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The most popular method of determining roadway capac
ity, the intersection analysis method! is described in the 
1965 Higl1way Capacity Manual (HCMJ (1). Although this 
method is simple and sound, it is not faultless. Prob
lems in using the method have led to the development of 
other methods of capacity analysis. One such method is 
the critical movement summation (CMS) method pre
sented by Mcinerney and Petersen in 1971 (2). 

The following research compared the results of the 
two methods of service level calculation to determine if 
there is a significant difference. This study did not val
idate either one of the results, but did evaluate their cor
relation. Thus, the primary objective was to make 
paired observations of service level calculations by the 
CMS and HCM methods at selected at-grade intersections 
to determine the similarity of the service levels indicated. 
A second objective was to determine what sampling tech
niques, if any, were used to determine various factors 
required in the HCM calculation. Learning how wide
spread the knowledge of the CMS method is and what, if 
any, comparative opinions prevail was also desirable. 
The third objective was to determine the extent of use 
and acceptance of the CMS method. 

METHOD OF TESTING 

The procedure established to compare the results of the 
HCM method and the CMS method included sample se
lection, calculation procedures, index determination, 
and statistical procedures (3). The area selected for 
conducting the research was-Montgomery County, Mary
land. This highly urbanized county northwest of Wash
ington, D.C., constitutes a significant portion of the 
Washington standard metropolitan statistical area. 

The three basic types of intersections chosen were 

1. Nonsignalized, type 1; 
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2. Signalized with simple two-phase operation, type 
2; and 

3. Signalized with a two-phase operation that allows 
at least one unopposed left-turn movement to take place, 
type 3. 

Samples were taken from three ranges of service level: 
A to B, C to D, and E to F; the minimum sample size 
was 10 for each combination of intersection type and ser
vice level range. 

The basic assumption of the CMS method is the thesis 
that there is a maximum range of traffic volume that can 
move through the critical lanes during each signal cycle. 
This research used a modification of the CMS method 
that was developed by the Montgomery' County Department 
of Transportation and adopted by the Maryland-National 
Capital Pat·k and Planning Commission (4). The following 
critical lane volumes were selected fromthe Montgomery 
County modification as being representative of the various 
levels of service. 

Level 

A 
B 
C 

Vehicles per Hour 

<1000 
1001 to 1150 
1151 to 1300 

Level 

D 
E 
F 

Vehicles per Hour 

1301 to 1450 
1451 to 1600 
>1600 

These volumes are based on the following statement in 
the HCM (1, p. 126): "Hall approaching vehicles in the 
traffic flow are stopped on the approach before entering, 
then rarely can traffic move away at a rate greater than 
1500 vehicles per hour of green per lane." 

Assuming an average of 10 percent cycle time used 
for ambe1· signals (normal for most simple intersection 
phasing), a volume of 1500vehicles/hwas reduced to 1350 
vehicles/h. This volume indicated service level D, 
somewhat below capacity. The following procedure was 
then used to calculate critical lane volume: 

1. The existing traffic volume was determined for 
each movement permitted at an intersection during the 
hour to be evaluated; 

2. The volume of total traffic by direction moving 
during each phase of the signal operation was tabulated 
(two-phase was assumed for nonsignalized intersections); 



3. Each approach was adjusted by appropriate lane 
use factors; 

4. If an unprotected (not separately phased) left-turn 
movement had performed in conflict with through traffic, 
this conflict was added to the adjusted through volume in 
the critical opposing lane because this traffic also used 
the same phase; 

5. Careful attention was given to the particular phas
ing to ensure that the traffic volume operating during 
more than one phase was properly distributed; and 

6, The maximum volume flowing during each phase 
was computed, the highest volume was selected as the 
critical lane volume, and the appropriate level of service 
was selected. 

The HCM method for determining an at-grade intersec
tion service level is more complex. Service volume at 
capacity (i.e., load factor equals 1.0) is calculated by 
using tables and figures from chapter 6 of the manual 
and is compared with the real volume for each approach 
to the inte1·section. This volume/capacity (v/c) ratio 
can be compared to the range of ratios indicated in Fig
ure 10.3 of the manual and an appropriate level of ser
vice can be selected. 

Since the sample size was small and the distribution 
was abnormal, a nonparametric test was necessary and, . 
therefore, the Wilcoxon Test for Paired Observations 
(5) was used. 

DATA COLLECTION AND COMPUTATION 

Typical data requirements for each hour of traffic con
ditions include physical conditions (i.e., dimensions), 
traffic volume characteristics, and signal phasing and 
timing. The primary source of data was the Division of 
Traffic Engineering, Montgomery County Department of 
Transportation. Some data were also received from the 
Maryland Department of Transportation. 

Sample selection began with critical movement sum
mation analysis of type 1 intersections; physical condi
tion and available turning movement counts were used. 
An attempt was made to find intersections that had CMS 
service levels in all three ranges. Samples in the E to 
F range, however, could not be located, and only two 
samples in the C to D range were found. Ten samples 
were found for the A to B range. Only five samples of 
type 2 and nine samples of type 3 intersections were 
found in the E to F range (3). For type 2 and type 3 in
tersections, ten samples each were found for the C to 
D and E to F ranges. 

QUESTIONNAIRE USED TO ESTABLISH 
GUIDELINE FOR HCM CALCULATIONS 

Among the objectives was the development of sampling 
techniques to determine factors needed to apply the HCM 
method. Calculation of service level by the HCM was 
desired to be similar to calculation used in real practice. 
Another objective was learning the extent of exposure 
that the CMS has and its ease in application and com
munication. To accomplish these objectives a question
naire was prepared and distributed. 

Four questions in the questionnaire dealt with the 
methods used for capacity analysis or service level de
termination. The fifth question was used to establish a 
guideline for HCM calculations that precede th·e basic 
objective of this study. The following is a summary of 
the findings of question 5 (~. 

1. Bus factor is based on judgment. 
2. Truck percentage is based on a single sample 

and judgment. 
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3. Turning percentage is based on a single sample. 
4. Load factor is based on a single sample, judgment, 

and area mean. 
5. Peak-hour factor is based on a single sample, 

judgment, and area mean. 

STATISTICAL RESULTS 

The desired sample size for type 1 intersections was 
available only in the A to B service range. The HCM 
method indicated 9 to 10 samples had inferior levels of 
service. 

The desired sample sizes for type 2 intersections 
were obtained for A to B and C to D service level ranges, 
and a limited sample was obtained for the E to F range. 
In both A to Band C to D ranges, the levels of service 
produced were lower by the HCM method than by the 
CMS method. Results of both methods compared favor
ably in the E to F range; however, the limited sample 
size decreases the credibility of these data. 

The desirable sample size was obtained for all three 
service levels at type 3 intersections. Again the HCM 
method generally indicated levels of service lower than 
those indicated by the CMS method. However, the cor
relation of results improved in the E to F range. 

FINDINGS 

This study (~ netted the following conclusions. 

1. The HCM method and the CMS method produced 
different results for intersection analyses as indicated by 
the Wilcoxon statistical test. 

2. The service levels calculated by the HCM method 
for intersections are usually inferior to those calculated 
by the CMS method. 

3, The service levels calculated by the HCM and CMS 
methods appear to be closer when the intersection is sig
nalized and flowing at level E or F. 

4. Use of the questionnaire revealed that (a) the ma
jority of the respondents used the HCM method or related 
charts for at-grade service level determination; (b) the 
sampling techniques used by most respondents for de
termining various HCM factors were single sample and 
judgment; (c) exposure to the CMS method is very limit!!d 
and exists primarily in the eastern part of the United 
States; and (d) those who use the CMS method judge it 
easy to use and to communicate. 

REFERENCES 

1. Highway Capacity Manual. HRB, Special Rept. 87, 
1965, 

2. H. B. Mcinerney and S. G. Petersen. Intersection 
Capacity Measurement Through Critical Movement 
Summations: A Planning Tool. Traffic Engineering, 
Jan. 1971. 

3. R. S. Trout. A Comparison of Two Methods of At
Grade Intersection Service Level Determination: 
Highway Capacity Manual and Critical Movement 
Summation. MS thesis, Univ. of Maryland, 1975. 

4. Guidelines for Transportation Impact Analysis as to 
the Adequacy of Public Facilities Associated With 
Preliminary Plans for Subdivisions. Maryland
National Capital Park and Planning Commission, 1974. 

5. R. E. Walpole. Introduction to Statistics. New 
York, 1968. 




