
be aided by the presence of more than one video 
monitor. The DRIVE condition requires a separate 
vehicle for each driver-commentator; therefore one 
must take into account the added expenses incurred. 

CONCLUSIONS 

Results of the Study. 

It can be concluded that students learn to do com­
mentary driving equally well, if not better, by 
watching videotapes of routes than if they were s~nt 
out in an automobile to do the commentary while 
driving the same routes. It has been proven that a 
student will be able to do commentary driving in a 
real-world situation, driving the roads, even though 
he was trained to do the technique by watching a 
videotape of the route. 

on the basis of the experience with Kansas county 
personnel in early 1986, the commentary driving 
technique and the use of information-deficient loca-
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tion checksheets can be taught in a 1-day workshop; 
a realistic schedule of activities for this workshop 
is as follows: 

1. Introduction, purpose of workshop, and so on 
(0.5 hr); 

2. Review of use of LVR Handbook (1.0 hr); 
3. Introduction to commentary driving, examples, 

instructions for doing commentary driving from 
videotapes (l.O hr); 

4. Participants do commentaries and audiotapes 
from 30-min videotape (two video monitors, five 
participants per monitor, participants wear earplugs 
or muffs); 40 min per group of 10 participants should 
be allowed (2.0 hr); 

5. Evaluation of commentary audiotapes by par­
ticipants (students check the students) (1.0 hr); 

6. Presentation, discussion, and instruction in 
the use of checksheets (0.5 hr); and 

7. Feedback on participant commentaries (general 
observations on commentaries; meet with any indivi­
duals having particular problems with the technique) 
(l.O to 2.0 hr). 

This schedule assumes that the participants are ex­
perienced in the use of the LVR Handbook and that 
the number of participants is 30 or fewer. It has 
been found that the length of the videotape for com­
mentaries could be reduced to about 30 min if various 
roadway sections or situations were carefully 
selected. 

The most time-consuming part of the workshop was 
the evaluation of individual participant commentary 
tapes by the instructional staff and feedback to the 
participants. The evaluation could take about 10 to 
15 hr of instructional staff time. In view of this 
problem, the students checked the other students, 
that is, participants (students) exchanged commentary 
audiotapes. Each participant then listened to the 
exchange audiotape and checked the accuracy of the 
commentary against a worksheet. The worksheet was 
prepared by the workshop instructional staff and 
contained, in sequential order, brief statements of 
the most important comments. It was found necessary 
to include the tape-counter number at regular inter­
vals on the worksheet so the checker would not lose 
his place. This was necessary because the ~m~unt of 
commentary differed considerably among participants. 
The tape-counter number is a surrogate for the vehi­
cle odometer reading used in specifically locating 
problem spots during commentary driving on the roads. 

The scores from each worksheet for each partici­
pant were checked by the instructional staff. Each 
checker was asked whether he believed that the person 
whose audiotape he evaluated could do commentary 
driving. Each participant was also asked whether he 
believed that he could do commentary driving. For 
those persons with problems in doing commentary 
driving, the instructional staff gave additional 
instruction and answered individual questions. 

Checksheet Evaluation 

The checksheets (Figures 1 and 2) are based on the 
concept of decision sight distance (~,p.70;il· These 
checksheets were introduced to the group of county 
personnel in a workshop situation. They were as~ed 
to look over the check sheets and then give the in­
structors their opinion of how useful the sheets 
might be. The consensus was that the checksheets 
were ideally suited for suggesting treatments of 
sites found to be information deficient. The county 
personnel also agreed that the checksheets were 
easily followed and self-explanatory. 
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Use of Tape Recorders 

It was found that only a short period of time was 
required by the subjects in both experiments to be­
come relaxed while talking into the tape recorder. 
While listening to the tapes, the experimenter 
noticed that most of the subjects sounded awkward in 
their initial comments. After about 2 or 3 min, the 
subjects adjusted and there was a noticeable im­
provement in both the types of comments made and in 
the confidence and voice qualities with which these 
comments were made. 

Summary 

Commentary driving is a useful technique for highway 
personnel in the everyday safety evaluation of their 
projects. Although this paper has dealt only with 
its use on county low-volume roads in Kansas, it 
should be helpful in many other situations on 
higher-volume roads and highways. In particular, the 
technique could well be used at work-zone sites, 
school zones, and in the evaluation of siqninq and 
warnings at narrow or one-lane bridge sites." 
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W aterbound Macadam as a Base and as a Drainage Layer 

EMILE HORAK and RALPH H. H. TRIEBEL 

ABSTRACT 

The good performance of this large single-sized granular-base type in wet 
regions has revived interest in this once labor-intensive form of base con­
struction. Specifications have been improved and guidelines set for the 
mechanized construction of water bound macadam bases. Density standards have 
been set for typical waterbound macadam bases following the construction of 
four experimental sections, the development of the Rondawel density test, and 
accelerated testing by the heavy vehicle simulator (HVS). The performance of 
these waterbound macadam bases is compared with that of other high-quality 
granular bases. Guidelines are set for effective elastic moduli for typical 
waterbound macadam bases and the mechanistic analysis of such granular-based 
pavements. Waterbound macadam-based pavements are also evaluated as a drainage 
layer and recommendations are made for improvement. 

Waterbound macadam is an old construction technique 
originating with John Loudon McAdam . The single-sized 
coarse aggregate is placed and compacted separately 
on a prepared subbase before the voids are filled 
with fines, and the material is then compacted and 
slushed, hence the name waterbound macadam <!.l. 

A considerable amount of waterbound macadam base 
construction has been done in South Africa, chiefly 
in the major metropolitan areas. This type of con­
struction reached its climax in the period 1945 to 
1955, after which it declined in popularity, pri­
marily because of the high cost of labor-intensive 
construction. Over the years, however, waterbound 
macadam bases have distinguished themselves as 
granular bases with excellent performance. It is 
particularly in the wet regions of South Africa that 
waterbound macadam bases have proved to withstand 
the destructive influence of water and heavy traffic 
better than other granular base pavements (1). Roads 
with waterbound macadam bases have shown virtually 
no signs of shear deformation in wet conditions even 
after 30 to 40 years of use. For this reason there 
has been revived interest in waterbound macadam base 
construction, and the local road authorities and the 
National ·Institute for Transport and Road Research 
(NITRR) cooperated to construct four experimental 
sections of water bound macadam near Mar ianhill, on 
Main Road 85 (~) and on National Route 3/1 <1>· The 
aim of the work was to establish guidelines for the 
construction of waterbound macadam bases and to test 
these sections with the accelerated testing facility, 
the heavy vehicle simulator (HVS) <il, developed by 
the NITRR. 

Advances made in the specification of materials 
for waterbound macadam and the objective control of 
the construction technique are discussed briefly. 
The accelerated testing of waterbound macadam bases 
made it possible to evaluate them as structural 
layers and facilitated the determination of ranges 
of elastic moduli for the mechanistic analysis of 
such pavements. Waterbound macadam was also evaluated 
as a drainage layer during the accelerated testing 
(!,) by monitoring the effects of water introduced 
into the layer. 

Pavement Engineering Group, National Institute for 
Transport and Road Research, P.O. Box 395, Pretoria 
0001, Republic of South Africa. 

MATERIAL CHARACTERISTICS 

Waterbound macadam can be defined as a high-quality 
granular base. The ma terial used should be freshly 
crushed hard rook. The normal NITRR specifica tion 
(~) is set out in terms of grading, Atterberg limits, 
crushing strength, flakiness index, water absorption, 
and conductivity . It is, however, the grading of 
waterbound macadam that distinguishes it from other 
high-quality granular bases (1). The single-sized 
grading of the coarse aggregate -and the maximum stone 
size of 53 to 75 mm are the factors that ensure 
granular i nterlock with high resistance to shear 
failure. Typical recommended gradings are shown in 
Table 1. 

TABLE I Typical Coarse Aggregate 
Gradings for Waterbound Macadam 

Percentage Passing by Mass 
Sieve Size 
(mm) No. 1 No. 2 No. 3 

75 100 100 100 
53 85-1 bo 85-100 85-100 
37.5 35-70 0-30 0-50 
26.5 0-15 0-5 0-10 
19 0-10 

Although it could easily be defined as an open­
graded base <il, waterbound macadam requires that 
the voids be filled (with fines). Fines contribute 
mainly to stability and provide some cohesion in the 
base material. The plasticity index of the fines is 
limited to 6 percent. The grading merely serves to 
ensure the free flow of the fines in the dry state 
to fill the voids between the coarse aggregate. The 
grading is as follows: 

Sieve Size 
(mm) 
9.5 
4.75 
0.075 

Percentage 
Passing by Mass 
100 
85-100 
10-25 

This allows freedom in regard to the grading, but 
the influence of grading on the permeability of such 
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11 base layer should not: bf> 11ndP.n!stimated, as dis­
cussed later. 

sub9rades in cuttin9s where drainage problems nor­
mally occur. Adequate subsur face dra inage was in­
stalled (~l • All four expe r imental sections had a 
300-mm thick cemented subbase of a high quality (CJ, 
see Table 2) (7). The waterbound bases were either 
150, 170, or 250 mm thick with no-fines concrete edge 
restraints encasing drainage pipes. The asphaltic­
concrete wearin9 course was 50 to 70 mm thick and 
the experimental sections were either 100 or 150 m 
long (l_). 

ADVANCES IN CONSTRUCTION CONTROL AND SPECIFICATIONS 

Four experimental sections with waterbound macadam 
bases were constructed in the vicinity of Pinetown, 
Natal. The pavement structures all had broken rock 

TABLE 2 Definition of Material Symbols Used in Catalogue Designs 

SYMBOL 

v v v 
v v 

v v v 

v v 
v v v 

0 
0 

0 
0 0 

0 

0 
0 

0 
0 

0 0 
0 

'f ' 'f 

'f 'f 

'f 'f 'f 

'f 'f 

'f 'f 'f 

0 0 

CODE MATERIAL 

GI Graded crushed 

G2 Graded crushed 

G3 Graded crushed 

G4 Natural grovel 

G5 Natural gravel 

G6 Natural gravel 

G7 Grovel - soil 

GB Grovel- soil 

G9 Grovel - soi I 

GIO Gravel - soi I 

BC Bi lumen hot-mix 

BS Bitumen hnl-ml• 

TC Tor hot-mix 

TS Tor hot-mix 

II one 

stone 

stone 

ABBREVIATED SPECIFICATIONS 

Den11-graded unwealllered cru1lled alone; Max . 1lze 37,5 mm 
86 - BB"!. of apparent densil y. Fines Pl < 4 
Dense-graded unwealhered crushed stone; Mox . size 37,5 mm 
100-102 % mod. AASHTO Fines PI < 6 
Dense ·graded stone+ soil binder ; Mox. size 37, 5 mm; 
Minimum 98"1. mod. AASHTO. Fines Pl < 6 

CBR-4: BO; Pl~ 6 

C 8 R i: 45 ; Pl~ 10 lo 15 depending on grading; Mox. size 63 mm. 

2 CB R i: 25; Max. size ~ 3 layer thickness 

CBR { 15; Mox . size :.- -f layer thickness 

C BR i: 10; al In situ density 

CSR i: 7; al in situ density 

CBR i: 3, al in situ density 

Conllnuously-graded; Mox . size 26, 5 mm 

Semi - gop- groded; Mox . size 37,5 mm. 

As for BC lconllnuously-groded > 

As for BS (semi-gap- graded> 

PCC Portland cement concrete Mod. rupture i: 3,8 MPa; Mox . size ~ 75 mm 

Cl Cemented crushed 
stone or grovel 

C2 Cemented crushed 
stone or grovel 

C3 Ceman led noturol grovel 

C4 Cemented natural grove I 

AG Asphalt sur lacing 

AC Asp hall surfacing 

AS Asphalt sur lo.: inc;i 

AO Asphalt surfacing 

SI Surface treatment 

S2 Surface I real men! 

53 Sand seal 

54 Cope seal 

55 Slurry 

S6 Slurry 

57 Sur lace renewal 

SB Surface renewal 

WMI Waler bound macadam 

WM2 Waler bound macadam 

PM Penetration macadam 

DR Oumprock 

CB Concrete paving blocks 

UCS 6 lo 12 MPo al 100% mod AASHTO; Spec. al least 
G2 before lreolmenl; Dense-graded 

UCS 3 lo 6 MPo al 100 % mod. AASHTO; Spec . generally 
G2 or G4 before lrealmenl; Dense-graded. 

UCS 1,5 lo 3,0 MPo al 100% mod AASHTO; Mox . size 63 mm. 

UCS 0,75 lo 1,5 MPo al 100% mod, AASHTO; Max . size 63mm. 

Rel TRHB gap - graded 

Rel TRHB con II nuously - c;iroded 

Ref . TRHB semi - gap-graded 

Ref TRHB open - graded 

Rel. TRH3 single seal 

Rel . TRH3 multiple seal 

Rel . TRH3 

Ref TRH3 

Fine grading 

Coarse grading 

Rejuvenolor 

Diiuted emulsion 

Mox size 75 mm, Pl of lines ~6 BB-90% of apparent density 

Max size 75 mm, Pl of fines ~6 B6·88% of apparent density 

Coarse stone + keystone + b llumen or tor 

U ngroded waste rock, max size -f layer thickness 

Wei crushing strength 1: 30 MPo; Interlocking shapes 
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WATERBOUND MACADAM LAYER 

(al SURFACE CORRECTION MEASUREMENT 

"-"-....,.-.....,..,....,,w!",._ ___ INVERTED P 0 URI NG 

EXCESS SAND 

RONDAWEL TOP --.... 
ATTACHED TO BASE 

FUNNEL 

KNOWN MASS OF SAND 

CYLINDRICAL BASE 
OF RONDAWEL 
DIAMETER 240 mm 
HEIGHT RELATED 
TO LAYER THICKNESS 

(bl DETERMINATION OF VOLUME OF HOLE 

FIGURE 1 Rondawel test procedure. 

The construction technique developed by a process 
of evolution from labor-intensive to mechanized 
methods (~1 1_). The spreading or placing of the coarse 
aggregate was done, for example, by a heavy grader 
and the fines were spread with a stone spreader. Al­
ternative means of placing the coarse aggregate in­
clude converted bitumen and concrete pavers, spread­
ing boxes towed behind tractors or trucks, and even 
drip spreaders. These changes made the alternative 
of waterbound macadam-based construction economically 
viable (8) . 

Quality control during construction was advanced 
by the development of a large sand replacement 
density test, the Rondawel test <.!l. This test is 
shown in Figure 1. The test enabled specifications 
for waterbound macadam to move away from a recipe 
method to some measure of objective regulation of 
construction control. Resulting from the accelerated 
testing of the experimental sections with the HVS, 
apparent density specifications could be established, 
as follows (E80 = equivalent 80-kN axle repetitions): 

Traffic (E80's) 
Up to 3 x 10 6 

3-50 x 10 6 

Waterbound 
Macadam 
Category 
WM2 
WMl 

Apparent 
Density (%) 
86-88 
88-90 

The traffic classification is an oversimplification 

of the traffic classes and categories given in the 
NITRR document on pavemen t structural design, TRH4 
<2>, indicating that higher density bases are re­
quired for higher traffic classes and road cate­
gories. This summary specification is shown in Table 
3 with the material definition or classification 
system used in the catalogue of designs in TRH4 Cll • 

WATERBOUND MACADAM AS A GRANULAR BASE 

In order to evaluate waterbound macadam as a base 
course, six HVS tests to date have been completed on 
the four experimental sections. In each HVS test a 
large number of specialized measurements of the 

TAllLE 3 Porosity Values and Indications of Permeability 
for Watcrbound 1ncadam Bases 

Material Description 

Typical coarse WM" aggregate alone 
WM bases (average) 
WM base (fines of windblown sand) 
WM2 base 
WM! base 

a As for unconsolidated gravel deposits (13, 6). 

Porosity 
(n){%) 

25-40 
13.5 
21.6 
11 
3 

Indications of 
Permeability 
(L/hr) 

> 1.1 
1.5 
100 
1.27 
0.25 
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TRH 4 
7 

DESIGN TRAFFIC CLASS LEGEND 

lElr- E Z -1~-+1••---- E3 - - -------<-.>---- -- E4 ----- • 

DRY ~ < 50% SATURATED 

WET ~ 50 - 80% SATURATED 

SOAKED ~ > 85% SATURATED 

25 

;__ 
E 20 
E 

~ 
t:i 1:1 
:::> 
er 
0 
LL w 
0 

TERMINAL DEFORMATION LIMIT 

MRB5 MARIANNHILL IWM2 BASEi 

10 lal KOEBERG IG3 BASE l N3/I UMHLATUZANA IWMI BASEi 
0 
er 
~ 

P 15 71 1 OLIFANTSFONTEIN IG2 BASEl 

z 
ii: 
0 5 0 

DRY 
P 157/2 JAN SMUTS IGI BASEi 

5 10 15 20 

NUMBER OF EQUIVALENT BOkN STANDARD AXLES IMILLIONSI 

FIGURE 2 Comparison of the pavement deformation imlur.r.d in various crushed-stone base pavements by HVS 
trafficking. 

pavement response and behavior were taken. These 
measurements are described elsewhere in detail <!l. 

One of the measurements taken during such an HVS 
tPRt. is the permanent deformation. This is measured 
on the surface by means of a fully automatic, motor­
driven profilometer that tracks over the road surface 
or manually by means o,f a 2-m straight edge. '.rhe 
deformation originates in the granular base. This is 
true for granular-based pavements with well-protected 
subgrades (9) and can be confirmed by pr.ofile 
trenching ac~oss a test section after completion of 
such a test. 

The terminal rut (permanent downward deformation) 
limit for higher-category roads is 20 nun. The number 
of repetitions of the dual wheel load used in any 
test is calculated and expressed in terms of the 
number of standard 80-kN axle repetitions (EBO' s) • 
In order to compare the deformation of different 
granular-based pavements tested, a damage coeffi­
cient (d) equal to 3 is used in the relative damage 
formula: 

D = (P/80)d 

where 

D relative damage value, 
P axle load (kN) , and 
d damage coefficient. 

(1) 

A value of d equal to 3 rather than 4.2 was found to 
be applicable to deep pavement structures with gran­
ular bases (9). In Figure 2 a comparison is made of 
various granitl.ar-based pavements tested with the HVS. 
The behavior of typical WMl and WM2 quality bases is 
compared with the findings of Maree et al. (~). 

The WMl and WM2 bases show the typical rapid ini­
tial deformation of a granular-based pavement. In 
WMl, which has the higher density, this initial de­
formation is less than in the lower-density WM2 base. 
Th is indicates that even higher densities could be 
specified, which would reduce this tendency to rapid 
initial deformation. After the settling-in period, 
the rate of increase in deformation becomes constant 
for the WMl base and to a lesser extent for the 1m2 
base, as for other high-quality bases, such as the 

Gl and the G2. The influence of water will be dis­
cussed in the next section: the discussion in this 
.section is limited to the behavior of dry, well­
drained bases. The highest tra.ffic classes according 
to the TRR4 classification 121, even 50 x lo• 
E80's, are allowed for in the design with a WMl base, 
with the proviso that environmental influences must 
be neutralized by an adequate maintenance program 
(9). The WMl base compares well with other high­
quality granular bases such as the G2 and even the 
Gl. The WM2 base compares well with the weaker-qual­
i ty granular base, the G3. 

The second measurement used to indicate the 
structural capacity of a watcrbound macadam basP 
pavement is the elastic deflection measured at dif­
ferent depths within the pavement . The instrument 
used is the multidepth deflectometer (MDD) (10). 
Effective elastic moduli were determined by means of 
a curve-fitting iteration procedure using the MDD 
deflections OJ • !'laterbound macadam is a typical 
stress-dependent granular material; the effective 
elastic moduli increase with the applied wheel load, 
and density under trafficking increases as well 
(.!_,ll). The recommended range of effective elastic 
moduli for waterbound macadam base layers, as mea­
sured and calculated, is as follows for various types 
of subbase support: 

Material 
Class 
WMl 
WM2 

With Stabilized 
Subbases (MPa) · 
150-700 
120-400 

With Granular or 
Cracked Stabilized 
Subbases (MPa) 
100-400 
70-250 

The stress states in the granular waterbound 
macadam layers were calculated on the basis of these 
effective elastic moduli by using a linear elastic 
layer program developed by the NITRR in 1977 (12). 
No laboratory triaxial shear-strength parameters[C 
(apparent cohesion) and <I> (angle of internal fric­
tion) J of water bound macadam have yet been deter­
mined, and therefore the values for a Gl base in the 
wet to saturated states were assumed as a conserva­
tive guide (.!_) in the calculation of the safety fac­
tor (11). The maximum stone size for the Gl material 
is 37.5 mm. 
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DESIGN TRAFFIC CLASS E80/LANE OVER STRUCTURAL DESIGN PERIOD 

ROAD EO El E2 E3 E4 

CATEGORY <0,2 x 10 6 0,2-0,8x106 0,8-3 x 10 6 3 -12 x 10 6 12-50 x 106 

~,,_., .. ~'"' §'"' ' ' t25WMI 150WMI ISOWMi 

A 1 ~0 C 3 125 C3 150 C3 

125 C4 
150C3 

~s' ~st ~"" "" ~.,.. roo WM2 ···~ 125 WM2 ' ' 125 WM2 1251NM1 

150 C4 0~ ISO GS 150 C4 125 C4 

B 
125C4 

t:js' ~s
1 

t:js' ~s' ~s' ~s• 100 WM 2 ~ 'fy 100 WM2 IOOWM 2 't' ~ 100 WM2 IOOWM2 f ~ 125WM2 

IOOC4 125G5 125 C4 .- ~· 150 GS IOOC4 ~ •• 150 G5 c 

!SYMBOL A ' DENOTES AG , AC OR AS . SYMBOL S DENOTES 52 OR S4. 

FIGURE 3 Waterbound macadam bases (for explanation of symbols, see Table 2). 

A safety factor (fl used in the mechanistic anal­
ysis of granular bases to predict their structural 
behavior is calculated as follows: 

Fe k(cr31tan 2 [45 + ($/2)) - 11 + 2Ctan[45 
+ (<j>/2)) }/(cr1 - cr3) 

where 

apparent cohesion, 
angle of internal friction, 

(2) 

major and minor principal stresses, and 
constant, depending on the moisture con-
ditions. 

An analysis of a typical waterbound macadam base 
pavement in the wet to saturated states led to the 
recolllmendation and incorporation of waterbound 
macadam bases for wet regions in the new (1984) 
catalogue of designs (7). These designs are shown in 
Figure 3, and the material classification is sum­
marized in Table 2. It is recommended that WMl bases 
with stabilized subbases be used for the higher road 
categories and the higher traffic classes , and gran­
ular subbases with· WM2 bases can be used for the 
lower road categories and traffic classes (_!). 

WATERBOUND MACADAM AS A DRAINAGE LAYER 

The emphasis in the construction of waterbound 
macadam was on achieving a dense granular base with 
a high shear force resistance due to the coarse 
granular interlock. The history of waterbouncl 
macadams in South Africa (1) and abroad (§.l has 
shown, however, that an open-'9raded granular base of 
this kind a!so provides an excellent drainage layer. 
The addition of fines to fill the voids between the 
coarse aggregate reduces the drainage capabilities 
of such a layer. 

Although the experimental sections of waterbound 
macadam were not designed according to the drainage 

principles suggested by Cedergren (6), the influence 
of water on these waterbound bases-was monitored in 
various ways. During all HVS testing on the experi­
mental sections, water was introduced into the WM! 
and WM2 bases by means of a system of perforated 
pipes . The 38-mm diameter pipes were installed right 
on the higher edge of the trafficked test section (8 
111 long and l m wide) , thereby ensuring that water 
flowed down the cross and longitudinal gradients 
thr:ough the base of the trafficked section. Water 
was administered normally at atmospheric pressure, 
and the rate was measured. In one test the water was 
administered at a pressure head of 1 to 2 m. Water 
was normally administered toward the end of a test, 
although in some cases this was done throughout the 
test. 

The typical deformation behavior of a granular­
based pavement when the base is soaked is shown in 
Figure 2. There is a sharp increa.se in deformation 
with the increase in t.raffick ing, because of the 
development of a state of excessive pore-water pres­
sure. This leads to erosion of fines, deformation, 
a nd potholing. When a typical WM2 base has adequate 
drainage, however, there is virtually no change in 
the rate of deformation . When water is introduced 
into a WMl base at a pressure head of 1 to 2 m, it 
is possible to develop a state of excessive pore­
water pressure uncler trafficking, showing the typical 
increase in deformation. Under such aggressive soaked 
conditions the fines a.ce again washed through cracks 
in the surfacing layer or into untrafficked parts of 
the test section, where they accumulate between the 
surfacing and base layer . Shear deformation has not 
occurred because the granular interlock of the coarse 
aggregate matrix is still intact. 

Indications of permeability of the exposed surface 
of the waterbound macadam base were measured by means 
of the in situ falling-head permeability test (Y) • 
Standard material tests ancl density determinations 
of the waterbound macadam bases made it possible to 
calculate the porosity (n), which can have an impor­
tant controlling influence on permeability (!!). 
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Table 3 gives a summary of these results as measured 
on various waterbound macadam bases. 

It is clear from Table 3 that al though the add i­
t i on of fines to the voids of the coarse aggregate 
leads to a reduction in porosity, the permeability 
values still indicate an efficient drainage layer. 
The fact that the small particles influence perme­
ability more than the large particles (15) is clearly 
illustrated, too . When the fines used to fill the 
voids are of wlnilhlown single-sized sand, porosity 
values nearly double and the indica-tions of perme­
ability increase 100-fold. This indicates that if 
the percentage of fines passing the 0.07 5-mm sieve 
could be limited to less than 10 percent, the perme­
ability of waterbound macadam bases could be in­
creased significantly. The increase in density .from 
a WM2 standard to a 1'11'11 standard leads to a reduction 
in porosity and indica·tion of permeability values. 
In such a dense state the llt1se is comparable with 
other dense, high-quality granular bases, which are 
virtually impermeable. 

SUMMARY AND CONCLUSIONS 

1. The single-shed grading and maximum stone 
size (75 to S3 mm) of the coarse aggregate charac­
teristic of waterbound macadam material primarily 
ensure granular interlock and high resistance to 
shear failure . 

2. The possibility of mechanizing the construc­
tion of waterbound macadam bases was evaluated by 
departing from labor-intensive techniques during the 
construction of the four experl111to11Lal section::i . 

3 . Quality control and objective specification 
criteria have been enhanced by the development of 
the Rondawe1 density test and the establishment of 
recommended density specifications in terms of ap­
parent density. 

4. The performance of waterbound mac-adam bases 
is typical of granular bases when permanent deforma­
tion behavior during accelerated testing is compared. 
Initial Llensity has a direct influence o n the rapid 
initial deformation. 

s . The determination of effective elastic moduli 
by MOD deflection back-calculation procedures makes 
it possible to establish ranges of effective elastic 
moduli. Suggestions f or the mechanistic analysis of 
s uch bases in relation to the model used for granular 
materials have been made. fypical catalogue designs 
for waterbound macadam-based pavements for wet 
regions have been recommended and incorporated in 
the NITRR's pavement design document, TRH4 <ll. 

6. Waterbound macadam, properly constructed to 
l'iMl density and with adequate support , can carry the 
highest traffic classes, bearing even SO x 10 6 

E80 's. There is even scope for an increase in the 
density specification that would offset initial de­
formation tendencies under trafficking. The stress­
dependent material has high resistance to shear 
failure, which means a better quality of granular 
base as density increases under t.raffick ing .. 

7, Waterbound macadam has the potential to be a 
very efficient drainage lay.er , especially if coarser 
f i nes are specified. Higher densities, however, mean 
lower permeability . On this point the structural 
requirements and those for a drainage layer may op­
pose each other, but the existing density specifica­
tions (WMl and WM2) appear to satisfy both require­
ments adequately. 

8. The importance of providing drainage for any 
base layer is emphasized by the behavior of water­
bound macadam bases. Even in such high-quality gran­
ular bases, excess ive water in the base can lead to 
excessive pore-water states and a pumping of fines 
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from any erosion-susceptible layer in the pavement 
structure. 
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Cost-Estimating Model for Low-Volume Roads 

FONG L. OU and COLBURN D. SWARTHOUT 

ABSTRACT 

The Forest Service, U.S. Department of Agriculture, is required to perform ac­
curate and comprehensive road cost estimates to carry out the legislative intent 
of Congress in the programming, allocation, and use of funds. This study uti­
lizes multiple regression analysis to develop unit-price equations and total 
project cost equations for cost estimation. A sample consisting of 26 projects 
from the western United States is used for preliminary model development. The 
equations developed are applied to a second sample with six projects located in 
the same area. The results indicate that the model has potential for determining 
reliable preliminary road cost estimates. Because of its simplicity, this model 
could reduce the resources spent on this task and lead to the reduction of 
transportation cost. 

One of the major concerns of the Forest Service, U.S. 
Department of Agriculture, is the accuracy of road 
cost estimates. Estimates are used to carry out the 
legislative intent of Congresii in the programming, 
allocation, and use of funds. Two types of prelimi­
nary estimates used for this purpose are the office 
estimate and the field-verified estimate. The former 
is based on office information such as land use 
plans, a.erial photographs, topographic maps, and 
other resource information. It is used to support 
activities such as land use planning, resource 
management planning, area transportation planning, 
and long-range (over 5 years) fiscal programming. 
The second type of estimate is based on all the 
information available for an office estimate plus 
rnore extensive field verification, including some 
rough field measurements and more detailed resource 
information gathering. This estimate is used in 
resouLce and transportation project planning, short­
rangP (2 to 5 years) fiscal programming, and bud­
geting. 

The accuracy of both preliminary estimates varies 
in accordance with the reliability of the data base. 
Deviations can range from 35 to 50 percent for the 
office estimate and from 20 to 30 percent for the 
field-verified estimate <l>. Two main sources of 

Engineering Staff, Forest Service, U.S. Department 
of Agriculture, P.O. Box 2417, Washington, D.C. 
20013. 

these deviations are unit-quantity and unit-price 
predictions. The major concern of this study is 
unit-price prediction. 

Conventionally, road costs are estimated by either 
constructed costs or historical bids or a combination 
of both. The constructed-cost method utilizes pro­
duction rates , labor and equipment costs, profit and 
risk, taxes, and matei:ial costs to estimate the unit 
pi:ice . On the other hand, the unit price der ive<l 
f rem the historical-bid approach is estimated by the 
weighted average of bids submitted by contractors 
over some period of time. These unit prices are ad­
justed by a cost trend factor to reflect the cost at 
the time when the project will most likely be con­
structed. 

The objective of this study is to use regression 
analysis to develop unit-price estimating models 
based on historical-bid data. Several other studies 
have been made along these lines to improve cost 
estimation (2,3). The results of these studies indi­
cated that by using regression analysis, it is pos­
sible to estimate highway construction costs with a 
higher degree of reliability than can be obtained by 
simple unit-cost weighted averages. In the present 
study, a sample of 26 new construction projects was 
utilized for model development. This model was veri­
fied by six projects , including new construction and 
reconstruction. However, it should be noted that 
this paper does not suggest weakness or deficiency 
in current Forest Service policies or practices but 
is intended to illustrate the potential usefulness 
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u[ Llie application of rcgrcccion analysis to cost 
estimation. 

DATA SOURCE 

A sample of 26 projects was collected from the west­
ern United States. The sample included road projects 
constructed in the study area during 1980-1982. The 
information on quantities, bid cost, and average bid 
uuiL-cost estimates was provided by an automated bid 
tabulation system. Other road characteristics such 
as side slope, clearing, and so on, were collected 
by questionnaire. 

The six components investigated were engineering, 
earthwork, bases, pavement, bridges, and other inci­
dental items (4). A review of past projects in the 
study area indicated that although the relative 
proportion of total cost attributable to each of the 
components varies from job to job, earthwork cost 
generally constitutes the largest portion of the 
total (nearly 50 percent). The average percentage 
composition of the total construction cost for the 
selected 26 roads was roughly ao follows: 

Item 
Engineering 
Earthwork 
Bases 
Pavement 
Bridges 
Incidental 

Portion of Total 
Construction Cost (%) 

2.7 
46.9 
26.4 
4.1 
0 .7 

19.2 

'l'hese six components are used as the explanatory 
variables that make up the total project cost. Four­
teen major cost i terns that contributed the bulk of 
the costs attributable to the six components were 
chosen for estimating unit prices. 

METHODOLOGY 

'l'he system assumes that the bid pr ice is a function 
of the project characteristics that directly in­
fluence the required effort to complete the project 
and the scale of economy. These characteristics may 
affect the bidding behavior and bid cost. For this 
study they were identified as follows: 

1. Side slope (percent), 
2. Soil condition: 

3. 

4. 
local 

5. 
6. 

a. Common (percent), 
b. Solid rock (percent) , 
c. Riprap (percent), 
Clearing: 
a. Light (percent), 
b. Medium (percent) , 
c. Heavy (percent), 
Remoteness (travel distance from center 

community to project by miles), 
Length of road (miles), 
Net gradient of the project (percent) , 

of 

7. Complexity of project (in terms of number of 
i terns), and 

8. Quantity of project (by item or overall). 

In addition to the aforementioned factors, socioeco­
nomic conditions including per-capita personal in­
come, unemployment rate, the number of construction 
workers, and the number of bidders were also used to 
examine the bidding behavior. However, it has been 
found that these factors have no significant rela­
tionships to the bid cost. 

Two types of models will be developed. One is for 
estimating the unit pr ices of major i terns and the 
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nth Pr i R to estimate the total cost of a project. 
They are discussed in the following paragraphs. 

Unit Price 

Unit price (U) as a function of road characteristics 
(yr) and quantities (qk) io 

d e 
u a + I bkqk + I brYr (1) 

k=l r=l 

where a and b are constants. Fourteen major items 
were selected for the unit-price estimate. They are 
classified as follows: 

201 (01) Clearing and grubbing 
201 (03) Clearing and grubbing 
203 (01) Excavation, Method 1 
203 (02) Excavation, Method 2 

203 (03) Excavation, Method 3 
:l04 (01) Crushed aggregate 
306 (01) Reconditioning of roadbec1 
408 (01) Liquid asphalt 
601 (01) Mobil iza ti on 
603 (01) Corrugated metal pipe 
611 (01) Pit development 
619 (01) Hand-placed riprap 
621 (01) Spillway inlet assemblies 
625 (03) Seeding, hydraulic method with mulch 

Tutal Cu,;L 

Total cost (T) as a function of the sum of the esti­
mated low-bid prices by items (ci) is 

T 

n 

a + b I ci 
i=l 

1 1, 2, 3, ••. , n (2) 

where n is the number of items and a and b are con­
stants to be estimated. Note that the low bidder 
differs in his prices from item to item and is not 
necessarily the bidder who was awarded the contract. 

Total cost (T) as a function of the costs of the 
major components (cjl is 

m 
a + I bjcj 

j=l 
1, 2, 3, ... , m (3) 

where m is the number of major components and other 
terms are as defined previously. 

Total cost (T) as a function of the sum of the 
relative importance scores in terms of cost (si) is 

n 
a + b I si 

i=l 
i 1, 2, 3, ••• , n (4) 

where the relative importance scores may be developed 
as follows: 

1. Compute the average cost by item, 
2. Select the item with the least deviation as 

the basic item, 
3. Compute the weight of each item by dividing 

the cost of each i tern with the cost of the basic 
i tern, and 

4. Multiply the quantity of each item by its 
weight and obtain the relative importance scores. 

Total cost (T) as a function of relative import­
ance scores of the major components (Sj) is 
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T 

Total 
quantity 
(Yrl is 

cost (T) 
estimate 

T 
d 

a + l 
k=l 

(5) 

as a function 
(gk) and road 

of preliminary 
characteristics 

k 1, 2, 3, .•.• , d 
r; 1, 2, 3, .... , e 

(6) 

where d and e are the number of items and other terms 
are as defined previously. 

The regression analysis will be used f or the model 
calibration. The stepwise precedure, that is, enter­
ing a variable at a time, of the Statistical Package 
for the Social Sciences was used for computation. 

MODEL CALIBRATION 

Unit-Price Models 

As shown in Table l, unit-price models were developed 
for 14 major cost items. The data indicate that the 
unit pr ice of clearing and grubbing, in terms of 
dollars per acre, is related to the percentage of 
clearing in the light category, side slope, road 
length, and time of the year when the bid took place. 
The first two variables represent the effort required 
and the third variable represents the project size. 
The signs for these three variables are as expected. 
The variable for the time of the year is a dummy 
variable that equals l for the time period of April 
to September and 0 otherwise. Th is means that when 
the bid takes place during the construction season, 

TABLE l Unit-Price Models 

Specification 
No. Description of Item Unit-Price Model 
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the unit price for clearing and grubbing is $213/acre 
lower than that of the off-construction season bid. 
The coefficient of determination (R 2 ) for the 
equation is 0 . 2194 . 

When clearing and grubbing is measured in dollars 
per mile, its unit price can be explained by its 
quantity and side s lope. As expected, the unit price 
tends to be reduced when the size of the project is 
larger. On the other hand, the increase in side slope 
tends to increase the unit price. The coefficient of 
determination (R') of the model is 0. 3538 . 

The size of the project in terms of road length 
has been found to be a significant variable for ex­
plaining the unit price of excavation ranging from 
Methods l to 3 . However, the unit pr ice of excava­
tion , Method 1, is also related to the total excava­
tion of a project, whereas the unit price of excava­
tion, Method 2, is also affected by the percentage 
of solid rock and time of year when the bid took 
place. The three models for the unit price of exca­
vation are significant , with R' r ang ing from 
0.6964 to 0.8731. 

Two models have been developed for the component 
of bases. One is for crushed aggregate and the other 
is for reconditioning of the roadbed. The unit price 
of crushed aggi:egate has been found highly related 
to the quantity of crushed aggregate and road length. 
The R2 is equal to 0 . 9309. The unit price for re­
conditioning of the roadbed can be explained by side 
slope and time of the year when the bid took place . 
However , R' for the model is only O. 2898 . The low 
value of R2 is due to the stability of the unit 
price for this item. 

The unit price of liquid asphalt is highly related 
to the quantities Of liquid asphalt and the total 
excavation. The model indicates that the liquid as-

Standard Durbin-
Mea n Error of Watson 

R2 ($/unit) Estimate Test 

201 (01) 

20\ (03) 

203 (01) 

203 (02) 

203 (03) 

304 (JO) 
306 (01) 

Clearing and grubbing 
($/acre) 

Oearing and grubbing 
($/mi) 

U = 2,987.49 - l 4.6864X1 - l.1805X2 - 2l3.5127X3 + J I.220X4 

U = J,667.82 - l 74.6936 X5 + 48.07 63 )4 

0.2194 

0.3538 

2,742.45 l,359.57 l,7461 

1,196,23 1,820.34 1,7184 

408 (09) 
601 (01) 
603 (01) 

611 (10) 
619 (01) 

621 (01) 

625 (03) 

Excuvation, Method l 
(S/yd 3 ) 

Exco•alion, Method 2 
( /yd3) 
xcavation , Method 3 
(S/yd 3

) 
Crushed aggregate ($/yd 3) 
Reco nd itioning of road-

bed ($/mi) 
Liquid asphalt ($/ton) 
Mobilization ($/job) 
Corrugated metal pipe 
($/ft) 

Pit development ($/pit) 
Hand-placed riprap 
($/ydl) 

Spillway inlet assemblies 
($/each) 

Seeding, hydraulic method 
with mulch ($/acre) 

Note: Variables are defined as follows: 
U = urdl price (S 1,000 per unit), 
XJ = 1oHm:e1nt of cle•ring in light category(%), 
X2 = l•nrth of rood (mi), 

U = 2.63 - 0.0140X6 - 0.00036X2 

U = 2. 78 + 0.0715 X1 - l.2506X3 - 0.00053X2 

U=8.02-0.7174X2 

U = J 9.54 - 0.00108Xs - 0.00 J 98X2 
U = 286, J 9 + I4.3063X4 - 68.1271 X3 

U = 266.19 - 0.l 568X1 o- 0.752SX6 
U = J,555.82 + 125.0380X9-8.6M:?X2 + 213.4994X6 
U = 26.6! + 3.2709X7 -0.3364X• - O.OOJ3X 2 

U = 3,472.56 + 65.2432X11 -2,359.7274X3 - 0.2272Xt2 
U = 70.39 - 5.5560X2 

U = 4.64 + 2,5 l 5X7 + l.484X9 + 0.5282X4 + 0. 7984Xt t 

U = 502.11 - 74.9600X J 3 + 20. 7764X4 

X3 =time of ,-c-ar (1 for April lo September period and O otherwi.se)1 

X4 = side slope (%), 
Xs = c.lorlns fmd 1rubblng (1cruJ-lOt (OJ), 
x6 =total .. u .. tlon ( l,000 ydl), 
X7 = pttc11n1 or ioBd roc-k <f'>• 
Xs = cnuhcd osgrepta (Yd )- 304 (01), 
X9 = nmolene.u (1'111 ffom local commuohr lo project), 
X10 =liquid Hphalr (Ion), 
Xu ; percent of riprap (%), 
X12 = ptr-run &IJl<gllo (yd3) - 304 (0 I), 
X13 =seeding, hydr•uJlc melhod wilh mulch (acre) - 625 (03), and 

R
2 

=coefficient of determination (range.from Oto 1 for the qua.lily of model from poor to perfect). 

Standard enor of estimate= I (u - ii2 )/(n - 2) J Y.i' where U iJ the mean, u is the estimued value, and n is the number of observations. 

0.7628 l.96 0.38 2.1 573 

0.8731 2,09 0,42 l.705 2 

0.6964 3.94 1.56 2.1752 

0'.9309 1.34 13.66 3.1312 
o.~898 847.67 267.03 l.7702 

0.8865 195.00 J 30.5 J l.9974 
0. 7 539 J3,324.95 9,422.94 2.2350 
0. 7 95 5 25.73 10.22 I.JOJO 

0.9271 1,714.29 160.02 1.8307 
0.3549 47.4 7 22 , J 9 2.3570 

0. 7 93 3 88,85 18.08 1.8184 

0.4320 902.7 J 501.77 l.l 744 
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phal 110i ~ price tends to be low w.hen the amounts of 
asphalt and excavation are large . For paved roads , 
e xcavation accounts for more than half of t.he new 
construction cost and may represent the size of th e 
project. The trade-off between the liquid asphalt 
unit price and excavation quantity is expected. How­
ever, this trade-off is ignored by the conventional 
cost- estimate approach. The mO<'!e l has an R' as 
high as O.BB65. 

The last six models of Table l were developed for 
the six major items of incidental construction . As 
expected , the cost of mobilization is highly related 
to the remoteness or distance from the local com­
munity to the site of the project and the length of 
the road. Because the remoteness reflects the trans­
portation cost, and the road length represents the 
size of the project, the bidder considers distance 
as the major factor for determining mobilization cost 
and is willing to t .rade off L!his cost with the cost 
of other i terns. The model has a significant coef­
ficient of determination, R:: 0.7539. 

The unit price of corrugated metal pipe can be 
explained by the percentage of solid rock , side 
s lope, and road length. Solid rock requires extra 
effort fo.r excavation and thus tends to increase 
unit price . On the other band, steep ground requires 
less effort for pipe installation and tends to reduce 
unit price. The equation also indicates that the 
bidder is willing to trade off the unit pr ice of 
corrugated metal pipe with the size of the project 
in terms Of road length in miles. The unit price o f 
pit development is a func.tion of the percentage of 
riprap , the quantity of aggregate, and time of the 
ye<u wli"'" the bid took plac e . A.i; expect~n, dpr ap 
increases difficulty in pit development and enhances 
unit pr ice . However , the cost would be reduced if 
the quantity of aggregate to be produced is large or 
the bid takes place in the construction season . These 
two m.odels are highly significant, with R' equal 
to 0.7955 and 0.9271, respectively. 

The unit price of hand-placed riprap has been 
found to be related to road length. In this case, 
the road length repre1<ents the size of the project 
or the quantity of hand-placed riprap, or both . 
Therefore , the longer the road segment is , the lower 
the unit price of hand-placed riprap . Four important 
explanatory variables included in the model for the 
unit price of spillway inlet assemblies are percent­
age of solid rock , remoteness , side slope , and per-

TABLE 2 Total Cost Models 

Approach of Modeling To tal Projec t Cost Model 

Aggregated low-bid costs T = 12.860 + 0.00 l 56X2 3 
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centage of riprap. All of these four factors tend to 
increase the unit price ot spillway inlet K88effiblie~ 

because of the difficulty in installation or high 
t rans port cost. The unit pr i ce of seeding by the 
hydraulic method with mulch can be explained by the 
quantity of such seeding a nd the side slope . The 
coefficients of determination for these three models 
are 0 . 3549, 0 . 7933, and 0.4320, respectively. 

The foregoing discussion indicates that the unit 
price is determined by the l evel of effort required 
for accomplishing a job s uch as a side ~lv~e, cate­
gory of clearing, type of soil, and the size of the 
project in terms of road length or quantities of 
specific items . The more the required effort is, the 
higher the unit price. On the other hand, the larger 
the project is, the lower the unit price. 

Total-Cost Models 

Five models for estimating total cost of a project 
are given in Table 2 . The fir s t two moaels require 
estimating unit price and quantities for all items, 
and the third and fourth models require estimatin9 
unit price and quantities f o r major i tems . Tbe last 
equation requires only an estimate for asphalt and 
gravel in terms of thickness (inches) as well as the 
work on excavation (cubic yards). 

The first model assumes that the total cost of a 
project is a function of the sum of low-bid costs 
for all i terns. The second model indicates that the 
gross construction cost is highly related to the 
sums of low-bi d costs by i terns for components of 
earthwork, bases, and incidental construction. The 
model also reveals that a project requiring con­
struction staking tends to lower the cost. The coef­
ficients of determination for both models are 0.9643 
and 0.9807, respectively. 

A set of the relative importance scores by i tern 
were derived from the average unit price. The product 
of these scores and the engineering estimated quan­
tities forms the data base for developing the second 
and third equations of Table 2. The assumptions of 
these two models ar:e s imilcir to that of the first 
two equations. The coefficients of determination for 
both models are 0.9504 and 0 .9755, respectively. 

The last model of Table 2 is composed of three 
independent variables including pavement index, ag­
gregate index, and total excavation. Both indices 

Standard Durbin-
Mean Error of Wat son 

R2 ($000s) Estimate Test 

0.9643 38 l.39 69.01 1.9448 
Itemized low-bid costs T= 12. 73 6+ 0.00 182X22 +0.0048 4X24 +0. 00065X2s 

+ 0.0027X26 
Aggregated scores T = 28.667 + 0.00 32 I X2 7 

Itemized scores T = 31.602 + 5.02 1 I X26 + 0.00 I 57X29 + 0.0 137X30 
+ O.OS62X3 I+ 0.0542 X32 

Quantities and road characteristics T = 66.79.25 + l. 82267X33 + 5.6 1322X34 
+ l.00170X 3s 

Not e: VariebJes are defin ed as foll ows : 
T = to tal cost of a projec t (SOOOs), 
x22 = 1 if th e com ponent o f bridge constru ction is incl uded in the p roject , 
X2 3 = sum of low-bid costs by He ms($ ), 
X24 = su m of low-bid costs b y items of earth work, 
x 25 =sum of low-bid costs by items of bases, 
x 26 = sum of low-bjd costs by it ems o f incid en tal cons tr uc tion, 
x 2 7 =sum of relative im por tance scores fo r U\'1Ua ll projec t, 
X2a = sum of scores fo r clearin g and grubbing ( 20 1, 2 02, 2 0 '1 1 20 9 , 2 10, 2 11, 21 2), 
X29 = su m of scores fo r excavatio n (2 03, 205 , 20 6), 
X30 =sum of scores for bases , 
X 3 J = su m of scores fo r bit umino us pavemen ts, 
X32 = S'U lll Of ~Ctl t\: ror lncfdcnhd COrl • lruc tJ o n. 

0.9807 38 l.39 
0.93 91 381.39 

0.9685 38 1. 39 

0.8484 38 1.3 9 

x 33 = 11'G.\1cm en1 lndcx, w hich It cq u31 to roe1d Joog1h (mi) &irn"~ lh h:1knc $o f p;t.Yc rncnt (in.) ti mes aspha l1 haul dist ance (mi), 
X34 == t nt11 I 0J:c11i v.o tio n ( yd 3 000$)1 ond 
x 35 = -'e8 rt."8~ 1e index, whh;ll IJ c11 ual 10 rond lcns ih (mi ) limci lh_tc knc-u of agarc1;cu o (in.) times aggrogtu e ha ul dista nce (mi). 

54.42 1.6294 
88 .76 l. 9406 

7 1.20 1.7316 

148.50 I. 7 106 
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TABLE 3 Estimated and Actual Costs of Six Road Projects 

Project 

2 3 

Type of construction New New Reconstruction 
Date of advertisement 11/24/8 1 5/J /80 8/3/82 
Low bid($) 184,234 4 18,865 1,6 18,584 
Average-bid unit-price estimate($) 225,811 302,460 2,052,814 

Percentage difference +22.6 - 27.8 +26.8 
Aggregated low-bid cost model($) 173,550 324,600 2,023,550 

Percentage difference - 5.8 - 27.5 +25.0 
Itemized low-bid cost model($) 18 1,630 409,600 l ,631,520 

Percentage difference 1. 5 - 2.2 +0.8 
Aggregated score model ($) 173,410 404,160 l,830,000 

Percentage difference -5 .9 - 3.5 +13.! 
Itemized score model($) 186,260 373,590 2,149,000 

Percentage difference +1.1 -10.8 +32.8 

No te; += overes timate , - = underestimate, 
BAbsolute va lue. 

are the product of quantities and haul distance, 
that is, th i ckness (inches) times road length (miles) 
times .haul distance (miles) . This model does not 
require an engineering estimate and can be used to 
predict the costs for projects in the planning stage. 
The coefficient of determination for the last model 
is 0.8484. 

The foregoing discuss ion indicates that by using 
regression analysis, a cost es timating procedure can 
be developed. All the explanatory variables selected 
in the modeling analysis are used in actual road 
construction. 

MODEL VALIDATION 

Six projects were selected f rom the study area for 
model verification. These projects were not included 
in the model devel.opme·nt and had cos ts ranging from 
$44,000 to over $2 mi ll i on per proj ect. 

Because the validation o f uni t-pr ice models re­
quired additiona l data collection, the equations 
contained in Table l were not verified . However, by 
a s suming a 40 percent clearing in the l i ght category, 
a 25 percent side slope, a 2-mi road project, and a 
July bid date, the unit price for 201(01) clearing 
a nd grubbing wa s computed by using the first equation 
in Table 1, as follows: 

$2,956.14 = $2,956.14 - (14.686 x 40.0 = 587.44) 
- (l.1805 x 2.0 = 2.36) - (213.52 x 1.0 
213.52) + (11.220 x 25.0 = 280~50) 
$2,433.32. 

The first f our models of Table 2 were applied to 
the six selected projects. The r esult is s hown in 
Table 3, in which it is s hown that al l of the models 
developed gave better preliminary estimates tha n 
s imply applying average- bid unit prices without con­
sidering the pro j ect characteristics. The average 
d ifference from the actual low bid was 24.4 percent 
utilizing tbe average-bid unit-price estimating pro­
cedure and the range was from 3. 0 percent for the 
itemized minimum-cost model estimate to 19.8 percent 
f or the itemized-score model es t imate. 

Note that in the forego i ng applications , th e 
a ctual unit prices a s b i d were us ed in the e stima­
tion. Assume that the us e of unit-price models will 
result in a 10 percent of error of the estimate. The 
ranges of deviations for the four mod.els will be 
16.7 to 17.3 per cent, 8.3 to 11.7 percent, 9.3 to 
13.6 percent, and 20. 5 to 24.6 peroent, respeGtively. 
Theref ore, with cons i deration of unit-price estimate 
errors, these mode l s c a n still yield better prelimi ­
nary e s timates than that made by the average-bid 
unit-price estimate . 
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4 s 6 Average• 

New and reconstruction New and reconstruction Reconstruction 
6/15/82 11/16/8 1 9/2/82 
165,060 39,030 561,915 
205,618 44,315 737,459 
+24.6 +13.5 +31.2 24.4 
181,700 41,260 415,900 
- 10.1 +5.7 - 26.0 15.8 
157,700 40,730 515,270 
- 2.6 +4.3 - 9.0 3.0 
158,100 44,730 593,830 
- 4.2 +14.6 +5.7 9.9 
176,300 63, 100 531,450 
+6.8 +61.7 - 5.4 19.8 

SUMMARY AND CONCLUSIONS 

Multiple regression analysi s was applied to histori­
cal-bid data to develop estima ting models to deter­
mine preliminary construction costs of low-vol ume 
roads. A s ample collected from western United States 
was used to develop 14 unit-pr ice models for major 
items and five total project cost models for total 
construction costs . I.n the modeling, 13 proj ect 
characteristics we.re identified and analyzed as th e 
i ndependent variabl es of unit-pr ice equa tions . Fif­
teen component quantities were utilized for develop­
ing total project cost equations . The study clearly 
indicated tha t extensive data-gathe ring effort is 
required to devel op models. However, once the model. 
has been developed, it requires no more data than 
the existing cost-es tima te practi ce. On the bas i s of 
a ver if ication check, i t was found that by using 
regres sion a nalys is, it is possible to e s t i mate p re­
limi nary construction cost for low-volume roads i n 
the western United States with a higher degree of 
re l iabi l ity than the average-bid unit-price estimate. 

I t was found t hat the bid price is a function of 
the eff ort r equ i red to complete a job i tem and th e 
s ize of the project. The effort is defined by the 
level O·f clearing and grubbing, s ide s lope, s oil 
conditions, and remoteness, whereas the project size 
i s described by the quantity of a particul ar job 
i tem. Les s effort and large projects tend to lower 
the unit pr ice, and vice versa. Two total project 
cos t models require both engineering quantities and 
unit prices; the other three models require only 
e ngineering q.uanti ties. These models were developed 
to evaluate the feasibility of using regress ion 
a nalysis for prelimi na r y cost e s timating and have 
not been i mplemented. Therefore, information on th e 
required time and expense involved i n doing a cost 
estimate by using these mode l s is not available at 
this time. 
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