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Passenger-Car Equivalents for Rural Highways 

WILEY D. CUNAGIN AND CARROLL J. MESSER 

The objective was to determine the passenger-car-equivalent (PCE) value for 14 
different vehicle types under varying conditions of traffic and roadway geom· 
etry. This was accomplished by analyzing field data collected in several states 
on both two-lane and four-lane highways. Data included headways, speeds, 
and travel times by vehicle type, traffic-volume condition, and roadway-section 
type. An analytical model was developed to estimate PCE values based on 
speed distributions, traffic volumes, and vehicle types. The calibrated model 
was used to estimate PCE values for 14 vehicle types under specified typical 
conditions for two-lane and four-lane rural highways. Composite PCE values 
for a range of geometric, volume, and percentage-of-truck values are presented 
and compared with values from other research. 

The utility of a rural highway in serving traffic is 
a function not only of the geometric characteristics 
of the highway but also qf the composition of t' e 
traffic. The presence of large and/or low-perfo -
mance vehicles in the traffic stream reduces the 
total number of vehicles that can use the highway. 
The effects of trucks and other low-performance 
vehicles may be equated to an equivalent number of 
passenger cars added to the traffic stream if appro
priate analytical models of traffic flow, vehicle
operating characteristics, and field validation of 
data are available. Passenger-car equivalents 
(PCEs) may be based on a consideration of passing, 
speed, occupancy, or capacity impacts. 

This paper describes the methodology and results 
of a study done for the u.s. Department of Transpor
tation ( 1) • The results of this study were sub
mitted for use in the Cost-Allocation Study of the 
Federal Highway Administration (FHWA) , which has 
proposed an adjustment in the allocation of highway 
costs among the several classes of vehicles. Rural 
two-lane two-way highways and two-lane one-way 
(i.e ., four..:. lane) facilities were studied in Texas, 
North Carolina, Pennsylvania, Colorado, and west 
Virginia. Flat, moderate, and steep grade geo
metrics were studied for both types of highways. An 
attempt was made to collect traffic speed and head
way data at all volume levels. PCE values for 14 
vehicle types were determined both empirically and 
theoretically by using an analytical model developed 
in this research. 

BACKGROUND 

PCE values have been used primarily in the framework 
of traffic-capacity procedures. PCE values are 
employed as a device to convert a traffic stream 
composed of a mix of vehicle types into an equiva
lent traffic stream composed exclusively of passen
ger cars. The availability of such values permits 
the specification of capacity in terms of PCEs ex
clusively and provi des the basis for development of 
procedures to express any traffic-stream composition 
in terms of: PCEs. By applying such procedures, an 
analyst can directly convert an existing (or pro
jected) traffic volume composed of a mix of vehicle 
types into an equivalent PCE volume, which can . then 
be compared with specified PCE (capacity) service 
volumes. These methods, whether applied to two-lane 
two-way highways or two-lane one-way (i.e. , four
lane) highways, have generally been those described 
in the 1965 Highway Capacity Manual (HCM) (~). 

The HCM gives both generalized and specific 
values of PCEs. Average generalized PCEs of trucks 
are given i n the HCM as related to generali zed ter
rain conditions and levels of service. PCEs are 
also provided for trucks on specific individual 

highway grades. 
from 2 to 12. 
to lOB . 

The generalized PCEs range in value 
The specific-grade PCEs range from 2 

The literature review carried out as a part of 
this research showed consistent agreement that the 
PCEs presented in the 1965 HCM for specific grades 
on two-lane highways are too high, especially for 
large percentages of trucks on steep grades. There 
was less than unanimous agreement on the issue of 
wheth ~ r the incremental negative impact of adding 
trucks to the traffic stream decreases as the per
centage of trucks in the traffic stream increases. 
The PCEs in the multilane section of the HCM vary 
greatly and in a complex manner. 

The two-lane and four-lane PCE values will be 
addressed separately in the following sections. 

TWO-LANE HIGHWAYS 

The basic HCM (~) equation for the conversion of a 
mixed-traffic-stream volume to an all-pas senger-car 
volume for two-lane highways is as follows: 

where 

maximum volume for a given level of 
service (LOS) L (total for both direc
tions) , 
volume-to-capacity ratio at LOS L, 
adjustment factor for lane width and 
lateral clearance at LOS L, 

TL truck adjustment factor at LOS L, and 
BL bus adjustment factor at LOS L. 

(1) 

The truck adjustment factor (TL) is calculated 
from the following equation: 

TL = l / [l + PT(EL -1)) (2) 

where PT is the decimal fraction of trucks in the 
traffic stream and EL is the PCE for trucks at LOS 
L. 

The PCE values for trucks operating on grades of 
a given length and percent are calculated in the HCM 
(2) from separate speed distributions of passenger 
c-;;rs and trucks at a given volume level. The cri
terion used is the relative number of passings of 
trucks by passenger cars in relation to the number 
of passings of passenger cars by passenger cars. The 
specific method is known as the Walker method. It 
had been mentioned earlier by both Normann (_l) and 
Wardrop (4) but is named for the man who applied it 
in the 19G5 HCM. 

The Walker method is used to calculate PCEs for 
trucks operating on grades. The separate speed 
distributions of passenger cars and trucks at a 
given traffic volume are used to compute the rela
tive number of passings that would have been per
formed per mile of highway if each vehicle continued 
at its normal speed for the conditions under consid
eration. A gradability (speed versus distance up a 
sustained grade) curve for a weight/horsepower ratio 
of approximately 325 lb/hp, considered typical of 
conditions on two-lane highways carrying a variety 
of trucks [Figure 1 (~) J, was us ed to develop an 
average speed over grades of varying steepness and 
length as shown in Figure 2 (~). When this average 
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Figure 1. Effect of length and steepness of grade on speed of average truck on two-lane highway. 
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Figure 2. Mean speed of average truck over entire length of grade on two-lane 
highway. 

Figure 3. PCEs for various average truck speeds on two-lane highway. 
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speed was known, Walker's method was used to calcu
late PCEs as may be seen in Figure 3 (2). Table l 
contains the HCM PCEs calculated from- this meth
odology for specific terrain conditions. The gen
eralized HCM PCEs are shown below. No PCE values 
were given for recreational vehicles. 

PCE for 
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Table 1. PCEs of trucks on two-lane highways on specific individual 
subsections or grades. 

Grade 
(%) 

0-2 

3 

4 

5 

6 

7 

Length of 
Grade (miles) 

All 

0.25 
0.50 
0.75 
1 
1.50 
2 
3 
4 

0.25 
0.50 
0.75 
I 
1.50 
2 
3 
4 

0.25 
0.50 
0.75 
I 
1.50 
2 
3 
4 

0.25 
0.50 
0.75 
I 
1.50 
2 
3 
4 

0.25 
0.50 
0.75 
I 
1-50 
2 
3 
4 

PCE for All Percentages of Trucks 
(Ey) by Level of Service 

A and B 

2 

5 
10 
14 
17 
19 
21 
22 
23 

7 
16 
22 
26 
28 
30 
31 
32 

10 
24 
29 
33 
35 
37 
39 
40 

14 
33 
39 
41 
44 
46 
48 
50 
24 
44 
50 
53 
56 
58 
60 
62 

c 

2 

3 
10 
I6 
21 
25 
27 
29 
31 

6 
20 
30 
35 
39 
42 
44 
46 

IO 
33 
42 
47 
5I 
54 
56 
57 

17 
47 
56 
59 
62 
65 
68 
71 

32 
63 
71 
74 
79 
82 
85 
87 

D and E 
(Capacity) 

2 

2 
7 

14 
20 
26 
29 
3I 
32 

3 
20 
32 
39 
44 
47 
50 
52 

7 
37 
47 
54 
59 
63 
66 
68 

I6 
54 
65 
70 
75 
80 
84 
87 

35 
75 
84 
90 
95 

100 
104 
108 

The spatial-headway method uses the relative 
amount of space "consumed" by a vehicle to determine 
its PCE. This method was recently applied by the 
Institute for Research (IFR) to obtain PCE values on 
urban freeways (5). 

The equivalent-delay method uses the ratio of the 
delay experienced by a passenger car due to nonpas
senger cars to the delay experienced by a passenger 
car due to other passenger cars. The delay caused 
to standard passenger cars due to lower-performance 
passenger cars is explicitly considered. 

Craus <!> used the equivalent-delay concept to 
determine PCE values on two-lane highways based on 
both the Walker method and the delay to vehicles due 
to opposing traffic. Craus suggests that the PCE 
values given in the 1965 HCM are 34 percent too high 
for 10-mph trucks at LOS A, 40 percent too high at 
LOS C, and 46 percent too high at LOS E. Craus• 
model also predicts that PCEs will increase with 
increasing volume. 

FOUR-LANE HIGHWAYS 

The basic equation for the conversion of mixed-traf
fic-stream volume on a multilane rural highway to an 
all-passenger-car volume is as follows: 

(3) 
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Table 2. PCEs of trucks on ordinary multilane highways on specific individual 
subsections or grades . 

Grade 
(%) 

0-1 

2 

3 

4 

5 

6 

PCE (Ey) 

Length 
of 
Grade 
(miles) 

LOS A Through C by 
Percentage of Trucks 

LOS D and E (Capacity) by 
Percentage of Trucks 

3 10 I5 20 5 10 15 20 

All 2 

0.25-0.50 5 
0.75-I 7 
1.50-2 7 
3-4 7 

0.25 10 
0.50 10 
0.75 10 
I IO 
1.50 I 0 
2 10 
3 10 
4 10 

0.25 12 
0.50 12 
0.75 I2 
I 12 
1.50 12 
2 12 
3 12 
4 12 

0.25 13 
0.50 13 
0.75 13 
I 13 
1.50 13 
2 13 
3 13 
4 15 

0.25 14 
0.50 14 
0.75 14 
I 14 
1.50 14 
2 14 
3 14 
4 19 

2 2 

4 4 
5 5 
6 6 
7 8 

8 5 
8 5 
8 6 
8 6 
9 7 
9 8 

10 10 
10 II 

9 5 
9 5 
9 7 

10 8 
II 10 
II 11 
12 13 
13 15 

IO 6 
11 7 
II 9 
I2 10 
13 12 
14 14 
15 16 
17 19 

10 6 
II 8 
12 10 
13 12 
14 14 
15 16 
I6 18 
19 20 

2 2 2 2 
3 3 5 4 
4 4 7 5 
6 6 7 6 
8 8 7 7 

4 3 10 8 
4 4 10 8 
5 5 JO 8 
5 6 10 8 
7 7 10 9 
8 8 10 9 

10 10 10 10 
11 II 10 10 

4 3 13 9 
5 5 13 9 
7 7 13 9 
8 8 13 10 

10 10 13 11 
II 11 13 12 
13 13 13 13 
15 14 13 14 

4 3 14 10 
7 7 14 II 
8 8 14 II 

10 10 14 13 
12 12 14 14 
14 14 14 15 
16 15 14 17 
19 17 16 19 

4 3 15 10 
8 8 15 11 

10 10 15 12 
12 11 15 14 
14 13 15 16 
16 15 15 18 
18 17 15 20 
20 20 20 23 

2 2 

4 3 
5 4 
6 6 
8 8 

5 4 
5 4 
5 4 
6 5 
7 7 
8 8 

10 10 
11 II 

5 4 
5 5 
7 7 
8 8 

10 10 
11 11 
14 14 
16 16 

6 4 
7 7 
9 8 

10 10 
13 13 
15 15 
17 17 
22 21 

6 4 
8 8 

10 10 
13 13 
15 15 
18 18 
20 20 
23 23 

2 

3 
4 
6 
8 

3 
4 
5 
6 
7 
8 

10 
II 

3 
5 
7 
8 

10 
11 
14 
15 

3 
7 
8 

10 
13 
15 
17 
19 

3 
8 

JO 
II 
14 
16 
I9 
23 

in which SVL is the service volume (mixed vehicles 
per hour, total for one direction) for LOS L. 

The PCE values for multilane highways in the 1965 
HCM were based on the relative delay due to trucks, 
which was determined by the Walker method in con
j unction with gradability curves. 

The generalized PCEs for multilane highways sug
gested by the 1965 HCM are shown below. (Separate 
consideration of EB (buses) is not warranted in 
most problems; EB is used only where bus volumes 
are significant.) 

Level of 
Service 
A 

B through E 

PCE for 
Level Rolling Mountainous 
Terrain Terrain Terrain 
Widely variable; one or more trucks 
have same total effect, causing other 
traffic to shift to other lanes; use 
equivalent for remaining levels in 
problems 
2 4 8 
1. 6 3 5 

The PCEs for specific terrain 
conditions are shown in Table 2. 
Table 2 generally decrease for 
ages of trucks. 

and traffic-volume 
The PCE values in 

increasing percent-

Researchers at the Polytechnic Institute of New 
York (PINY) used simulation data from a model devel
oped by the Midwest Research Institute (MRI) ( 7) to 
develop truck equivalents for varying percentages of 
trucks on any severity of sustained grade (~). IFR 
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recently completed a study to determine PCEs by the 
spatial-headway method for trucks and other nonpas
senger cars on urban freeways (5). 

The equivalent-delay method- was applied in this 
research. On four-lane highways, overtaking vehi
cles are inhibited only by concurrent-flow traffic. 
Faster vehicles may pass at will except when ob
structed by slower vehicles passing still slower 
vehicles. This concept was used by Newman and Mos
kowitz in a study for the California Department of 
Transportation and formed the basis for the PCE 
values used in the 1965 HCM (~,~). In this research, 

PCEij = (D;; - Dbase)/Dbase 

where 

PCE of vehicle type i under condition 
j, 
delay to passenger cars due to vehicle 
type i under condition j, and 
delay to standard passenger cars due 
to slower passenger cars. 

MAJOR FACTORS INFLUENCING PCEs 

(4) 

Determination of PCEs in this study included the 
following factors: roadway geometrics (up and down 
roadway grades, the length of grade, and the number 
of lanes), vehicle performance characteristics 
(length of vehicle, weight, and horsepower), and 
traffic flows (volume demand, directional split on 
two-way two-lane roads, percentage of vehicle types, 
and vehicle speeds) • 

Geometric Factors 

The range of grades considered extends from 0 to 7 
percent. Three levels of grades were defined: 

1. Level (0-1 percent), 
2. Moderate (2-4 percent), and 
3. Steep (5-7 percent). 

The 1965 HCM terrain descriptions (flat, rolling, 
mountainous) were purposely avoided since the ter
rain descriptions are generalizations of average 
conditions. 

Two grade conditions were studied at each data
collection site. At each site, measurements were 
tak1rn on a level seotion of the road u.nd on u. mod
erate or steep grade in the immediate vicinity. 

Vehicle Performu.nce Fu.ctors 

The terminology "vehicle performance" is used to 
describe the speed capabilities of individual vehi
cles operating along a road of given geometrics. The 
term "operations" is used to describe the collective 
behavior of a mix of vehicle types in the traffic 
stream. The vehicle performance capabilities of the 
following 14 vehicle types were considered: 

1. Base automobile (standard and compact), 
2. Small automobile (subcompact), 
3. Motorcycle, 
4. Bus (intercity, school, transit), 
5. Single-unit truck with two axles and four 

wheels (pickups, vans, delivery), 
6. Single-unit truck with two axles and six 

wheels (various weights), 
7. Single-unit truck with three or more axles 

(various weights), 
8. Three-axle truck combination (2S2, 2-1, 

various weights), 
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9. Four-axle truck combination ( 2S2, various 
weights) , 

10. Other four-axle truck combinations (3-1, 2-2, 
3Sl, 2Sl, various weights), 

11. Five-axle truck combination (3S2, various 
weights) , 

12. Other five-axle truck combinations (2S3, 3-2, 
2Sl, 2-3, various weights), 

13. Truck combinations with six axles or more 
(3-3, 2S2-2, 3S2, various weights), and 

14. Recreational vehicles--car and trailer, 
motorhome, pickup camper. 

Except for the last category listed, these are the 
case-study visual categor ics for the FHWA Highway 
Performance Monitoring System. 

Traffic Flow Factors 

Volume levels were chosen to relate approximately to 
level of service. The following volume ranges 
correspond to the indicated levels of service for 
uninterrupted flow on two-lane one-way (four-lane) 
highways in the 1965 HCM: 

Volume Approximate Level Volume 
ivehicles/h) of Service 
0-600 A 

601-1000 B 
1001-1500 c 
1501-1800 D 
1801-2000 E 
Over capacity F 

The maximum service volumes 
highways under uninterrupted 
given by the 1965 HCM in terms 
in both directions as follows: 

Maximum Service Approximate 
Volume (both Level 
directions) of 
(vehicles/h) Service 
400 A 
900 B 

1400 c 
1700 D 
2000 E 
Over capacity F 

Level 
1 
2 
3 
4 
5 
6 

for two-lane two-way 
flow conditions are 
of the total traffic 

Volume 
Level 
l 
2 
3 
4 
5 
6 

By defining the volume rang~s 

of service, five volume levels 
used. 

in terms of levels 
(1 through 5) were 

PCE Matrix 

A three-dimensional PCE matrix was constructed. The 
dimensions of the matrix are the 14 vehicle types 
listed previously, 6 rural highway section types 
(one or two lanes per direction times level, mod
erate, or steep grade), and 5 traffic-volume levels. 

The 14 vehicle types, 6 rural highway section 
types, and 5 volume levels yield a matrix containing 
420 cells. As might be expected, sufficient data 
could not be collected for all of the cells in the 
matrix. Volume levels above volume level 3 were not 
observed except at one two-lane one-way site with a 
moderate grade (Charlotte, North Carolina). 

DATA COLLECTION 

Data-collection sites were chosen to attempt to 
collect data that encompass the full range of vehi
cle types, volume levels, and rural highway section 
types (both by number of lanes and alignments) 
listed in the previous section. 
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Figure 4. Data-collection configuration. 

-

Figure 5. Loop configuration. 

~35'-

Site-Selection Criteria 

Super 8 
Movie Camero 

Four sites were chosen on two-lane two-way highways 
and four on two-lane one-way highways. Operational 
data were collected at two locations per site. One 
location was on a level section of highway and the 
second was on a moderate or steep section of high
way. Truck weight and horsepower data were col
lected concurrently with the traffic-flow data. 

The eight sites (four two-lane and four four
lane) were located in five states, as follows: 

l. Colorado: two-lane and four-lane, 
2. Texas: two-lane and four-lane, 
3. west Virginia: two-lane, 
4. Pennsylvania: two-lane and four-lane, and 
5. North Carolina: four-lane. 

These states included sites where most, if not 
all, of the combinations of vehicle type, vehicle 
weight/horsepower ratio, volume level, and rural 
hig 'iway section type are available. 

Data-Collection Techniques 

Data were collected by using both an automatic 
data-collection system and a time-lapse camera, as 
shown in Figure 4. Headways, speeds, and occupancies 
were determined from data accumulated by the auto
matic data-collection system. Visual-classification 
data were collected by using Super-8 Timelapse Cor
poration cameras. Truck-characteristic data were 
collected concurrently. 

The sensors for the automatic data-collection 
system were pairs of inductive loops connected to a 
roadside terminal box, shown in Figure 5. The loops 
were 6 ft laterally by 12 ft longitudinally in a 
rectangular shape, spaced 35 ft from leading edge to 
leading edge; there were two conductors in each 
loop. The loops were fixed to the pavement surface 
by using 3-in-wide gray duct tape. A coating of 
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rubber-based adhesive was then applied to both the 
tape and approx i mately 3 in of the adjacent roadway 
surface to provide a stronger bond. The material 
used was Miracle Construction Adhesive, and it dried 
to a firm state in approximately 30 min under dry, 
warm conditions. 

The roadside terminal box contained a remote 
oscillator for each loop, tuned to different 
frequencies to minimize interference for 
transmission to the Radian Corporation DART II 
computer located approximately 100 ft from the edge 
of the highway. The Radian DART II is a 
microprocessor-based data-acquisition system that 
contained both the vehicle detector circuits and an 
IBM flexible disk drive for recording data. 
Traffic-flow data were collected as time of 
actuation and time of deactuation for each of the 
four inductive loops in the configuration shown in 
Figure 5. The date, time, loop identification 
number, and current loop status (on or off) were 
recorded for each input event. 

Visual vehicle classification data were collected 
by using Super-8 Timelapse Corporation cameras. The 
cameras display time of day digitally, to the 
second, on the film image. The cameras were gen
erally set to l frame/s, although in some instances 
2 frames/s was used. The time of day for all cam
eras and computers was set daily prior to starting 
the study. The time-lapse cameras were aimed at the 
loops to enable identification of the vehicles ac
tuating the detectors as well as to provide a means 
of match with the truck-weighing operation data. 

Concurrent with the automatic data-collection and 
visual data-collection effort, trucks were weighed 
at a point remote from the loop locations. The 
truck weighing included a side variation in methods, 
which ranged from the portable "loadometer"-type 
scales used in Pennsylvania to the directional, 
double-sided platform scale station in North Caro
lina, which processed two queues of trucks simul
taneously. Truck weight, horsepower, identifying 
features, and time of day were manually recorded for 
pairing with observed traffic-flow data. Photo
graphs of the trucks were taken in most cases to 
confirm site identity. 

After extensive communication with the highway 
departments in Texas, Colorado, Pennsylvania, North 
Carolina, and West Virginia and following a field 
inspection trip to each location, the sites were 
chosen and studied from May through August of 1981. 

DATA REDUCTION 

The data were stored by the Radian Corporation DART 
II automatic data-collection system on flexible 
diskettes. The format of each record was as follows: 

l. Date, 
2. Time (hour, minute, second, and ticks of a 

240-h clock) , 
3. Detector number, and 
4. Detector on or off indicator. 

The data on the flexible diskettes were interpreted 
and transferred to an 800-bit/in magnetic tape in 
the form of BO character records in the same general 
form shown above. These records were then analyzed 
to determine the actuation trajectory of each vehi
cle. Simultaneously, the vehicles were identified 
as one of the 14 types previously described. The 
resulting vehicle data were then coded in the fol
lowing format: 

l. Site number, 
2. Lane number, 
3. Vehicle type, 
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4. Date, 
5. Time of first trap detector on, 
6. Time of first trap detector off, 
7. Time of second trap detector on, and 
8. Time of second trap detector off. 

Volume-level samples were obtained by expanding 
5-min samples to 1-h volumes: 5-min samples of the 
same volume level were then concatenated. Headways 
and speeds by vehicle type within each volume level 
at each unique location were analyzed. Only volume 
levels 1, 2, and 3 were found at the sites studied, 
with the exception that the Charlotte, North Caro
lina, site had some traffic of volume level 5. A 
total of 13 991 vehicles were observed at the two
lane one-way (four-lane) sites, and 11 213 vehicies 
were observed at the two-lane two-way sites. 

DATA ANALYSIS 

The data were analyzed to produce a number of sta
tistics to be applied in the PCE procedures. Spa
tial-headway and speed mean values were derived by 
lane, site, vehicle type, and volume level. The 
truck-weight data obtained concurrently with the 
traffic-stream data were also processed to provide 
insight into the effects of weight and horsepower on 
vehicle performance. 

PCE values were determined by using the Walker, 
spatial-headway, and equivalent-delay methods. These 
could be computed directly for only those volumes 
and vehicle types sampled. Since very little data 
were available at volume levels 3, 4, and 5, models 
were developed to allow estimation of PCEs on the 
basis of the Walker method or the equivalent-delay 
method for varying volume levels and percentages of 
trucks and recreational vehicles. Vehicle speed 
estimates were based on the gradability curves de
veloped by MRI (7) and weight/horsepower and traf
fic-stream data collected during this study. 

The model for estimating the Walker-method PCEs 
used the following equation: 

where 

VOLi 
O'ii.PC • 

VO~pc = 

PCE of vehicle type i, 
number of overtakings of vehicle type 
i by passenger cars per mile per hour, 
volume of vehicle type i per hour, 
number of overldkluyi; uf lower-per
formance passenger cars by other 
passenger cars per mile per hour, and 
volume of lower-performance passenger 
cars per hour. 

(5) 

The model for estimating the equivalent-delay 
PCEs used the following equation: 

PCEi = (OTJVOy) [(1/TSSP)- (1/MPCSP)] 

7 (0TLPc/VOLLpc) [(1/AVCRSP)-(1/MPCSP)] 

where 

TSSP mean speed of mixed traffic stream, 
MPCSP mean speed of traffic stream with only 

higher-performance passenger cars, and 
AVCRSP = mean speed of traffic stream when it 

contains only passenger cars. 

(6) 

Unimpeded vehicle speeds were estimated for typi
cal grade conditions for each of the 14 vehicle 
types on two-lane and four-lane highways by using 
typical weight/horsepower values for each vehicle 
type. Insufficient data were obtained for motor-
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cycles to estimate PCEs. The typical grade condi
tions used for PCE computation were 

1. Flat (0 percent grade) i 

2. Three percent grade, 1 mile long; and 
3. Six percent grade, 1 mile long. 

The models were calibrated for the grade condi tions 
observed; then PCE values were computed for the 
above typical conditions. 

A fundamental assumption in the Walker method is 
that faster vehicles are not impeded in passing as 
they overtake slower vehicles, so queues do not 
form. Conversely, in the equivalent-delay model, it 
is assumed that faster vehicles are always impeded 
by slower vehicles, which results i n queues on the 
analysis section. It was assumed that the Walker 
method is appropriate for volume level 1, and the 
equivalent-delay method is appropriate at volume 
level 5. A linear combination of the Walker and 
equivalent-delay PCEs was computed for each inter
mediate volume level. 

PCE values for each vehicle type, roadway condi
tion, and volume level were derived. For the two
lane highways, up-grade PCEs were computed. For the 
four-lane highways, the median and outside lanes 
were considered separately. Due to space con
straints, the individual-vehicle-type PCE values are 
not presented here. They may be found elsewhere <.!I. 

Composite PCE values for all trucks and recrea
tional vehicles, weighted and pooled by constituent 
proportion of the truck population, were considered. 
This mechanism supports continuation of the current 
percentage-of-truck input to the truck factor with a 
single truck PCE rather than use of a large number 
of truck types and PCE values. These composite 
values were computed and are shown in Table 3 for 5, 

Table 3. Composite PCE values for two-lane and four-lane highways. 

Volume Level 
Trucks 

Roadway Type (%) 2 3 4 5 

Two-Lane Hishway 

Two-lane flat 5 1.5 1.6 1.6 1.6 1.7 
10 1.5 1.6 1.6 1.7 1.8 
15 1.5 1.6 1.7 1.8 1.8 
20 1.5 1.6 1.8 1.8 1.9 
25 1.5 1.7 1.8 1.9 2.0 

Two-lane moderate 5 3.0 3.2 3.5 3.7 4.0 
10 3.0 3.3 3.7 4.0 4.4 
15 3.0 3.4 3.8 4.3 4.8 
20 2.9 3.5 4.0 4.5 5. 1 
25 2.9 3.5 4.2 4.8 5.4 

Two-lane steep 5 5.5 7.3 9.6 12.0 15.5 
10 5.4 7.6 10.5 13.3 13.3 
15 5.3 8.9 11.1 12.1 12 .6 
20 5.3 8.1 10.4 11.7 12.0 
25 5.3 8.2 JO.I 11.7 11.1 

Four-Lane Highway 

Four-lane flat 5 1.7 1.8 1.8 1.9 2.0 
10 1.7 1.8 1.9 2.0 2.1 
15 1.6 1.8 1.9 2.0 2.1 
20 1.6 1.8 1.9 2.1 2.2 
25 1.6 1.8 1.9 2.1 2.2 

Four-lane moderate 5 2.9 3.3 3.7 4.1 4.5 
10 2.9 3.4 3.9 4.4 5.0 
15 2.9 3.5 4.0 4.6 5.3 
20 2.9 3. 5 4.2 4.8 5.6 
25 2.9 3.6 4.3 5.1 5.8 

Four-lane steep 5 6.8 9.3 14.6 19.8 25.6 
10 6.4 8.2 9.9 12.9 17.0 
15 6.0 7.1 7.1 10.0 13.I 
20 5.6 6.3 6.7 8.0 JO.I 
25 5.3 5.6 5.7 6.5 7.8 
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Table 4. Comparison of PCE values for two-lane highways. 

PCE Value 

HCM HCM TT! (25 
Roadway Type Volume General Specific percent trucks) 

Two-lane flat A 3 2 1.5 
B 2.5 2 1.6 
c 2.5 2 1.6 
D 2 2 1.6 
E 2 2 1.7 

Two-lane moderate A 4 17 2.9 
B 5 17 3.5 
c 5 21 4.2 
D 5 21 4.8 
E 5 20 5.4 

Two-lane steep A 7 41 5.1 
B 10 41 8.2 
c 10 59 IO. I 
D 12 59 11.7 
E 12 70 I I.I 

Table 5. Comparison of PCE values for four-lane highways. 

PCE Value 

Trucks HCM HCM 
Volume (%) General Specific !FR PINY TT! 

Four-Lane Flat 

A-C 5 2 2 1.2 1.8 
A-C 10 2 2 1.2 1.8 
A-C 15 2 2 1.2 1.8 
A-C 20 2 2 1.2 1.8 
DE 5 2 2 1.8 2.0 
DE 10 2 2 1.8 2.1 
DE 15 2 2 1.8 2.1 
DE 20 2 2 1.8 2.2 

Four-Lane Moderate (3 percent, l mile long) 

A-C 5 4 8 8.5 3.3 
A-C 10 4 6 7 3.4 
A-C 15 4 5 7 3.5 
A-C 20 4 6 7 3.6 
DE 5 4 8 8.5 4.3 
DE 10 4 6 7 4.7 
DE 15 4 5 7 5.0 
DE 20 4 6 7 5.2 

Four-Lane Steep (6 percent, I mile long) 

A-C 5 8 13 21.5 10.2 
A·C 10 8 12 18 8.2 
A-C 15 8 12 18 6.9 
A-C 20 8 II 18 6.2 
DE 5 8 14 21.5 22.7 
DE 10 8 13 18 15.0 
DE 15 8 13 18 11.6 
DE 20 8 11 18 9.0 

10, 15, 20, and 25 percent trucks. These values 
include all buses and recreational vehicles. 

A comparison among PCEs from the 1965 HCM (2), 
both general and specific; the IFR study (5) -on 
urban freeways; the PINY study (8) from MRI design 
charts Cll; and the values computed in this research 
at the Texas Transportation Institute (TTI) is shown 
in Tables 4 and 5. The PCE values found for trucks 
in this research generally agree with the 1965 HCM 
general values, as well as with the PCEs found by 
!FR on flat urban freeway sections. The specific 
values, however, found in the 1965 HCM for the two
lane moderate grade (3 percent, 1 mile long) and the 
two-lane steep grade (6 percent, 1 mile long) are 
seriously divergent. In the light of other recent 
research, for instance, that of McLean (10) and 
ours, which concludes that the PCE values for-trucks 
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on long grades are much too high, serious considera
tion should be give n to substantial reductions in 
the HCM specific-grade PCE values. 

The four-lane PCE values for flat terrain are in 
virtual agreement for all of the values shown in 
Table 5. For four-lane PCE values for moderate 
grades, (3 perc e nt , 1 mile long) t he HCM specific 
values and the l?INi' values are both somewhat higher 
than the HCM general and the PCEs computed in this 
study. The PCE values for the four-lane steep grade 
are all of the same order of magnitude, although a 
lack of sensitivity to percentage of trucks is appa
rent in all sources except this research. 

CONCLUSIONS 

This research provided several significant findings 
for two-lane and four-lane rural highways, as listed 
below: 

1. The generalized PCE values for two-lane and 
four-lane rural highways in the 1965 HCM are sub
stantiated by the PCEs determined in this research 
for the composite stream of nonpassenger car types. 

2. The PCE values for specific grades on two-lane 
rural highways are overly conservative for both 
moderate and steep grade conditions. 

3. It is not necessary to increase the complexity 
of the truck-factor equation (Equation 2) • EL 
values may be used for a composite traffic stream 
consisting of buses, trucks, and recreational vehi
cles. EL is shown in this research to be an ex
plicit function of (a) percentage of trucks, (b) 
volume level (1, 2, 3, 4, 5), and (c) grade condi
tion (flat, moderate, steep, and four-lane or two
lane) . 
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Discussion 

Roger P. Roess 

The subject of l?CEs has received considerable atten
tion in recent years for two different reasons. The 
federal government has supported a number of studies 
for the development of l?CE values for various cate
gories of trucks with the purpose of using these 
values in the allocation of the road-user tax burden 
among these categories of trucks as well as among 
other vehicles that use the nation's highways. The 
research reported by the authors results from one 
such study. The subject has also received attention 
in a variety of studies directed at producing meth
odologies for the third edition of the HCM. 

Cunagin and Messer should be complimented on the 
thoroughness and quality of their work. Their paper 
points out, however, one of the hazards of working 
with PCE values: the lack of any general consensus 
of what l?CE values are and how they ought to be 
calibrated. 

Various researchers have used a variety of cri
teria for calibrating PCE values: 

1. Relative numbers of passing maneuvers on two
lane highways, 
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2. Delay caused by trucks in the traffic stream 
(equivalent delay), 

3. Relative spatial headways of trucks compared 
with those of passenger cars, and 

4. Equivalent volume/capacity ratio. 

Cunagin and Messer have used a combination of the 
first two criteria in calibrating PCE values for 
their study. This method is an adaptation of the 
methods used to develop the values of the 1965 HCM. 

The authors compare the study results with PCE 
values calibrated at PINY for Transportation Re
search Circular 212 (11). In general, the study 
values are lower than the PINY values in Circular 
212. 

It should be noted that PINY values were cali
brated to produce an equivalent volume in passenger 
cars per hour that used the same percentage of the 
roadway's capacity as the actual volume of mixed 
traffic, i.e., to keep the volume/capacity ratio 
constant. Thus, since the two studies started with 
different concepts of PCEs, it is not unusual that 
the results differ, even significantly. 

The use of PCEs is a critical point. Messer has 
clearly recognized this in his recent draft report 
on the capacity of two-lane rural highways. In his 
formulation of new capacity-analysis procedures, he 
has not used the values resulting from the study 
reported in this paper, the focus of which was not 
capacity analysis. For capacity analysis, he sug
gests the use of factors based on producing an equiv
alent volume in passenger cars per hour that travels 
at the same average speed as the actual volume of 
mixed traffic. This is directly related to the use 
of average speed as a measure of effectiveness for 
level of service of two-lane rural highways. 

For multilane highways, there is considerable 
evidence that the PCE values used in Circular 212 
are too high, primarily because the standard truck 
selected for calibration was too heavy to reflect 
current conditions. These factors are now being 
revised as part of Project 3-2BB of the National 
Cooperative Highway Research Program, which will 
produce the third edition of the HCM. 

In summary, the paper presents a most comprehen
sive treatment of PCE calibration and use. The 
philosophical issue of whether or not PCE values are 
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an appropriate measure by which to evaluate the 
allocation of road-user taxation remains but is not 
one that can be addressed in the context of a study 
such as that reported here, since it was a given 
objective of the sponsor. 
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