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NUMERICAL RATINGS FOR fflGHWAY SECTIONS 
AS A BASIS FOR CONSTRUCTION PROGRAMS 

Karl Moskowitz 
U. S. Public Roads Administration 

Phoenix, Arizona 

SYNOPSIS 

A method of assigning numerical ratings to highway sections, taking cognizance of 
structural adequacy, safeness, and service, as a basis for reconstruction priorities, is 
offered. The ratings provide a means for arraying in one sequence all the sections of 
a given system, when the sections vary in traffic Importance and In adequacy compared 
to present design standards. The method is based on deductive reasoning to the extent 
permitted by existing knowledge, but assumptions based on Judgment and trial have been 
made to bridge the gaps In the deductive process. 

The elements comprising the basic qualities are analyzed and weights are assigned 
to each. Formulas are given for computing values In some elements. A method is pro
posed for accounting for traffic volume priority. 

The method has been applied to 3800 miles of the Arizona State Highway System and 
1000 miles of the Arizona Forest Highway System, and has been accepted as a practical 
and valuable aid in the preparation and substantiating of construction programs. 

niere is never enough money to correct 
al l the deficiencies in a highway system, 
such as a state highway system, in one 
budget period. Even if there were, i t would 
not be physically or economically feasible 
to do so. I t is therefore necessary to 
program improvements on sections of the 
system, and the f i rs t improvement should 
be programmed vhere the need is greatest. 

When the deficiencies consisted of 
unimproved roads, the programming of 
improvements was relatively simple and 
could be done on a geographic pattern. 
Later, some of the original surfacing wore 
out, and renewal of worn-out surfaces 
provided an automatic program. During 
the last 15 years i t has become apparent 
that renewal and replacement are desirable 
for reasois other than structural deteriora
tion; roads have become obsolete in service 
rendered, and in safeness of operation. 
The various sections of any system differ 
from each other in a l l of these, and they 
also d i f fer in importance as measured 
by t r a f f i c volume. 

B the need for improvement or renewal, 
which is a combination of al l of the above 
factors, can be reduced to a single number, 
the comparison of sections one against 

the other w i l l be greatly simplified. In a 
sense, everyone charged with the prepara
tion of a construction program does rate 
the existing facilities, and up to about a 
dozen sections can be arranged qualitatively 
In order of priori ty. Numerical ratings 
on a fixed datum provide a convenient form 
of memorandum for setting these down, 
and going on to consider the relative position 
in the l i s t of each of other hundreds of 
sections in the system. In an extensive 
system, i t is often necessary to combine 
the observations and requests of several 
engineers into one program. Numerical 
ratings provide a common denominator 
for effecting this combination. Finally, and 
very important, a quantitative listing of all 
the sections of a system Is a powerful 
means of substantiating a program against 
sectional or otherwise biased pressure 
for fund dispersal. 

This report suggests a method for 
assigning such numerical ratings to all the 
sections of a given system. I t is empiric 
in that i t is better than arbitrary and less 
than mathematically rational. Tn the autumn 
of 1946 i t was used to assign ratings to 
all sections of the Arizona State Hi^way 
System. The lists proved to be practical 
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and useful for the purposes enumerated in 
the preceding paragraph. 

Planning the growth and continuance 
of a system of highways Involves four 
steps, which are: 

1. Determination of the extent and loca
tion of the system, on the bases of 
t r a f f i c demands and geographic, 
political and economic factors of the 
area to be served, 

(a) and of the sources and amounts 
of funds necessary for this pur-

2. Allocation of available funds to 
(a) operation, 
(b) maintenance-of-way, 
(c) replacement of worn and obso

lete hif^iways, 
(d) extension of the system. 

3. Establishment of design standards 
for the various sections of the system. 

4. Periodic (e.g. aimual) programming 
of construction within the amounts set 
vp In step 2, (c) and (d). 

This discussion, and the numerical 
rating sjrstem proposed, are concerned with 
programming the amount allocated in step 
2 (c). I t Is presumed that depreciation 
and obsolescence are to be offset by renewal 
of units, or sections, of road at a rate 
equivalent to the depreciation of the whole 
system. 

The numerical rating for each section 
multiplied by the length of the section is a 
convenient although by no means exact 
quantitative measurement of value remain
ing in service, which can be arrived at 
quickly and periodically In the light of 
present standards without being negated by 
changing conditions such as prices, con
struction methods and administrative policy. 
The total of this value divided by the mileage 
In the system produces an average rating 
for the whole system. The comparison 
from year to year of the system rating 
wi l l provide a check on whether deprecia
tion is in fact being provided for. 

It is realized that the numerical rating 
as developed below has no absolute -signifi
cance. As stated by Alfred M. Freudenthal, 
in "Reflections on Standard Specifications 
for Structural Design," PROCEEDINGS, 
ASCE, February 1947: 

There is no particular virtue in mathe
matical functions or In numbers as such. I f 
they are not really representative, they can be 
even more misleading than verbal statements, 
because, psychologically, the number or formula 
is bound to give the impression of accuracy. 
Much aglneerlng knowledge is s t i l l descriptian, 
although its presentation Is mathematical.... 
The significance attributed to information ex
pressed by numbers or mathematical functions 
is an Indication of the level of scientific organisa
tion of em>erlence. At the level of descriptive 
science, experience is purely qualitative, and, 
therefore, not measurable. Most knowledge 
has not advanced beyond this stage. A higher 
level is reached when methods of measuring 
assumedly relevant, recurrent phenomena have 
been developed and when the resulting figures 
and relations are used to devise a quantitative, 
although enq)lric, classification of experience. 
Numerical data still have no absolute slgiiflcance; 
they are useful only as far as they are suitable 
to delimit certain classes of phenomena." 

The relative weights assigned the vari
ous components of sufficiency could not 
be determined by wholly deductive reason
ing. Assuming that i t was desirable to 
arrange sections of highway in sequence 
of need for improvement or renewal, the 
gaps in mathematically rational treatment 
of the problem were bridged by empirical 
methods based on Judgment and on t r ia l 
and error. This report describes in detail 
the method finally used, after trying and 
discarding several sets of relative weie^ts, 
in assigning priori ty sequence to a l l the 
sections of the Arizona State Highway 
System. The results were very satisfactory 
in that State, but i t Is realized and readers 
should understand that in systems having 
different Idiosyncrasies, different weights 
wi l l probably be necessary for the various 
elements, and in fact other elements not 
included In this description may well be 
introduced. The method is offered as a 
background for developing methods for use 
in other States and not as a fixed procedure. 

METHOD 

Hie objective of the ratings is to arrange 
sections of the highway system in sequence 
of relative need for Improvement. This 
could be done by assigning the highest 
numbers to the sections of greatest need, 
and this logic was attempted. However, It 
was found that this resulted in negative 
numbers, equlvaloit to expressing tempera-
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ture as "how cold" Instead of "how hot." 
The method adopted was to assign sufficiency 
ratings, with the most sxiffldent roads hav
ing the highest ratings. 

Hie first step was defining the elements 
of sufficiency which were to be evaluated, 
and assigning each element Its proper 
Importance, or weight. The next step was 
to develop a method of computing or assign
ing a value to each element for the section 
of road being rated. The third step was 
adjusting the rating according to the Im
portance of the road. The steps are dis
cussed separately below. 

ELEMENTS OF SUFFICIENCY 

The elements used, and the welj^t finally 
assigned to each, are shown In Figure 1. 
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Figure 1 

Whole Sufficiency 
For convenience, the number 100 was 

used for the whole sufficiency. Three main 
qualities to be provided by a road are 
Structural Adequacy, Safety, and Service. 
These classifications are general enough 
to cover a l l aspects of sufficiency of a 
highway and each Is as Important as the 
other. The 100 points allowed for the 
whole sufficiency were therefore divided 
into approximate thirds (35, 30, 35). 

Each main classification was then 
divided into sub-classifications and weights 
were assigned to the latter. The further 
this subdividing is carried out, the more 
uniform will be the treatment of the several 
road sections, and the slnqpler is the task 
of the engineer In assigning values to each 
element. However, i f the subdivisions 
are too small, the leeway within each is 
insufficient for recording contrast between 
sections. That Is , If only 5 points are 
allowed tor one element, road sectlois which 
are 10% different in value of that element 

win both receive the same rating. 

Structural Adequacy 
Structural Adequacy was divided into 

Condition and Remaining Life. Since It is 
known that every road depreciates and 
wi l l eventually have to be replaced, some 
element of the rating must decrease as the 
road becomes older. On the other hand, 
It is conceivable and even probable that 
for many years the maintenance cost as 
well as the apparent or measurable con
dition, and the safety and service, of a 
given section wi l l remain level. To pro
vide for these facts, an element of "antici
pated remaining l i f e , " the value of which 
is computed solely on present age and 
actuarial data for the surface type and 
traffic volume group of the section being 
considered, was introduced as a subdivision 
of Structural Adequacy. This Item was 
assigned 13 of the 35 points, on the reason
ing that significantly more than half (18) 
of the structural points should be used to 
evaluate each section on Its own merits, 
as opposed to Its average or actuarial 
merits. 

"Condition" of a road structure Is a 
difficult thing to measure. Relative main
tenance costs reflect relative structural 
condition of various sections, other things 
being equal. However, they probably do 
not vary as greatly as the condition of the 
road, simply because i t i s not possible 
to perform sufficient maintenance to rectify 
the condition of many sections; starting 
with roads of excellent condition and mini
mum maintenance costs, maintenance wi l l 
Increase as condition becomes worse, up 
to a point where no more maintenance can 
be physically applied, but beyond that point 
there is plenty of room for road sections 
to be progressively poorer. In Arizona 
it is not possible to determine the main
tenance costs of specific road sections, 
because of inadequate cost accounting, and 
i t is likely that this is true also In other 
states. 

For these reasons, although the Im
portance of maintenance costs is recognized, 
and i t is realized that annual maintenance 
can equal the annual cost of a new capital 
investment, the item of maintenance costs 
was assigned but 5 of the 22 condition 
points, and the balance is reserved for 
variations In observed condition. Tlie term 
"observed" Is used in its broad sense. I t 
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does not mean merely looking at the surfkce, 
but implies the continuing knowledge of 
the behavior of surface and subgrade, which 
noaterials and maintenance engineers 
possess. 

Safety 
Ihe objective and rational way of assign

ing safety ratings would be simply on the 
basis of the accident rate of each section, 
eiqsressed say in terms of accidents per 
million vehicle miles. The trouble with 
this method is, f i rs t of all , the experience 
on aU but the very heaviest traveled roads 
is too slight, with the result that the rate 
is dependent on pure chance. That is, one 
section may have one accident In its history, 
and another section, two. This is not 
enough e^rience to justify any conclusions 
as to the relat ive safety of the roads. 
Second of all, accident reporting and tabulat
ing is not accurate enough to know what 
has taken place on short road sections. 

There is l i t t le conclusive literature 
on the relation between roadway standards 
and accident rates. When there is, the 
method here proposed for rating safety 
can probably be improved. 

Congestion and friction between opposing 
or Intersecting traffic streams, and between 
stationary and moving traffic, are doubtless 
among the most important contributing 
factors. In Arizona the great majority 
of roads carry 2500 or less vehicles per 
day, and these items do not govern. For 
rating the safeness of this type of rural 
road, the subjective outlook was applied, by 
answering the rhetorical question, "What 
makes me feel safe"? The answer is (1) 
If a road is wide enough, an alert driver 
can nearly always avert accidents notwith
standing the behavior of other vehicles, 
failure of his own, or other faults of the 
road; (2) Other conditions being equal, 
the farther he can see, the greater his 
safety, and (3) the road must not offer 
abrupt changes, such as sharp curves 
between long tangents, narrow bridges in 
wide roads, and vertical dips. These are 
in descending order of importance and they 
were assigned values of 15, 10, and 5, out 
of the 30 points available. The 15 points 
for width were further divided into equal 
weights (8 and 7) for roadway width and 
surface width, on the basts that although 
the whole road may be roomy enough to 
avoid collision, a narrow surface on such 

a road confines opposing traffic streams 
and creates a hazard. 

To use t r i te phraseology, the three 
causes of accidents are Marginal friction. 
Medial friction and Intersectional friction. 
On low volume rural roads these correspond 
exactly to roadway width (shoulders), sur
face width, and sight distance. On high 
volume roads, and wtiexe there is consider
able roadside development, the terms 
"width and "si^it distance are superseded 
by the more general terms, and values 
computed accordingly. 

It may be noticed that alinement Is not 
considered in the evaluation of safeness 
except as impl i c i t in controlling sight 
distance. 

Service 
Service to the road user comprises the 

dispatch and ease with which a given trip 
can be made. The 35 points were divided 
20 for dispatch and 15 for ease. I t may 
well be argued that economy of operation 
is an equal factor in the service a road 
should provide. However, dispatch and 
economy are interdependent, and part of 
"ease" as defined below also contributes 
to economy. 

The difference in operating costs over 
various roads is not significant unless 
the time or distance is excessive on one of 
them. The principle of the numerical 
ratings is to provide and evaluate variation 
between sections. I t would be contrary 
to this princ^ile to introduce a factor whose 
value would be nearly equal for all sections. 
Variation in economy is taken care of by 
variations in dispatch and surface texture. 

Dispatch on most rural roads is simply 
a functian of alinement and passing oppor
tunity, and on lower volume roads, more 
of alinement. The 20 points is therefore 
divided into unequal portions of 12 and 8, 
respectively. 

On heavy volume roads, dispatch Lb a 
function of freedom from congestion, v^ch 
is dependent upon many other features of 
deaiga besides alinement. On this type of 
road, alinement was ignored and evaluation 
of the 12 points allotted was based on the 
normal operating speed on the existing 
road. 

"Ease" was considered to be dependent 
vpon traveled lane width, regularity of 
cross-sectlcD (absence of sway), and surfoce 
texture, which three items cover most 
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of the reasons fo r tension or absence 
thereof in operating a motor vehicle, other 
than the reasons allied with safety and 
dispatch. 

I t may appear, particularly to those 
whose principal concern is the priority of 
widening f r o m 2 lanes to 4 lanes, that 
freedom from congestion is not given oiough 
weight. I t was found in Arizona that con
gested roads which could be remedied by 
increasing the number of lanes automatically 
are lacking in all of the items con^rising 
the 30 points for safety, and in surface width 
which is 5 points of the service conq>onent, 
as well as in the 20 points allotted to dis
patch. Ia other words, conditions leading 
to congestion are reflected in elements 
amounting to 55 of the possible 100 points. 
Furthermore, In step 3, described below, 
the basic rating is adjusted on the basis 
of t r a f f i c volume and this operates to 
enhance the priority of such sections. The 
preponderance of al l mileage needing re
construction is two-lane standard, and one 
of the problems this rating method atteiiq>ts 
to solve is the sequence of priority between 
medium or low-volume roads which are 
wholly inadequate in structure and aline-
ment on the one hand, and high volume roads 
which are inadequate in dispatch on the 
other hand. The funds are in each case, 
rural state highway funds, and as long 
as the road is in the system, the highway 
department has the obligation of making 
i t standard. 

One Important factor which is not in
cluded in this rating method is directness 
of line; routes which are completely out 
of direction are not satisfactorily rated. 
For example, in Arizona the existing road 
from Phoenix to Prescott is 114 miles long 
and portions have very high ratings, while 
other portions are tortuous, obsolete, and 
worn out. This route was rated section 
by section and about 18 miles came out 
with very low ratings, enough to be in the 
f i r s t p r i o r i t y of improvement, and the 
balance had fa i r ly high ratings. A new 
route is proposed between the same points 
which saves 24 miles of distance, but the 
ratings do not lend themselves to demon
strating when this work should be under
taken, or even that i t should be undertaken 
at a l l . (This is discussed further under 
the heading "Appllcatian to Progranunlng.") 

It wil l be noted in Figure 1 that there is 
interlocking or overlapping of the minor 

elements; e.g., a high value for sight dis
tance would automatically result in a high 
value fo r alinement, and surface width 
appears in two places. The viewpoint taken 
is (1) that if good alinement is necessary 
to produce good s i ^ t distance, the analysis 
results in a proportionate weight for aline
ment which more correctly reflects its 
total influence on the overall rating, and 
(2) that although good sight distance in
sures good alinement, good alinement is 
possible without good sight distance, and 
so forth. From this viewpoint i t would be 
incorrect to combine the related factors, 
especially when attenq>ting to derive their 
correct relative weights. This was found to 
be no Inconvenience in rating the 3800 miles 
in Arizona. 

EVALUATING THE ELEMENTS 
FOR EACH ROAD SECTION 

After deciding what elements were to be 
rated and the relative importance of each, the 
next step was to devise uniform methods, 
or formulas, for evaluating each element, 
for each road section being rated. 

These formulas depend on the principle 
of comparing each road section with the 
present standard for that section. The 
comparison is made for each element of 
sufficiency set forth above. 

I t is necessary to provide a table of 
standards, and to know the traffic volume 
classificatian of each section of the system. 
Da Arizona there are 15 sets of standards, 
five different t raff ic volume groups and 
3 kinds of topography In each groiq>. (Certain 
standards are equal in several of the 15 sets.) 

Observed Condition, weight 17 points, was 
rated on a plain qualttative basis, as follows: 

Excellent 
Good 
Fair 
Poor 

16-17 points 
12-15 points 
8-11 points 
0-7 points 

Maintenance Economy, weight 5 points. 
Each sectim was assigned a value from 

0 to 5 from Judgment and conference with 
the maintenance engineers. In general, 
this rating was more or less an extension 
of "observed condition." In some cases, 
however, there was a difference. Gravel 
roads were rated very low in maintenance 
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TABLE 1 

1ABLE USED FCn DEIOOaNING "ESniUTED BEUAINING L I F E ' MTIKG 

> Bit So rf Tr Bit Sorf Tr 
Uiud Bi tnmiDoa. PC Ceocreto IMios Tr af l ic Vol Loo IVaffic Vol 

Yr B4 IVpo Sur.iTor Cor.e R. Typo Survivor Qir.a L j TVp. . 3ur.iror Ojrvo L | Type Sor.iTor Girvo 
Built IS Vr Aversgo Lifo 25 Yr ATorasa Lifa 5 Yr ATorage Llfo 8 Yr Avarago L\la 

Total Yrs to Totol Yra to Yra to Total Yra to 
Ufo Go Poiots U f a Go Peinta Go ^ in ta Lifa Go PoiBta 

19W 0 IS IS 13 25 2S 13 5 5 8 8 8 
19«S 1 IS 14 13 25 24 13 4 8 2 7 2 7 
1944 2 15 13 13 25 23 13 3 4 3 8 4 6 4 6 
1943 3 IS 1 12 1 12 2S 23 13 3 8 8 5 8 6 
1943 4 IS 1 11 1 11 25 31 13 2 SS 3 9 2 5 2 5 

1941 5 15 2 10 2 10 2S 20 13 2 9 8 4 8 S 
1940 6 15 3 9 3 9 25 19 13 3 0 3 10 4 4 4 4 
1939 7 IS 4 8 4 8 25 18 13 3 11 1 4 1 4 
193B 8 15 5 7 5 7 25 17 13 1 5 1 11 7 3 7 4 
1937 9 IS S 6 5 6 25 16 13 1 3 

193( 10 IS 7 S 7 6 25 15 13 1 0 1 13 2 3 2 3 
1935 11 IS 9 4 9 5 25 14 13 1 3 
1934 12 16 2 4 2 4 25 13 13 0 0 14 8 3 8 3 
1933 13 16 4 3 4 1 25 2 12 2 13 2 
1932 14 16 7 2 7 3 25 4 11 4 11 16 2 2 2 2 

1931 IS 17 2 2 3 2 25 6 10 6 11 2 
1930 16 17 7 1 7 3 25 7 9 7 10 18 0 2 0 2 
1929 17 10 3 1 3 1 26 0 9 0 9 3 
192S 18 19 0 1 0 1 26 3 8 3 8 1 0 1 
1927 19 19 7 0 7 1 26 6 7 6 8 0 

1926 20 20 S 0 5 0 26 8 6 8 7 0 

192S 21 21 2 0 2 0 27 1 6 1 6 
1924 22 22 0 0 0 27 4 5 4 5 
1923 23 27 8 4 8 5 
1922 24 28 3 4 2 4 

1921 25 28 7 3 7 4 
1920 26 29 3 3 2 3 
1919 27 29 8 2 8 3 
1918 21 30 4 3 4 2 
1917 29 31 1 3 1 3 

1916 30 31 8 1 8 2 
1915 31 32 5 1 5 2 

economy although their condition might be 
very good. Surface treated roads may 
have an observed condition of excellent, 
but because of high maintenance costs, 
may have a very low maintenance rating. 

If precise cost accounting were in 
effect, the unit cost of each section could 
be used directly for the maintenance rating. 
The application could be by subtraction 
of one rating point for each increment of unit 
cost above a determined minimum. If this 
method were used. It would seem proper 
to assign the maintenance Item much more 
than 5 points of the 22 for structural 
adequacy. For reasons stated under the 
heading "Elements of Sufficiency," the 
item of observed condUlCD cannot be elimina
ted or supplanted entirely by "maintenance 
economy,' but i t could be reduced to per
haps 8 points, which would leave some 
latitude for ejqiresslng differences between 
sections and at the same time would i n 
crease the weight of the non-controverUble 
cost-of-malntenance to 14 points. 

Estimated Remaining Life, weight 13 points. 
One point was allowed for each year 

of l ife remaining; the years remaining 
were determined f rom survivor curves 
of the patterns suggested in Bulletin 125 
of the Iowa Engineering Experiment Station. 
For convenience, these were reduced to 
tabular form for the types and traffic vol
umes encountered In Arizona. The table 
used Is reproduced here as Table 1. 

When the years remaining attained 13, 
the maximum value for this element, all 
younger surfaces were rated at 13 points. 
The reasoning is that if less than one point 
per year is used, the spread between the 
various sections w i l l be reduced and the 
purpose of introducing this rating element 
is counteracted; furthermore, the ratings 
are to be executed periodically and there Is 
not much point in trying to peer into the 
future more than 13 years; the object of 
the " l i f e " element in the whole rating is 
accomplished If retirement Is begun to be 
anticipated that far In advance. 
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Roadway Width, 8 points. 
The deviation from standard was mea

sured in the field, and the proportion which 
the actual was of the standard, was multi
plied by 8 to obtain this value. Since sur
face width is accounted for separately, 
roadway width is really shoulder width, 
fii Arizona on many roads there is no 
physical distinction between the surface 
and the shoulders. Shoulder width of the 
actual road is therefore computed by sub
tracting the standard width of surface from 
the actual roadway width. The fraction 
that this is of the standard shoulder width 
is multiplied by 8 to give the rating. In 
the form of an equation. 

R = 8x 
^RA — ^SS 

^RS — Wss 

(1) 

Where R is the rating in roadway width, 
W j j ^ is the actual roadway width, 
Wgs is the standard surface width 

(can be less than actual), and 
Wjts is the standard roadway width. 

Surface Width, 7 points. 
It was assumed that a width 7 feet less 

than standard is wholly inadequate, and 
rates zero. The rating is 7 minus the 
deficiency in width expressed in feet. If 
the standard is 22 feet and the actual is 
20 feet, the deficiency is 2 and the rating 
7 - 2, or 5. This may be expressed as 
follows: 

(2) 
R = 7 + WsA - Wgs 

Where R is the rating in surface width, and 
WgA is the actual surface width In 

feet, 

b this or any other rating cooqsutation, 
if the dimension or quality of the actual 
road exceeds the standard, the rating is of 
course the total wel^t assigned the element, 
and never greater. 

The remaining elements, namely stopping 
sight distance (or intersectional friction), 
consistency, alinement, passing oppor
tunity, cross section, and surface texture, 
were rated by inspection In the Arizona 
survey. Surface width as an item of service 

was rated by subtracting the deficiency in 
feet f rom 5. In the case of roads where 
dispatch was governed more by roadside 
interference, or heavy t ra f f ic volume, 
than by curvature, this element was rated 
in proportion to the average attained speed 
in the section, compared with the standard 
design speed. 

It is feasible to apply judgment, or 
"inspection" ratings to a l l the elements, 
particularly where one engineer conducts 
the entire survey. Doing i t tn this fashion, 
i.e., using tables or formulas for remain
ing life and width elements but using judg
ment for all the other items, two engineers 
driving together were able to assign ratings 
to about 200 miles of road per day of driving. 
It is necessary to drive as f ^ t as the road 
can be driven in order to make true observa
tions of the effect of restricted sight dis
tance, alinement, and the other factors other 
than structural adequacy. Driving slowly 
as when Inspecting the siuiace, these items 
are likely to cause an entirely different 
reaction on the observer. Stops were made 
to measure widths which due to various 
reasons, often differ f rom plan widths. 
Sight distances were not measured. 

It would be preferable to apply formulas 
wherever possible, for the sake of uniformity 
and to preclude Uas, as well as to Insure that 
several engineers wi l l arrive at the same 
results for equal conditions. Fornnilas for 
sight distance, alinement, and passing 
opportunity have been worked out and are 
appended at the end of this report. These 
have been tested in the office, taking data 
from plans, and appear to be satisfactory 
but they are somewhat tedious and con
sequently expensive, particularly if the 
s i ^ t distances are measured in the field as 
they should be. 

ADJUSTMENT FOR TRAFFIC VOLUME 

The basic sufficiency, derived above, is 
sinqply a numerical expression of a com
parison of each road section with the stand
ards for that sectian. Since these standards 
depend to a large extent upon the traffic 
volume, Use basic sufficiency does recognize 
to a degree, the t raf f ic on each section. 

However, important roads which de
viate f rom one standard should be given 
priority over less important roads which 
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deviate from another standard by the same 
amount. Or, put another way, to attain 
an equal position on the priority list, im
portant roads need not deviate from standard 
as far as minor roads. A system of ad
justing the basic rating to accomplish this 
effect was devised, ^ c h reduces the ratings 
of hlc^ vohune roads, and increases the rat
ings of low volume roads. 

Dividing the basic rating by the traffic 
volume, or subtracting the basic sufficiency 
from 100 to obtain the deficiency, and then 
multiplying by the traffic volume, would give 
higher pr io r i ty to heavy volume roads; 
in fact. It would give such a large advantage 
to the latter, that none but the heaviest 
traveled roads would ever appear on the 
Ust. The State highway system is in the 
nature of things bound to embrace a wide 
range in volume, and a considerable portion 
of the mUeage must therefore be low volume 
roads, with any normal frequency dis
tribution. Suppose that one road has a 
sufficiency of 90, or a "deficiency" of 10 
points, and carries 10,000 vehicles per 
day; this would make a volume-deficiency 
factor of 100,000. Now suppose another road 
on the same system has a sufficiency of 
50, or a deficiency of 50 points and carries 
500 vehicles per day; the factor would be 
25,000. I t would be absurd to Improve 
the f i r s t road up to a sufficiency of 97.5 
before Improving the second. 

The method devised eliminates this 
objection. No adjustment Is made when 
the traffic volume on the section Is equal 
to the average traffic volume of the sys
tem being tabulated. When the volume on 
the section exceeds the system average, 
the sufficiency is lowered; the amount 
of lowering Is proportional to the logarithm 
of the traffic volume. Using the logarithmic 
function has the effect of keeping the ad
justments within practical values, l.e. all 
adjusted ratings s t i l l come out between 
0 and 100. It also has some logical signifi
cance, as the adjustment between sections 
carrying 100 and 500 per day (the 500 being 
5 times as important as the 100) Is the 
same as the adjustment between 200 and 
1000, 1000 and 5000, or any other pair 
where one section has 5 times the volume 
of the other. 

Furthermore, no adjustment is neces
sary nor desirable If the basic rating is 
either 0 or 100. Any section, i f on the 
system at a l l and no matter how low in 

iiiq>ortance, which has a basic sufficiency 
of 0 should be at the top of the pr ior i ty 
list, and any section wUch meets standards 
in all respects (basic sufficiency 100) does 
not need any adjustment regardless of 
traffic volume. 

A three-variable equation ̂ c h accom
plishes the results stated in the preceding 
two paragraphs, and is plotted as a family 
of curves for any given system, was de
rived as follows: 

S B is the basic rating, 
R is the adjusted rating, 
Rg is the adjusted rating where traffic 

voliune is the average traffic vol
ume on the system, 

y is the adjustment, 
T Is the traffic volume on the section, 

and 
Tg is the average traffic volimie of the 

system; 
then vihaa T = Tg, no acQustment is made, and 

Rg = B (Fig. 2) (3) 

For basic sufficiency, B, of 0 or 100, 
the adjusted sufficiency would stil l be 0 or 
100. For any value of T, therefore, y is 
made equal to 0 for B = 0 and for B = 100, 
and is made greatest at B = 50 (Fig. 3). A 

100 
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Basic Sufficiency (B) 

figure 2 

parabola accomplishes this and gives satis
factory results. By trial it was established 
that for T of 1 vehicle per day, a maximum 
y of 50 Is reasonable (tMs means that when 
the basic sufficiency, or the final rating 
of a road section carrying Tg vehicles 
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per day is 50, the adjusted sufficiency 
of the same road carrying 1 vehicle per 
per day would be 100). The equation of 
this parabola when T = 1 is 

100 B -
50 (Fig. 4) 

(4) 

For a given value of B, y varies as the 
logarithm of T, or 

y = K log T = K aog T - log Ts) 
Ŝ 

100 

u c w 

3 

X I 
«> 

-o 

50 oi'T / 

/ 
< 

y 

if , 
- 7 / 

r i l l 1 1 1 1 1 
so 100 

Basic Sufficiency (B) 

figure 4 

(6) 

K 

Equating (4) and (5), 

B^ - lOOB 
50 log Tg 

The adjusted rating, R, is the rating for 
standard volume plus y, and f rom (3), 

= B and R = B -i- y. Substituting from 
and (6), 

(7) 
R = B + K (log T - log Tg) 

B + 

Figure 5 shows several intercepts of this 
equation for various values of T, where 
Tg = 1000 vehicles per day. This chart 
was used for determining the adjusted 
ratings for the Arizona Federal-aid System. 

It w i l l be noted that for al l practical 
values of T, R falls within the range 0 to 
100; also that values of y are reasonable 
for a l l values of B. The difference in R 
between volumes of 5,000 and 10,000 is 
small, which is as i t should be since both 
are of f i r s t importance; or at least the 
difference in importance is no greater 
than that between volumes of 500 and 1000. 

EXECUTION 

In Arizona a form for recording data 
in the field was designed and mimeographed 
on card stock, 5 by 8 in. The form used is 
shown in Figure 6. 

Each route was divided into consecutive 
sections which were Identified by route 
and route mile, the limits of which were 
determined by convenience (existing pro
ject te rmini ) , and homogeneity. Since 
existing designated projects control existing 
records and, frequently, changes in type 
or construction standards, they would be 
natural units to use for each rating section. 
However, i t was found that one or more 
of the basic elements <rften changed in value 
within a project, and obviously a new rating 
had to be made when this occurred. Be
cause of this, the route mile was the only 
practical means of identification of sec
tions. Breaks were also necessary where 
the standards changed. 

The sections varied from a fraction of 
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a mile to about 15 mUes, and averaged about 
5 miles in length; they cannot be too short 
or the values for items like alinement 
become meaningless, and on the other 
hand ff they are too long, local deficiencies 
are diluted, and conversely "good" mileage 
might be contaminated by a short stretch of 
deficient road. 

the Information on the cards, was trans
ferred to business machine accounting cards 
(punched cards), and various lists were 
then made up. The f i r s t l is t of course 
was a list in ascending order of adjusted 
sufficiency ratings. Within each rating, 
the sections were arranged in ascending 
order of safety rating. Another list was 
made in the f o r m of a route log giving 
the sufficiency of each section of a route 
in geogn^ic sequence. A frequency curve 

showing the number of miles having various 
ratings was prepared, and the average 
rating (wei|^ted by mileage) of the system 
was computed. 

A limited number of copies of the lists 
are available to interested readers, at the 
Arizona Highway Department, Phoenix, 
Arizona. 

APPUCATION TO PROGRAMMING 

It is possible to use the top part of 
the list of ascending ratings as a construc
tion program, going down in the list just 
as far as the available money wil l go, with 
the following modifications: 

Fi rs t , as stated in the introduction, 
the money for construction must be divided 
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into "renewal" and "new routes." The 
new routes w i l l not appear on the rating 
list. 

Second, section termini for construc
tion wi l l necessarily be determined in the 
route survey or design stage. For example, 
a stretch of 15 miles Is rated as follows: 

Mile 0.00 to 5.60 
5.60 to 6.00 
6.00 to 15.00 

65 
45 
55 

The 0.40 mile of 45 points wil l be in the top 
priority, the 9.0 miles of 55 w i l l be about 
5 years from the top, and the rest wi l l be 
more than 5 years away. For a practical 
construction program mile 5.60 to 15.00 
should al l be improved at one time. 

Third, sections of high priori ty, but 
which wil l be eliminated from the S3rstem by 
major relocation, naturally w i l l not be 
programmed. Major relocations are in 
some ways the same thing as new routes. 
In any event, the numerical ratings of exist
ing highways w i l l not help much in pro
gramming their cimstructlon. The neces
sity for, and the timing of, such construc
tion should be based on individual, com
prehensive studies for each case, coupled 
with continuous accounting methods which 
win show the current financial condition of 
the whole system. 

Although It is recommended that the 
ratings be made annually, the program 
based on the ratings should be a five-year 
program. Each year, a new five-year 

program can be set up; thus the annual 
program becomes merely a segment of the 
running continuous program, and the modi
fications of the rathig list to the construc
tion program are smoothed out, particularly 
In the determining of practical termini 
for projects. 
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APPENDIX 

Evaluation formulas for sight distance 
and allnement. 

Stopping Sight Distance (weight 10 points) 
The relative sufficiency of a section contain

ing restricted sight distance would seem to be 
proportional to the length restricted, and how 
restricted. That is, suppose the standard mini
mum sight distance is 1000 f t . Then a half mile 
wherein the sight distance Is 800 feet would be 
more sufficient than a half mile wherein the 
sight distance is , continuously, 500 feet. But 
perhaps a half mile at 800 feet would be as great 
a deficit as 1/10 ml . wherein the sight distance 
is 400 feet. Some experimenting with the many 
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variables involved was done, and the following 
formula seemed practical: 

RS=-
L - 2.5 N S. 

X 10 

(8) 
= 10 - 25NSni 

L 

where Sg, is the standard minimum sight dis
tance 

L is the length of section 
N is the number of restricted places 
Rg is the rating 

Tliis may be interpreted physically as mean
ing that a sharp vertical curve would necessitate 
grade adjustment f o r a distance of 2.5 times 
the minimum required sight distance, in order 
to attain that minimum. A typical case would 
be a section 2 miles long, where the standard 
calls for 800 feet, and there are three places 
where 500 feet is the maximum distance that 
can be seen. In this case, 

„ , „ 25 X 3 X 800 . 

I t is very possible that the formula can result 
in a value of less than eero. In this case zero 
should be used. 

Alinement (weight 12 points) 
Amethod of combining the intensity and 

frequency of deficiencies frota Standard is offered. 
The travelable speed of a curve varies roughly 
as the square root of the radius, or inversely 
as the square root of the degree of curve. For 
a single excessive curve, then, the relative 
sufficiency (rg) for the length involved would 
be r^ = •Ds/Da, where Dg is the standard maxi
mum degree of curvature and Da is the actual 
degree of curvature. To find the rating fo r a 
section of road with this curve included, it would 
appear proper to multiply the rating rc by the 
length which is deficient, multiply the remainder 
of the section by 1, and divide the sum by the 
total length of the section to obtain a weighted 
rating. Actually, this results in too high a rating 
for a section with numerous short excessive 
curves. To provide for reduction of the rating 
due to number of deficiencies and to simplify 
calculation, i t is proposed to assign a constant 
length for each excessive curve, equal to one 
mile divided by the standard degree. This also 
provides for the fact that an excessive curve 
spoils more than its own length, and penalizes 
those sections with faulty alinement design. Thus 
where the standard maximum curvature is 3 deg., 
one excessive curve is considered to affect 0.33 
mile; where it is 10 deg., one excessive curve is 
considered to affect 0.10 mile, etc. 

"^8 
Let L = length of section in miles 

= standard maximum degree 
of curvature 

= actual degree of curvature 
for each substandard curve 

= number of substandard curves 

' c ~ '/Ds/Da» proportion of standard 
(intensity) for each 
curve 

Then the length substandard by the above 
definition is l / D g fo r each excessive curve, 
or N / D S for the sum of a l l excessive curves. 

The length standard would be L - WTig. 
The weighted average A for the section is 

the length standard multiplied by 100 percent 
plus the sum of the lengths substandard multi
plied by rc, aU divided byr the length of the section. 

i L -L 
A = 1.00(L-D8)t I r c X D s 

:1 - N -

L 
(9) 

LD, 's 
For example, the following section built in ro l l 
ing country in 1931 where 3 deg. is the present 
standard Is cited: 

Length of section 3.54 miles. 
Excessive 

Curves 
No. Da(deg.) 

1 6 
1 4 
1 6 
1 6 
1 6 
1 6 
1 5 
1 6 
1 4 
1 6 
1 6 

.71 

.87 

.71 

.71 

.71 

.71 

.77 

.71 

.87 

.71 

.71 
11 5 r - = 8.19 

= 1 . 
3.54 X 3 

0.74 

The alinement rating (out of 12) is 12A, or 
In this case, 9. 

Several sections of substandard alinement 
have been rated by this formula and the results 
are consistent with the facts. It seems almost 
impossible to arr ive at a rating less than 0, 
although if this happened, 0 would be used. 

Passing Opportunity (weight 8 points) 
A knowledge of the t ra f f ic density during 

the peak hours of the year, of the section being 
rated, is necessary to assign a fair value to this 
element. If this is low enough so that passings 
are rarely necessary to avoid delay, then pass
ing sight distance is not required frequently. 
H, however, the t r a f f i c density lies between 
this l imi t and the upper l imi t , where unlimited 
sight distance is of no avail, then the rating can 
be computed as the proportion of 8 that the un
restricted mileage is of the total mileage. If 
passing opportunity is restricted during 30 or 
more hours a year by the traffic density. Instead 
of by restricted sight distance, the rating should 
be zero. 




