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‘Mr. Sam F. Cryderman _
Engineer of Transportation Planning
Transportation Planning Division

Dear Mr. Cryderman:

This report documents the efforts put into the development of a
"capacity adequacy"”" forecasting model. By utilizing this model,
the department will be able to determine the probable magni-
tude of capacity deficiency which is reflected by excessive
traffic congestion.

} The model uges the volume to capacity ratio and the design hour
A volume factor as independent variable to predict the number of
days on which the daily capacity of a section of road will be
exceeded by the daily total traffic in some future time.

Some features of the model are listed below:

(1Y The study places emphasis on practical application. ALlL
the independent variables are measurable and predictable
in the existing statewide traffic forecasting model system.

(2) The model is capable of being computerized. Therefore,
capacity adequacy for the entire highway network can be
determined most efficiently.

(3) The forecasts from the model may serve as a complimentary
criterion in evaluating future trunkline deficiencies,

This report was prepared by Benjamin Pin~-fan Chu under the supervision
of Richard E, Esch of Statewide Studies Unit. We would appreciate
your comments,

Sincerely,

G el

Keith E, Bushnell
Engineer of Transportation
Survey and Analysis Section
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PREFACE




This report”describés a model wﬁich is a direct offshoot
of the developﬁent:§f the-Miuhigan Statewide Traffic Forecasting
Model. B |

| The study in this repori directs_itself at developing a
preliminary forecésting proce ss that will give the department
the type of informatioﬁ requ red to identify the magnitude of
future traffic congestion on a statewide basis. Undoubtedly,
thiS'type of information shoi 1d be taﬁen into consideration
during.the.eval#ation phase (£ the transpoftatidn planning
process. -

Uﬁtil now, few:capacity studies: have been set up on a
pure‘empirical basis. The study.in this report will serve the
purposes of a practical piaﬁning application,

Furthermore, the capability pf being computerized as
part of the statewide forecasting process will allow the
department to carry out a more systematic énd rapid planning -
process.

This report is Volume VII-A of a series of reports deal-
ing with the statewide traffi: forecasting model development.

Other reports in the series are listed below for reference:
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THE PROBLEM

In recent years, the concept of highway user benefits has
been emphasized in the area of transportation planning analysis.

There may be many factors that can be uvtilized to measure the

user's benefits from highway facilities. 1It seems that good
highway operational condition affects the'indiVidual highway
user to a great degree, i

Attempting to avoid congestion on highways seems to be

very much relevant to improving highway user benefits, The

lack of congestion makes travel more rapid and more efficient,

Mdreover, the extent of congestion gives the drivers not only a
seﬁse of freedom of movement but also a sense of travel safety.
Therefore, the benefits resulting frOm reduction in travel time
and increase in travel safety must be taken into account when
designing new highways or scheduling highway improvements.

If the capacities of the existing highways accommodate

traffic all the time (as the 2ase when they were in the

opening stage), then there is no capacity adequacy (or,deficiency®)
problem at all. However, the traffic is ever expanding. It is

estimated that by the year 2030 the state of Michigan will have

at least 8.5 million vehicles in registration,** Congestion would

*

An evaluation of the future capacity adequacy may be expressed
as an identification. of either the merits or the deficiencies.

* %

According to a regression trend analysis on the state vehicle
registration data from 1944 to 1971, The data are obtained from
"Highway Statistics" published annually by U,S. Department of
Transportation and Federal H:ghway Administration.
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be a serious problem in the future if highway capacity con-
dition designed and/or operated at the present time could not
accommodate the expanding future traffic.

In fact, the énalysis of congestion and its Iinfluence

plays an important role in many transportation.plahning studies.
In general, the problem of ccngestion is studied along with ;i
capacity analyses.

The capacity of a given section of road is defined as the

maximum possible traffic volime which pass over the givén sec=-
tion under prevailing conditjons during a specified fime period
(generally, an hour or a day).* Roughly speaking, when the
capacity is not exceedéd_by traffic flow (expreséed in number
of vehicles éer hqqr), the drivers can travel with reasonable
speed, comfort and safety. When the capacity is exceeded by
“some high rate of flow for a period of time, according to the
definition of capacity, the prevailing traffic condition has
been brokenldOWn**i In this césé,'the average speed would

be forced to slow down and tle average density (expressed in

Refer to "Highway Capacity }anual" published in 1965 by Highway
Research Board, Page 5; for the definition of prevailing con-
ditions refer to Page 14. 1t is essential to specify the pre-
vailing condition of roadway and traffic under which the ca-
pacity is implied. The capscity data used in this report have
been assumed under level service C.

R¥%

Traffic flow is commonly regarded as flow movement in a river.
Therefore, capacity breakdown may be regarded as flood.



number of vehicles per mile) to increase.* Congestion is therefore

taking place.

The daily capacity may be cbtained from the hourly capacity

by an expansion factor of 10, This is assumed due to the

regularity that exists in the hourly traffic distribution during
each day. The daily total traffic volume®** is generally about ten
times as high as the traffic in the most heavily travelled hours

of the day*%*, and therefore, 1f the daily capacity is exceeded

" by the daily. traffic, the hourly capécity is most likely exceeded

by the hourly traffic and congestion will occur frequently in the

moast heavily travelled hours,

Now, a question arises naturally as to whether the dailj
capacities of the existing highways would not become indaequate
by the expanding traffiec in the futuré. In other words, if the
highways in operatioﬁ or .designed at the present remain unimproved,
the number of days of daily capabity breakdown in a given future
year is our main concern. .This is an extremely pertinent con-

sideration in the problem dealing with future highway adequacy.

w

Due to the theoretical relationship between speed, flow and
density

Flow (vph) = Average Speed (mph) X Average Densgsity (v/mile),

the values of any two of the three variables determine the value
of the other wvariable,

ek
Traffic, represented as Flow or Rate of Flow when measured for
a period of less than one hour the number of vehicles passing
over a section of road, while exspressed as Volume when measured
for a period of an hour or more.

RN

For the annual average hourly traffic distribution of the day,
refer to "Hourly Percent of Yearly Traffic For the 7 Days of the
Week" in a series of publication titled "Automatic Traffic Recorder
Analysis" published by Michigan Department of State Highways.
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The study in this report has been centered around es-

tablishing a model which may be utilized to forecast the
number of days of capacity breakdown in the future for each

of the highways on the network system. The resulting information

provided by the model should serve as a criterion for dealing
with .the magnitude of highway deficiencies in addition to other

standards.

-



DATA BASFE

The travel data are obtained from two sources.

The capacity data are based on the capacity rating

supplied by the Michigan Department of State Highways.® The
capacity rating gives the measure of adequacy of all highwavys
on a control-section system to allow the Department to determine

priorities in scheduling highway improvements,.

The traffic data were collected by the electronic Permanent

Traffic Recorder (P.T.R.) stations.** These‘P.T.R. stations were
operated continuously throughout the counting year recording

the number of wvehicles passing over.

Thirty eight stations {for station location refer to

Figure 1) have been chosen because emphasis has been placed
on the trunklines on which these stations were located. The
observation perlod is from 1966 up to 1971 during which the

capacity data are available,

Refer to "Sufficiency Rating Computations for Michigan Highways"
published by the Michigan Department of State Highways. Factors
based on percent sight restrictions, lane width, percent
commercial traffic, and DHV are included in the computation of
the capacity rating. The computation has been computerized.

The P.T.R. data and analysis were published annually by the
Michigan Department of State Hizhways, in a series of publications
with a general title "Automatic Traffic Recorder Analysis",

The daily traffic distribution zan be found in the volume

"Daily Volumes By Month Tncludiig Averages and Percent of A.D.T.",
and the DHV data in the volume 'Listing of 200 High Hours By

Date, Day, and Hour" from the szaries. :
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‘A11 of the data used in this report are presented in lists
in the Appendix. |
The capacity data are listed in column.B.
The ﬁraffic data include Annual Average Déily Traffic
(AADT), Design-Hour Volume (DHV), and the daily traffic distributions
for each.of.the chosen P.T.R, stations. The DHV data, represented
as DHV factors, are listed in columﬁ 5. Data in columns 6 and 7

are obtained from the daily traffic distributions.




ANALYSIS




BASIC CONCEPT

Once the number of days on which fhe daily capacity is
exceeded by the daily traffic volume has been adopted as a
measure bf the relative magnitude of congestion, some locations
of traffic congestion in the past can be identified based on our
f.T.R. records.

Sinée the.most féliable data baée uséd in the traffic fore-
castiﬁg process is the traffic records from P.T.R. stations, the
more accurate investigation of these records, the better thé
moéel deveiopment.is'likely to be, A detailed investigation on
the traffic data should thefefore be a significant part of an
empirical analysis.

The current approach té the forecast of future traffic
qonditions has been based on the prediction of future annual
avefage daily traffic (AADT) on the existing statewide trunkline
system. The predictiog of AADT has been an essential element in
the field of highway plqnning and desigp. AADT has alse been
recogniéed of crucial imporﬁance in establisﬁing a gapacity
a&equacy forecasting médel. |

Indeed, 1if twb_roads had almost identical capacities, the
one with lower AADT should possess the Higher capacity adequacy
(regardless of other possible influencing factors). For example,
the P.T.R. stations 3029 and 3089 had similar capacities (5980
vph and 5210 vph respectively}) din 1970 but distinct AADTs (3364
vph aﬁd_1243 vph respectively) in the same year, statioﬁ 3029
haé 44 days on which the daily traffic excegded the capacity,

while hot a single day exceeded the capacity at statiomn 3089.

-10-
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This fuﬁctional relatidnship.between capacity and AADT
existed inrthe past, sSeems to be reasonabie to hold true in the
future and therefore can he coﬁsidered as a reliable wayv Lo
measure highwé& deficiency. As a result of this concept, the
comparison of Fufurv AADT wirth daily cupacity'ié an apparent
approach Lo the prediction ol possible future capacity hroal -
down,  This suggests Lhe use of v/e ratio, which is therratio
ol AADT Lo capacity, as a uscoiul tool in the processlmf eg -~
tnhiishinm our Torecasting model,

Now, it is observed lLhat Lhe number of days of capacity
breakdbwn on two roads could still be different even with
similar capaciﬁies and ﬁ[c ratios, Fof‘example, P.T.R,
station 6089 had capacity 6580.vph and v/c ratio 0,50 in 1970,
but the capacity was not exceedéd at any time during the year.
This is a significantly'different case wﬁen compafed with
station 3029 which_had'a v/e ratio of 0.56 and 44 cafacity
breakdown days as observed in the previous example. It appears
that there may well be another factor which had significant
influence on the capacity adequaéy of a particular_sectipn of
road. |

Erobably the relationshins betweén this additional traffic-

variable and capacity breakdovn can be more clearly revealed

by the investigation of a grashical presentation. For this

purpose, the distribution of daily traffic with respect to
the passage of the days of the year has been found most ap~-
propriate., .Some plot diagrams of these distributions at the
P.T.R. stations-which have bean discussed are presénted in

Figures 2 and 3 as samples.

~11--
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FIGURE 3
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At the first glance to these plot diagrams, variation in daily
traffic with respect to the change of the seasons 1is the most E

striking fact. Roads with capacities accommodating traffic for the

avérage day of the vear may fail to carry traffic under prevailing
conditions. in some heavily travelled seasons. With a view to the
seasonal variation, the mere use of capacity and predicted AADT

(and hence the predicted v/c 1ratio) in the prediction of capacity

“breakdown is evidently insufficient and some additional traffiec
variable reflecting this variation in daily traffic is needed.
The seasonal variation in daily traffic varies signi-

ficantly among highways particularly in recreational states in

this couﬁtry*.

whén.a road had an AADT 1ot close to the capacity, for
instance, a v/ec ratio of abouf 0.60, capécity breakdown could
not occur in most cases 1f the road was relatively gnaffected
by seasonal variations. TFor cxample, Station 6089 was located

on this type of road and had no capacity breakdown in 1970. On

Road with highly seasonal variation were mostly recreational
routes; conversely, roads carrying significant proportions of
recreation traffic were high .y seasonal,

The former statement may wel  be explained by the fact that the
high peaks in daily traffic usually occurred in the summer
(especially in July and August) which is generally the traveling
season,

The latter statement can be . ustified by extensive empirical
studies, (The recreation tr p data can be obtained from the
Mississippl Valley Multiple Screen Line 0-D Survey.)

Moreover, roads located near urban areas carry mostly work and
shopping trips, and hence had relatively small proportions of
recreation trips. These roads generally had high AADTs and
high v/c ratios but had little seasonal flucations.

- Lb4-



the other hand, when a road had low v/c¢ ratio and was highly

seasonal, capacity breakdown might occur frequently. For example,

data of Station 3029 shown in Figure 2 scems to be of the case.

When the AADT of the road was very close to the capacity,

say, the v/c¢ ratio was close to or even greater than 1.00,
~capacity breakdown occurred f£requently on the road exper-
ienced little seasonal variation., This 1is supported by the data

of Station 5149 in TFigure 4 in which 178 days of capacity

breakdown were recorded. QRoads having high v/c ratio and highly

influenced by the seasons are not available in our data base.

For such roads, the daily traffic in the traveling seasons would
far exceed the capacities. Probably such cases rarely occur,
if ever. Additional discussion will fellow later in this sectiomn.

Therefore, we conclude that if the seasonal variations of

two roads in the future are of distinct patterns, then pro-
babilities of future capacity adequacy would be significantly

different even though the magnitudes of their capacities and

future AADTs are aimost identical (and hence_almost identical
v/c ratios also).

In addition to the seasonal variation, attention must be
given to the fact that for most daily traffic distributions

under study, especially those highly seasonal, a few days of

the year had unusually high traffiec volumes. The unduly high
peaks of the distributions generally occurred on summer
weekends and holidays. Undoubtedly, these high peaks were

brought about on roads mainly by recreation trips. Furthermore,

-15~
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on some roads in Michigan (for example, 1~2, M-28 and I-75. in
Upper Peninsula énd_f—?S in Northern Lower Peninsula), some high
peaks also occurred in November. Since the middle of November
is thg deer hunting season, the routes carrying deer hunters to
and from deer hunting areas must be responsible for these peaks
in November.

Therefore,'the vériatiOn in daily traffic‘may be considered
as beiﬁg affected partly by'the seasons and partly ﬁy occasions,
and recreation_traffic is eésential to the wvariation.

Although fheleffect of the variation in daily traffic on
capacity breakdown can in no way be denied, the vafiation must
be measurable and predictable before being given scope to the
construction_of a practical model, In othér wdrds, a predictable
measurement of the variation.is required to serve as the wvariable
mentioned before.

A widelj uged measurement of the hourly capacity regquire-
ment is based on DHV which,.by definitioﬁ, is the 30th highest
hourly volume of the year. It has been observed that DHV
cccurred, in general, in:the seasonal or occasional peaks of
the daily traffic distribution. 1In other words, days on which
the peak hourly volumes occurred.were generally of the peaks

of daily traffic distribution.
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Furthermoré, the gradually upwards shifts in the daily
traffic distribution over vears could be responded by gradual
increésé in DHV.*. Iﬁ case the daily traffic distribution had
an abrupt change din the high peaké, it has been found that the
change in DﬁV could reasonably reflect the change in daily
traffic.*=z

Therefofe, DHYV has a close relationship to the peaks in
daily traffic, High DHV indicates high peaks in daily traffic
volumes,

The higher the peaks of the daily traffic distriﬁution com=-
pafed with the average, namely, AADT, the higher the DHV factor.
The comparison of DHV with AADT should supply a relatively
reliable measurement which indicatés the probable variation in
daily traffic,®% %

Furthermore, two roads with gsimilar patterns of daily
traffic distribution may have significan£ly different AADT.

By using DHV factor, the diss‘milarity im daily traffic éis-

tributions of the two roads may be reflected.

However, the DHV factor, the percentage of DHV divided by AADT,

has a generally decreasing property.  This may result from the
less [luctuated traffic cond ' tions over time.

Kb

For example, station 7049, which was highly affected by the
opening of I1-94 on the lst o’ July, 1960, had its AADT dropped’
60 percent while, correspondingly, DHV also decreased 68
percent, (This caused DHV factor from 15.7 dropped to 12,7.)
Examples like this are common in our P.T.R. data base.

*k %

Note that all the capacity, AADT and DHV data are all-lane
totals, The use of ratio anl percentage eliminates the necessity
of using data on lane basis. '

-18-



Therefore, DHV factor, instead of DHV, is used in the con-

struction of a cépacity adequacy forecasting model,

—-19~
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FURTHER INVESTIGATIONS

On the basis of the above investigations, two variaﬁies,
v/iec ratio and DHV fadtor, have been found to havé a significant
impact on the intricate variatiqn in the daily tr;ffic of any
selected route. Now, the possible interaction of these two
variables on the depéndent variable (rthe number of days of
capacity bréakdown) as pointed out previously should be explored
more explicity.

Among all thé records in our data basé; 49 records having
capaciﬁy breakddwn are drawn from 14 étatidné during the obser-
vationrperiod. Thesg recofdsﬁare lisfed on the next few pages,

For each of the capacity breakdown record, the corresponding v/c-

‘ratio and the DHV factor are attached. The gquestion arises as

to whether or not some sort of relationship existed between the
v/c ratios and the DHV factors among tﬁese records,

It is observed that the range of the v/c ratios of all the
49 records were running from 0,25 up to 1.13, and the range of
the DHV factofs-from 9.3% up to 27.6%, On the basis of pre-
liminary investigations on the frequency distributians of the
v/c ratios and the DHV factors of the 49 records respectively,.
it seems reasonable to stratify the v/c ratios into four groups,
namely, below 0.40, 0.40 to 0.60, 0;60 to 0.80, and over 0,80,
and to stratify the DHV factors into fhfee.groups, namely, below
13.0%Z, 13.07% to 26.0%, and ovaer 20.0%. Each record has been
identified as belonging to on2 of the combinations of the two

classifications. A table has been made in Figure 5 showing
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P.T.R.

STATION NO.

2029

G029

3049

3109

4029

4089

YR.

1966

1967
1968

1971

1968
1969
1970

1971

1966

1968

1966
1967
19638
1969
1970

1971
1971

1966

1967

11968

1969

1970

1971

v/C

RATIOD

0.

26

.25
.28

.34

.48

.49

.56

.62

.93

41
42
.48
.49
.53

.55

.63

.25
.25
.32
.38
43

45
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DHV
FACTOR

25.2

26.3

23.6

24.3

22.2

21.6
21.2

20.8

14.3

13.3

21.3

- 20.7

~20.1

19.5
19.3

17.9

11.7

27.6

27.5

25.7

24.6

22,9

22,3

_NO. OF
DAYS

24
28
b

-39

33

itz

15
11
19
21
22

25

15

21




P.T.R. ' v/C ' DHV NO. OF

STATION NO. | YR. ~ RATIO - FACTOR - DAYS
5129 1967 0. 44 17,7 1
1968 0.53 18,2 20

1969 0.55 17.9 ' 23

1970 0.58 16,5 28

1971 . 0.65 16,7 39

5149 _ 1966 _ 0.70  ' ' 15.7 - 41
1967 0.73 15.5 49
1968 1.00 4.6 157

1969 ' 1.03 14.6 167

1970 1.07 14.3 178

1971 1.13 | 14.2 217

6049 1966 0.40 25.1 13
6129 1966 0.53 15.8 10
1967 0.53 16.3 18

1968 0.55 15.5 | 21

1969 0.63 14.5 38

1970 0.65 14.3 46

1971 " 0.68 14.2 52

6149 1971 o 0.52 L4.2 4
8129 ) 1968 | 0.71 9.7 2
1969 0.75 9.3 3

1970 0.79 9.6 10

1971 6.82 _ 9.5 _ 20
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P.T.R.

STATION NO.

8189

8209

~1971

1969

'1971

v/cC
RATIO

0,65

0.50

0.56

—_2 3

puv

FACTOR

9.6

13.5

12.7

NO. OF

DAYS
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the scatﬁer of the data records (regardless of the number of
days of capacity breakdown)
ﬂf We wish to investigate, from.the table, a dependence between

these two classifications of the data records. If there existed

a significant dependence between the classifications, then for
those voads experiencing capacity breakdown, the magnitudes of
their v/c ratios and the corresponding DHV factors were highly

related,

By applying a statistical method concerning the dependénce

in the table in Figure 5, the data records seem to indicate

~that when the capacity was exceeded by the daily traffic on a

~road, the magnitudes of the v/c ratio and the DHV factor of the
Ly road were related.* |
The relationship between the two variables cam be shown
yf . by another approach,
In Figure 6, there is a correlation coefficient table in
which the corréiation coefficient of any tWo of the three

[ variables, that 1s, the number of capacity breakdown days, the

In the statistical hypothesis testing method concerning the
contingency table (in Figure 5), the null hypothesis of

independence between the two classifications is rejected at
confidegnce level o« = 0.005, sinceX™ = 31,82 which is greater

than ¥ a6 = 18.54.

In Figure 5, _we can combine row 2 and row 3, and thus at

> 2

« = 0.005, x° = 26,02 which is greater than x® 4 ,3 = 12.84.
P Or, we can combine not only the last two rows but also_combine
!j columps 1 and 2, and columns 3 and 4, In this case, ¥~ = 16,51

and X~ « ,1 = 7,88 at a« = 0,205,
Therefore, it seems no matter how the v/c ratios and the

DHV factors are classified, the null hypothesis will be
rejected. '

Ty
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Figure 5:

Contingency Table .
According to Classifications
in V/C Ratio and DHV Factor

\\\\\\ v/C L {1) (2) (3) (4) (5)
\\\; Ratio
Below 0.40 - 0.60 Over Total
DBV :
Factor 0.40 0.60 0.80 0.80
(1) Over 20% 9 9 0 0 18
(2) 13%2 - 20% 0 12 7 5 24
(3) Below 13% 0 1 5 1 7
(4) Total 9 22 12 6 49




FIGURE 6: Correlation Coefficient Table
: ' for the Ungrouped Data Records

‘NO. OF DAYS V/C RATIO DHV FACTOR

. —
NO. OF DAY
5 1.00
V/C RATIO 0.80 - 1.00
DUV FACTOR -0.27 : -.075 ‘1.00
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v/e ratio, and the DHV factor, is included (regardless of the
effect of the other variable). The correlation coefficient of
the v/c ratios and the DHV factors of all the capacity break-

down records is -0.75 which may be comnsidered to be high. Wote

the correlation coefficient of the number of capacity breakdown

days and the wv/c ratio, 0.80, is high while the correlation

coefficient of the number of days and the DHV factor, -0.27, is
quite low.* This means thalt the DHV factor was less sensitive

to the number of capacity breakdown days,

In order to predict the number of capacity breakdown days
by making use of v/e¢ ratio and DHV factor, it seems reasonable
to stratify all the trecords under consideration by the DHV factor

groups, and then to study the relationship of the numbers of

capacity breakdown days, the v/c ratioé,.and‘DHV factors within
each group. |

.The correlation coefficient tables by the three DHV factor
groups are displayed in Figure 7, Note that almost all of the cor-

relation coeffiéients of the numbers of capacity breakdown days and

The sgignificance of an observed correlation coeffilicient

from zero can be tested by statistical hypothesis testing
method with the use of theé quantity T which is t distributed
with n - 2 degrees of freedom where vy is the correlatlon
coefficient, and n 1is the sample size,

J(n—z> /(- y%

The null hypothesis of no correlation is rejected when y =
~0.75 and n = 49, since T = -~ 7,87, ¢t wra0 = — 2.704, and t , , 4
= 2.660 at o = 0.01, either one of the t values smaller than the
absolute value of T, ' :

The null hypdthesis can not be rejected when v = 0,27 evan at

2= 0,05, since T = - 1.92 while t = 2.021 and t o= 2,00
at o = 0'65. .lx-’ﬂ-ﬂ o ¥ 4o



I
b
58

DHV

NO.

v/cC

DHV

DHV

NO.

v/C

DHV

BHV

NG,

v/c
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FIGURE 7: Correlation Coefficient Table

for the Grouped Data Records

Factor Group 1l: DHV factor over 207

'NO. OF DAYS ~v/c RATIO DHV FACTOR
OF DAYS ‘ 1.00
RATIO o 0.94 1.00
FACTOR : -0.74 : -0.86 1.00
Factor Group 2: DHV factor from 137 to 20%

NO. OF DAYS v/c RATIO DHV FACTOR
OF DAYS - 1.00
RATIO | ~ 0.98 1.00
FACTOR —0.45 -0 54 1.00
Factor Group 3: DHV factor below 137

NO. OF DAYS v/e RATIO DHV FACTOR
OF DAYS 1.00
RATIO 0.76 1.00
FACTOR -0.48 -0.82 1.00
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the v/c ratios have been highly improved (0.90, 0.98 and 0.76 vg.
0.80), and most other correlation coefficients are better than the
ungrouped counterparts,®

Therefore, the data records seem to provide sufficient

evidence indicating the relationship among the three variables,
For a more detéiled investigation on the relationship of all
three variables, a closer look should be taken at the scatter

diagram shown in Figure 8 in which all the chosen records are

plotted as data points. Now, the question turns ocut to be how and

why were the variables related.

.The observations and postulates are stated as follows:

(1) Note that, in Figure 8, for the group of records having

highest DHV factors (over 20%Z), their v/e ratios had
never gone over 0.60 and the numbers of capacity break- -
down days in most‘cases were not large. |

In further discussion,.this fact can be separated into twé

arguments.

(A) If v/c ratio is high (for instance, 1.00), then DHV

factor will probably be low (that is, below 20%).
If the assertian in'(A) is true, thenm for DHV factor over

20% the corresponding v/c ratio cannot be high.

The phenomenon, which appeared in the Michigan data and
identified in the discussion on P. 15 , is probably not due to

lack of a complete data base.

E

The null hypothesis of no correlation of any two of the three
variables for any DHV factor group are rejected by the T test,.



Foll]
NG, OF DAYS
CF CAPACITY
BREAKDOWN

wen

21

1)
18
.1?[]
el
150
140
130
Tl

L8

9

80

n

i

4l

3

VI

0l

FIGURE 8

SEATTER (HAGRAM OF DATA POINTS (¢} $ROM THE
GAPACITY BREAKDUWN RECURDS,
FIGURES AFTAGHED Y0 THE POINTS ARE DItV FACTORS

EXPRESSED. IN MAGNETUDES GF PERCHNTAGES.

W
18
. 14,2
M ]
15,/
o T
!s_ﬂ
143

- )‘5:6

'El;ré

VIC RATH)




R e B L L

i T T i ™ T T T T TR W T

Should the v/c ratio have been high on a road with high
traffic variations, theﬁ the drivers, most for recreétional
purposes, would have suffered from excessive traffic éongestion
most freguently during the heavily travelled seasons and
holidays, This situation would be ﬁartieularly true in the peak
hours of the yéér.*

Therefore, some travellers confronted with this travel

situation would have been forced teo divert to the alternative

routes or to change their driving schedules. The reduction in

traffic voiume-in the peak hours of the year caused by a change
in driﬁing habits:ﬁould reduce the DHV factor on the road.
.(b) Vif DHV factor‘is high but v/c ratio is low, then the
| humber‘of capacity breakdown days will ﬁrobably not be

large (fof instance, below 50 davys).

*
By definition, Daily Capacity = 10 Hourly Capacity, and
v/c Ratio = AADT/ Daily Capacity, so Hourly Capacity =

1 "AADT
10 (v/c Ratio)

For a v/c ratio of 1.00, the hourly capacity is equivalent
to 0.10 AADT, or, 10% of AADT. 1If the DHV factor equals to 20%,
or, the DHV equals to 20% AADT, then the DHV is twice as high as
the hourly capacity can accommodate.

_ For a.v/c'ratio of 0.90, the hourly capacity is equivalent
to about 11% of AADT. In this case, a DHV of 16.5% of AADT will
exceed 50% of the capacity. :

Therefore, if the v/c ratio were high albng with a high DHV

factor, then traffic in the peak hours of the year would be
incredibly congested.

-31-

N N N T N e T R o o T e A e A s m M AR R R E b e e T T R e A R R e — T T T T T T T T




i From the daily traffic distribution, this dssertian seems
to be intuitively plausible.
(2) Note that; in Figure 8, for the group of data points

having lowest DHV factors (below 13%), in most cases

the v/ec ratios were neither low (for instance, over .

O.SO) nor high (for instance, below 1.00) and the

numbers of capacity breakdown were relatively small,
Since if DHV factor is low then the daily traffic distribution

looks flat with respect to AADT, the fact stated in (2) seems to

stand to reason. To make the point clearer, two assertions

follow:

(A) If DHV factor and v/c ratio are quite low, the

B likelihood of capacity breakdown is little,

(Bj .If'DHV factor is low but v/c ratio is very high
(for instance, about 1.00), there will be many days

on which capacity 1s exceeded by traffic.*

From the hourly capacity conversicon formula, a‘v/c ratio of 1.00"
- together with a low DHV factor of 13.,0% or less, the hourly
capaclty is 10.0%Z of AADT, '

However, it has been observed from the P.T.R. that when DHV
factor is about 13.0% of below, the percentage of the highest
200 hourly volume to AADT is very close to 10.0%. This implies
. that there are at least 200 hours of the year with hourly traffic
volume very close to the hourly capacity if the v/e ratio iIs about
©1,00 o ‘

It has also been observed that Lhere 1s a close relationship
between the number of hours in which the hourly traffic volume
exceeding the hourly capacity and the number of days on which
the daily traffic volume exceeding the daily capacity.

Therefore, all these facts help justify the assertion that when

DHV factor is low but v/c ratio is high, there are many days daily
traffic exceeding the dally capacity.
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| (3) DNote that, in Figure 7, for the group of data points
having DHV faectors neither low nor high (ranging from
13% to 207), the correlation coefficient of the v/e ratios .
and the DHV factbrs is quite small ( - 0.54).

As a matter of fact, in this group of recordé, the v/c ratios
had a range from 0.44 up to 1.13. The relationshiprbetwéen the
v/c ratiorand the'DHV.factors is quite loose.

However, the correlatiop coefficient of the v[c_ratio and the
numbers of capacity breakdown days is very high (0.98)., This means
that the prediétion of the number of capacity breakdown days on a
road with DHV factor falling in thié group is possible to make.

(4) MNote that, in Figure 8; for all the data points having

DHV factors at the same level as classified in foregoing
discussion, the higher the v/e¢c ratio, the more the
number of days of capacity breakdown.

In a graphical presentation, this means that within each groups
of data points in the DHV factor group, the trend of points was |
curved running.frqm 5-W towards N-E. This characteristic was
particularly ﬁrue for the highest and the lowest DHV factor groups.

(5) There are some other interesting_characteristics in the

data points in Figure 8. These are in agreement with the

facts stated above.

(A) Note that, in genéral, for all the data pﬁints
having the same number of capacity breaidown davs,
the higher the DIV factor, the.lower the v/c ratio,

For example, for all the data @oints having one capécity

breakdown day, dHV factors went from 27.6% down to 11.7%, while

-3 3=




the v/e¢ ratios from 0.25 up to 0.63 with data points in the same
order as that of DHV factors.

(B) Note that, in general, for all the data points
having the same v/c ratios, the higher the DHV
factor, the more the numbér of capacity Ereakdown
days.

For example, for all the data points having a v/c ratio of
0.53; DHV facﬁors went from 11,3% down to 15.8%, while the numbers
of capaclty breakdown days went from 22 down.to 10 with data
pointé in the same order as that of DHV factoré.

"From  the above observations and postulates, 1t ﬁan be seen
exactly how the two explanatory variébles had effects on the
number of capacity breakdown days. It seems that the relationship
is so solid:fhat a forecasting model of the number of capacity
breakdown days can Be established for a given predicted v/g

ratio and DHV factor.

-3l
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Statistical regression model is used to set up the relation-
ship under consideration.
Once the relationship has been set up, forecasts can be

made on the basls of the predicted information of future v/c

ratio and futufe DHV factor. The closer the reiafionship, the
greater the confidence can be pﬁt in‘the forecast,.

Several types éf cﬁrves have been fitted to the grouped
(by the DHV factor groups) and the ungrouped data points. The

resulting prediction equations were derived by fitting to the

appropriately transformed grouped and ungrouped data poinmts, If
£ necessary, with linear regression method, Here are some good

prediction equations:

N Ye = . 25.5561 - 203.5789 X, + 415.3361 X,2 (1-1)
| .
Ye = 27.8549 - 184.4127 X, + 307.8920 x12 (1-2)
Yo = 191,2452 - 602,7018 Xq + 475.5439 xlz (1-3)
Yo = EXP (-3.984 +13.5056 Xl) (2-1)
Ye =  EXP (-0.3990 +5.5617 X3) (2-2)
Yo = EXP (~5.9712+10.2846 Xy} : (2-3)
Ye = 53.5060 - 14.4510/){l (3-1)
. Ye = 288.8818 -146,1958/%, _ (3-2)
: Yo = 41,3539 ~ 24.4094/%, C(3-3)
Yo = -287.5369 4+325,0500 X, + 753.6524 xz ( 4)
Yo = -184,4581 +106,9612 X, + 578.5473 X, ( 5)

+142,5876 X12
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Ye = 9.1578
+399,6268

Yo =-32.2658

F276.2039

Yo =327,6504

ART0 0290

- 182,3915

X, 2

1

1

X

I

~ 123.9896

v.2

00,5406

-

et

4
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45,4969 X

S 2

222.5068 X

239.0974

X
2

(6-1)"

- (6-2)

(6-3)
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Egqs. 1-1, 1-2 and 1~3 are parbolic functions in v/c ratio
(X1) fitted respectively to data points of the DHV féctor groups.
It caﬁ be seen that eq. 1-2 has quite large residuals for low
v/c ratios. However, all three equations have relatively small
residuals. |

Fqs. .2-1, 2-2 and 2-3 are exponential functioms (in Xl) fiteed

respectively to data points of the DHV factor groups{ Eq. 2-2 has

predictions too low for_v/c:ratios between 0.53 and 0.73. All

‘three equations have predictions too high for high v/c ratios in

the respective DHV faétor,groups.

Eqé. 3-1, 3-2 and 3-3 are feciprocal functions (in X;) fitted
%i . to déta'ﬁoints for the DHV factor groups. Eq. 3-2 has predictions
overestimated for v/c ratios between 0.62 and 0.93. All three
ij equations-have predictions undgrestimated,for_high v/c ratios
in the respective DHV factor groups. |
Eq. 4 is a linear function of two variables, that is, v/c

ratio (X1) and DHV factor (Xﬁ). This prediction equétion has

large residuals for v/c¢ ratios around 0.38 and 0.75.
Eq. 5 has, in addition to the two variables in Eq. 4, a

term of second degree in X Thisg prediction equation has better

1
predictions than those of eq. 4 for ﬁany v/c ratios.
& ' Until now, Eqs; 1-1, 1-2 and 1-3 are the beét among all the
J prediction equations under consideration. By adding a variable,
5@ DHV factor (Xz), té the original parabolic functions egs. 1-1,

1~2 and 1-3 respectively, eqs. 6--1, 6~2 and 6-3 are obtained.

The resulting equations have improved predictioms. This is not
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DHV FACTOR GROUP1: DHV FACTOR OVER 20%

X, ¥ RESIDUAL = Yc — Ye

v/c  ACTUAL  RESIDUAL = ACTUAL DAYS - PREDICTED DAYS

RATIO  DAYS Eq. 1-1 Eq.2-1 Eq.3-1 Eq. 4 Eq. 5 Bg. 6-1
0.25 1.00 | 0.38 1.00 1.00 - 0.73 ] - 9.87 _0.09
0.25 1.00 0.38 |  1.00 1.00 0.02 | - 9.29 | - 0.05
0,25 1.00 0.38 1.00 1.00 1.00 ) - 2.35 0.50
0,26 1.00 0.30 _0.12 1.00 1.00 1.00 0.78
0,28 1.00 -0.12 ~0.,50 -0.90 1.00 1.00 0.84
0.32  2.00 ~0.94 ~0.50 56;35 ~8.17 | -11.06 -1.41
0.34 2,00 2.35 ~1.30 ~9.00 4,12 -6.98 ~2.40
0.38  6.00 ~2.17 0.30 ~9.48 -15.38 | -13.10 ~2.75
0.40  13.00 | 2.42 5.60 ~4.38 | -18.65| -13.36 1.44
0.41  15.00 | 3.09 6.50 ~3.26 8,74 8.40 | 3.75
0.42  11.00 ~2.32 | " 1.30 ~8.10 6.01 5.62 ~1.47
0.43 15.00 0.19 4,00 -4.90 -9,82 ~5.39 ~0.04
0.45  21.00 2.95 6.40 ~0.39 -5.80 | ~0.56 2.85
0.48  19.00 | 4.53 | -2.90 _4,40 ~0,97 2.98 ~3.83
0.48 24,00 0.47 2.10 0.60 -11.80 4,17 | 0.22
0.49  28.00 2,48 3.00 3.99 | -6.53 0.85 2.44
0.56  39.00 ~2.80 | -25.00 11.30 12,25 | -1.49 ~2.80
0.56  44.00 2,20 | -20.30 16.30 ~10.27 1.19 2,01
(MULTIPLE) - N , _

CORR. COEF. 0.987 0.975 | -0.851" 0.988
STAND, ERR. 2.32 | | 7.31 | 2.33
OF. EST. |

ABS, MAX.  4.53 | 25.00 16.30 18.65 13.36 3.83
RESIDUAL ' | |
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DHV FACTOR GROUP 2: DHV FACTOR FROM 13% to 20%

RESIDUAL

Xy Y AL = Yo - Y
vle 'ACTUAL  RESIDUAL = ACTUAL DAYS ~ PREDICTED DAYS

RATIO DAYS .Eq. 1-2 Eq. 2-2 Eq. 3-2 Eq. & Eq. 5 | _Eq. 6-2
0.44 1.00 - 5,32 - 6.80 1.00 1,00 1.00 | - 5.04
0.49 | 21.00 9.58 10.80 21.00 2,30 6.00 4.32
0.50 1.00 -~ 11.62 < 9.80 1.00 1.00 1.00 ~ 3.83

0.52 4.00 - 11.21 - 8.10 - 3.74 4.00 4.00 - 5,541
0.53 | 10.00 - 6.60 - 2.80 | ~ 3.04 6.18 6.31 - 476
0.53 | 18.00 1.40 5.20 4.96 10.42 11.41 2.13
0.53 | 20.00 3.40 7.20 6.96 - 1.90 2.42 - 0.10

0.53 | 22.00 5.40 9.20 8.96° | -~ 8.19 - 1.94 - 0.55?
0.55| 21.00 1.43 6.70 ~2.07 12.94 13.82 342
0.55| 23.00 3.43 8.70 ~0.07 - 3.14 1.94 0.08 .
0.55| 25.00 5.43 10.70 1,93 - 1.14 3.94 2.08

0.58 | 28.00 3.53 11.10 ~8.82 2.66 6.99 2.55
0.62 133.00 1.13 11.90 ~20.08 11.23 13.60 4;15:
0.63 | 38.00 412 15.70 ~18.82 11.48 14.59 6.49 °
0.65{ 39.00 0.93 14.10 -24.,97 | -10.61 -~ 2.93 -2.001
0.65| 46.00 7.93 21.10 ~17.97 14.48 17.96 10.34
0.68 1 52.00 7.18 22.50 r21.8§ 11.48 15.64 9.27@
0.70 | 41.00 ~8.63 8.10 | =39.,03 | -17.32 ~10.11 =10.21;
0.73 | 49.00 ~8.31 10.10 ~39.61 ~17.57 ~10.28 - 9.90?
0.93] 112.00 ~10.65 - 6.30 | -19.68 -~ 3.00 | - 3,29 8,91 |
1.00 | 157.00 5.67 ~17.60 14.31 9.45 7.44 457
1.031 167.00 2,45 ~39.30 20,06 9,70 5.55 1.45:
1.07 ] 178.00 - 5.04 ~79.80 | 25,75 9.96 2.03 <5.11
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DHV FACTQR GROUP 2: DHV F/ CTOR FROM 137 to 20%
' (continued)

X Y RESIDUAL

=Y - Yc

v/c ACTUAL RESIDUAL = ACTUAL DAYS - PREDICTED DAYS

RATIO  DAYS.  Eq., 1-2  Eq. 2-% Eq. 3-2 Eq. 4 Eq. 5
1.13 217,00 4.38 ! - 147.90| 57.50 i 30.21‘ 16.37
(MULTIPLE) 0.994 | 0.819 - 0.921}

CORR. COEF | '

STAND, ERR. 6.89 24,70
nFVEST.
ABS. MAX. : ' - '
RESTDUAL 11.62 142,901 57,50 ' 30.20 17.96
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DHV. FACTOR GROUP 3: DHV FACTOR BELOW 137%

RESIDUAL

Xl Y _ = Y - Ye
vie ACTUAT RESIDUAL = ACTUAL DAYS - PREDICTED DAYS
DAYS fq. 1-3 Eq. 2-3 Eq. 3-3  Eq. 4 Eq., 5 Eq. 6-3
1.00 — 1.86 1.00 1.00 1.00 1.00 -~ 2.10
0.6% 1.00 0.71 | ~ 6.70 - 1.61 442 | - 6.21 1.00
.65 - 5,00 4.59 3.00 1.20 5.00 4,15 2.57
0.71 2.00 - 1.05 ~1.80 —4 .97 ~14.35 | -17.48 ~ 0.84
0.7% 3.00 | - 3.71 ~2.70 -5.81 -23.34 | -26.77 - 3.90
ND.79 . 10.00 - 1.90 1.40 -0.46 ~31.60 | =-34.57 - 1.44
0.82 20,00 3.21 8.30 8.41 ~30.60 | ~34.09 2.98
(MULTIPLE) 0,902 0.844] = 0.707 0.961*%  0.969% 0.918
CORR, COEF
STAND. ERR. 3.67 5.37 13.85 12.47 3.89
OF LEST,. :
ABS. MAX. 4.59 8.30 8.41 31.60 34,57 3,90
RESTDUAL

®

The multiple correlation coeff

listed are ungrouped.

—ly L~

icients and the standard errors of estimates



surprising because, as shown in the obéervation (5/A) in the previous
section, DHV factor is highly responsive to the number cof capacity
breakdown days for any assigned v/ec ratio.

Since egs. 6—1;'6—2_and_6—3 cannot be ﬁresented graphically,
eqg, 1-1, 1-2 and 1-3, having predictions not much diffefeﬁt from
those of eqs. 6-1, 6-2 and 6-~-3, ire plotted in Figure 9 to display
the accuracy of the predictions :chieved by these équations.

Note that, in Figure 9, tho:e parts of the prediction éurves
left to the iowest points of the curves and/or lying below the
ho?izontai axis éré discérded. 'redictions on these parts of the
curves are assigned a value of zcro. This rule applies to‘the
rest of:the prédiction equations wﬁen applicable.

The'predictions_obtaiﬁed.frnm eqs: 6-1, 6-2 and 6-3 for
"ALL the data records available ¢ this study are listed in
column (7) in the appendix. The predicted number of capacity
breakdown days are roﬁnded to the nearest integar.

Note.thﬁt the prédictions w: 11 vary greatly for data records
having a v/c ratio somewhere betveen 0.35 and 0,65, and DHV
factor near the critiéal cut-off wvalue 13.0%. It seems that
a curve:corresﬁonding-to the group of data points having DHV
factors ranging from 10.0% to 14 0% should exist. However, in
our data basé which.is used to derive the equations, there-are
only four points falling in.this_group, énd_with these four points
it seems diffiéult fo'establish : good prediction equation.

Although sméll deviation of the model prediction from the

actual situation may possibly be found, the model prediction should
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be closer to the actual situation than any other prediction which

is made in the absence of such enpirical analysis.

If the daily capacity of a ﬁection of road will be ex-
ceeded by traffié volume oncé or twice é vear versus 110 to 120
times a year, our model predicticn will certainly indicate the
rﬂa[‘diffetence bétween these Lwe extreme situatiﬁns. " An evaluation
of the model prediction on the actual highway network may.identify
the mevits of this_forecaSting,piocess.

As more data will be avallal Le in.coﬁing-years, the model

can bé'expected_to be refined.

Y/




CONCLUSION
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' To summarize the analysis and the model prediction of this
report, the following are some new findings:

(1) Congestion has been expressed, in this report, in tarms of

‘capacity breakdown, or, capacity exceeded by traffic volume, Hére,

capacity 1is defiﬁed, theoretically (and pra@tically also, hopefully),
as the maximal traffic volume with implication of traffic condition
in a good level of sérvice. In this.Sense, congestion occurs when
traffic condition is‘in‘level of service D, E, or F.
When the DHV factor on a road Wasﬂéver 20%Z, a v/c ratio of
Q.S of the road would cause, according to the model, at least
20 or 30 days on which traffic conditions were most frequently
in unfavorable level of service, élthodgh.traffic conditions
on the rest of the days ofjtde'year'were guite satisfactory.
On the other hand, wheﬁ the DHV factor on fﬁé road was 107,
a v/c ratio of 0.5 w&uld evidently suffice to provide a good
level of service on the road,
Therefore, two roads having the same v/c ratio may not
always posseés similar traffic conditions during the year. From

this respect, v/c ratio alone can only reflect the traffic

condition on the average day but do not guarantee a good level

of service all the year round.

(2) There is another possible way to illuminate the effect
of DIV factor of the road on the occurrence of an unfavorable

traffic condition on the road.
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Because AADT genefally is .necreasing on a road with passage
of time, so that v/e ratio is a . so increasing if the capacity
of the road will not be significantly improved. However, the
number of capacity breakdown dars in the future year depeﬁds not
only on the magnitude of increase of the v/c rafio but also on the
decreasing éharacteristic of DHV factor of the road.

Two roads have similar v/c ratios and DUV factors may end up
in'sevéral years with different numbers of capacity breakdown
days if the~bHV.factors decreasc with distinct rate. Unfortunately,

our data base is so limited thal no example can be drawn in

support of this assertion.

(3) In addition, note the fact that when the DHV factor on a
road was over 207%, the v/c ratio of fhe road could not exceed
0;6. in oiher wofds; when v/c ratio was very higﬁ (for imstance,
over 0.9), DHV facto; could not be high (that is, over 20%Z). 1In
this sense, a high v/c ratio of over 0.6 may be a restréint to

the occurrence of a high DHV factor of over 207, and a high DHV

factor can reflect a low v/c ralio on the road,

Therefore, for a recreational road with predicted DHV
factor of over 20%Z for some futire year, the capacity of the road
should built to accommodate the future traffic volume so that the
future v/c ratio éan ﬁot exceed 0.6, 1In this case, if the future
v/c ratio exceeds 0.6, then theie will be many days of the year on
which travellers of the road wi'l suffer from excessive congestion

on the road and a good number oi the travellers will be forced to

.change their travel route or scledule, and hence the highway

user's benefits will diminish die to lack of driving comfort,

convenience, rapidity and safet:.

— 46—
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v/fe ratio. When DHV factor was below 117, capacity breakdown

Note also the fact that when the DHV factor on a road was

lower than 20%, capacity breakdown could occur only with higher

occurred élong with considerable high_v/c ratio.

Also, when DHV factor was below 117, v/é ratio seems rarely

over 1.0, This Fact gives us the indication of a capacity

restraint of the road, expressed in terms of a bigh v/ec ratio,
to the trafflc. However, when DUV Factor was higher, this restraiant

seems Lo be -slackened.

f(&) "The usefulness of this wmodel lies in the fact that for any

road. a capacity without the occurrence of excessive traffic
congestion can be confidently determined-forrsome future
year, if the predicted AADT and DHV of the réad in the .
future year are obtainable with reliability. In this sense, tﬁe
model produces a valid joint application for AADT and DHV without
tlie involvement éf other important traffic variables. And also,
the model is a direct offshoot of the existing statewide traffic.
forecasting model,

Furthermore, the model prédiction may be applied to all the
existing as well as planned highways.‘ |

In the case that funds are inadequate to construct all the

roads that should be built according to some other standards, the

model should be able to provide some information concerning the

future capacity adequacy.
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Or, in the case of scheduling priorities for highway
improvements on the existing hijhway network, this model
should be helpful in determininj the magnitude of future
capacity adequacy.

Iin words, the model, which deals with predicting the

frequencies of occurrences of unfavorable traffic conditions,

is pertinently applicable in handling the problem of forecasting

highway capacity adequacy.
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N CAPA~  V/C DHYV NO. OF PRED. NO.

YEAR AADT cITY RATIO FACTOR = DAYS OF DAYS

P.T.R. STATION 1029, ROUTE US-41, M-28

1966 2540 | 7620 |  0.33 14.8 0 .0
1967 2626 7710 0.34 15.0 o 0
) 1968 | 2702 6970 0.39 15.1 o 0
E 1969 | 2787 | 6970 | 0.40 14.5 0 0
1970 | 2877 | 6970 |  o.41|  14.5 0 0
1971 3047 | 6550 |  0.47 14.6 o | 3

P.T.R. STATION 1049, ROUTE us-2

ﬂé 1966 929 7390 - 0.13 17.4 o0 0
1967 946 | 7390 |  0.13]  17.1 0 ) 0

1968 981 5330 | 0.18 18.7 0 0

1969 956 | 5330 |  0.18 17.4 0 0

1970 | 973 5330 | 0.18  17.6 o 0

1971 | 989 5330 | 0.19 19.8 0 0

. P.T.R. STATION 1069, ROUTE US-41

1966 L L L o B
1967 1121 7400 |  0.15 12.0 0 0
1968 1170 5170 | 0.23 11.5 = 0 0
1969 1256 5170 |°  0.24 11.4 o 0
1970 1319 | 5170 0.26 11.2 0 0
1971 1375 5170 0.27 11.3 o 0

[
#

The mark (~) is used to indicate the laék of data.
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YEAR

P.T.R.
1966
1967
1968
1969
1970

1971

P.T.R.

1966

1967

1968

1969

1970

1971

P.T.R.

19646

1967

1968

1969

1970

1971

AADT

STATION 1089,

2648

2503

" 2514
2659
2789

2997

STATION

2117}

2079
2259
2417

2521

2029,

2770

CAPA-

- CITY

ROUTE
7460
7460
5880
5880

5880

5880

RbUTE
8200
8200
8110
8110

8110

8110

STATION 2049, ROUTH

2921
2897
3142
3503
3659

3933

37220
37220
37600
37600
37600

37600

e e i — R | A 0 P L P ks e s sl ai | F S R

v/C
RATIO

Us-41

0.43

0.45

us-2

0.28

6.30

I-75

2.08

7.09

DHV

FACTOR.

13.1
11.9
11.7
11.7
11.4

11.5

25.2
26.3
23.6
23.7
24.8

24,3

23.9
22,7
22.6
22.9
22.1

22.0

NO. OF

DAYS

PRED. 40

OF DA




CAPA- v/ DHV ~ NO. OF PRED. NO.

YEAR AADT CITY RATICO - FACTOR DAYS OF DAYS
P.T.R. STATION 2069,_ ROUTE M-28

1966 1158 7460 0.16 20.8 0 0
1967 1224 7460 0.16 20.5 0 0
1968 1221 6890 0.18 21.0 0 0
1969 1292 6890 0.19 21.4 0 0
1970 1353 6890 0.20 20.8 0 0
1971 1299 6890 0.19 20.2 0 0
P.T.R. STATION 3029, M-115

1966 2525 7710 0.33 23.1 0 3
1967 2657 7710 0.34 23.0 0 4
1968 2853 5980 0.48 22.2 24 24
1969 2924 5980 0.49 21.6 28 26
1970 3364 5980 " 0.56 21.2 44 42
1971 3367 5980 0.56 20.8 39 42
P.T.R. STATION 3049, ROUTE US-31

1966 4855 7790 0.62 14.3 33 29
1967 4457 7710 0.58 15.6 . o
1968 5813 6270 0.93 13.3 112 121
1969 6420

1970 6270| -

1971 6140]

-5(-




| CAPA- L v/C DHV NO. OF
YEAR AADT CITY RATIO. FACTOR DAYS

P.T.R. STATION 3069, 'ROUTE US-131, Mf66

1966 | 1816 - - o 16.5 0
1967 1893 . 6820  0.28 15.4 0
1968 1999 6110 0.33 15.5 | 0
1969 2071  s180 0.34 15.4 0
1970 | 2261 | 6180 0.37 1409 0
1971 2404 " 6180 0.39 15.0| = 0
P.T.R. STA?ION 3089, ROUTI, M—-66
1966 1073 | 6810 0.16 29,4 0
1967 1051 6890 | 0.15 22.4 0
1968 | 1113 | 5210 0.21 22.5 0
1969 1183 | 5210 0.23 23.1 0
1970 1243 5210 0.24 21.4 0
1971 1287 5060 0. 25 22.0 0
P.T.R. STATION '3i09,  ROUT: M-37

1966 3287 - 8040 | 0.41 21.3 15
1967 3407 | 8040 | 0.42 20.7 11
1968 3703 7780 0.48 20.1 19

1969 3820 7870 0.49 19.5 21
1970 4102 7780 0.53 19.3 22
1971 4297 | 7870 0.55 17.9 25

!y 2=

PRED. 1 i.
OF DAY @ -




"CAPA- c/c DHV : NO. OF PRED. NO.

o YEAR AADT CITY. RATIO © FACTOR - pavs OF DAYS
o P.T.R. STATION 4029, . ROUTE US-23
- 1966 | 3294 7620 | 0.43 ' 11.3 | 'b - 0
& 1967 | 3375 | 7620 0.44 11.5 0 0
1968 3565 7040 0.51 11.9 0 0
1969 3907 | 7040 " 0.55 | 13.1 o | 12
1970 4228 | . 7040 0.60 11.3 0 2
1971 4448 | 7040 0.63 .| 11.7 1 0
P.T.R. STATION 4089, ROUTE M-33
1966 | 2041 8200]  0.25 o27.6 1 1
1967 | 2035 8200 0.25 | 27.5 1 1
1968 2219 6880 0.32 25.7 2 3
1969 | 2630 | 6880 0.38 | 24.6 6 9
1970 2953 6880 0.43 | o22.9 15 15
1971 | 3070 6810 0.45 22.3 | 21 .18
P.T.R. STATION 4125; ROUTE US-27
1966 7008 30100 0.23 | 26.8 0o o
1967 7305 | - 37620 0.19 26.2 0 0
| 1968 8116 38000 . 0.21 26.7 0 1
1969 8446 38000 0.22 25.1 0o 0
1970 9345 | 38000 0.25 | o24.8 0 o
1971 9776 38000( 0.26 | 25.2 0 0

-5~



YEAR

P.T.R.

1966
1967
1968
‘1969
1970

1971

P.T.R.

1966
1967
1968
1969
1970

1971

P.T.R.

1966
1967
1968
1969
1970

1971

AADT

STATION

9441
10307
10894
11938
12405

13130

STATION

3046

3332

3603

3719

3975

4468

STATION

4678
4876
5136
5399
5612

5915

CAPA-

CITY

5029,

27100

27400

28860

28860

28860

- 28860

5129,

7540
7540
6820
6820

6820

6900

5149,

6700
6700

5120

5250

5250

5250

v/c

RATIO

ROUTE

0
0
0

0

(.

ROUTE

a.

0

us-27

.35
.38
.38

.41

43

<45

Us-31

.40

b

53

.55
.58

.65

ROUTE US-131

)

.70
.73
.OQ
.03
.07

.13

DHV
FACTOR

15.9
16.0
15.4

15.6

16.7

16.6

18.3

17.7

18.2
17.9
16.5

6.7

15,7

- 15.5

14.6
14.6
14.3

14,2

NO.
DAYS

20
23
28

39

41
49
157
167

178

217

PRED. NC*

OF DAYS . |

20
23
25

41

51

59
152
166
183

212




CAPA- v/cC DHV NO. OF PRED. NO

YEAR AADT CITY FATIO FACTOR DAYS OF DAYS :
P.T.R. STATION 5169, ROUTE M-57
1966 1671 - 7460 0.22 12.6 0 0
1967 | 1976 | 7540 |  0©.26 13,7 - 0 0
1968 2245 6890 .33 12.6 0 0
1969 2502 6970 ¢.36 12.5 0 0
1970 © 2611 6970 0.37 13.1 0 _ 0
1971 2831 6970 0.41 12.9 0 0
P.T.R. STATION 5229, ROUTE. I-96
| 1966 8553 35640 0. 24 12.6 0 0
b 1967 8735 36040 0.24 12.9 0 0
1968 9514 - 36400 ¢.26 12.3 0 0
1969 9981 | 36400 0.27 | 11.8 0 0
1970 10466 36800 (.28 11.9 0 0
1971 11284 36800 (.31 3 11.6 ' 0 0
P.T.R. STATION 6029, ROUTE M-53
1966 2140 8020 (.27 16.9 0 0
1967 1978 8020 (.25 i8.2 ' 0 0
1968 2013 7930 (.25 17.6 0 0
1969 2149 7930 (.27 174 0 ' 0
1970 2240 - 7930 (.28 18.1 0 0
1971 2426 7750 .31 17.9 0 0
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CAPA- v/c - DHY NO. OF PRED. NOj

YEAR AADT  CITY RATLO FACTOR DAYS OF DAYS
P.T.R. STATION 6049, ROUTE Us-25

1966 1756 . L 25.1 13 . {j’g
1967 2079 8290 {  0.25 21.8 0 0 -
1968 2174 | 8100 | 0.27 1 22.6 0 0

1969 2283 8100 |  0.:8 21.5 0 0

1970 2381. { 8100 0.:9 21.4 0 0

1971 2494 8100 0.:1 20.7 0 0
P.T.R. STATION 6069, ROUTE M~78 )

_ | .

1966 9199 28520 |  0.12 11.4 0 0

1967 9173 28520 0.72 10.7 0 0

1968 9959 24640 0.£0 | 10.4 0 , 0

1969 10627 24640 0.43 10.5 0 0

1970 11713 24640 0..8 - 10.9 | 0 0

1971 13406 24640 0.'4 10.7 0 0
P.T.R. STATION 6089, ROUTE M-21

1966 3417 7370 0.:6 12.1 0 0

1967 3245 7460 0.3 12.4 : 0 - 0

1968 3140 6580 | - 0.:8 12.1 0 | 0

1969 3180 6580 0..8 bo12.4 ' 0 0

1970 3208 6580 | 0.!0 | o11.8 0 0

1971 3639 16580 0.'5 11.3 0 0
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CAPA-. - V/C DHV NO. OF - PRED. NO.

YEAR AADT CITY RATIO FACTOR DAYS : OF DAYS
P.T.R.. STATION 6129, ROUTE ' I-75, US-10
_ 1966 19334 | - 36820 0.53 15.8 10 15
- | B o 7 .
1967 | 19569 37220. 0.53 . 16.3 18 ' .16
| 1968 20566 317600 0.55 15.5 21 | 18
- 1969 23515 37600 0.63] - 14.5 38 32
= 1970 | 24295 37200 | 0.65| . 14.3 46 36
1971 | 25346 37200 0.68] 14.2 52 ' 43
= P.T.R. STATION 6149, ROUTE 1-75, US-10, US-23
1966 28120 3 L L
1967 _ 37220 ) o o
» 1968 37600 - - L o
- 1969 37600 | . . .
1970 | 27074 | 37600 0.72| - 12.8 L L
1971 | 28879 56000 0.52 14,2 4 10
P.T.R. STATIQON 7069, ROUTE M=-60
1966 | 3188 . 7400 0:.43 9.7 0 0
1967 | 3182 7570 0.42 9.6 0 0
1968 | 3232 7130 0.45 9.7 . | 0. 0
1969 | 3221 7130 | 0.45 9.3 : 0 0
1970 | 3136 6860 | 0.46] 10.0 . | 0 0
1971 | 3195 | 7260 0.44 10.4 0 0
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CAPA- ViG DHV NO. OF  PRED. N .

YEAR AADT CITY RITIO FACTOR DAYS OF DAYS
pP.T.R. STATION 7109, ROUTE US-131 1
1966 7375 | 26520 0 28 10.7 0 0 :
1967 7547 | 26820 0 28 11.1 0 0
1968 7693 | 28560 027 10.2 0 o
1969 7811 28860 | 0 27 10.5 0o 0

1970 8102 28560 0.28 10.5 0 0

1971 | 8274 28560 0 29 10.1 0 0
P.T.R. STATION 7169,  ROUTE 1-94

1966 12608 35240 | 0.36 11.9 0 , 0 |
1967 12902 | 35640 | 0.36 12.3 0 o
1968 13997 35600 0.39 12.2 0 0

1969 15466 36400 0.42 11.8 0 0

1970 | 16010| 36400 0.44 11.7 0 0

1971 16184 35600 0.45 Coi1.1 0 0

P.F.R. STATION 7189, ROUTE I1-94

1966 12400] 51080 0.24 1 4.8 0 0

1967 13088 51080 0.26 16.5 0 0

1968 13678| 61600 0.22 16.5 0 0

1969 14643| 61600 0 0.24 C16.1 0 0

1970 15015] 61600 0.24 16.1 0 0

1971 | 15869| 62480 0.25 16.0 0 0
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YEAR

1966 .

1967

19638

1969
19790

1971

1966
1967
1968
1968

1970

1971

1966
1967
1968
1969
1970

C1971

AADT
STATION

6978
7035

7406
7769
7991

8608

CAPA-
CITY

8029,

26220
26520
27620

28240

135300

34540

STATION 8109,

9023
8644
8984
10040
10459

10848
STATION

3125
3034
3144
3320
3464

3551

26810
26810
28420,
28420
28420

27080

8129,

6410
6480
4410
4410
4410

4310

V/C

ROUTE

ROUTE

ROUTE

RATIO

US-127

.27
.27
.27
.28
.23

.25

Us-25

.34
.32
.32
.35
.37

.40

Us-12

.49
AT
.71
.75‘
.79

.32

DHV

NO.
FACTORS DAY S
11.3 0
11.6 0
11.5 0
11.1 0
11.7 0
11.6 0
10.8 0
10.6 0
10.5 0
10.2 0
10.4 0
9.8 0
9.5 0
9.7 0
9.7 2
9.3 3
9.6 10
9.5 20

PRED. NO.:
OF DAYS

11

17
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oo : "CAPA- v/C - DHV NO. OF PRED., NO.
YEAR AADT ~  CITY RATIO FACTOR ‘DAYS OF DAYS
P.T.R. STATION 8149,  ROUTE T-94 S
1966 35667 36040] (1.99 9.2 . o
1967 i . . |
1968 - 61380 ) o . :
1969 61380 i L . .
S <
1970 . 61380 ] L _ =
P.T.R. STATION 8169, ROUTE US-24 2
1966 4093 32570] 0.13 11.6 0 0
1967 4073 32220 0.13 9.4 0 0 ,
1968 5223 | 34000 012 9.4 0 0 *
1969 4485 ~ 34000 S 0.13 9.4 0 0 w1
| , L
1970 4591 34000] 0. 14 9.4 0o 0
1971 5023 | 38880 0.13 9.3 0 0 o
P.T.R. STATION 8189, ROUTE 1I-75
1966 19308 - 33660  0.57 9.9 0 -0 ‘
1967 19325 34060 0.57 9.9 | o 0
1968 20348 ] 35200 .58 9.9 0 0 o
1969 22044 35200 n.63 | 9.5 0 0
1970 21995 35200 0.62 : 9.7 0 0
1971 22782 35200 0,65 9.6 5 0

0



CAPA- v/C DHV - NO. OF PRED. RO.

YEAR AADT CLTY RATIO FACTOR DAYS  OF DAYS
o P.T.R. STATION 8209, ROUTE 1I-96
1966 22623 | | 12.8 0 B
1967 21739 55240 0.39 12.0 0 0
1968 24712 65100 1 0.38 13.6 0 0
1969 32605 65100 0.50_ 13.5 1 , 5
i 1970 34618 | 65100 0.53 13.2 0 9
- 1971 | 36259 65100 0.56 12.7 1 0
P.T.R. STATION 8229, ROUTE US-23
1966 12639 | 28820 | 0.44 13.8 0 | 0
l 1967 13143 | 29140 0.45 13.5 1 o 0
1968 | 14375 .| 29760 0.48 13.5 0 2
5 1969 | 15480 | 29760 0.52 12.9 0. 0
1970 16066 | 37200 0.43 12.9 0 0
1971 17468 37200 0.47 12.6 0 0






