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SYIWPSIS 

From recent experience gained i n conducting before 
and a f t e r origin-destination studies on two Indiana by
passes, i t was found that several of the current methods 
used f o r t r a f f i c assignment did not give comparable re
s u l t s . The t r a f f i c usages as given by various methods, 
including a method based on time, one based on distance, 
and another based on several distance factors, were com
pared t o the known usage of the two Indiana bypasses. 
The results were then analyzed i n an e f f o r t to v e r i f y 
one or more of these methods. 

A nev/ method based upon comparative t r a v e l costs 
which considers both time and distance factors was de
rived from the fact u a l usage. This method may have a 
wide application to a l l types of f a c i l i t i e s , and offers 
opportunities f o r easy and direct computation of high
way benefits f o r the determination of economic j u s t i f i 
cation. 

IN THE DSSIOJ of new highway f a c i l i t i e s , i t i s desirable to determine the 
anticipated volume and character of t r a f f i c which w i l l use the improvement. 
The methods i n use, however, vary considerably among the various state high-
v/ay departments. Many, i n f a c t , do not use a particular method but r e l y on 
the experience and wisdom of those associated with the planning of the f a 
c i l i t y f o r an estimate of the volume and character of the t r a f f i c . The 
problem has recently occupied the thoughts of many men, and several methods 
of allocating t r a f f i c on a r a t i o n a l basis from a consideration of various 
factors have been proposed and used. 

A search by the authors for a method to allocate t r a f f i c to bypasses 
supplemented by a knowledge from before and after data of the actual usage, 
formed the basis f o r a comparison of several of the proposed methods for 
allocating t r a f f i c . These data were also used i n the formulation of a meth
od based upon costs of t r a v e l . 

PURPOSE 

The purpose of t h i s paper i s to conpiare three proposed methods of 
allocating t r a f f i c with the actual usage encountered on two Indiana bypasses. 
The results of the comparison have been analyzed i n an attempt t o v e r i f y one 
or more of these methods. 

An additional purpose i s to present a method based ujDon the costs of 
t r a v e l . Such a method miTht be applicable to many types of new f a c i l i t i e s 
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and could be used d i r e c t l y and easily i n determining the economic j u s t i f i c a 
t i o n f o r the new construction, 

BYPASS STUDIES 

I n August, 1 9 5 0 , the State Highway Commission of Indiana and the 
Joint Highv;ay Research Project of Purdue University i n i t i a t e d a cooperative 
t r a f f i c and engineering study of two bypasses. The locations of these by
passes, one at Lebanon, Indiana, and the other at Kokorao, Indiana, are 
shown i n Figure 1. The major routes at the two locations and the street 

pattern of the two c i t i e s are shown 
i n Figures 2 and 3. Before and a f t e r 
studies were conducted at each bypass. 

The before studies included a 
standard, external-cordon origin-and-
destination survey conducted p r i o r t o 
the opening of the bypass. The cord
on l i n e i n each study was placed 
around the urban l i m i t s of the c i t y . 

The a f t e r studies also included an 
origin-destination survey. I n these 
surveys the cordon l i n e was placed 
around the bypass and the t r a f f i c was 
intercepted as i t l e f t the bypass. 
The place of entry of the vehicle on
to the bjrpass, i n addition to the 
usual questions, was asked of each 
driver. These studies were conducted 
about six months a f t e r the opening of 
the bypasses. 

The f i e l d data f o r the Kokomo be
fore study was collected i n Septem
ber and October 1950, A t o t a l of 
9 5 , 7 percent of the t o t a l t r a f f i c 
which passed through the interview 
stations was interviewed. The 22,107 

interviews accounted f o r 82 percent of a l l the t r a f f i c which entered or l e f t 
the c i t y during an average weekday. The average 2 4 hr. weekday t r a f f i c i n , 
out, and through Kokomo was 24 ,674 t r i p s of vrtiich 12.4 percent was through 
t r a f f i c . The principal'origins and destinations are shown i n Figure 4 . 

The a f t e r study at Koltomo was conducted i n Llay 1951. A t o t a l of 
12,881 vehicles was intercepted and interviewed. Included i n t h i s t o t a l 
was 82 percent of the vehicles which used a l l or a portion of the bjrpass. 
The average 24 hr. t r a f f i c using the bypass was 7,3l6 t r i p s of which 1,071 
t r i p s used the entire length (7.11 mi. of the bypass, and 6,245 t r i p s used 
only a portion of the bypass. The average 24 hr. t r a f f i c volume on the 
central section of the bypass was 4345 vehicles. 

Figure 1. Principal highr/fay 
routes i n Indiana. 

The before study of the Lebanon bypass was conducted i n October 
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Figure 2. i^ajor routes and urban area of Kokomo. 
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Figure 3 . ilajor routes and urban area of Lebanon. 

1 9 5 0 , A t o t a l of 96 percent of the t o t a l t r a f f i c v/hich passed through the 
intervievf stations was interviewed. The 13,170 vehicles intervievred ac
counted f o r 83 percent of the average daily t r a f f i c entering or leaving 
Lebanon. The average 24 hr. weekday t r a f f i c i n , out, and through Lebanon 
was 14 .233 t r i p s of which 5 9 . 3 percent was inbound or outbound from the 
c i t y , and 40.7 percent vias through t r a f f i c . The prin c i p a l origins and des
tinations are shovm i n Figure 5 . 

1 9 5 1 . 
The f i e l d data f o r the Lebanon-after study were collected i n October 

A t o t a l of 9 , 1 5 3 vehicles v/as intercepted and inteirviev/ed. Included 



42 

i n this total was about 90 percent 
of the vehicles which used a l l or a 
portion of the bypass. The average 
24 hr. t r a f f i c volume on the central 
section of the bypass was 5,283 ve
hicles. This bypass i s 5«14 mi. 
long.i/ 

SOlffl CURR5KT METHODS OF 
TRAFFIC ALLOCATION 

The f i r s t portion of this section 
includes a brief description of some 
of the presently used methods of 
assigning t r a f f i c to new f a c i l i t i e s . 
The latter portion presents the ap
plication of the data obtained in 
the before and after surveys at Leb
anon and Kokomo to the various meth
ods. 

INDIANA METHOD 

In a paper presented to the High
way Research Board i n 1947, R. M. 
Brown of the State Highv/ay Commis
sion of Indiana introduced a propos
ed method for determining vehicular 
usage for expressways (1). This 
method was based upon the following 
factors: (1) Expressway Distance 
(Fl) - length of the expressway por
tion of the trip; (2) Access Dis
tance (F2) - the length of the city 

' streets used to enter and leave the 
expressway i n connection with the 
trip; and (3) Adverse Distance (F3) -
the increased distance required for 
the t r i p via the expressway as com

pared to a more direct route using existing city streets. 

Figure 4. Origin-and-destina-
tion desire line map, automo
biles and trucks, Kokomo. 

Speeds on the expressway were assumed as twice those on city streets. 

The following equation expresses the predicted percent of express
way usage (F) for a given trip: 

P = ( F l ̂^ F2) X F3 
100 

1/ - NOTE: The Lebanon bypass i s apparently a two-lane road and should not 
be compared to an expressway. - Editor. 



Figure 5. Origin-and-destination desire line 
map, automobiles and truclts, Lebanon. 

43 

After t r i a l and experi
ment. Brown considered 
that F3 (adverse distance 
factor) rated equal i n im
portance to the combina
tion of F l and F2, I t was also 
considered that F l (express
way distance factor) was 
more iii?)ortant than F2 
(access distance factor) 
by a ratio of 7:3. There
fore, optimum value for F l 
was 70, F2 was 30, and F3 
was 100. 

Three distances scaled 
from a map that are meas
ured to determine the fac
tors are: (1) Expressway 
Distance (a) - the length 
i n miles of the expressway 
portion of the t r i p ; (2) 
Access Distance (b) - the 
length i n miles of the 
city street portion of the 
trip when using the ex
pressway; and (3) Street 
Distance (c) - the total 
length of t r i p i n miles by 
most advantageous route 
using only city streets. 

The relationship between actual expressway distance and the express-
.ance factor i s : v/ay distance factor i s 

F l = -2.8a2 + 30.24a -11.65 

(For values of "a" between 0,4 and 5.4 miles - For lesser 
and greater values of "a", F l retains i t s respective min
imum (0) and maximum (70) values.) 

The relationship between actual access distance and the access dis
tance factor i s : 

F2 = 33.3 a + b -3.3 

The relationship between actual adverse distance (v) and adverse 
distance factor i s : 

F3 = 100 - 240 (v/a)^ where v = a + b -c 

The derivations of these formulas are given in the paper (1;. Ia-
borious calculations involved i n the application of the formulae are elim
inated the use of a mechanical device developed by Brown. 
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DISTANCE RATIO METHOD 

Earl Campbell of the Highway Research Board staff proposed a method 
of assigning t r a f f i c to proposed expressways in 1949 (2) Campbell's method 
i s based upon three fundamental principles: (1) 100 percent vehicular us
age of the new f a c i l i t y when the distance by existing routes i s equal to or 
greater than the route via the new highway f a c i l i t y ; (2) 50 percent vehicu
lar usage when the cost of travel by existing routes i s equal to the cost 
of travel via the new highway f a c i l i t y ; and (3) 0 percent usage when the 
time of travel by existing routes i s equal to or less than the time of trav
e l via the new highv/ay f a c i l i t y . 

Campbell suggested that these three points, equal distance, equal 
cost, and equal time be adjusted to 95 percent, 60 percent, and 5 percent 
respectively, so as to allow for such intangibles as safety, relief from 
congestion, comfort, beauty, force of habit, and investigative desire. 

In this method, Can^jbell suggested using the ratio of the express
way distance used (a) to the pure street distance (P) of city streets used. 
Pure street distance i s computed as follows: 

P = o_b 
where 
c = mileage of city streets used without using expressway, 
d = mileage of city streets used by using expressway. 

TIME RATIO METHOD 

Of the many factors affecting selection of routes, the saving of 
time appears to be one of the most important to the traveling public. A 
method of assigning t r a f f i c to a new highway f a c i l i t y has been developed i n 
which the time ratio was used for determining vehicular usage. The charac
te r i s t i c s of this curve have been partially established by data collected in 
several after studies on expressways and boulevards (2. 4. Time ratio 
i s defined as the ratio of time via the expressway to the time via city 
streets. 

OTHER METHODS 

K. A. MacLachlan of the state highway department in California has 
presented a method of determining vehicular usage of new highway f a c i l i t i e s 
(6). The application of this method i s presented in an origin-and-destina-
tion survey of Sacramento, California (7). A special type of desire line 
chart similar to a contour map i s constructed. To make such an analysis, 
however, i t i s necessary to subdivide the internal area into extremely 
small tracts and to use special IBtJ equipment. 

Certain states have found that the judgment of several experienced 
individuals i s able to duplicate with accuracy in a short period of time 
present mathematical means of route selection and t r a f f i c assignment (2). 
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APPUCATION OF BYPASS DATA TO PRESENT METHODS 

The Kokomo and Lebanon bypass data were applied to the Indiana, the 
distance-ratio, and the time-ratio methods. A comparison of the derived per
centage usage by tnese three methods with the actual usage i s shown i n 
Tables 1 and 2, The data are shown separately for each bypass and for auto
mobiles and trucks. Only trips between origins and destinations having a 
total volume of twenty or more were used in these calculations. Through 
trips are shown f i r s t i n the tables and then trips from or to locations 
within the city. 

APPLICATION TO BYPASSES 

In the use of the Indiana method, a few changes were made in the ba^ 
sic formulas as given earlier i n this paper (1). Brown, i n his proposal, 
considered that because of the difficulty of getting on or off an expressway-
type f a c i l i t y , the factor F l would be zero unless ^ mi. or more of the f a c i l 
i t y could be used. I t was f e l t that this assumption would not hold true for 
bypasses v/here the difficulty of exit or entry would be small. Consequently, 
an F l based on zero usage at 0 mi, of bypass traveled was computed and used 
in this study. The formula for this new F l i s : 

F l = -2,8a^ + 28a where the variables are as given earlier 
and for values of "a" between 0 and 5.0 mi. 

The formulas as proposed by Brown were based on a speed ratio of 
2:1 between the expressway route and the old route. In these bypass studies, 
the average speed ratios were about 5s3 for automobiles and 8:5 for trucks. 
Hence, the factor F3 i n the Indiana method was revised. The formulas given 
by these ratios are: 

For automobiles, F3 = 100 - 356 f^J 
(a) 

For trucks, F3 = 100 - 425 [-] 
(a) 

In the use of the distance-ratio method, a curve was plotted sep
arately for automobiles and trucks. The three fundamental points (equal 
distance, equal cost, and equal time) were established on the basis of the 
average speeds which were attained on the streets and bypasses of Kokomo 
and Lebanon and by the use of a cost of travel per mile which considered 
the changing costs due to speed of travel. This curve i s shown i n Figure 6. 
The values for predicted usage were then taken from this curve. 

The time-ratio percentages were taken from several curves which were 
published in Circular Ko, 139. Highway Research Correlation Service (8). 
These curves are shown i n Figure 7. The average value as given by these 
curves was taken as the value pxven by this method. Time by the various 
routes was determined from a series of time-delay studies made on tjrpical 
streets i n a l l sections of Kokomo and Lebanon, 



TABLb: 1 
COMPARISON OF iOJJJCATIOK IjEItiODS FOR LliBANON BY.>PA3S 
Passenger Cars PaaseriHer Cars Origin Dest. 

Station Station 
Total 
Actual 

Predicted Uaage 
Indiana Distance Time Actual 

Origin 
Station 

Dest. 
Station 

Total 
Actual 

Predicted Usage 
Indiana Distance Time or or Volume Method Ratio Ratio Usage or or Volume Method Ratio Ratio Usage Tractor Tract Tract Tract 

Ratio Usage 

8 L206 % % % % % % % i 8 1 L206 99 95 82 95 009 8 31 44 79 30 42 
1 8 1035 99 95 82 94 8 009 29 44 79 30 24 10 1 26 55 67 50 30 010 8 72 43 77 40 21 
1 10 23 55 67 50 22 8 010 32 43 77 40 15 3 8 55 87 95 88 74 014 8 21 48 23 50 29 8 3 58 87 95 88 83 8 014 20 48 23 50 15 8 118 48 94 50 70 015 8 175 a 67 56 20 
8 U 112 48 94 50 76 8 015 207 U 67 56 23 10 3 59 5 17 34 0 019 8 30 57 93 82 33 3 10 78 5 17 34 0 8 019 33 57 93 82 100 
1 5 22 88 95 86 82 021 3 21 4 5 13 10 5 1 16 88 95 86 81 3 021 25 ii* 5 13 0 
8 5 20 67 95 93 95 TRUCKS 
5 8 14 67 95 93 93 8 1 795 99 95 82 98 

012 1 20 56 89 70 15 1 8 901 99 95 82 98 
1 012 15 56 89 70 27 U 8 57 47 95 25 61 

014 1 26 a 61 40 8 8 14 56 47 95 25 66 
1 014 22 a 61 40 0 10 3 22 0 72 45 5 015 1 119 31 15 19 7 3 10 27 0 72 45 0 
1 015 152 31 15 19 3 014 8 22 47 77 56 73 017 1 22 37 51 20 5 8 014 29 47 77 56 25 1 017 21 37 51 20 0 015 8 35 39 89 60 26 

021 1 20 35 5 30 20 8 015 33 39 89 60 21 
1 021 11 35 5 30 18 016 8 21 49 93 82 52 

004 8 34 43 81 5 23 8 016 23 49 93 82 22 
8 004 39 43 81 ? 3 

23 93 



TABI£ 2 
COMPARISON OF ALLOCATION IlalHODS FOR KOKOMO BT-PASS 

Passenger Cars Passenger Cars 
Origin Dest. Total Predicted Usage Orlgiii Station Total Predicted Usage 
Station Station Actual Indiana Distance Tims Actual Station or Actual Indiana Distance Time Actual 

or or Volume Method Ratio Ratio Usage or Tract Volume Method Ratio Ratio Usage 
Tract Tract Tk«ct 

i % i i i % i % 
5 1 57 87 95 90 86 026 5 30 33 95 76 47 
1 5 99 87 95 90 80 002 13 53 42 20 3 4 
1 13 458 99 95 80 85 004 13 a 52 53 5 17 

13 1 446 99 95 80 87 006 13 42 32 5 17 10 
5 13 47 98 95 90 77 007 13 49 25 5 4 10 

13 5 68 98 95 90 67 Oil 13 35 0 5 3 6 
002 1 33 72 64 55 3 012 13 58 21 5 6 2 
006 1 66 45 13 26 6 013 13 28 50 21 8 4 
007 1 38 45 13 33 5 014 13 233 49 21 9 10 
008 1 25 58 26 55 16 015 13 57 60 80 69 37 25 58 

016 13 25 72 95 84 56 
OU 1 27 48 17 42 7 018 13 75 47 21 22 11 
012 1 A8 26 5 3 8 019 13 120 76 75 69 62 
013 1 55 54 25 49 7 020 15 27 88 90 78 52 
OU 1 351 45 13 29 5 023 13 93 52 31 34 10 
015 1 51 72 68 66 21 025 13 53 63 42 22 13 
018 1 120 9 5 5 9 TRUCKS 
019 1 233 21 44 17 16 5 1 32 88 95 92 97 
020 1 59 58 52 57 22 1 5 42 88 95 92 86 
022 1 31 84 95 83 65 13 1 152 99 95 82 95 
023 1 126 13 5 7 6 1 13 166 99 95 82 89 
025 1 104 0 5 2 6 5 13 32 98 95 91 90 
026 1 29 52 53 73 31 13 5 35 98 95 91 97 
002 5 48 68 95 81 48 008 1 24 46 80 61 4 
006 5 61 30 95 70 15 013 1 34 37 25 57 32 
007 5 38 30 92 68 18 014 1 65 0 13 37 6 
009 5 27 39 95 82 33 018 1 24 44 5 6 0 
Oil 5 26 32 95 78 26 019 1 40 0 86 21 10 
012 5 43 22 64 76 21 023 1 29 0 5 8 7 
013 5 32 33 95 79 31 025 1 30 88 5 2 3 
OU 5 366 27 74 73 17 OU 5 55 26 92 63 29 
015 5 65 36 95 72 56 019 5 57 24 94 73 5 
016 5 38 34 72 78 47 008 13 24 2 5 2 0 
019 5 265 25 88 67 11 014 13 30 42 74 9 U 
025 5 60 18 47 63 13 019 13 30 74 75 71 43 -<3 
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Figtire 6, Percent diversion of tr a f f i c based on comparative 
travel distance. 

COMPARISON OF RESULTS 

The indices as computed for the various methods are shown i n Tables 
3 and U» From these indices the points were plotted on Figttres 6 and 7* 
A con^arison of the values i n Tables 1 and 2 and the plot of points i n Fig
ures 6 and 7 indicate the following conclusions: 

1. The three methods give results which are not similar i n value 
i n many cases. Only at very few points do the methods closely agree. 

2. The three methods give results that are too high i n practically 
eveiy case. This may be accounted for by the lower-type f a c i l i t y (a bypass) 
than an expressway for irtiich the methods were primarily designed. 

3. The Indiana method gives the best results when a very short 
distance of the bypass (less than 1 mi*)is used. 

/».. The values as given by the time-ratio method appear to f a l l 
more closely to the actual usage than do those by the other two methods. 



TABLE 3 

INDICES FOR PERCaiT USAGE 
BY VARIOUS METHODS-LEBANON BYPASS 

49 

Passenger Cars 
Origin Destination Actual Actual Distance Time Cost 
Station Station Volume Usage Ratio Ratio Index 
or Tract or Tract 

No, % 
8 1 1206 95 1,03 .68 .80 
1 8 1035 94 1,03 .68 .80 

10 1 26 30 1.33 .97 1.04 
1 10 23 22 1.33 .97 1.04 
3 8 55 74 .90 .55 .66 
8 3 58 83 .90 .55 .66 
14 8 118 70 1.04 .96 .94 
8 14 112 76 1.04 .96 .94 

10 3 59 0 1.53 1.02 1.05 
3 10 78 0 1.53 1.02 1.05 
1 5 22 82 .94 .60 .72 
5 1 16 81 .94 .60 .72 
8 5 20 95 .67 .39 .47 
5 8 14 93 .67 .39 .47 

012 1 20 15 1,16 .83 .93 
1 012 15 27 1.16 .83 .93 

014 1 26 8 1.37 .98 1.05 
1 014 22 0 1.37 .98 1.05 

015 1 n 9 7 1.54 1.10 1.17 
1 015 152 3 1.54 1.10 1.17 

017 1 22 5 1.U 1.09 1.14 
1 017 21 0 i . a 1.09 1.14 

021 1 20 20 1.65 1.03 1,22 
1 021 11 18 1.65 1.03 1,22 

004 8 34 23 1.25 1.31 1.42 
8 004 39 3 1.25 1.31 1.42 

009 8 31 42 1.26 1.03 1.14 
8 009 29 24 1.26 1.03 1.14 

010 8 72 21 1,28 .99 1.02 
8 OIJO 82 15 1.28 .99 1.02 

014 8 21 29 1.50 .97 1.02 
8 014 20 15 1.50 .97 1.02 

015 8 175 20 1.34 .94 .86 
8 015 207 23 1.34 .94 .86 

019 8 30 33 1,08 .67 .70 
8 019 33 100 1.08 .67 .70 

021 • 3 21 10 2.11 1.15 1.18 
3 021 25 0 2.11 1.15 1,18 



50, 

TABLE 3 (continued) 

TRUCKS 
Origin Destination Actual Actual Distance Time Cost 
Station Station Volume Usage Ratio Ratio Index 
or Tract or Tract 

No. % 
8 1 795 98 1.03 .66 .68 
1 8 901 98 1.03 .66 ,68 

14 8 57 61 1.04 1.06 ,86 
8 14 56 66 1.04 1.06 .86 

10 3 22 5 1.53 .98 .98 
3 10 27 0 1.53 .98 .98 

014 8 22 73 1.50 .93 .96 
8 014 29 25 1.50 .93 .96 

015 8 35 26 1.34 .92 .94 
8 015 33 21 1.34 .92 .94 

016 8 21 52 1.08 .68 .72 
8 016 23 22 1.08 .68 .72 

TABLE 4 

INDICES FOR PERCMT USAGE 
BY VARIOUS METHODS-KOKCMO BYPASS 

Passenger Cars 
Origin Destination Actual Actual Distance Time Cost 
Station Station Volume Usage Ratio Ratio Index 
or Tract or Tract 

No. % 
5 1 57 86 .73 .45 .542 
1 5 99 80 .73 .45 .542 
5 13 47 77 .76 .46 .555 

13 5 68 67 .76 .46 .555 
1 13 458 85 1.04 .70 .803 

13 1 446 87 1.04 .70 .803 
002 1 33 3 1.33 .94 1.020 
006 1 66 6 1.58 1.05 1.130 
007 1 38 5 1.58 1.03 1.130 
008 1 25 16 1.48 .94 1.068 
on 1 27 7 1.55 .89 1.140 
012 1 48 8 1.77 1.60 1.260 
013 1 55 7 1.50 .97 1.084 
014 1 351 5 1.58 1.04 1.154 
015 1 51 21 1.31 .87 .979 
018 1 120 9 2.00 1.33 1.400 
019 1 233 16 1.41 1.12 1.170 
020 1 59 22 1.38 .93 1.056 
022 1 31 65 .97 .64 .763 
023 1 126 6 1.94 1.25 1.340 
025 1 104 6 4.50 1.69 1.640 
026 1 29 31 1.38 ,80 1.084 
002 5 48 48 1.00 .69 .795 
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TABLE 4 (continued) 

Origin Destination Actual Actual Distance Time Cost 
Station Station Volurae Usage Ratio Ratio Index 
or Tract or Tract 

006 5 61 15 1.00 .84 .872 
007 5 3S 18 1.11 .84 .847 
009 5 27 33 .91 . 6 ? .841 
on 5 26 26 1.00 .74 .847 
012 5 43 21 1.33 .76 .962 
013 5 32 31 1.00 . 71 .830 
014 5 360 17 1.28 .79 .952 
015 5 65 56 1.00 .80 .873 
016 5 38 47 1,29 .74 .837 
019 5 265 11 1.16 .85 .905 
025 5 60 13 1.40 .88 .859 
026 5 30 47 .88 .76 .832 
002 13 53 4 1.53 I . 4 6 I . 4 I O 
004 13 • 41 17 1.00 1.29 1.270 
006 13 42 10 1.70 1.12 1.230 
007 13 49 10 1.71 1.38 1.350 
008 13 32 19 1.92 1.26 1.590 
on 13 35 6 2.00 1.45 I .46O 
012 13 58 2 1.84 1 .26 1.300 
013 13 28 4 1.52 1.23 1.270 
014 13 233 10 1.52 1.20 1.240 
015 13 57 37 1.24 .84 .931 
016 13 25 56 .95 .64 .736 
018 13 15 n 1.52 1.08 1.130 
019 13 120 62 1.27 .84 .944 
020 13 27 52 1.14 .72 .830 
023 13 93 10 1.47 1.01 1.100 
025 13 53 13 1.42 1.08 1.030 

TRUCKS 
1 32 97 .73 .44 .449 
5 42 86 .73 .44 .449 

13 32 90 .71 .45 .454 
5 35 97 .71 .45 .454 
1 152 95 1.04 .66 .668 

5 
1 
5 

13 
13 

1 13 166 89 1.04 .66 .668 
008 1 24 4 1.48 .90 .888 
013 1 34 32 1.50 .93 .950 
014 1 65 6 1.58 1.00 1.018 
018 1 24 0 2.00 1.30 1.290 
019 1 40 10 i . a 1.08 1.090 
023 1 29 7 1.94 1.25 1.240 
025 1 30 3 4 .50 1.57 1.580 
014 5 55 29 1.28 .88 .875 
019 5 57 5 1.16 .80 .800 
008 13 24 0 1.92 1.72 1.720 
014 13 30 14 1.52 1.20 1.200 

^ 1 2 J2. 30 43 1.27 .82 .822 
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5. The variation of results appears to be greatest i n the distance-

ratio method. 

6. There appears to be very l i t t l e necessity for separate curves 
for trucks and automobiles for the distance and the time ratio methods. 

7. There appears to be only limited continuity between the actual 
results and those given by any of -Uie three methods. This would indicate 
that a l l of the methods consider too few of the factors that are apparently 
involved. 
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Figure 7. Percent diversion of t r a f f i c based on comparative travel 
time. 

COST INDEX IJEl'HOD 

A search for a more accurate method of allocation resulted i n a con
sideration of the various factors as they may be reflected in the cost of 
travel. I t i s doubtful whether the individual decides to use a new f a c i l i t y 
based upon a complete cost tabulation; however, an appreciation of cost may 
contribute to the drivers' decision. The dollar sign i s a standard system 
by vMch most benefits can be evaluated, and the public i s receptive to 
monetary values. 
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I t i s well established that the cost of travel varies with the speed 
that can be attained and the number of stops and starts that are necessary. 
Therefore, the streets of the two cities and the highways within the inter
nal areas were classified as open highways, ar t e r i a l streets,local streets, 
or congested streets. This classification was based upon speed, quantity, 
and quality of impedances; road surface condition; and type of t r a f f i c . 
These factors were evaluated from speed and delay studies on the principal 
routes and from an inventory of the physical conditions. 

Distance as a factor in the cost of travel v/as evaluated by measur
ing the distance of each type of street for each route from a scale map of 
the city. 

Time also i s a factor i n the cost of travel, especially for trucks. 
The value of time for the truck operator as vfell as for the truck i t s e l f 
was taken from a study made by Lawrence Lawton and reported in "Traffic 
Quarterly" for January 1950 (9). These costs were based on the operator's 
wage and on the cost of operating the truck per hour considering adminis
trative, overhead, and operating costs other than gasoline on an hourly ba
s i s . The value of time for automobile occupants was also taken from the 
article by Lawton, A value of ;:̂ 1.10 per hour was determined by the average 
value placed on time from a study of pajments made by users of t o l l f a c i l 
i t i e s (9). This value of !jl.lO per hour per vehicle i s i n agreement with 
the frequently used value of one cent per minute per occupant, since the 
average vehicle on the bypasses contained 1.9 occupants. 

Operational costs of automobiles and trucks were tabulated for the 
various classes of streets from data collected by Lawton, These costs were 
corrected to 1950 costs by using the wholesale price index published by the 
U. S, Department of Commerce (10), The total costs, operating and time, 
were thus determined for the passenger car and for the composite truck on 
a per ndle basis. Time value was changed to a per mile basis by evaluating 
the average speeds on the four classes of streets. A composite truck i s 
assumed to be the average weighted size of a l l the trucks that were found 
i n the Kokomo and Lebanon surveys. A compilation of the costs per mile i s 
shown i n Table 5. 

An example of how these values were determined follows: 

For a passenger car for an ordinary street. 
Average spaed of travel = 30 n^h. 
Average gasoline consumption = 14.9 mi. per gal. (£) 

From this data and from the basic price data shown in Table 5 the 
total costs v;ere evaluated on a per mile basis. 

Gasoline 
Oil 
Tires & Tubes 
Maintenance 
Depreciation 
Total (Operational) 
Time 
Total 
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TABLE 5 

VEHICULAR OPERATIONAL COSTS ON VARIOUS TYPES OF STREETS CENTS PER MILE 
Passenger Cars 

Item 
(mph) 

Bypass Class A Class B Class C 
Speed (mph) 50 
Total Operations 3,31 
Time (1.83ci/raLn) 2.20 
Totals 5.51 

40 
3.55 
2J7t 

T:29 

30 
3.78 
3,66 
7.44 

20 
5.07 

.JiiO 
10,57 

Truckff"-
Speed 40 30 25 15 Gasoline 5.09 6.20 7.66 12.84 Other Operational 12.84 

Costs 7.13 9.50 11.40 19.00 
Time ?.2? 7.00 8.^0 14.00 
Totals 17.47 22,47 27.44 4 5 . 8 4 , _ 

Basic prices used: 
Gasoline - 21 ̂  per gallon 
Oil - 35^ per quart (6 qt. per 1,000 mi.) 
Tires & tubes - $24.00 for one (30,000-mi, l i f e ) 
Maintenance - OlOO per year (2/3 because of actual use, 10,000 mi, per 

year) 
Depreciation - Total cost ;#2,200 (l/3 because of actual use, 8-3rr. l i f e , 

lb percent value at end) 
Operators Time: 

Passenger cars 
light truck 

1.10 per hr. 
1.20 per hr. 

Mediimi truck 1.68 per hr. 
Heavy truck 2.37 per hr. 

Most trips w i l l involve various classes of roads and the total cost 
can be arrived at by simply determining the mileage of each class of road, 
the cost for each class of road, and adding these various costs. A con^ari-
son of the cost by using the new f a c i l i t y with the cost by way of only city 
streets gives a ratio called cost index. 

The following exanple may clarify this method: 

a. 

b. 

Via bypass - A passei^ger car makes a trip via the bypass of 
a total distance of 9 mi. of which 6 mi. are on the bypass, 
2 mi. are on Class A (arterial streets), and 1 mi, on Class 
B (local streets). 

Via existing streets - A passenger car makes the same trip 
by existing city streets only. The total distance i s 8 mi, 
of which 2 mi. are on class A streets, 4 mi, are on Class B 
streets, and 2 mi. are on Class C (congested streets). 

c, Conputations (costs per mile from Table 5), 



Bypass Class A 
Via bypass 6 x 5.51 2 x 6.29 
Via existing 

streets 2 x 6.29 

Class B 
1 X 7.44 

4 X 7.44 

Cost Index = 53:08 ̂  63.48 0.836 

Class C 

2 X 10.57 

55. 

Total Cost 
53.08 
63.48 

From the cost index as calculated for the various trips and shown 
in Tables 3 and 4» points were plotted against actual usage and a curve 
drawn. This curve i s shown in Figure 8. 
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Figure 8. Percent diversion of t r a f f i c based on comparative travel 
cost. 

OTHER USES OF COST IMJSX JIETHOD 

In the construction of a pubHc f a c i l i t y such as a highway, studies 
are desirable that determine on a monetary basis the cost of the f a c i l i t y 
as compared to the benefits derived from i t s construction. Since costs of 
travel have been confuted by existing routes and via the proposed f a c i n t y , 
the savings to the highway user may be easily deter.Td.ned. In addition, a 
further breakdown concerning the savings to the various types of t r a f f i c , 
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such as auto and truck, IOCSLL and foreign, or recreation and business, can 
be determined with very l i t t l e effort. 

For example, i n the Lebanon survey, i t v/as estimat-sd from this meth
od that passenger car users saved s?185 per day while the truck users saved 
$625 per day. These benefits were obtained directly from the cost-index 
calculations with very l i t t l e additional computation; A similar computation 
for a l l the trips using the f a c i l i t y would give the total benefits of the 
f a c i l i t y . From these data the benefit-cost ratio could be determined for an 
economic justification of the f a c i l i t y . 

Much speculation has been made as to the value the public places up
on such factors as safety, beauty, added convenience, etc. Although exact 
values cannot be placed on individual factors £xrom the cost-index method, 
this method may offer a means of determining the value that the public place; 
on a l l these factors. I n cases where certain volumes of t r a f f i c use new fa
c i l i t i e s even though the cost of travel i s greater than by existing routes, 
a value for these intangible factors may be possible of determination. 

CONCLUSIONS 

The following conclusions are presented for the purpose of dis
cussion: 

1. The cost-index method appears to give a smaller dispersion of 
points from the central curve than do the other methods i n 
vestigated. 

2 . The cost-index method indicates an S-type curve with a lower 
limit of 5 percent usage and an upper limit of 95 percent. 

3. A cost index of 1*00 gives a usage of about 13 percent while 
50 percent usage occurs at about 0.85 cost index. 

4. From about a cost index of 0.65 to a cost index of 1.05 a 
change i n percent usage from 90 percent to 10 percent i s shown. 
This indicates that a carefUl evaluation of the comparative 
travel costs i n this range i s necessary. 

5. I t appears that the data from both bypass studies as well as 
the data for automobiles and trucks give approximately the same 
curve. 

6. The ceilculations for the cost-index are relatively sin5)le and 
provide data for a quick and easy determination of the benefits 
from the improvement for the various types of users. 

7 . The better accuracy of the cost-index method may be because con
sideration has been given to both the time and distance factors. 

8 . The cost-index method may offer opportunities for the evalua
tion of the intangible factors i n highr/ay use. 
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RBCOMEHDATIONS FOR FURTHER STUDY 
Although the cost-index method appears to give a smaller dispersion 

of points from the central curve than do the other methods investigated, 
there i s s t i l l a greater variation than i s desirable. Additional study i s 
being made on factors other than time and distance that may enter into the 
problem. From preliminary work i t appears that several other factors must 
be considered: (1) proximity of the origin or destination to the f a c i l i t y ; 
(2) length of f a c i l i t y that can be used to advantage;(3) exceptional usage 
at any one time, such as trips to and from work i n an industrial area; 
(4) indicational signs, such as routing of state routes over the f a c i l i t y ; 
and (5) natural or man-made barriers with only a limited number of crossings. 
An evaluation of these factors i s under study, 

A mathematical study to f i t a curve to the actual data i s also be
ing made. Preliminary results of this study show: (1) the Gompertz, Inte
grated normal, or logistic curves have the properties that appear to be 
present and (2) the logistic curve i s relatively easier to f i t than the 
other two mentioned. 

Additional study to determine the mathematical equation of the log
i s t i c curve whidi f i t s the data i s being deferred until the evaluation of 
the factors other than time and distance has been conpleted. 

Other investigations that the authors believe would be a contribu
tion to the iiqjrovement of techniques for allocating highway t r a f f i c to new 
f a c i l i t i e s are: (1) application of cost-index method to other f a c i l i t i e s ; 
(2) a study of of the value of time to the highway user by type of vehicle 
and type of trip; and (3) a study of vehicle operating costs by type of ve
hicle and type of road or street. 

The authors wish to express their appreciation to those vrtio have 
made this study possible, particularly K, B. Woods, associate director of 
the Joint Highway Research Project; A. K. Branham, research associate; 
R. M. Brown, i n charge Metropolitan Area Traffic Siurvey Unit of the State 
Highway Commission of Indiana; M. E. Canqjbell, engineer of t r a f f i c and 
operations. Highway Research Board, for his helpful correspondence; and 
Paul I r i c k , Purdue S t a t i s t i c a l Department, for his curve-fitting investi
gations . 
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