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I. SUMMARY AND CONCLUSIONS

The Highway Capacity Manual's accuracy in estimatina 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 methéd usina 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
(1less than 15 feet for "no parkina®" and less than
20 feet for "parkina"), up to 10 percent turns.
b) F?r estimating the population, use the population
of the municipality blus 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 cbrrection factor for "near side bus
stops" of 1.0.
Using 20 percént as an acceptable e;ror ranace, 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 variation 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 Departﬁent of Transpor-
tation and two consultants) combined their efforts to supply
input for this study. Data at one hundred and fifty sites
were coﬁlected, 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 consumina.

II. TINTRODUCTION

A. Background

The use of standardized methods of estimatinag capacity
at signalized intersections has been sought for at least 25
years. The publication of the 1950 Hiahway 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 encineers were continuina
to use their own techniques for capacity estimation, because of
a lack of accuracy in the use of the HCM, a complexity in usina
the Manual they did not deem necessary, the use of parareters

which were too subjective, and several other reasons.



The current HCM has been the subject of several studiesZ:5,6,7
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-

2, an expanded work plan was developed to study

portation 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 Jersey.

III. 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 determinina the capacity of a sianalized 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 parkina 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 riaht
and left turns. Basically, a lane capacity volume is aiven
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 improvina
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 consu]tant'ﬁ field
crews were left on their own. The data collected (21 samnles)
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 samples).
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 Transportaiion field crews tabu-
.'lated 106 sample sites. Some of these samples were reruns
because of i1naccuracies in the oriaqinal data. Sixty percent
of these data were finally used in the analysis.

Tables 2 and 3 in the Appendix 1list the characteristics
of 122 sites; 85 of these sites were finally-used in the analy-
sis. A]tﬁouah 151 sites we}e oriaginally studied, some have
not been tatulated in Tables 2 and 3. Typical reasons for
this are:

a) The 1oaq factor (L.F.) was zero, or

b) The data were inaccufately collected in the

field.

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

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

limited 1nput 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 approaches were used. The method of collection was
similar to the original New Jersey Department of Transporta-
tion studyz.

B. Data Analysis - "Highway Capacity" Method

The major steps in the analysis are as indicated below.

F}rst, the HCM capacity is estimated usina 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 acain computed,
but no adjustment is made for the peak hour factor (PHF), The
reason for usinag 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 juda-
ments concernina delays, the HCM estimate for capacity is
computed without a PHF adjustment, thereby puttina 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 chances made accordingly. Estimates of capacity are acaain
made, usino the revised factors, btut acain without arplyina a

correction factor for the PHF.



Tﬁe 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 bte to adjust the
ALE capacities as determined from the field conditions hv
those basic conditions defined in the HCM charts (HCM Fia-
ures 6.8 and 6.9), as revised in the third step above. With
the adjusted ALE values, a new curve should be compnuted for
the 1.0 load factor condition. The resultinc 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 will not be continued until the outcome of the
current thinking is resolved.

Although dgta 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 adeauately define a
loaded 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. Althouah 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 numbter of vehi-
cles up to the numter 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 te
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 siwi]Qr 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 FCM) reflect hasic
approach volume decreases for increases in the width of ap-
proach (0% turns), at two points of each curve. PRefer to
Figures 1 and 2 for the actual differences in service volume
at the smaller widths. To overcome this apparent disparitv
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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parkina) 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 enai-
neer:

a) The population of the municipa1ify itself,

E) The population of the municipality and the surround-

ina municipalities, or /

c) The population of the reaion in which the runici-

pality exists.

The two former choices are straichtforward. However, juda-
ment again enters the decision in the latter choice. For the
current study, all three choices are tried and the "recional"
approach makes use of three main areas: llew York City (1 mi1-‘
lion plus), Trenton (1 million), and Philadelphia (1 million
plus). The HCM estimate of capacity for all samples is tatu-
lated, using each of the three choices, tut without the adiust-
ment for the PHF. The mean and standard deviation is then com-
pared for each choice.

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

percent to four percent lower than all the other charts. No

- 11 -



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 1ocation:
As indicated in Reference 6, the disparity in’the kasic aporoach
volume curves between one-way and two-way streets is made even
greater with the application of the "fringe" area adjustments
(Figure 3). 1In addition, the HCM description of the various
areas defines levels'of pedestrian and commercial vehicle activ-
ity in the different areas. Hence, for this studv the followinc

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

streets:
CBD FRINGE NCh RESIDEMTIAL
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, considerina the HCM descrin-
tion of these areas.

4. Local Transit Buses - The prior llew Jersey Nepartment

of Transportation study (Reference 2) had indicated that larce
HCM capacity estimate errors were resultina with the use of
the bus adjustrent factors for "near side bus stops on streets
with parkina." For this study, the adjustment factors for

"near side with parkina” will cut off at 1.0.

k |
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5. Parking Conditions - An attempt is made to overcome

some of the judgment that exists in determininag whether or rot
an approach has parkina and to what extent parkina affects the
capacity. The sites with parking are plotted, by width, acainst
the ALE capacity (Fiqure 4). A visual inspection of the das-
tance of parking from the stop line would te incomplete with-
out the associated percent of left and richt turns and the
indication of a bus stop.

The impedance to the rovement of traffic that is offered
by parked vehicles is similar to that of a narrow street. Put
the parked vehicle would appear to have less affect at 20C
feet than at 100 feet.

A multiple linear rearession analysis will be rade of the
aforementioned variabtlies to determine the effect of the dis-

tance of parkina from the intersection.

IV. RESULTS

A. Highway Canacity Manual

1. Error of Estimate
Mean and standard deviation percentaae differences of the
HCM estimates and ALE (refer to "Data Analysis - HCM") are as

shown in Tatle 1.

AVERAGE ERROR OF HCM CAPACITY [STINMMTES

___2_¥NP_ S L N

Method of o Std. % ‘td.
Estimate Error _Tev. frror Dev.
HCM (Unrevised) +10 27 +7 24
HCM (Uithout PHF) +23 30 +22 25
HCM (Revised) +4 24 +5 17
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An individual listinc of the error by site is shown in the Fp-
pendix 1n Tables 4 and 5. The error of the "unrevised HCM"
was expected to be negative, assumina the correction factors
in the Manual are accurate. The reason to expect a neaative
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 comparable volume for ALE has no adjustment for the "peak-
ing" effect of traffic at the intersection 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 ALL, assumina the correction
factors of the HCM are accurate. Fecause the data used to
develop the HCM (unrevised) estimate had a PHF averaae of ap-
proximately .85, the error for the HCM (without PHF) can be
expected to be approximately 15 percentaage points hiaher than
the HCM (unrevised). However, the percentaae error shown indi-
cates that the HCM (without PHF) capacity estimate is from 20
to 25 percent hiaher than actual field conditions indicated.
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 Methodoloav"), and
without an adjustment for the PHF. Adjustments can te mrade for

the PHF at the discretion of the user with the understandina

- 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. Tre effectiveness

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

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

There is no conclusive evidence that the choice of adiust-
ments by the 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 vould
have to be controlled at a sinale intersection approach. The
ability to exert this control may never te within the power
of arresearcher, since there are ten distinct parameters that
are used to vary the estimate of capacity in the HCM, Only
two parameters could be tested in this studv. 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 attemnt
to determine the effect of parkino on an intersection's approach.
A multiple linear regression analysis of the data shown in
Fiqure 4 showed that the use of the distance to parkina from
the stop line had no sianificant affect in a rearession eoua-
tion defining ALE. However, the previous reasonina that imnlied

an improved ahility of an approach to handle derand, with parkina

- 17 -
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removed to 200 feet (as opposed to 20 feet) is more loagical
than the statistical results indicate. Hence, the results of
the rearession analysis hiachliaght the need for a more control-
led testina 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 percentaae error

of HCM (vs. ALE) usina these values is as follows-

Two-Yay Twvo-Yay
o _Parkina Parkina
Municipality 17% 177
Municipality + Surroundina Area 23 22
Re@ion 4G 40

As might be expected, the difference in percentaace error of
the first two values is approximately eaual to the difference
‘in factors. However, the third value's error far exceeds the
proportional difference of the factors. FEssentially, the locic
for using a "Metrobolitan Area Size" factor equivalent to the
municipality plus the surroundina 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 wa% the attempted deri-
vation of a revised "Apnroach Volume" curve, usina the values
for ALE, tut modified by the adjusted HCM™ parameters, thus allow-
ing a direct comparison with the HCM curves. A careful review
of both Takles 4 and 5 (Appendix) indicates the need for renosi-

tionina the bLasic curves relative to the width of anrroach,

- 19 -



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

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

Of these, the first 7 sites and the ninth site are used as a
single lane approach and the eighth and the tenth throuah 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 rearession aralyses
grouped the data accordingly and was performed for each of the

following groupings:

a) Two-Way Parking Frinae only (40 samples)

b) Two-Way Parking - A11 sites combined (56 samnles)

c) Two-Way No Parking Single lane approaches (12 samples)

d) Two-Way No Parking Two lane approaches (8 samnles)

e) Two-Way No Parking A1l sites combined (20 samples)

The percent error of the HCM (revised) varies from a neca-
tive error for the lower width streets to a bositive error for
the higher width streets. In effect, this would indicate a
"flattenina" of the basic approach volume curve. Fiaure 6
gives the results of this analysis against the backaround 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 decrease in capacity for an
increase in width. The two lane curve is also auestionatle.

Extremes in the values for ALE for the hicher 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. Under constant physical and environmental con-
ditions, there is qfeat variability in the actual capacity (as
measured by ALE) for similar types of intersection approaches.
There are several cases where increased percentaaes 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 caracity
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 useful only for oross
estimates. h

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 I) and those streets out-
side the CBD that allow both riaght and left turns (Tvpe II)
had sufficient sample sizes to consider in this study. The

percent errors of capacity estimate are summarized as follows:



Standard

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

These errors are almost idenfical 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 II approaches is high (indicating the need for further
refinement to the technique), thé\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 extendina the
data collection effort in this study. With onlv 56 percent
of all sites sampled being used, there would have to be sub-
stantial reasons to continue this study usinc the initial
data collection format. A more productive anproach may te
found by varyinag parameters at individual sites.

In summary, the major percentaace distritution of the
use of the data is as follows:

Useful data - 56%

Non-useful data - 447

- 23 -



[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 eiaht percent of all data collected was rejected because
of inaccuracies on the part of the data collectors.

The variation of the numbter of vehicles per loaded cycle
for any one intersection approach can be defined by the standard
deviation of the number of vehicles per loaded cycle, for that
approach. Fiqure 7 is the frequency distribution of the stan-
dard deviations for the intersections in the two way rarkina,
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 iﬁ Figure 7, could result for most of the ranae
of average loaded cycle data (€.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 aporoach (which

is expressed as ALE) is shown in Figure 8. Fiahteen intersections
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PERCENT DIFFERENCE IN CAPACITY ESTIMATES
FIGURE 8 — Distribution of Difference In Capacity Estimate



were sampled a second and third time. The percent difference
between repeat samples, as indicated by the frecuency distri-
bution of Figure 8, averages ten percent. Expressed in other
terms, 90 percent of the repeat estimates of capacity (made
from field measurements) were within ten percent of the oric-
inal estimate. The variation of field measurement of capacity
for any one site can only,be hypothesized, but the reaséns

can vary from differences in drivers throuah the environmental

and traffic chances.
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TALLE 2
- S . PHYSICAL, ERVIRONMENTAL AND TRAFFIC CHARACTLRISTICS OF -STUDY LOCATIOHS - . e

THO-WAY NO PARKING

e ot e e o o At b e
1

Site Appr.] Metr‘o2 Metro2 l"HF2 L.F.2 % LT.3 % RT.3 Trucks3 Buses3 Cycle Green Serv. Capacit_y4 Comments
Ihdth Loc. Pop. b4 #/Side Tine Vol. ALE)
(1000's) . (vphg)  (vphg)

SS-2E 10/1 FRNG 75 J2 .33 0/0 29/40 4/5 c—- 70 25 1300 1882 See Note 6,

SS-2N 191 FRNG 75 /ﬁ b6 .33 0/0 33/35 4/5 .- 70 32 14388 1674 See Note 6,
' EDL-1S 1071 FRNG 250 :85 .49 62/56 1M 1177 n/0/K an k)| 809 966 73% turns - See Note 7.
: RS—155 131 FRNG 250 86 .23 0 10 1 .== n 36 895 1167 See Note 10,
§ PH-TH 14/]) FRNG 100 .89 .82 6/7 37/37  5/% . T an 30 1379 . 1466
! PH-TUPE 14N FRNG 100 .93 .76 777 47/46  5/4 - 80 30 1544 1624
‘23 EI-5N 1471 FRNG 250 .84 .82 42/81 1514 3/3 474/ 90 29 1161 1249

! PC-2SRE  15/1 FRNG 100 J7 .47 29/31 9/10  3/3 --- 90 4] 1013 1285 : .

PC-2S 15/1 FRNG 100 79 .32 31727 V112 5/ --- 0 41 859 1168
! EI;3N 16/1 FRNG 250 .86 .90 15/15 9/8 5/4 - 90 K} 1099 1094 Reclassified as CBD.
! EI-3E 19/1 FRNG 250 .88 .57 /N 7/9 4/4 1/73/4 90 51 1264 1399 Reclassified as CBD.
' EI-2S 1972 FRNG 250 - 91 75 14714 10/9 17a) .- > 00 34 1828 1976 See Note 9.
’ EI-2SRC 19/2 FRNG 250 .86 .42 14774 13712 0/0 .- 90 34 1878 211 Reclassified as CBD.
‘ EI-2NRE 19N FRNG 250 .83 .47 16/15  31/29 N --- 90 34 950 1176 Reclassified as CBD.
: MEP-3N  20/2 FRNG 75 .86 .14 27/22 w7 oNn --- 70 32 1272 1785
' EBL-2URE 20/2 FRNG 250 86 .3 30/30 4/4 0/1 -—-- 70 29 1927 2348

RS-|95 22/1-2 FRNG 250 .86 .19 6 6 1 --- 70 27 1308 2179 See Note 8,
' EI-1E 25/2 FRNG 250 81 .02 18/13 3/4 €/4 0/7/h 90 45 2092 2640 See Note 11,
l EI-1U 25/2 FRNG 250 81 .07 2/2 8/7 4/4 0/0/8 90 a7 2029 3013 See Note 11,

PS-185 26/2 FRNG 250 .87 .12 8 2 1 .- 70 31 1445 2280
| RS--Zl5 26/2 FRNG 250 .87 .0 17 15 6 N 70 k]| 1600 2267
‘ EG-W  30/2 FRNG 250 .87 .27 /2 N 6/5 4/8/N S0 54 2200 2636 See Note 9.
N e —— = -

- -
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TJALLE 2
PHYSICAL, ERVIRORMENTAL AND TRAFFIC CHARACTCRISTICS OF STUDY LOCATIONS

THO-HAY NO PARKING {CONTINUED)

Site Appr.] Metro2 Metro2 PHF2 L.F.2 pA LT.3 % RT.3 Trucks3 Buse53 Cycle Green Serv. Capacity4 Comments
Width Loc. Pop. 4 #/S1de Time Vol. ALL)
(100n's) (vphg) (vphg)
5
RS-16 an RES 250 .89 .35 0 7 0 .- n 63 1291 1486
RS-22°  9.5/1  RES 250 80 .90 3 3 2 _— 70 26 1402 1456
MEP-T0 10N RES 75 .89 .63 0/0 19/23  1/2 --- 70 27 1129 173
sB-2S 14N RES 75 .78 .51 25/27 12/10 20 - 70 26 1035 1246 See Note 6.
EN-1S 141 RES 250 79 .27 8/9 21723 2/3 ——- €0 26 954 1385
[ ] -~ -
MET-1E 151 RES 250 57 .20 5/9 17718 27 VAV 70 28 877 1683
MET-IN 151 RES 250 93 .67 2/3 67/65 0/0 - 70 33 1359 1454 68% turns - See Note 7.
5
RS-17 18/1 RES 250 79 .46 10 1 6 - 70 3 1022 1156 .
SB-1E 18/2 RFS 75 .85 .3 27/27 8/8 1/2 .- 70 36 1370 1605 See Note 6.
EM-1E 18/1-2 RES 250 .85 .78 6/5 22/23 0/0 - 60 248 1852 2014 See Note 8.
SB-1S 2072 RES 75 .81 .59 M/ 25727 N -—- 70 25 2308 2570 See Note 6.
|
RS-14(A)J20/2 RES 250- .80 .12 0 0 3 5/N - 90 k}| 2520 3314
[ 4
RS-]4(B)320/2 RES 250 91 .40 0 8 4 o/N 90 31 2616 3227
RS-ZOS 20/2 RES 250 .89 .78 4 7 2 O/N 90 55 1751 1833 Two-lane approach narrows to
one lane downstream - Data were
not used,
RS-125 10/1 CBD 250 .87 .21 0 2 3 15/N 70 39 839 1107
RS-235 101 CBD 250 .81 .27 16 0 3 11/F 70 32 783 978 Left-turn lane also used for thru
movement - data were not used.
MEP-2E 111 CBD 75 .87 .4 62/59 15/17 6/6 ——- 70 29 1077 1260 77% turns - See Note 7.
MEP-2EIT 111 (Wil 75 .84 .18 70/60 15/18  14/7 - 70 29 91 1204 85% turns - See Note 7,

EB-1S 30/3 uith} 250 81 .07 41/39 3/3  8/5 3712/ 80 48 1792 2200 See Note 11,
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TADLT 2
PHYSICAL, EHVIRONMENTAL AMD TRAFFIC CHARACTERISTICS OF STUDY LOCATIONS

TWO-WAY_NO PARKING (CONTINUED)

Site Appr.‘ Metro2 Metro2 PHF2 L.F.2 ) LT.3 % RT.3 Tr'm:ks:'l Buses3 Cycle Green Serv.
Width Loc. Pop. % #/S1de Time  Veol.

(1000's) (vphg)
E0-4E 141 0BD 250 .90 .23 23/18  18/20 8/6 .- 60 21 577
£0-45  16/1 08D 250 J6 .21 3/2 5/8 11/8 --- 60 N 862
M&B-]N 18/2 OBD 100 .90 .12 28/34 2/3 0/1 —-- 70 3 1330
RS-13  21/2 0BD 250 J5 .02 0 n 0 oM 70 42 1150
MET-24  22/2 08D 250 .87 .39 17/15 53/52 6/6 ! - 70 21 1420
MET-2N  26/2 08D 250 .83 .3t 20/18 172 6/6 - 70 39 1977

VApproach width/Number of lanes
25ae deffnftions in Highway Capacity Manual, Chapter 6 (HRB-SR 87, Pgs. 115-121)

Metro Loc - Location in Metropolitan Area PHF - Peak Hour Factor
Metro Pop - Metropolitan Area Population L.F. - Load Factor

-

Capacity4

(ALE)
(vphg)

808
19N
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.

-

dhce - Average loaded cycle volume expanded to full volume
Speak hour data unavailable

6Large variation in green phase - data were not used. -
Trew samples avaflable having 60%+ turns - data were not used.

8combined one and two-lane operation - data were not used.

9Loaded 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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TABLE 3
PHYSICAL, ENVIRONMENTAL AND TRAFFIC CHARACTERISTICS OF STUDY LOCATIONS

TWO-WAY PARKING

Site Appr.] Metr02 Metro2 PHF2 L.F.2 % LT.3 % RT.3 Trucks3 Buses3 Cycle Gréen Serv, Capacity4 Comnients

Width Loc.  Pop. % #/5ide Time  Vol.  (ALE)
(1000's) (vphg)  (vphg)

PC-3E 16/ FRNG 250 .85 .13 23/20  36/33  5/5 .- 9 33 669 851 See Note 9.
PC-3ERE  16/1 FRNG 250 .83 .13 12/18  B/20  8/5 .- 90 33 885 1287
PC-3WRE  16/1 FRNG 250 .84 .35 28/28 18/18  5/5  1/2/N 9 33 1148 1379
Rs-27° 1IN FRNG 250 .85 .52 0 37 6 .- 70 28 1000 1184
RS-295 17/1 FRNG 250 .83 .41 4 12 3 - 70 28 934 1184
MNB- 2 17/1' FRNG 100 g1 a2 132 109 33 e 70 30 697 1249 Reclassified as residential,
RS-2711 171 FRNG 250 .84 24 7/4  24/26  9/8  0/2/F 70 25 675 904
RS-2911 17/1 FRNG 250 .78 .16 25/25 9/13  8/6  0/0/F 70 25 888 1142 ) \
MNB-4WIT 18/1 FRNG 100 .84 .59  5/5 88 1/ - 70 28 18 1313
MNB-4WI1118/1 FRNG 100 82 .45 22 12412 on - 70 28 M7 1392
MNB-4W  18/1 FRNG 100 .88 .33 2/3 9/10  4/3  --- 70 35 998 1176
Ss-IN 18/ FRNG 75 - .90 .18 /1 16/13 4/4 --- . 80 3 813 1175
PC-2E  18/1 FRNG 250 .85 .38 8/8  14/12  5/5 - 9 43 M4 1N9%
PH-IN  18/1 FRNG 100 .96 .40 2/3 2/ 5/5 --- 80 40 1328 1386
PH-INRE  18/1 FRNG 100 94 69 2/2 212 243 .- 80 40 1428 1553
PC-2ERE  18/1 FRNG 250 75 .52 10710 9/9  2/2  2/F 9 43 1218 1451
MNB-4SIT 191 FRNG 100 .86 .43 3130 /M N -e- 70 3 850 1094
MNB-4S11119/1 FRNG 100 80 .41 32/33 13/ N - 70 AN 866 1143
MNB-4S  19/1 FRNG 100 .83 .45 17716  26/21  0/0 .- 70 25 187 1372
EI-1SRE 197 FRNG 250 .87 .25 21717 26/31 47/22 o= 90 33 760 851 High percentage of trucks - data

were not used.
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TACLE 3
PHYSICAL, ENVIRONMENTAL AND TRAFFIC CLARACTCRISTICS OF STUDY LOCATIONS

THO-WAY PARKING

Site Appr-.l Metro2 Metro2 PHF2 L.F.2 % LT.3 % RT.3 Trucks3 Buses3 Cycle Green Serv. Capac‘lty4 Comments
Width Loc. Pop. ¥ #/5ide Time Vol. (ALE)
(1000's) (vphg)  (vphg)
EI-1S  19/) FRNG 250 .84 .45 22/25 18/15 172 -—- 90 33 1145 1394
UP-1sIT  20/1 FRNG 75 I 3 33 12/10  §/4 .- 80 36 933 1250
UP-TWIT 20/1 FRNG 75 .87 .07  4/10 6/8 2/4 .- 80 36 1147 1633
El-4W 20/1 FRNG 250 .90 .55 10/9 7/8 4/3 -—- 70 28 1348 1557 Reclassified as residential,
CC-1¥ 20/1 FRNG 100 .88 .24 7/5 14/13 3/5 -ea 70 31 962 1324
SP-1E  20/1 - FRNG 75 .82 .22 12/m 15713  5/3 ® --- 60 30 852 1182
SP-1S 20N FRNG 75 .89 .28 17718 16/20 2N .-- 60 23 929 1160
RS-30-2% 20/1 FRNG 250 .81 .4 13 17 4 .-~ 70 32 1022 1267
RS-30-b° 20/1 FRNG . 250 .83 .58 16 14 3 - 70 32 1044 1244 ’
Rs-315 20/ FRNG 250 82 .4 4 10 4 o/F 70 36 ns 1372
RS-365 20/1 FRNG 250 .81 .18 7 i 1 6/N 70 36 1104 1333
RS-30I1 20/1 FRNG 250 .87 .39 18/17 19/18 6/5 ~—- 70 i 1007 1244
PC-3SRE 20/1 FRNG 250 .92 .15 19/15 10/7 9/11 0/0/F ) 90 51 954 1259
RS-34° 2113 FRNG 500 .86 .75 8 25 1 O/N 90 29 1247 1327
PP-IWRE 22/1 FRNG 250 .88 .68 11/12 6/6 171 - 60 24 1162 1324
PP-1W 22/1 FRNG 250 .86 .70 16/16 9/9 5/5 om- 60 24 1105 1246
RS-385  22/1 TRNG 250 .85 .88 3 9 5 6/N 70 28 1350 1375
RS-375 221 FRNG 250 .94 .35 7 2 1 /N 70 42 1467 1583
RS-3711 221 FRNG 250 .83 .06 12/8 10/6 6/6 oe= 70 42 B840 1388 See Note 10.
RS-38IT 22/1 FRNG 250 94 .63 1412 w23 I -e- 70 28 1140  -1235

A "oy 4 *’ & »
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TWO-HAY PARKING

Site

PP-1S
PP-1N
PP-INRE
PP-1E
cC-N
MNB-5E

RS-325

EN-TH
MNB-3W
SB-2E
MNB-3N
PP-6NRE
PP-5E
PP-44
PP-5H
PP-A4WRE
PP-5URE
PP-4E
PP-6N
MNB-2S
PP-6H

Appr.1
Width
23N
23N
23N
2N
24N
24/1-2
25/1-2

18/1
18/1
18/1
20/1
20N
201
20N
201
201
20/1
201
20/1
21
22/1

Mel:ro2

Loc.

FRNG
FRNG
FRNG

FRNG

FRNG
FRNG
FRNG

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

Hetro2
Pop.
(1000*s)

250
250
250
250
100
100
250

250
100
100
100
250
250
250
250
250
250
250
250
100
250

TABLE 3
PHYSICAL, ENVIRONMENTAL AND TRAFFIC CHARACTCRISTICS OF STUDY LOCATIONS

PHF2

6/10
7/8
8/8
8/7
2/3
9/8
26

1714
35/32
10/8
14/13
12/12
24/30
12/13
22/17
14/15
8/8
38/39
9/6
1077
21/20

s qr.3

6/8
23/22
18/18
4/4
9/6
/2
15

19/16
6/8
/8
3/2
072

26/25

17/19

10/14

19/20

14/12

13/15

13/

21/24

14/13

Trucks3

5/5
5/%
2/3
5/5
3/3
1/2

373
2N
3/2
mn
on
575
5/5
5/5
5/2
4/4
5/5
5/5
5/3
5/5

3
Buses
#/Side

1/5/N

oeme
-——-

Cycle

60
60
60
60
70
70
70

60
70
70
70

60
60
60
60
60
60
60

70 -

60

Green
Time

30
30
30
24
3
25
3

28
38
37
25
33
19
20
19
20
19
20
33
30
21

Serv.

Vol

900
1058
1158
172
1406
1381
1512

1004
1050
1159
179
127
611
697
778
946
1063
586
624
1296
N

(vpha)

Capacity4 Comments

(ALE)
(vphg)

1260
1185
1217
13N
1666

T 1618

2032

1400
1127
1496
1382
1491
Nn37
1035
1253
1358
1397
1152

993
1634
1402

See Note 8.
See Note 8,

See Note 6,

See Note 10,

See Note 9.

See Note 9.




TABLE 3
PHYSICAL, ENVIRONMENTAL AND TRAFFIC CHARACTERISTICS OF STUDY LOCATIONS -

THO-WAY PARKING

Site Appr.] Metro2 Metro2 PHF2 L.F.2 % LT.3 % RT.3 Trucks3 Buses3 Cycle Green Serv, Capacity4 Comments
Width Loc. Pop. % #/5ide Time Vol. (ALE)
(1000's) (vphg)  (vphg)
PP-6WRE 22/1 RES 250 92 .30 19719 12714 3/3 .-= 60 21 1214 1467
PP-2E 1IN cBD 250 .85 .52  0/9 10/9 5/5 --- 90 33 740 873 See Note 7.
MNB-TW  19.5/1 CBD 100 87 .20 /M 16/19 6/2 --- 70 29 978 1145
uP-1S 20/1 C8D 75 .83 .18 5/12 11713 4/4 .- 80 36 1067 1400 Reclassified as fringe.
1 UP-W 20/i CBD 75 .83 .18 11/9 9/10 2/5 ' O/3/N 80 36 n47 -~ 1762 Reclassified as fringe.
ég RS-33% 20/1 CBD 250 .86 .58 0 18 5 18/N 70 32 1152 1239
1 MEP-4S 2171 CBD 75 .90 .29 0/0 0/0 6/8 5/19/N 70 42 927 1139
MEP-4SIT 211 c8D 75 .88 .10 0/0 0/0 7/5 0/0/8 70 42 783 1190
PP-3N  22/1 CBD 250 .90 .20 0/0 0/0 5/% 0/0/N 90 53 1292 1622 See Note 7.
RS-26°  25/1 CBD 250 91 .10 0 12 5 4/F 120 47 1200 1436
MEP-4N  26/1-2 C8D 75 92 .37 0/0 28/25 2/2 --- 70 42 1275 1445 See Note 8.
MEP-ANII 26/1-2 CBD 75 .88 .12 0/0 27/28 8/6 —-—- 70 42 1102 1346 See Note 8.
MCP-2S  28/1-2  CBD 75 .86 .24 3/4 42/38  8/6 -—- 70 36 1307 1702 See Note 8.
1-65ee notes on previous table.
Tunusual layout - data were not used. ,
8Combined one and two-lane operation - data were not used. ,

9 oaded cycle data were inaccurately tabulated - data were not used,

10Load 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

4

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-S5N 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 51 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 979 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
E0-4S 1770 1576 971 49 32 -18
MNB-1N 1780 1774 1962 4 4 15
MET-2N 2430 2295 1803 6 0 -21
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TABLE 5

HCM AND BELLIS CAPACITY ESTIMATES

TWO-WAY PARKING

Percent Error

Estimates
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-1IN 1240 1151 1248 5 -2 6
PC-2E 1260 1241 1272 6 4 7
PH-1N 1900 1355 1282/ 37 -2 -7
PH-1INRE 1890 1397 1323 22 -10 -15
PC-2ERE 1260 1301 1315 -13 -10 -9
MNB-4SII 1020 1066 1382 -6 -3 26
MNB-4SIII 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-1S 1040 1088 1298 -25 -22 -7
UP-1SI1 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 1226 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-1S 1820 1807 1254 44 43 0
PP-1IN 1510 1618 1320 28 37 11
PP-1NRE 1660 1720 1294 37 41 6

- 40
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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
ﬁP-lW 1320 1235 1529 -25 -30 -13
RS-33 1720 1325 956 39 7 -23
MEP-4S 1250 1366 966 10 20 -15
MEP-4S11 1300 1464 956 9 23 -20
RS-26 1720 1816 950 20 26 -34
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