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I. SUMMARY AND CONCLUSIONS

The Highway Capacity Manual's accuracy in estimating capac-
ity of approaches at two-way signalized intersections was tested.
In addition, revisions were made to four of the factors used in
the Manual and the accuracy of the Manual's method using the
revised factors was tested. As a result, the following revi-
sions to the HCM factors are suggested:

a) A reduction in turn corrections for narrow streets

(Tess than 15 feet for "no parking" and less than
20 feet for "parking"), up to 10 percent turns.

b) For estimating the population, use the population

of the municipality plus the population of the sur-
rounding municipalities, in dense suburban areas.

c) Use factors for the "location in the metropolitan

area" for two-way streets that are consistent with
the factors for one-way streets.

d) Use a maximum correction factor for "near side bus

stops" of 1.0.

Using 20 percent as an acceptable efror range, results indi-
cate that the Manual (unrevised) has errors in excess of +20 per-
cent for half of the study samples, while the Manual (with revi-
sions) has errors in excess of +20 percent for one-quarter of
the samples.

The large varijation that was found to exist in the capacity
of signalized intersections could not be satisfactorily explained,
even though certain parameter adjustments to the HCM resulted in

dramatically reducing the percent error of the estimates. The



authors can only conclude that no estimate for capacity should
be made for existing intersections; the capacity of an inter-
section should be measured directly in the field.

The sample data were also used to test the accuracy of
the modified Bellis' method of data collection and it was found
that an error in excess of +20 percent existed for 15 percent
of the sites.

Three separate staffs (New Jersey Department of Transpor-
tation and two consultants) combined their efforts to supply
input for this study. Data at one hundred and fifty sites
were collected, but less than 60 percent of the sites had data
that were considered useful. It is evident that continued
efforts to extend this program using the current methods of

data collection would be extremely time consuming.

II. INTRODUCTION

A. Background

The use of standardized methods of estimating capacity
at signalized intersections has been sought for at least 25
years. The publication of the 1950 Highway Capacity Manuall
(HCM) was the first extensive effort made toward this objective.
The 1965 HCM added parameters not previously covered in the
1950 publication. Meanwhile, many engineers were continuing
to use their own techniques for capacity estimation, because of
a lack of accuracy in the use of the HCM, a complexity in using
the Manual they did not deem necessary, the use of parameters

which were too subjective, and several other reasons.



The current HCM has been the subject of several studiesZ:9,6,7
into the applicability of the parameters, the accuracy of re-
sults and the modification of the approach used to determine
capacity.

A study by the New Jersey Department of Transportation2
was conducted to simply determine the accuracy of capacity esti-
mation of the HCM. Generally, the results of this study indi-
cated that the HCM capacity estimates were inaccurate by at
least 20 percent for half of the approaches studied. Within
the scope of a limited study sample, the results indicated an
inaccurate quantification of some of the parameters in the HCM.

B. Objectives

As a result of the previous New Jersey Department of Trans-
portation studyz, an expanded work plan was developed to study
and revise the parameters of the HCM in an effort to improve
its reliability as a Manual for estimating capacity.

In addition, more intensive analysis was performed on the

Bellis method3 of capacity estimation, that was developed using

data collected in New dJdersey.

ITI. STUDY METHODOLOGY

For a detailed explanation of the two methods of capacity
estimation that are examined in this study, we refer the reader
to References 1, 2, and 3. Both the Highway Capacity Manual
and Bellis techniques are compared to a field measurement of

capacity (ALE). ALE is considered to be the most accurate



method of determining the capacity of a signalized approach,
and represents an expansion of the average number of vehicles
per loaded cycle. For example, if there were an average of

20 vehicles per loaded cycle and 60 cycles per hour, ALE would
be 20 x 60 or 1,200 vehicles per hour.

Briefly, the HCM method of capacity estimation combines
factors for several environmental and traffic conditions, which
are applied to a basic volume; the basic volume is determined
by the width of approach and parking condition at the site.

The Bellis method of capacity estimation uses a more sim-
plified technique. The method, as presented in Reference 3,
has been modified in this study to include a factor for right
and left turns. Basically, a lane capacity volume is given
for each of the four types of street for a specific green
period. This volume is adjusted by the number of lanes, the

number of cycles, and the percentage of trucks and turns,

A. Data Collection

With the primary object of this study aimed at improving
the reliability of the HCM parameters, it is evident that the
interaction of so many variables would require an extremely
large sample size. The estimate of "Approach Volume" is depen-
dent on ten separate variables; many of these variables have
a wide range of application. From the initial planning, it
was decided to try to incorporate the consultant's data col-
lection under the TOPICS Program, since it would be impossible

to amass the information with our own forces.



One consultant's field crews were trained. After direct
supervision at a few intersections, the consultant's field
crews were left on their own. The data collected (21 samples)
in this manner were found to have a variety of inaccuracies,
thus resulting in our using only 38 percent of the data col-
lected.

A second consultant volunteered his input (24 samp]és).
His field crews were not trained by the New Jersey Department
of Transportation, but he collected saturation flow information
in addition to the HCM parameters, However, only 50 percent
of these data were useful in the analysis.

New Jersey Department of Transportation field crews tabu-
lated 106 sample sites. Some of these samples were reruns
because of inaccuracies in the original data. Sixty percent
of these data were finally used in the analysis.

Tables 2 and 3 in the Appendix 1ist the characteristics
of 122 sites; 85 of these sites were finally used in the analy-
sis. Although 151 sites were originally studied, some have
not been tabulated in Tables 2 and 3. Typical reasons for
this are:

a) The load factor (L.F.) was zero, or

b) The data were inaccurately collected in the

field.

With the variety and enormity of unusable data, the origi-

nal plan for the study had to be modified to accommodate the

limited input that was available for the modification of so



many parameters in the HCM. The revised method of analysis
is explained below.

Because of the lack of available one-way streets, only
two-way approaﬁhes were used. The method of collection was

similar to the original MNew Jersey Department of Transporta-

tion studyz.

B. Data Analysis - "Highway Capacity" Method

The major steps in the analysis are as indicated below.

First, the HCM capacity is estimated using the adjustment
factors in the Manual. This includes use of the "PHF - Metro-
politan Area Population" factor. The population used for this
factor is the population of the municipality in which the inter-
section is located plus the population of the adjacent munici-
palities.

Second, the HCM estimate of capacity is again computed,
but no adjustment is made for the peak hour factor (PHF), The
reason for using no adjustment is that the PHF correction
accounts for delays due to peaking traffic and not for reduc-
tions in capacity. Since ALE does not make subjective judag-
ments concerning delays, the HCM estimate for capacity is
computed without a PHF adjustment, thereby putting the HCM
estimate on the same basis as ALE.

Third, the parameters of the HCM are studied for their
rationale and accurateness (as determined from prior studies)
and changes made accordingly. Estimates of capacity are again
made, using the revised factors, but acain without applying a

correction factor for the PHF.



The estimates of HCM capacity derived from these three
steps are then compared to the ALE values for statistical
differences.

The last step in the analysis would be to adjust the
ALE capacities as determined from the field conditions by
those basic conditions defined in the HCM charts (HCM Fig-
ures 6.8 and 6.9), as revised in the third step above. With
the adjusted ALE values, a new curve should be computed for
the 1.0 load factor condition. The resulting set of curves
and adjustment factors could only be accurately checked with
an entirely new set of field data. However, the utility of
the HCM method of capacity estimation is currently under
question and may be soon subject to complete revisions, Hence,
this program wi]]inot be continued until the ocutcome of the
current thinking is resolved.

Although data collected at sites included load factor,
no examination of the HCM estimate at various levels of ser-
vice was attempted. There were two reasons for this. The
first was that it was not possible to adequately define a
1oaded cycle such that two individuals would each have equal
assurance of its loaded condition. The resulting situation
would reflect a wide variation in the load factor for equal
service volumes. Although the level of service variation
would be large, the average number of vehicles per loaded cycle
would not be, thus maintaining reliable capacity estimates,

The second reason is the variability encountered in un-

loaded cycles. Assuming the loaded cycles were accurately



defined, the unloaded cycles could contain any number of vehi-
cles up to the number needed to load a cycle.

This variability results from an inability to measure the
volume to capacity ratio of individual unloaded cycles. For
a given period of time at a given intersection, this ratio
will not vary significantly. However, when many intersections
studied at different periods are considered, this ratio can
range from near zero to one. Because of this, it would be
possible for two intersections with similar physical and envi-
ronmental characteristics to have great differences in volumes
at equal load factors.

C. Data Analysis - "Bellis" Method

The revisions that have been made to the HCM parameters
that apply to the Bellis method are also made here. The most
prominent correction is for turns. Otherwise, the procedure
for estimating capacity by this method is similar to that out-

lined in Reference 2.

D. Revisions to HCM Parameters

1. Turning Movements - The quantified adjustments for

turns (found in Tables 6.4 and 6.5 of the HCM) reflect basic
approach volume decreases for increases in the width of ap-
proach (0% turns), at two points of each curve., Refer to
Figures 1 and 2 for the actual differences in service volume
at the smaller widths. To overcome this apparent disparity
for turns less than 10 percent, the turn factors of the HCM
will be discarded for the lower approach widths, up to 10 per-

cent turns. For example, for a 14-foot approach (with no
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parking) the factors for 16 to 24 feet (0% to 10%) will be used
and the factors for & 15 feet will be used for turns in ex-

cess of 10 percent.

2. Metropolitan Area Size - The choice of metro size was

always a matter of concern. Three choices exist for the engi-
neer:

a) The population of the municipality itself,

b) The population of the municipality and the surround-

ing municipalities, or

c) The population of the region in which the munici-

pality exists.

The two former choices are straightforward. However, judg-
ment again enters the decision in the latter choice. For the
current study, all three choices are tried and the "regional”
approach makes use of three main areas: New York City (1 mil-
Tion plus), Trenton (1 million), and Philadelphia (1 million
plus). The HCM estimate of capacity for all samples is tabu-
lated, using each of the three choices, but without the adjust-
ment for the PHF. The mean and standard deviation is then com-
pared for each choice.

Because of the 75,000 lower limit to population found in
the HCM charts, this is the smallest factor used in this study.
One Tast difference that should be noted with the HCM
adjustments for the "PHF - Metro Size" is the adjustments for
two-way streets with no parking. These adjustments are three

percent to four percent Tower than all the other charts., No



tests will be made of the data to check this difference, since

it is too small in relation to the magnitude of adjustments

for all other parameters.

3. Location within Metropolitan Area - Two primary reasons

exist for adjusting the HCM factors for metropolitan location.
As indicated in Reference 6, the disparity in the basic approach
volume curves between one-way and two-way streets is made even
greater with the application of the "fringe" area adjustments
(Figure 3). In addition, the HCM description of the various
areas defines levels of pedestrian and commercial vehicle activ-
ity in the different areas. Hence, for this study the following

factors are used with the basic HCM curves, for the two-way

streets:
CBD FRINGE 0BD RESIDENTIAL
1.00 1.10 1.15 1.25

These factors do not consider the "pressure” of traffic in the
busier areas, but they are an attempt to equalize the disparity
between one-way and two-way streets, considering the HCM descrip-

tion of these areas.

4, Local Transit Buses - The prior New Jersey Department

of Transportation study {(Reference 2) had indicated that large
HCM capacity estimate errors were resulting with the use of
the bus adjustment factors for "near side bus stops on streets
with parking."” For this study, the adjustment factors for

"near side with parking" will cut off at 1.0.

- 12 -
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5. Parking Conditions - An attempt is made to overcome

some of the judgment that exists in determining whether or not
an approach has parking and to what extent parking affects the
capacity. The sites with parking are plotted, by width, against
the ALE capacity (Figure 4). A visual inspection of the dis-
tance of parking from the stop line would be incomplete with-
out the associated percent of left and right turns and the
indication of a bus stop.

The impedance to the movement of traffic that is offered
by parked vehicles is similar to that of a narrow street. But
the parked vehicle would appear to have less affect at 200
feet than at 100 feet.

A multiple linear regression analysis will be made of the
aforementioned variables to determine the effect of the dis-

tance of parking from the intersection.

IV. RESULTS

A. Highway Capacity Manual

1. Error of Estimate

Mean and standard deviation percentage differences of the
HCM estimates and ALE (refer to "Data Analysis - HCM") are as
shown in Table 1.
TABLE 1
AVERAGE ERROR OF HCM CAPACITY ESTIMATES

2 KNP 2 Wp
Method of Fal Std. % Std.
Estimate Error Dev. Error Dev.
HCM (Unrevised) +10 27 +7 24
HCM (Without PHF) +23 30 +22 25
HCM (Revised) +4 24 +5 17

- 14 -
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An individual listing of the error by site is shown in the Ap-
pendix in Tables 4 and 5, The error of the "unrevised HCM"
was expected to be negative, assuming the correction factors
in the Manual are accurate. The reason to expect a negative
error is that the Manual uses an adjustment for the peak-hour
factor that is similar to the PHF itself; hence, an adjust-
ment is made to the "approach volume" that is less than 1.0,
The comparabie volume for ALE has no adjustment for the "peak-
ing" effect of traffic at the iqtersection approach.

The second set of errors listed in this Table is for the
HCM estimate without an adjustment for the PHF. Hence, it
should have a zero error with ALE, assuming the correction
factors of the HCM are accurate. Because the data used to
develop the HCM (unrevised) estimate had a PHF average of ap-
proximately .85, the error for the HCM (without PHF) can be
expected to be approximately 15 percentage points higher than
thé HCM (unrevised). However, the percentage error shown indi-
cates that the HCM (without PHF) capacity estimate is from 20
to 25 percent higher than actual field conditionsvindicated.
Moreover, the error as shown, gives no indication of which
parameter and to what extent a parameter's adjustments are in-
accurate.

The third error is with modifications to all the existina
HCM parameters (as outlined under "Study Methodology"), and
without an adjustment for the PHF. Adjustments can be made for

the PHF at the discretion of the user with the understanding

- 1€ -



that they represent a subjective reduction in the intersec-

tion's ability to handle traffic on an hourly basis. In ef-
fect, no peak hour adjustment would be made if we were will-
ing to let drivers wait on the approach. The effectiveness

of the adjustments to the HCM factors is evident in the com-
parison in Table 1 of the "Without PHF" and "Revised" esti-

mate errors. Further comparison can be made in Figure 5.

There is no conclusive evidence that the choice of adjust-
ments by ihe authors is the best one to make. To more accu-
rately test the effect and subsequent adjustments for some of
the factors in the HCM, the variation of a parameter would
have to be controlled at a single intersection approach. The
ability to exert this control may never be within the power
of a researcher, since there are ten distinct parameters that
are used to vary the estimate of capacity in the HCM, OQOnly
two parameters could be tested in fhis study. They are park-
ing and the metropolitan area size.

2. Distance of Parking to Intersection

As a result, the authors have defined as closely as pos-
sible those features common to an intersection in an attempt
to determine the effect of parking on an intersection's approach.
A multiple linear regression analysis of the data shown in
Figure 4 showed that the use of the distance to parking from
the stop 1ine had no significant affect in a regression equa-
tion defining ALE. However, the previous reasoning that implied

an improved ability-of an approach to handle demand, with parking

-17 -
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removed to 200 feet (as opposed to 20 feet) is more logical
than the stafistica] results indicate. Hence, the results of
the regression analysis‘highlight the need for a more control-
led testing of this parameter.
3. Metropolitan Area Size Factor
Another comparison was made on the‘choice of any of three
values for the "Metropolitan Area Size." The percentage error

of HCM (vs. ALE) using these values is as follows:

Two-Way Two-Way
No Parking Parking
Municipality 17% 17%
Municipality + Surrounding Area 23 22
Region 40 40

As might be expected, the difference in percentage error of
the first two values is approximately equal to the difference
in factors. However, the third value's error far exceeds the
proportional difference.of the factors. Essentially, the logic
for using a "Metropolitan Area Size" factor equivalent to the
municipality plus the surrounding area's population appears to
be reason enough to overlook the small difference in percent
error.
4. Adjustment to Approach Volume Curves

The final step in the HCM analysis was the attempted deri-
vation of a revised "Approach Volume" curve, using the values
for ALE, but modified by the adjusted HCM parameters, thus allow-
ing a direct comparison with the HCM curves. A careful review
of both Tables 4 and 5 (Appendix) indicates the need for reposi-

tioning the basic curves relative to the width of approach.

- 19 -



Table 4 has one and two lane data combined. As an example,

the "fringe" location sites extend from PH-1W through RS-21,

O0f these, the first 7 sites and the ninth site are used as a
single lane approach and the eighth and the tenth through thir-
teenth sites are used as two lane approaches. Within each of
these groupings, the width of approach increases from 14 feet
through 19 feet (for the single lane) and from 19 feet through
26 feet (for the two lane approaches). The regression analyses
grouped the data accordingly and was performed for each of the
following groupings:

a) Two-Way Parking

Fringe only (40 samples)

b) Two-Way Parking A1l sites combined (56 samples)

¢) Two-Way No Parking

d) Two-Way No Parking

Two lane approaches (8 samples)

e) Two-Way No Parking A11 sites combined (20 samples)

The percent error of the HCM (revised) varies from a neqa-
tive error for the lower width streets to a positive error for
the higher width streets. In effect, this would indicate a
“flattening" of the basic approach volume curve. Figure 6
gives the results of this analysis against the background of
the curves currently shown in the HCM.

The adjusted ALE curves for one and two lane two way no
parking yield reasonably high correlation coefficients. How-
ever, the one lane curve shows a decréase in capacity for an
increase in width. The two lane curve is also questionable.

Extremes in the values for ALE for the higher and lower

width streets account for the shape of the computed curves,

- 20 -
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Inspection of ALE capacities as collected under field
conditions (Tables 2 and 3) shows why the adjusted curves are
questionable. Undef constant physical and environmental con-
ditions, there is great variability in the actual capacity (as
measured by ALE) for similar types of intersection approaches,
There are several cases where increased percentages of turns
yield increased capacities. This appears contrary to the
rationale behind the HCM turn correction factors in which turns
have a decreasing effect on capacity.

The variability found for the actual capacity of similar
intersection approaches leads to the conclusion that capacity
estimation, in its present state, can be subject to large inac-
curacies. It is the opinion of the authors that these inaccu-
racies render the Highway Capacity Manual uséfu] only for gross
estimates.

The capacity of specific locations should be determined
using the intersection data and not generalized information
from the HCM,

B. Bellis Method

As defined in References 2 and 3, the Bellis method for
estimating capacity does not consider width of street and park-
ing; only the type of street and number of lanes are taken into
account, Although there are four types of streets for the
Bellis curves, only the CBD (Type 1) and those streets out-
side the CBD that allow both right and left turns (Type II)
had sufficient sample sizes to consider in this study. The

percent errors of capacity estimate are summarized as follows:

- 22 -



Standard

Type No. of Samples % Error Deviation
1 10 -19 8
Il 72 2 13

These errors are almost identical to those found in the
previous study (Reference 2). The resulting upward adjustment
to the Type I capacity curve would be sufficient to satisfy
the discrepancy.

Although the standard deviation of the percent error for
Type 11 approaches is high (indicating the need for further
refinement to the technique), the standard deviation is far
less than that experienced with the HCM capacity estimates.

C. Data Collection

A very low proportion of intersections was used, com-
pared to those that were studied. Hence, an extremely costly
and time consuming effort would be required in extending the
data collection effort in this study, With only 56 percent
of all sites sampled being used, there would have to be sub-
stantial reasons to continue this study using the initial
data collection format. A more productive approach may be
found by varying parameters at individual sites,

In summary, the major percentage distribution of the

use of the data is as follows:
Useful data - 56%

Non-useful data - 44%
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[Reasons for non-useful data]

Zero load factor - 13%
Inaccurate - 8
Lane use variation - 5
High turn or truck percent - 5
Large green phase variation - 4
Miscellaneous - 9

Only eight percent of all data collected was rejected because
of inaccuracies on the part of the data collectors,

The variation of the number of vehicles per loaded cycle
for any one intersection approach can be defined by thé standard
deviation of the number of vehicles per loaded cycle, for that
approach. Figure 7 is the frequency distribution of the stan-
dard deviations for the intersections in the two way parking,
fringe category. As expected, a skewed distribution to the
right results. There was absolutely no correlation of the
standard deviation with the average number of vehicles per
loaded cycle. Hence, the distribution of the standard devia-
tion, as shown in Figure 7, could result for most of the range
of average loaded cycle data (6.5 to 17.5 vehicles per loaded
cycle). Inspection of the distribution only substantiates
the variability of cycle to cycle activity that could result
at an intersection.

An indication of the repetitiveness of the field measure-
ment of the actual capacity of an intersection approach (which

is expressed as ALE) is shown in Figure 8. Eighteen intersections
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were sampled a second and third time, The percent difference
between repeat samples, as indicated by the frequency distri-
bution of Figure 8, averages ten percent, Expréssed in other
terms, 90 percent of the repeat estimates of capacity (made
from field measurements) were within ten percent of the orig-
inal estimate. The variation of field measurement of capacity
for any one site can only be hypothesized, but the reasons

can vary from differences in drivers through the environmental

and traffic changes.
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TALLE 2
PHYSICAL, ENVIRONMERTAL AND TRAFFIC CHARACTLRISTICS OF STUDY LOCATIOHNS

THO-WAY HO PARKING

Site Appr.], Metro2 Metro2
Hidth Loc. Pop.

(1000's)
ss-26 1001 A 72
ss-20 1071 FRNG 75 56
EBL-1S 101 FRNG 250 .85
RS-15°  13/1 FRNG 250 .86
P 14/) FRG 100 .89
PH-TWRE  14/1 FRHG 100 .93
EI-SH  14/1  FRNG 250 .84
PC-2SRE 15/1 . FRNG 100 7
PC-2S 15/1 FRNG 100 .79
E1-30  16/1 FRNG 250 .86
E1-36 19/) FRNG 250 .88
E1-2s  19/2  FRNG 250 - .91
EI-2SRE 19/2  FRNG 250 .86
EI-2NRE 19/1 FANG 250 .83
MEP-31  20/2 FRNG 79 .86
EBL-2WRE 20/2  FRNG 250 .86
RS-19°  2271.2  FRNG 250 .86
EI-1E 252 FRNG 250 81
EI-W 25/2  FRNG 250 .81
RS-16°  26/2  FRNG 250 .87
Rs-21°  26/2  FRNG 250 .87

EG-1W 30/2 FRNG 250 .87

PHF2 L.F.

2

% LT,

0/0
0/0
62/56

6/7

/7 -
42/41
29/31
3127
15/15
mumn
14714
14/14
16/15
27722
30/30

18/13
2/2

17
2/2

% RT.

29/30
33/3%
u/m

37/37
47746
15/14
9/10
1/12
9/8
7/9
10/9
13/12
31/29
1417
a/4

34
8/7

15
i

Trucks3

%

4/5

475
/7

on
on

6/4
4/4

6/5

3
Buses
#/Side

0/0/K

0/7/K

/0/N

4/8/N

Cycle

70
70
80
M

80

80
90
90
90

. 90

90
90
90
90
70
70
70
90
90
70

70
90

Creen
Time

25
32
3
36
30
30
29
a
a1
kY
51
34
34
34
32
29
27
45
a7
3

3
54

Serv.
Vol,
(vphg)
1300
1488
809
895
1379
1544
1161
1013
859
1099
1264
1828
1878

. 950

1272
1927
1308
2092
2029
1445

1600
2200

Capac1ty4
(ALE)
(vphg)

1882
1674

966
1167
1466
1624
1249
1285
1168

- 1094
1399

1976
2
1176
1785
2348
2179
2640
3013
72280

2267
2636

Comments

See Note 6,
See Note 6,
73%>turns - See Note 7.
See Note 10,

Reclassified as CBD.
Reclassified as CBD.

See Note 9.
Reclassified as CBD.
Reclassified as CBD.

See Note 8.
See Note 11,
See Note 11.

See Note 9.
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LE

TWO-WAY NO PARKING (CONTINUED)

Site Appr.y
Width
RS-16°  9/1
RS-22°. 9.5/1
MEP-TH 10/1
B2 1471
EN-1S 1471
MET-1E 15/1
MET-IN 1571
RS-17°  18/1
SB-1E 18/2
EM-1E 18/1-2
$8-15 2072

5
RS-14(A) 20/2

5
RS-14(B) 20/2
5

RS-20°  20/2
Rs-12° 1071
Rs-23°  10/1
MEP-2E  11/1

MEP-2EIT N/
EB-1S 30/3

Metro2
Loc.

RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES

CBD
CBD
cab
CBD
CGb

Metro2

Pop.
(1009's)

250
250
75
75
250
250
250
250
75
250
75
250~
250
250

250
250
75
75
250

TAGLE 2

PHYSICAL, ENVIRONMCNTAL AND TRAFFIC CHARACTLRISTICS OF STUDY LOCATIONS

PHF

.89
.84
.89
.78
79
57
.93
.79
.85
.85
.81
.80
.91

.89

.87
.81
.87
.84
.81

L.F.

2

% LT,

31

. 0/0

25/21
8/9
5/9-
2/3
10
21/21
6/5
/M

16
62/59
70/60
41/39

3

19/23
1210
21/23
17/18
67/65
n
8/8
20/23
25/27

2
0
15/17
15/18
3/3

% RT.3

Trucks3

v
A

1/2
2N

- 2/3
2N

0/0

1/2
0/0
mn

;
3
6/6
14/7
8/5

3
Buses
#/51de

3/2/N

Cycle

90
70
70
70

€0

70
70
70

70

60
70
90
90
90

n
70
70
70
80

Green
Time

63

26

27
26
26
28
3
3
36
24
25
3
3
55

39
32
29
29
48

Serv.
Vol,
(vphg)
1291
1402
1129
1035
954
877
1359
1022
1370
1852
2308
2520
2616

1751

839
783
1077
911
1792

Capacity4

ALE)

vphg)
1486
1455
1173
1246
1385
1683
1454
1156
1605

. 2014
. 2570

3314
3227
1833

107 -
978
1260
1204
2200

Comments

See Note 6.

68% turns - See Note 7.
See Note 6.
See Note 8.
See Note 6.

Two-lane approach narrows to
one lane downstream - Data were
not used.

Left-turn lane also used for thru
movement - data were not used.
77% turns - See Note 7.

85% turns -~ See Note 7,

See Note 11,
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THO-WAY MO PARKING {CONTINUED)

TARLE 2

"PHYSICAL, EHVIROHMENTAL AHD TRAFFIC CHARACTERISTICS OF STUDY LOCATIONS

Site

EO-4E
£0-45
MNB-IN
RS-13
MET-21
MET-2N

Appr.]

Width

14/1
16/1
18/2
21/2

22/2.

26/2

Metro2

Loc.

0BD

08D
0BD
08D
0BD
0BD

Metr02

Pop.

(1000's)

250
250
100
250
250
250

YApproach width/Number of lanes

PHFZ LLF.
90 .23
76 .27
90 .12
g5 .02
87 .39
83 .31

2

b4 LT.3

23/18
372
28/34
0
17/15
207]8

% RT.3

18/20
5/8
2/3
Ik
53/52

IR Y7

Tfucks3
%

8/6
11/8
o

6/6 *
6/6

3
Buses
#/51de

25pe definitions in Highway Capacity Manual, Chapter 6 (HRB-SR 87, Pgs, 115-121)

Metro Loc - Location in Metropolitan Area
Metro Pop - Metropolitan Area Population

PHF

- Peak Hour Factor

L.F. - Load Factor

Cycle

60
60
70

70

70
70

Green
Time

21
k1
N
42
21
39

Serv.

" Yol

(vnﬁg)

577
862
1330
1150

1420

1977

Canacity4

(ALE)
{vphg)
8ne
1191
1708
2317

1827

2294

Comments

Excessive delays during loaded
cycles - data were not used.
Reclassified as CBD.

See Note 11, .
70% turns ~ See Note 7.
Reclassified as CBD.

3Expanded loaded cycle data/peak hour data - In Buses column, F or N following second slash indicates near or far-side bus stop.

Speak hour data unavailable

6Large variation in green phase -~ data weré not used.

g - Average loaded cycle volume expanded to full volume

Tfew samples avaflable having 60%+ turns - data were not used.

BCombined one and two-lane operation - data were not used.

SLoaded cycle data were inaccurately tabulated - data were not used.

10Traffic back-up due to downstream signal - data were not.used.

1lLoad factor too low to allow accurate expansion of loaded cycle volume - data were not used.
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TWO-WAY PARKING

Site Appr.]
Width
PC-3t 16/1

PC-3ERE  16/1
PC-3WRE 16/1

Rs-27° 1
RS-295 171
MNB-2W 1771

RS-2711 1771
RS-2911 . 171
MNB-4WIT 18/1
MN-H11118/1

MNB-dW 18/
$S-IN 18/
PC-2E 18/1
PH-IN 1871

PH-INRE 18/1
PC-2ERE  18/1
MNB-4S1T 19/1
MNB-4S11119/1
MNB-45 19/}
EI-1SRE 19/

Loc.

. FRAG

FRNG
FRNG
FRNG
FRNG
FRNG
FRNG

FRNG

FRNG
FRNG
FRNG
FRNG
FRNG
FRNG
FRNG
FRNG
FRNG
FRNG
FRNG
FRNG

Metr02

Metro2

Pop.
(1000's)

250
250
250
250
250
100

250

250
100
100
100

75 .

250
100
100
250
100
100
100
250

PHYSICAL, ENVIRONMENTAL AND TRAFFIC CHARACTERISTICS OF STUDY LOCATIONS

TABLE 3

PHF? L.F.
.85 .13
83 .13
84 .35
.85 .52
.83 .4
T2
.84 .24
78 .16
.84 .59
8245
.88 .33
.90 .18
.85 .38
.96 .40
.94 .69
75 .52
.86 .43
80 .41
.83 .45
87 .25

2

% LT,

23/20
12/15
28/28
0
4
13/12
7/4
25/25
5/5
2/2
2/3
Zak!
8/8
2/3
2/2
10/10
31730
32/33
1716
2117

3

% RT.3 .Trucksa Buses3

36/33
8/20
18/18
3
12
10/9
26/26
913
8/8
12412
9/10
1§/i3
14/¥g

2/4 .

2/2
9/9
n/m
13/1
26/21

26/31

%

5/5
8/5
5/5

#/51de

2/2/F

LX)

Cycle

90
90
9q
70

70

70
70

70
70
70
80
90
80
80

70
70
70
90

Green
Time
33
33
33
28
28
30
25
25
28
28
35
36
43
40
40
43
N
K}
25
33

Serv.
Vol,
{vphg)
669
885
1148
1000
934
697
675
888
1185
nz
998
813
1146
1328
1428
1218
850
866
1157
760

Capacity4

ALE)
vphg)

851
1287
1379
1184

1184

1249
904
1142
1313
1392
176
ns
1194
1386
1553
1451
1094
1143
1372
851

Comments

See Note 9.

Reclassified as residential,

High percentage of trucks - data
were not used.
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THO-WAY PARKING

Site

EI-1S
uP-1sII
UP-TWII
El-4W
CC-
SP-1E
sP-15
RS-30-a°
RS-30-b5
RS-319
RS-367
RS-3011
PC-3SRE
RS-345
PP-1WRE
PP-1W
RS-385
RS-375
RS-3711
RS-3811

Appr.]
Width

191
201

20/v:

20/1
20/1
201
201
20/1
201
201
20/1
20/1
20N
2/
22N
221
22N

211

an
221

Metr‘o2

Loc,

FRNG
FRNG
FRNG
FRNG
FRNG
FRNG
FRG
FRNG
FRNG .
FRNG
FRNG
FRNG
FRNG
FRNG
FRNG.
FRNG
FRNG
FRNG
FRNG
FRNG

Metro2
Pop.
(1000's)

250
75
75

250

100
75
75

250

250

250

250

250

250

500

250

250

250

250

250

250

TABLE 3 :
PHYSICAL, ENVIRONMENTAL AND TRAFFIC CHARACTERISTICS OF STUDY LOCAT}ONS

i

\

PHF2

.84

.87

.18
.75
.68
.70
.88
.35
.06
.63

% LT,

22/25
3/3

410 -

10/9

775
2/
1718

13

16

4

7
18/17
19/15

1112

16/16

12/8
14/12

L3 RT.3

18/15
12/10
6/8
/8
14/13

1513

16/20
17
1
10
;

19/18

10/7

25
6/6
9/9

10/6

12/13

Trucks3 Buses3
% #/51de
172 -
5/4 -e-
2/4 -
4/3 —-
3/5 .-
5/3  ¢---
P73 -
4 .
3 -—-
4 0/F
1 6/N
6/5 -
91 0/0/F
1 o/N

n ---
5/5 m—-
5 6/N
1 Y
6/6 e
77 -

Cycle

90

80
70
70
60
60
70
70
70
70
70
90
90
60
60
70
70
70
70

Green
Time

33

36

36
28
3
30
23
32
32

36 -

3
3
51
29
24
28
28
a2
a2
28

Serv.
Yol.
(vphg)

1145

933
A
1348
962
852
929
1022
1044
ms
1104
1007
954
1247
1162
1105
1350
1467
840
1140

Capac1ty4

(ALE)
{vphg)

1394

1250
1633
1557
1324

1182

1160
1267
1244
1372
1333
1244
1259 .
1327
1324
1246
1375
1583
1388
1235

Comments

Reclassified as residential,

See Note 10.
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TAELE 3

PHYSICAL, ENVIRONMENTAL ALD TRAFFIC CHARACTERISTICS OF STUDY LOCATIONS
' N

TWO-WAY PARKING :

Site Apr:r..l . Metro2 Metr02 PHFZ L.F.2 % LT.3 ¥ RT,3 Trucks3 Bu5053 Cycle Green Serv, Capacity4 Comment’s
Width Loc. Pop. o % #/5ide Time Vol. (ALE)-
(1000's) ‘ (vphg)  (vphg)
PP-15 23/1 FRNG 250 :85 0 0 6/10 6/8 5/5 .- 60 30 900 1260
PP=1IN 23N FRNG 250 .83 .65 /8 23/22 5/5 ae- 60 30 1058 1185
PP-INRE 23/} FRNG 250 .88 .83 88 18/18 2/3 --- 60" 30 1158 1217
PP-1E 231 FRNG 250 .87 .58 8/ a/4 5/5 .- 60 24 1172 137f
cC-IN 241 FRNG 100 87 .33 23 74 33 1/8/N 7. 3 1406 1666
MNB-SE  24/1-2  FRNG 100 .é4 47 978 11/12 ‘ 12 % ee- 70- 25 1381 " 1618 See Note 8.
RS-325 25/1-2  FRNG 250 87 .18 26 . 15 ‘1 -n- 70 N 1812 2032 . See Note 8.
EN-1W  18/1 RES 250 .88 .15 17714 19/16 - ¥/3 a=- 60 28 1004~ 1400 )
MNB-3W 18/ RES 100 .85 .61 35/32 6/8 2/1 amn 70 38 1050 1127
SB-2¢ 18/1 RES 100 .85 .24 0/8 8}8 3/2 ——- 70 kY 1159 '1496 See Note 6.
MNB-3N 20N RES 100 5 .86 .55 14/13 3/2 mnm “e- 70 25 179 1382
PP-6NRE  20/1 RES . 256 .83 ,05 12/12 0/2 0/} .= ) 60 33 727 149 See Note )0,
PP-5¢ 201 RES 250 .82 15 24/30  26/25  5/5 m—- 60 19 611 Y
PP-d44 20N RES 250 81,20 12/13 17/19‘ 5/5 ae- 60 20 :697‘ 1035 See Note 9.
PP-SH 20/ RES 250 .82 .22 2t 10/14 5/% ~-- 60 19 778 1253
PP-4WRE 20/1 RES 250 .84 .18 14715 19720 572 —n- 60 20 946 1358
PP-SWRE 20/1 RES 250 .84 .27  8/8 14712 4/4 an- 60 19 1063 1397
PP-4E 201 RES 250 79 .17 38/39 13/15  5/% .- 60 20 586 1152
PP-6N 20/1 RES 250 J20 07 9/6 13/ 5/% --- 60 33 624 993 See Note 9,
MNB-2S  22/% RES 100 .84 .22 W0/7 21/24  5/3 ——- 70 30 1296 1634

PP-6W 22/1 RES 250 .87 .21 21720 14/13 575 --- 60 21 nan 1402




TABLE 3

PHYSICAL, ENVIRONMENTAL AND TRAFFIC CHARACTERISTICS OF STUDY LOCATIONS

THO-WAY_ PARKING

Site Apvr.] Metro2 Hetroz PHF2 L.F.2 4 LT.3 % RT.3 Trucks3 Buses3 Cycle Green Serv. Capacity4 Comments

Width ~ toc.  Pop. % #/Side Time  Vol.  (ALE)
(1000's) , (vphg) (vphg)
PP-GWRE 22/1 RES 250 92 .30 19719 1214 373 - 60 21 1214 1467
PP-2E 171 CBD 250 86 .52 0/ 10/9 5/5 90 33 740 873  See Note 7.
MNB-1W  19.5/1  CBD 100 87 .20 12/11 16/19 6/2 | = 70 29 978 1145
, yp-18 2011 8D 75 .83 8 512 M3 4/4 —-- B0 36 1067 1400 Reclassified as fringe.
Lroowew 201 - CBD 75 .83 .18 1/9 910 25 " o/3m 80 36 147 1762 Reclassified as fringe.
Lo RS-33°  20/1 €80 250 .86 .58 0 8 s 18/N 70 32 ns2 1239
v MEP-aS 20 8D 75 90 .29 6/0 T0/0 6/8 5/19/N 70 42 927 139
MEP-4S1I 21 CBD 75 .88 .10 ' 0/0 0/0 /5 0/0/8 70 42 783 1190
PP-3N  22/1 8D 250 90 .20 0/0 0/0 5/5 0/0/N 90 53 1292 1622 See Note 7,
RS-26°  25/1 cBD 250 .91 .10 0 12 5 aF 120 a7 1200 .1436
MEP-4N  26/1-2  CBD 75 .92 .31 0/0 28/25  2/2 - 70 42 . 218 1445 See Note 8.
MEP-4NII 26/1-2  CBD 75 .88 .12 0/0 21/28  8/6 —— 70 42 1102 1346 ~ See Note 8,
MEP-2S  28/1-2  CBD 75 86 .24 34 42/38  8/6 -—- 70 36 1307 1702 See Note 8.

i 1-65ee notes on previous table.
- Tunusual Tayout ~ data were not used.
8Comhined one and two-lane operation - data were not used.
oaded cycle data were inaccurately tabulated - data were npt used,

10 0ad factor too low to allow accurate expansion of loaded cycle volume - data were not used.



TABLE 4

HCM AND BELLIS CAPACITY ESTIMATES

TWO-WAY NO PARKING

Estimates Percent Error
HCM HCM HCM HCM
(Unrevised (Revised (Unrevised (Revised
Site Factors) Factors) Bellis Factors) Factors) Bellis
PH-1W 1280 1235 1320 -13 -16 -10
PH-1WRE 1360 1223 1254 -16 -25 -23
EI-5N 1110 1135 1325 -11 -9 6
PC-2SRE 1275 1300 1279 -1 1 0
PC-2S 1200 1246 1319 2 7 13
EI-3N 1650 1451 994 Sl 33 -9
EI-3E 1760 1541 1016 26 10 -27
EI-2SRE 2060 1813 1578 -2 -14 -25
EI-2NRE 1790 1594 1050 52 35 -11
MEP-3N 1810 1755 1800 1 -2 1
EBL-2WRE 2080 1930 1883 -11 -18 -20
RS-18 3120 2992 2310 37 31 1
RS-21 2920 2450 1890 29 8 -17
RS-16 1380 1224 1657 -7 -18 11
RS-22 1530 963 1333 6 -34 - 8
MEP-1W 1200 1125 1201 2 -4 2
EN-1S 1390 1561 1358 0 13 -2
MET-1E 1300 1794 1385 -23 7 -18
RS-17 1820 2119 1382 57 83 14
RS-14 (A) 2270 2835 3081 -32 -14 -7
RS-14 (B) 2350 2693 2936 -27 -16 -9
RS-12 1770 1090 97% 60 -1 -11




TABLE 4

HCM AND BELLIS CAPACITY ESTIMATES

TWO-WAY NO PARKING

Estimates Percent Error
HCM HCM HCM HCM
(Unrevised (Revised (Unrevised (Revised
Site Factors) Factors) Bellis Factors) Factors) Bellis
EQ-4S 1770 1576 971 49 32 ~-18
MNB-1N 1780 1774 1962 4 4 15
MET-2N 2430 2295 1803 6 0 -21




TABLE 5

HCM AND BELLIS CAPACITY ESTIMATES

TWO-WAY PARKING

Estimates Percent Error
HCM HCM HCM HCM
(Unrevised (Revised (Unrevised (Revised
Site Factors) Factors) Bellis Factors) Factors) Bellis
PC-3ERE 948 1014 1207 -26 =21 -6
PC-3WRE 1020 813 1246 -26 -41 -10
RS-27 1240 1091 1271 4 -8 7
RS-29 1289 1258 1312 9 6 11
MNB-2W 870 1080 1278 -30 -13 2
RS-2711 1060 1026 1310 18 13 45
RS-2911 801 947 1325 -29 -17 16
MNB-4WII 1440 1335 1352 9 2 3
MNB-4WIII 1450 1336 1366 4 - 4 -2
MNB-4W 1550 1326 1330 32 13 13
SS-1N 1240 1151 1248 5 -2 6
PC-2E 1260 1241 1272 6 4 7
PH-1N 1900 1355 1282 37 -2 -7
PH-1NRE 1890 1397 1323 22 -10 -15
PC-2ERE 1260 1301 1315 -13 -10 -9
MNB-4SI1 1020 1066 1382 -6 -3 26
MNB-4SI11 940 1045 1388 -13 - 8 21
MNB-4S 940 1041 1580 -33 =24 15




TABLE 5

HCM AND BELLIS CAPACITY ESTIMATES

TWO-WAY PARKING

Estimates Percent Error
HCM HCM HCM HCM
(Unrevised) (Revised (Unrevised (Revised
Site Factors) Factors) Bellis Factors) Factors) Bellis
EI-15 1040 1088 1298 -25 -22 -7
UP-1SII 1650 1413 1420 32 13 17
UP-1WII 1490 1504 1401 -9 -8 -14
EI-4W 1600 1477 1357 2 -5 -13
CC-1W 1452 1454 1354 9 10 2
SP-1E 1130 1222 1254 -4 3 6
SP-1S 1150 1142 1382 -1 - 2 19
RS-30-a 1220 1271 1316 -4 0 4
RS-30-b 1220 1257 1330 -2 1 7
RS-31 1680 1551 1434 23 13 4
RS-36 1900 1568 1479 43 18 11
RS-3011 1131 1130 1340 -9 -9 8
PC-3SRE 1254 1190 1222 0 -6 -3
RS-34 2130 1575 1344 61 19 1
PP-1WRE 1750 1700 1337 32 28 1
PP-1W 1545 1527 1350 24 22 8
RS-38 1870 1739 1504 36 26 9
RS-37 2130 1800 1479 35 14 -6
RS-3811 2210 1509 1656 80 22 34
PP-18 1820 1807 1254 44 43 0
PP-1N 1510 1618 1320 28 37 11
PP-1NRE 1660 1720 1294 37 41 6
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TABLE 5

HCM AND BELLIS CAPACITY ESTIMATES

TWO-WAY PARKING

Estimates Percent Error
[ HCM HCM HCM HCM
(Unrevised (Revised (Unrevised (Revised
Site Factors) Factors) Bellis Factors) Factors) Bellis
PP-1E 1840 1792 1283 34 31 -6
CC-1N 2080 1903 1354 25 14 -21
EN-1W 1101 1176 1374 -21 -16 -2
MNB-3W 1030 1154 1306 -9 2 16
MNB-3N 1460 1551 1425 3 12 3
PP-5E 990 1182 1263 -13 4 11
PP-5W 1160 1376 1263 -7 10 2
PP-4WRE 1170 1372 1369 -14 1 1
PP-5WRE 1430 1620 1276 2 16 -9
PP-4E 1040 1272 1369 -10 10 19
MNB-2S 1400 1610 1252 -14 -1 -23
PP-6W 1590 1561 1369 13 11 -5
PP-6WRE 1330 1696 1330 -9 16 -9
MNB-1W 1160 1086 1284 1 -5 12
UP-1S 1180 1280 1448 -16 -9 3
UP-1Ww 1320 1235 1529 -25 -30 -13
RS-33 1720 1325 956 39 7 -23
MEP-4S 1250 1366 966 10 20 -15
MEP-4SI11 1300 1464 956 9 23 -20
RS-26 1720 1816 950 20 26 -34
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