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This paper proposes methods for economic analysis 
to aid in determining where to provide grade separa
tions on new freeways. Three hypothetical situations 
were investigated, with estimates made of reorgani
zation of travel, and changes in travel costs, using a 
net present worth economic analysis. Results indi
cate that presently used methods tend to overestimate 
travel benefits from grade separations. 

•THIS paper describes an investigation of the warrants for spacing of grade separations 
on rural freeways. The study dealt mainly with warrants based on economic criteria 
which are only a portion of the relevant criteria. There are three general classifica
tions of pertinent criteria: 

1. Continuity. To perform their function in the road system many roads must be 
continuous. For example, if the road intersecting the freeway is an arterial or col
lector then for continuity it should be grade separated. 

2. Public Interest (non-economic). The public interest of the area local to grade 
separation locations, includes: (a) division of communities, (b) disruption of public 
services, such as fire protection and school districts, and (c) the level of local road 
service. 

3. Economic Considerations. The balancing of the cost of the grade separations 
against the additional travel costs, the value of landlocked properties, and other eco
nomic costs of not providing the grade separations. 

The first criterion generally overrules the others. If a grade separation is war
ranted because of route continuity then that is sufficient justification. If this criterion 
does not apply then the decision must be made by applying criterion 2 (comparing non
monetary costs and benefits), in conjunction with an economic analysis (applying crite
rion 3). 

This research is concerned only with applying criterion 3; the problems of quantify
ing the non-monetary considerations and making the final decision are outside the scope 
of this investigation (!) . 

MAIN ASSUMPTIONS 

1. It was assumed that the rural highway system would be classified into four basic 
road systems: freeway, arterial, collector and local (e.g. freeway, state primaries, 
state secondary and county primaries, and local roads). Any intersection of freeway 
with freeway or freeway with arterial, because of the first criterion, would warrant an 
interchange, which includes a grade separation. Since a collector road requires con
tinuity, it was assumed that freeway-collector intersections would be grade separated. 

2. Intersections of local roads with a rural freeway never require interchanges but 
may be grade separated or 'terminated. Connection of a terminated local road to a 
frontage road can also be treated by the analysis. 
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TABLE 1 

COSTS AND BENEFITS FOR RURAL GRADE SEP;.RATIONS 

Cos ts Benefi ts 

Cosl of grade sepa ra li on ~ Reduction in circuity or lrave l : 
Cons truclion Time savings 
Mai ntenance Vehicle ope rat ing costs 

Comfort and conve nience 
Loss of properly Lax r eve1;ue.s Accide nt costs 
Jncr casecl mainte nance costs on Decreas ed mainlenance cosls on 

approach roads lern1inated road 

3. After a freeway is constructed, the travel 
patterns of people residing in the vicinity of the 
freeway will change from the pre-freeway pat
tern. These changes will take place over a 
number of years and once completed the result
ing travel behavior can be modeled by a traffic 
model such as the gravity model. 

ECONOMIC ANALYSIS 

The factors to be considered in the economic analysis are given in Table 1. For 
most rural areas the most important are the cost of the grade separations and the costs 
or benefits of circuity of travel. Comparisons of costs and benefits were carried out 
by the Net Pr esent Worth method. The int erest rate used ·was 7 percent but this was 
varied to test the sensitivity of the results. A 20-yr analysis period was used and it 
was not varied (3) because a similar study indicated the analysis period was not criti
cal (2). The travel benefits were measured as changes in vehicle-miles and vehicle
minutes of travel. The former were evaluated by applying the unit monetary values 
given in Woods (3) for 0 to 3 percent composite grades and 15 percent single-unit 
trucks. The value of travel time used was $1. 20 per vehicle-hour (4). As recom
mended by AASHO (5) a convenience cost of one cent per mile of travel on the local 
gravel roads and zero cents on all paved roads was assumed. 

ESTIMATES OF ADDITIONAL TRAVEL 

The central concern of the investigation was the estimation of the additional vehicle
miles and vehicle- minutes of circuitous travel if any given combination of grade sep
arations were or were not provided. 

The existing method for estimating circuity of travel is shown in Figure 1. The ad
ditional travel cost is based on rerouting all traffic from the nearest intersection on 
one side of the freeway to the nearest intersection on the other side of the freeway by 
the nearest grade separation. There are two difficulties with this estimate. First, 
the interaction between adjacent grade separations is not considered. Second, not all 
traffic is necessarily required to be completely rerouted and may, in fact, suffer no 
excess travel if a particular grade separation is not provided. In the proposed method 
these difficulties are o",,rerccmc by treating :1. system cf grade separatio!!S E!-'!d consider
ing the whole route of a trip rather than a small segment of its route. 

The travel costs considered in the analysis were limited to trips made by existing 
or future inhabitants of the existing stock of dwelling units. The future travel benefits 

generated by dwelling units constructed in 
the future should not be counted, since in 
locating these units, due consideration 
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grade separations decided upon. 
It was postulated that immediately after 

the construction of the freeway, if any 
local roads were terminated, the local 
pattern of trip origins and destinations 
would be the same ~ before the freeway. 
Later, because of the longer travel dis
tances, changes in family life cycles, 
changes in occupants , etc. , this travel 
pattern would, over a period of time, re
organize to some stable level. Further
more, this reorganization of travel could 
be simulated by a traffic model. One fur-
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TABLE 2 

TRAVEL CHARACTERISTICS OF ONE-WAY DAILY PERSON TRIPS 

lreeway= 
slate 

luqttway 

'~:1 
local 

road ~ 

node~ 

Figure 2. Example problem 

level of travel would be at a uniform rate 
from completion of the freeway until com
plete reorganization of trip ends. 

FOR RURAL AREAS OF OZAUKEE AND 
WASHINGTON COUNTIES, WISCONSIN 

(Exeluding Truck OriversJ3 

.No. or Average Average 

Trip Purpose Trips Trip Trip 
(per Length Speedb 
day) (miles) (mph) 

To home: car driver 2493 10.Bl :rn.6 
car passen(:er 1019 9.09 30.9 
school bus 555 4.61 10,0 
truck passenge r 18 14, 18 31.8 

Work: car driver 1373 13.21 33,0 
car passenger 153 ll.35 32.l 
truck passenger II 13.59 32.0 

Personal car driver 897 6.99 27.0 
Business: car passenger "' 9,77 30.B 

truck passenger 9 12,23 33.7 

Medical: car driver 81 11.60 30.4 
car passenger 28 16.08 32.6 

School: car driver 63 17.25 38.5 
car passenger 352 3,84 19.2 
school bus 5'2 4.63 I0.0 
truck passenger 2 

Social car driver 192 8.97 29.9 
Eal meal: car passenger 119 10.83 33.9 

Shop: car driver 451 7.17 26,B 
car passenger 156 8.61 30.0 
truck passenger l 

Recreation : car driver 89 18.01 59.3 
car passenger 69 20.89 85,0 

~Sample-126\ l-.ou1ehol<h. 
Average ltip ~peed includes le1minal lime, 

EXAMPLE PROBLEM 

Average 
Generati on , 
Trips per 
Household 

1.95 
0.80 
0.43 
0.014 

1.072 
0.119 
0.009 

0.70 
0.198 
0.007 

0.063 
0.022 

0.049 
0,275 
0.<l<l7 

0,150 
0.093 

0.352 
0.122 

0.070 
0,054 

The hypothetical situation in Figure 2 was used as an example. The section of free
way being analyzed is between node 1 and node 25. At these locations grade separa
tions are warranted because of continuity of the state highway and county road sys
tems. The grade separation spacing problem is to determine which combinations of 
the three possible grade separation sites, 7-125, 13-126 and 19-127, are economically 
justified. The combinations tested were (a) no grade separations, (b) only grade sep
aration 13-126, (c) grade separations 7-125 and 19-127, and (d) all three grade 
separations. 

Figure 2 also shows the extent of the detailed analysis area. In this area all local 
roads were included in the coded network and every intersection was a loading node. 
The boundary of this area is defined by locations of the points of cost indifference, for 
trips desiring to cross the freeway, in the area between points 1 and 2 5. Trips orig
inating outside the boundaries are not affected from the cost standpoint by presence of 
a potential grade separation. This detailed analysis area was surrounded by a buffer 
area in which the zones gradually increased in size. 

Rural trip generation rates, trip length distributions, and trip time distributions 
were extracted from the home interview data of the Southeastern Wisconsin Regional 
Planning Study for two rural counties (Table 2). These generation rates were applied 
to the households in the example area, The population density was about 70 persons 
per square mile. The siting of the sample area corresponds to the actual rural frame
work approximately 30 miles from Milwaukee. 

RESULTS WITH CONVENTIONAL TRAFFIC MODELS 

Two traffic models, an uniterated gravity model (i. e,, attractions were not nor
malized to input values) and a revised version of the opportunity model were calibrated 
to the Wisconsin travel data, using in each case a four-trip-purpose model. (In the 
revised model the opportunities are discounted over distance to obtain a fit to the trip 
length distribution without using the concept of short and long trips; a test of this model 
in urban areas is presently being carried out.) An uniterated gravity model was used 
as it was considered desirable for the trip destinations to be unconstrained, Trip gen
eration rates were held constant and the two trip distribution models along with a mini
mum path assignment were used to simulate the travel behavior of the pre-freeway 
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situation. They were then applied to the post-freeway networks being tested. The 
differences between the pre-freeway vehicle- miles and minutes of travel and those for 
each of the post-freeway networks provided the estimates of the circuity of travel. 

At this point a comparison of these additional travel estimates was made against a 
logical upper limit. This upper limit was the additional travel found from an assign
ment of the pre-freeway 0-D table to the post- fr eeway gr ade separation combinations 
being tested. This assumed that all trips would be made to their original distinations 
in spite of the excess travel involved (no reorganization of trip ends). 

The traffic model estimates of additional tr avel in all cases were two or three times 
greater than these upper limit estimates. This meant that the total vehicle-miles and 
vehicle-minutes predicted by both the gravity and the revised opportunity models were very 
s ens itive to small changes in the network. This was found to be due mainly to the na
ture of the trips involved. Both models attempt to reproduce the calibrated trip dis
friUution or ''average" trip. In the case of grade separations on local roads the trips 
involved are "non-average" as they are as a group shorter than the average trip. In 
effect, this characteristic led in the application of the gravity and opportunity models 
to replacing some shorter non-average trips by longer average trips (6). The remedy 
suggested was to look for a model which simulated only the shorter' non-average group 
of trips, i.e., those using the potential grade separation locations. 

This sensitivity of predicted total vehicle-miles and minutes of travel to changes in 
the road network that affect non-average trips indicates extreme caution should be used 
when utilizing outputs of these traffic models to evaluate networks (7, 8) . For example, 
in comparing two possible urban networks, an extensive freeway system and an all
arterial system, the differences in the networks affect longer than average trips and 
the differ ences in total travel estimated would probably be greater than might be ex
pected. This sensitivity of the uniterated, gravity model and the opportunity model 
came to light in the grade s eparation case because a logical check on the answer was 
available in the form of the upper limit estimate. Logical checks for predictions in 
urban areas are more difficult to obtain. 

An interated gravity model (i.e., model attractions made equal to input values) was 
also used to simulate travel and estimate the additional travel costs. On the basis of 
the results of models described later the iterated gravity model underestimated the 
additional travel costs by about 40 percent, but it was much better than the uniterated 
gravity model or the opportunity model. It is clear that more work is required in this 
area and that caution is necessary in using tr affic models to pr edict differ ences in 
•-.,. .... .. ,.. 1 i..,..tt.,.,..,,."' A~.f.f,...,..,...,...j. ... "'"',.:t nohun-rlro "'°" a.w ~.&. U C LoYY c;; ..:..aa \.A..£A..1.V.&. '-' ........ .a...., ... _ .... "" "" ' ...., .......... 

TRAFFIC MODELS FOR GRADE SEPARATION TRIPS ONLY 

Two methods were used to simulate travel behavior for only those trips using the 
potential grade separation locations (7-125, 13-126and19-127) . The first method was 
to isolate the origins and destinations of these "grade separation" trips and calibrate 
a gravity model to these trips. This was done by utilizing the trip origins as genera
tions in the model and the trip destinations as attractions. The calibrated model re 
produced the trip length distributions satisfactorily but was 13 percent low in predict
ing trips that crossed the freeway. 

The second method, called a heuristic model , was again derived from the pre
freeway traffic using the potential grade separation locations. It was hypothesized that 
these trips were a model of the traffic behavior. That is, the set of individual trips 
made before the freeway is constructed are a representative set of all likely trip pat
terns that would be described by a traffic model of local travel behavior, given the 
local land use and road network. Then the additional travel for any post-freeway situa
tion, after complete reorganization of trip ends, is simulated by considering the pos
sible changes for the set of pre-freeway trips . For each trip the maximum additional 
travel for the post-freeway trip would be a trip between the same origin and destination. 
The minimum additional travel would be zero under conditions where an alternative 
destination, equal in all respects, and the same travel distance is available to the trip. 
This could be the pre-freeway destination. In between these two limits it was assumed 
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that the expected additional travel, after complete 
reorganization of trip ends, for any trip in the 
model set, would be one-half of the upper limit. 
All traffic models indicate a preference for shorter 
trips that would suggest an expected value less than 
one-half. On the other hand, many of the alterna
tive destinations for any trip would have a longer 
travel distance in the post-freeway network. These 
tendencies were assumed to balance each other. 

lqrode seporolion cost - ~l~D.000 , $1 20 I Yrf'I hr , onr milt grid of 
local roads, 4 milt spocinq ol ortcriols,ond diagonal lrrrwoy I 

This model is a heuristic "guestimate" that 
requires checking. There is some evidence that 
travel does reorganize and at a lower level than 
the upper limit (9, 10). However, the importance 
of the assumed va.Iue of one-half is moderated by 
the time period selected for complete reorganiza
tion of trip ends. 

Figure 3. Solution space for example 
problem. RESULTS FOR THE EXAMPLE PROBLEM 

The two models of grade separation trips were 
used to estimate the additional travel for the four 

combinations of grade separations tested in the example. These travel estimates were 
evaluated at $1. 20 per vehicle-hour and the appropriate operating costs for the vehicle
miles. Then the additional travel cost for each combination of grade separations being 
tested was calculated for each of the 20 years of the analysis period. Three periods 
for complete reorganization of trip ends were used: 6, 12 and 20 years. The present 
worth of each series was found and the construction cost of the grade separations sub
tracted to find the net present worth. 

The optimum solution was taken as the maximum net present worth for a given in
terest rate and reorganization period. One further step was to solve for the break
point between selection of the no-grade-separation solution as optimum and the central 
grade separation, 13-126 as optimum, both in terms of population density and pre
freeway traffic volumes. Figure 3 is the solution space for the example problem. Re
sults are shown for the heuristic model for three reorganization periods and for the 
upper limit estimate of no reorganization of trip ends which corresponds to an infinite 
reorganization period. The grade separation gravity model not shown gave slightly 
higher estimates of additional travel than the heuristic model, thus requiring less traf
fic to justify the central grade separation. The discrepancy between the two models is 
relatively negligible in comparison with the effect of changes in the interest rate. 

When the average population density reaches 1, 200 persons per square mile, the 
optimum solution for the example problem is construction of all three grade separa
tions, assuming an interest rate of zero percent and a reorganization period of 12 
years. 

The breakpoint between the no-grade-separation solution and the one-grade-separa
tion solution being optimum is given by the following empirical equation. 

where 
K 

c = 

I 
RP 

Average pre-freeway volume on central 
grade separations 

K • c . e- . 021RP 

e-(. 0381 + .106811) 
(1) 

a constant for a particular class of freeway alignment, distance between war
ranted grade separations, etc.; 
cost of the central grade separation less any construction costs incurred if it 
were not built ( $1, 000); 
interest rate (%); and 
reorganization period (years) (up to 30 years). 
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Three cases have been investigated, as follows: (a) a diagonal freeway with 4 miles 
between continuity-warranted grade separations (Fig. 2), (b) the case of a freeway 
paralleling a complete-grid local road system and 5 miles between continuity-warranted 
grade separations, and (c) a freeway paralleling an irregular grid of local roads with 4 
miles between warranted grade separations. The values of K for the three cases are 
1. O, 1. 97 and 2. 50, r espectively. 

In each case, the heuristic model was used to estimate the completely reorganized 
trip ends. This method was used because of its ease for practical applications, Field 
measurements can be made to establish the 0-D pattern of the pre-freeway traffic at 
potential grade separation locations. This trip matrix can then be assigned to the pro
posed configurations of grade separations to yield an estimate of both the initial addi 
tional travel as well as the additional travel after reorganization of trip ends. 

A computer program was written to make a selected 0-D minimum path assignment 
for this type of field data, It is given in the Appendix. The outputs of the program are 
the vehicle-minutes of travel and the vehicle-miles of travel by road system, as well 
as a link volume table. 

GENERAL DISCUSSION 

It is e>..'"J)ected that by taking field measurements of 0-D trip patterns, utilizing the 
assignment program and applying appropriate values of travel costs, an agency could 
develop K-values for a variety of local characteristics (see Appendix for methodology). 
After the initial development period then Eq. 1 could be used directly to provide the 
economic indicator for optimizing grade separation locations on new freeways, 

As previou.sly mentioned, non-economic warrants must also be considered. The in
vestigation indicated that for most rural areas the numlH::1· uI gi·ade sepai·ations on local 
roads warranted by an economic analysis is small, with most local roads needing to 
be terminated. A recent study in Illinois (11) found that in practice the i·everse is true; 
more local roads are grade separated than Terminated. There are two explanatory 
factors. Consideration of non-economic factors will tend to justify more grade separa
tions than indicated by the economic analysis. Also, existing methods as outlined in 
Figure 1 overestimate the additional travel costs. For example the existing methods 
applied to the problem in Figure 2 overestimated the additional travel costs of not pro
viding the grade separation by about 300 percent. 

w·u1 l'egards t non-e onomic costs and ben fits it should be r emembered that the 
!Jreakpoin.t l 'gllre ~ (l.J'P pninl. or P.COnomiC indifference between tWO SOlUtiOllS. 
Moveme11t away from a breakpoint strengthens the economic benefit to be obtained from 
the indicated solution, but in the region of the breakpoint the economic warrant is rel
atively weak and more importance should be attached to non-economic criteria. 

For the example problem solution space in Figure 3, with 7 percent interest rate 
and 12-yr reorganization period the economic indifference point is at a pre-freeway 
volume of 170 vehicles per day crossing the f1·eeway. At a volume of 70 vehicles per 
day the cost of selecting· the un.economic solution-providing the grade separation-is 
$3£, OOC. ~o\t C. "l0lU!n0 C! 140 Vehicles per d2~' the CO.St i5 ~ a 2, 000. 8' C. 0 .. t f!S thP8e 
must be balanced against non-economic benefits. 

CONCLUSIONS 

1. The investigation indicated that for a 4-mi spacing between continuity-warranted 
grade separations, a diagonal freeway and a 1-mi grid of local roads, an interest rate 
of 71Jercent, 12 years for complete reorganization of trip ends and grade separation 
costs of $140, 000 each, additional grade separations are not economically warranted 
on local roads at pre-freeway volumes of less than 170 vehicles per day desir ing to 
cross the freeway. In the example problem, this represented a population density of 
about 170 persons per square mile. 

2. The economic warrant for grade separations is sensitive to the angle of the free
way with the local road network and also to the interest rate assumed. 
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3. The use of traffic models to estimate changes in total vehicle-miles and vehicle
minutes of travel between networks which affect non-average trips is subject to error 
and should only be done with caution. 

4. The concept of reorganization of trip ends over time and the resulting decrease 
in travel benefits has a significant effect on the economic warrant for grade separations. 
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Appendix 

ANALYSIS PROCEDURE AND COMPUTER PROGRAM 

Analysis Procedure 

To carry out the analysis of a particular situation, the following procedure is 
suggested. 

1. Obtain roadside 0-D information for vehicles using all local roads between the 
already warranted grade separations. 

2. Code the 0-D information and also code as large a local road network as 
necessary. 
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TABLE 3 

FACTORS TO CONVERT ANNUAL TRAVEL COSTS 
TO NET PRESENT WORT H WITH REORGANIZATJON 

OF TRIP ENDSa 

Time Ior 
Comple te Interest Ra te (t ) 

Reorga ni zat iuu 
of Trip Ends " 

{yea r s ) 

6 11 . 50 6,57 • 20 
12 13.00 ' 55 4. B4 
20 15. 00 8. 52 5. 34 

0
Assumi n9 ci linear dee line in annual eost uni ii ii is ..,.• holf l n 
initiol voluo, and o 20 y•or onalyiii P41 ri od ~ 

Computer Analysis Program 

3. For each of the potential grade - separation 
spacings, run the computer analysis program, delet
ing links which represent terminated roads. 

4. Apply unit costs of vehicle operation and travel 
time to the outputed vehicle-miles and vehicle-minutes, 
to give an annual travel cost by r oad system. 

5. Convert annual travel cost to Net Present Worth 
using the factors in Table 3. For each solution find 
the reduction in net present worth of travel costs from 
the no-grade separation solution less the construction 
cost for the solution. The solution with the largest 
positive value is optimum . If none are positive the 
no-grade separation solution is optimum. 

Inputs (with Fortran Format) 

1. Title Card, 55H. 
2. Proportion of travel time, FlO. O, The proportion of travel time (0. 0 to 1. 0) in 

the linear combination of travel time and travel distance used to build the cost trees. 
A value of 0. 5 is suggested for rural conditions. 

3. Trees to be printed out, 2 513, up to 2 5 trees arranged in numerical order. 
4. Travel speeds on road systems, 5F10. O, a single speed for each classification 

of road system, in order. 
5. Coded road network-node from, node to, road system classification, link 

length: 315 , FlO. O, one card for each link with a dummy link, node from = 999, to 
end. 

6. 0-D trips to be loaded-origin node, destination node, number of trips: 3I5, 
one card for each 0-D movement with a dummy origin = 999, to end. 

Outputs 

1. Listing of minimum cost trees. 
2. Volumes assigned to links-directional. 
3. Vehicle-:miles and vehicle-minutes by road system a.'ld for the total area. 

PROGRAM LISTING FOR ASSIGNMENT OF ORIGINS AND DESTINATIONS 

$JOB 
$TIME 
c 

~~TFOR P0251J.B.KERR,P~GES=l50 
6 

ASSIGN~ENT PROGRAM FOR AN EXAMPLE CITY 
o:~CNS % CN 1:22s! ~ J{225~ . Nt!N~{22 5 } ~ C!ST!225~ j !~ DS ~ 22 5~ i L F !lCC ! i 

1 ~SEE(25J,VOLl2251,NSYS(2251,VEHTIM(51,VEHMIL(51,SPEE0(5), 
2 ~ORORClOO I 
RHCl5,51 
REA0(5,241C 

24 FCRMAT(fl0.0,151 
C READ TREES TO SEE IN ORDER 

REA0(5,939llNSEEINl,N~l,251 
939 FCRMAT(2513l 

READl5,9401 (SPEEO(Kl,K=l,5) 
940 FCRMATl5Fl0.0I 

NX= l 
5 FORMAT(55H COMME~TS 

WRITEl6,5J 
C REAO NETWORK LINKS 

DC 21 IT=l,3000 



c 

c 

21 
22 

REAOC5,211(1Tl,JCITl1NSVSllTl,OISTCITI 
2 FORMATl3151FlO.Ol 

IF ClllTl.EQ.999) GO TO 22 
Nsl\SYSllTJ 
TMCSIITl=C•(OISTllTl•SPEEOINll+CCl.-Cl•CISTllTll 
CONTINUE 
LL=IT-1 
WRITEC61231ll 

23 FORMATl13H NO. OF LINKSl5l 
NFRMO=O 
set UP -CF REGISTER 
LF(ll=llll 
NOCES=l 
KNzl 
DO 1001 KNL=l1LL 
IFIIIKNLl-KNJ10021100lel004 

1002 WRITEl611005JllKNLI 
1005 FORMATl20H ERROR IN NETWORK 1=151 

GO TO 1001 
1004 KN=ICKNLI 

NOCES=NOOES+l 
LFCKNl=KNL 

1001 CCHINUE 
KNCO = NODES 
WRITEC617l5JNOOES 

715 FORMATC14H NO. OF NODES=I5l 
BUll_D TREE 
\/TIM = O.O 
\IDISTzo.o 
00 6002 NNN•l1225 

6002 \IOLINNNJ=o.o 
1207 REA0(5,1202JNFRMeNTO,NTRP 
1202 FORMAT(315l . 

IFINFRM-99911204,1203,1204 
1204 FNTP•NTRP 

IF(NFRM-NFRMOl1206el205,1206 
1206 

c 
1205 

60 

CALL TREEtI,J,NLINK,OIST,TMOS,LF,NSEE,NOOES,LL 1NOROR,C,KNOOeNFRMI 
ASSIGN VOLUMES 
NN=NTO 
NNN=NLINK (NN l 
\IOLINNNl=VOLCNNNl+FNTP 
NN=IINNNI 
IFINLINKINNll601 1 60l,60 

601 NFR~O=NFRM 
GO TO 1207 

1203 CONTINUE 
C WRITE OUT LINK VOLUMES 

WRITE(6,260l 
260 FORMATt86H FROM 

1 VOL TO 
IH'=llll 
00 6011 K=l15 
\IEHTIM(KJ=O.O 

6011 VEHMILIKJ=O.O 
IK::sl 
DO 261 1Tzl 1LL 
K:sl\SYStITI 

TO 
VOL 

VOL 
l 

TO VOL 

\IEHMILIKl=VEHMILIKl+VOL(ITl•DISTllTI 
VEHTIMCKl=VEHTIHIKJ+IVOLllTl•DISTtlTl•SPEEDIKll 
IFlllIT+ll-ITMl263,262t263 

262 IK=IK+l 
GO TO 261 

263 IKT=IT-IK+l 
WRITEl61264Jl(llltlJCKTl1VOLIKTl 1KT•IKT 1 1TI 

VOL TO 

41 
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264 FORMATClH 15,6(15,F 10.3)) 
IK=l 
IH'=IC IT+U 

261 COH INUE 
C WRITE VEH MILES ANO VEH MINUTES 

TOTMIN=O.O 
TOTMIL=O.O 
DO 401 K-cl,5 
lilRITEC6,267)K 

267 FORMATC22H TOTALS FOR ROAD CLASSl41 
TOTMIN=TOTMIN+VEHTIMCK) 
TOTMIL=TOTMIL+VEHMILCKI 
lilRITEC6,BIVEHTIMCKl 
WRITEC6,15)VEHMILiKI 

B FORMATC22H TOTAL VEHICLE MINUTESFlO.l) 
15 FGRMATi20H TOTAL VEHICL E MILESF12.lt 

401 CONTINUE 
WRITEC6,4021 

402 FORMATC24H TOTAL-All TRIP PURPOSES) 
WRITEC6tBlTOTMIN 
WRITE(6,15ITOTMIL 
WRITE(6,15041VTIM,VDIST 

1504 FORMATC17H TOTAL VEH. MILESF10.2,16H TOTAL YEH. MIN.Fl0.21 
CALL EXIT 
ENC 
SUBROUTINE TREE(J,J,NLINK,TIME,TMOS,LF,NSEE,NOOES,Ll,NOROR~C,KNOD, 

l Ill 
C MINIMUM TIME AND DISTANCE TREE PROGRAM 

DlflENSION IC2251,J(2251,NLINKC2251,NORORf lOOl,TTIMEl2251,TTMDSC22 
15),TIMEl2251,TMOSC225),LFClCOl,NSEE(25l,NKC2251,TMDSSC2251,lSl2251 
2 ,JSl225l,NLS(2251,TTSl2251 

C BUILD TREE 
DO 1000 N=l,KNOC 
TTIMEINl,.O.O 

1000 TT MDSINl =O. O 
DO 599 K,,.l,225 

599 NKIKl=O 
TOfllN=O.O 
TMIN=O.O 
NLINKIITl=O 

TTflDSllTl=.000001 
TTIMEIITl=O.O 
N=IT 
NS=l 
N0=2 
NNC=2 

C ADO LINKS FROM NODE JUST ADDED 
402 l=LFCNI 

K-1 
405 IFlllLl-Nl403,404,403 
404 IFINKIKl)502,5011502 
501 NE,.NS 

NS=NS+l 
GO TO 503 

502 NE;NKIKI 
KAK+l 

503 JSINE)sJILI 
NLSINEl=L 
TMCSSINEl=TDMIN+TMDSILI 
TTSINEl=TMIN+TIMECLI 
l=l+l 
GO TO 405 

403 TEST=999999999 . 0 



K=l 
NST=NS-1 
DO 406 NSS=l,NST 
IFIJSINSSl.NE.01 GO TO 509 

508 NKIKl=NSS 
K=l<+l 
GO TO 406 

509 NT=JSINSSI 
IFITTMOSINTl.LE.0.01 GO TO 407 
JSINSSl=O 
GO TO 508 

407 IFITMDSSINSSl.GE.TESTl GO TO 406 
TEST=TMDSSINSSI 
NTEST=NSS 

406 cor. TINUE 
N=JSINTESTI 
NLlNKINl=~LSINTESTI 
TT~DSINJ=TMOSSINTESTI 
TTIMEINJ=TTSINTESTI 
NORDRINOl=N 
NO=NO+l 

582 TO~IN=TTMOSINI 
TM lN=TTlf.IE(N I 
JSINTESTl=O 
NKIKl=NTEST 
K-=l<+l 
NKIK)sQ 
IFINNO.GE.NOOESI GO TO 523 
NNC=NNO+l 
GO TO 402 

523 CGl\TINUE 
C WRITE OUT MINIMU~ PATH TREE 

WRITEl6,97) 
97 FORMATl1H0,18H MINIMUM PATH TREE) 

WRITEl6,941C 
94 FORMATl37H TTMOS=SUMIC.TIME+ll-CIDISTl,WHERE C=F7.3) 

kRITEt6,96ltN,NORORINl,TTMCSINl,TTIMEIN),NllNKINl,N=l,KNOOI 
96 FORMATl51213,2F7.l,13ll 
32 ccr. T INUE 

521 COt.TINUE 
RETURN 
END 

$1:NTRY 
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