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DIGLST OF 
TRUCK [QUIVALENCY 

Any driver i~ aware of the difference the presence of trucks 

makes on a ln~hway they take much space and influence the ~peed, 

comfort and secur1 ty of travel. But could any dr1 ver express tnat 

difference in simple figures? 

To the h1ghwav engineers such figures condition the durability 

of the pavement and the capacity of the road 

It 1s easy to see that, 1n the flow of traffic, one truck 

occupies more space than a single passenger car, that therefore 

trucks reduce the capacity of a highway, expressed in total numbers 

of vehicles From this fact, the traffic technicians deduced the 

concept of the passenger car equivalent of a truck under given 

conditions 

In practice, it 1s derived from measurements of the time-

interval (not distance-interval) between velnclec; and their speed 

It will fluctuate appreciably as the relative number of trucks 

changes in the traffic flow~ at a given point on a high~ay it will, 

of course, also vary with the changes in the physical structure of 

the road 

from a larQe number of measurements made under greatly varied 

cond1t1ons, this study has determined that 111 the m1clst of traffic 

the average truck can p-eneral ly be counted a1s "cqu1 valent" to 1 ess 

than 2 passenger cars. 
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1RUCK bQUIVALLNCY 

ABSTRACT 

70-Ull- 7704 

The effect of trucks on a lughway is to reduce the capacity in terms 
of total velucles car11ed per hour. The extent of influence trucks have 
on traffic is related to the design. Hence, this report is made up of 
four studies. 

Study #1 (Downstream From a fraff1c Signal) 

As the number of trucks in a stream increases, the average headway of 
the stream increases. However, the nwnber of passenger cars that a truck 
is equal to appears to be far less than two 

Study #2 (Downstream From an bntrance Roadway) 

Disregarding differences in speed, and on a volume basis only, the 
range in the truck equivalent was generally found to be from O 9 to 1 3 
downstream from an entrance roadway location. 

~tudy #3 (Level, Tangent Roadway) 

On a tangent roadway, for equal speeds, the passenger car equivalent 
of trucks was found to approach a value of two as the percent of trucks in 
the stream approached 100%. 

Study #4 (Grade) 

Car and truck speeds on the level section of roadway were not 
significantly different as the percent of trucks in the stream increased. 
llowever, the mean speeds of passenger cars were significantly r~<luced for 
tne middle and top of grade locations as the percent of trucks increased. 

No determination of truck equ1.valency was made from these data, 
though, because very low rates of flow were recorded at tne site of tne 
study. 
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DEFINITIONS 

The time interval (1n seconds) between the front 
of a vehicle passing a point and the front of the 
next vehicle passin~ the same point in the same lane 

- The difference in time (seconds) between consecutive 
vehicles (regardless of lane) crossing a reference 
llne. This term applies to veJncles in a<lJ acent 
lanes, as well as vehicles in the same lane. (Vehicles 
are measured head to head. If two vehicles are 
crossing the reference line at the same time, the 
variable lane headway 1s zero.) 

A passenger car with no more than four tires 

A vehicle with more than four tires 

Passen~er car followed by a passenger car. 

Passenger car followed by a truck 

- Truck followed by a passenger car. 

- Truck followed by a truck 

- A hi~hway with four separated roadways, an express 
roadway and a local roadway for both directions 

- A two-lane roadway with passenger car traffic 
only. 

A two-lane roadway with both passenger car and 
truck traffic. 

Right-hand lane of local roadway. 

Left-hand lane of local roadway. 

\ 

- An expanded volume (vph) from the express roadway 
which includes car~ only. 

Mixed Volume - An expanded volume (vph) from the local roadway 
, which includes both cars and trucks 

Blip - An indication of a vehicle on the twenty-pen 
recorder chart. (For example, a passenger car 
would be indicated as follows The --'-L--hor1 zontal line represents the pen, and each small 
vertical line indicates a set of wheels cross1n~ a 
pneumatic tube.) 

1.11. 





INTRODUCTION 

The capacity of a highway 1s influenced by the composit1on, habits 

and desires of the traffic which uses it, and by the controls which must 

be exercised over that traffic. Factors which take these considerations 

into account are termed traffic factors. Among these factors are trucks, 

buses, variations in traffic flow, lane distribution, etc. 

The Highway Capacity Manual states that trucks reduce the capacity 

of a highway m terms of total vehicles carried per hour In effect, each 

truck displaces a number of P-cars in the flow The number of P-cars that 

each truck represents under specific conditions 1s termed the "passenger 
I 

car equivalent of a truck" for those conditions In level terrain, where 

trucks can maintain speeds that equal or approach the speed of P-cars, the 

HCM states that the average truck 1s equivalent, 1n a capacity sense, to 

two P-cars on multi-lane highways, and to between two and three P-cars on 

two-lane highways, depending on the level of service On upgrades, the 

passenger-car equ1va~ent of a truck may vary widely, depending on steepness, 

length of grade and number of lanes. 

For multi-lane highways, truck adJustment procedures are not well 

defined. Research 1n this ~rea has been quite limited, and that which has 



been done has been restricted principally to operation at or near level 

of service B. 

fhe New Jersey Department of fransportat1on, in cooperation with the 

Bureau of Public Roads, has conducted tlns study to determine truck equiv-

alency for various ranges in volume and percent trucks in the stream. 

Tlus report combines the results of four separate studies. 1he 

first 5tudy 1nvest1gated the relationslup of headways between vehicles 

downstream from a signal. The second study investigated truck equiv-

alency for an entrance roadway location. The third study rnvestigated 

truck equivalency on a level, tangent roadway. The fourth study investi-

gated the truck equivalent on a 6% grade. 

STUUY SITES 

U.5. Route 1-9 was used as the site for the first three studies (see 

Fig. 1). 

Study #1. There is a bituminous four-lane northbound approach to the 

intersection on Route 1. Turning movements are provided for by means of 

a Jughandle located 150-ft south of the intersection on Route 1-9. Signing 

on this approach directs all trucks to the right, well in advance of the 

intersection. 

The local traffic lanes are separated from the express lanes by a 

4-ft wide, 6-in. high concrete median The express lanes arc separated 

from opposing traffic by a 16-ft wide grass median with a 6-in hign concrete 

) - ... -
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curb. There 1s a semi-actuated traffic signal at the intersection. The 

posted speed llm1t on Route I 1s 40 mph south of the intersection and 

50 mph north of the intersection. 

The headway data were collected 1n July 1965 at four points 100-ft 

(Point A), 270-ft (Point B) 1 435-ft (Point C) and 1000-ft (Point D) north 

of the North Avenue signalized intersection (~ee Fig. 2). 

Study #2. An entrance roadway merge with a main road is often the site of 
I 

speed and density variations in the flow, caused by the ingress of traffic. 

It is important to quantify the effect of truck traffic at these points. 

This location is one where the sight distance, for both main road 

and entrance roadway traffic, is excellent for several hundred feet 

upstream from the merging point. The main road 1s level, four lanes 

wide -- in one direction -- dual1zed, and located 2000-ft downstream 

from a traffic signal. 

fhe local roadway 1s tangent, with a 10-ft shoulder on the right and 

an 18-in. tapered concrete separator to the left. The express roadway 

has a 1° curve to the left, a 9-ft shoulder on the right and a sloping 

curu and a wide grass median on the left. Both roadways have 12-ft wide 

portland cement concrete lanes and bituminous concrete shoulders. 

Data were collected in May 1967. 

Study #3. Data used to determine truck equivalency on the tangent roadway 

were collected in June 1968 Lxpress roadway data were collected 2000-ft 

north of North Avenue anct local roadway data were collcc..tcd 3500-ft north 

of North Avenue (see Fig 3). 

- 4 -
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Study #4. The site was US. Route 46, eastbound, outside of Hackettstown, 

Morris County, New Jersey (see Fig. 4). The eastbound and westbound d1rec-

tions are separate roadways at the 1.8 mile long, 6% grade The roadway 

is concrete, two lanes, 25-ft wide, with no shoulder Horizontal 

curvature 1s present. This road 1s in a rural area with a 1968 AADT of 

7600. Data were collected in August 1969 at three locations along the 

grade· at the bottom (A), in the middle (B), and at the top (C). 

" STUDY METHODS ----------
\ 

Study #1 (Down5tream From a Signal) 

The data were collected using a twenty-pen recorder which recorded 

the time of each successive vehicle passing each of the four study points 

in each lane The type vehicle (P-car or truck) was also recorded 

The following 1nformat1on was obtained from the field recorder charts 

1 Local Lane 1 and Local Lane 2 

(A) Headways - Points A,B,C and 0 

(1) P-car following P-car 

(2) P-car following truck 

(3) Truck foll~w1ng P-car 

(4) Truck following truck 

2 Express Lanes 

(A) Headways - Points A,B,C and n 

( 1) P-car following P-car 

I 
r I 'I t 
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3. Local Lanes 1 and 2 and Express Lanes 

(A) 11 vehicle queues - Points A,B,C and D 

(1) Average headway of 11 successive vehicles to pass 

each point 

In determining the average headways in 1 and 2, above, only vehicles 

traveling with headways of nine seconds or less were analyzed. It was felt 

that a vehicle following another vehicle at a greater headway than nme 

seconds was not directly affected by the lead vehicle at this location. 

In determining the average headways in 2, above, the headways 1n both 

express lanes were used. 

An analysis of vehicle queues of 11 vehicles was conducted to deter-

mine if a relationship exists between the number of trucks in the queue 

and the average headway. The data combined the queues from Local Lane 1 

and Local Lane 2 

The queues were limited to those which passed the study points, from 

front of first vehicle to front of 11th vehicle, in a time interval of 

between five seconds and sixty seconds from the beginning of the green 

phase Only the total number of trucks and cars in the queues were 

recorded, no attempt was made to analyze the various positions of the 

trucks or P-cars within the queues, since there are 2048 such arrangements. 

Since both lanes are heavily traveled truck lanes, only queues 

consisting of 11 trucks and zero cars through three trucks and eight cars 

were analyzed Queues with more than eight cars in these lanes occurred 

too 1nfrcquently to analyze. For comparison purposes, queues of 11 P-cars 

- 9 -



1n the express lanes were analyzed. The total number of queues was 

determined by taking the first through the eleventh vclucle, then the 

second through twelfth, third through thirteenth, etc. The ll-veh1cle 

queues 1n both local lanes were analyzed together to obtain a larger 

c;ample 

S"t:_~l'_!l_ (Downstream From an Entrance Roadway) 

The volume for any time period 1s inversely proportional to the mean 

headway of all vehicles 1n that time period Sampling headways over 

1ncreas1ngly larger intervals yields decreasingly lower volumes for the 

expanded period This occurs because the maximum possible headway 1~ 

the length of the time interval, and as the sampled time intervals 

increase, so does the maximum headway. However, the longer sampling time 

interval will produce a more accurate estimate of the actual expanded 

period volume. 

As the volume on a road approaches capacity, the kinematic waves 1n 

the stream affect a greater number of vehicles. Almost all of the traffic 

may be forced to stop at one ti,me or another. The influence of a truck 

1n the traffic stream 1s experienced over some finite time or distance. 

As the vehicles accelerate from the stop, the trucks 1n the stream will 

take a little longer to attain the speed of the passenger cars, hence, a 

larger gap will appear 1n the traffic between the truck and the preceding 

passenger car As the truck continues downstream, the larger gap will 

permit the truck. to increase its speed above that of the preceding 

- 10 -



passenger car and it will eventually "close" to a nonnal follo\ving 

distance This process cah continue at the near capacity level for 

several miles, but in many cases, other vehicles will enter the larger 

gap. If other vehicles did not enter the larger gaps, it can be argued 

that the gap created 1n this case may serve to stop the wave in the 

stream, thereby reducing the density and increasing the total volume of 

the lane. Experiments at the Holland Tunnel in New York verify an 

increase in volume by controlllng the velncle input to the tunnel per 

minute 

A methodology and analysis of study, which considers the afore-

mentioned pr1nc1ples, are used in this study. Traffic 1s sampled on a 

time interval basis. The method utilizes the headways of vehicles 

Mean headways are deternuned for each of four time intervals 

(15,30,45 and 60 seconds) and are classified by the number of vehicles 

and the percent trucks in the stream during each interval. 

A plot of mean headway versus the number of vehicles per time interval 

yields a straight line on log-log paper. It is to be expected that the 

least squares line for 0% trucks will fall below any other !me Then, 

for a specific number of vehicles, the mean headway would be expected to 

increase for an increase in the number of trucks 

From the basic equation 

Q = C + (E)(T) 

E = 
Q - ( 

T 

- 11 -



Where 

Q = Equivalent cars 

C = Number of cars 

E = Passenger car equivalent 

T = Number of trucks 

Also 

Q = Time period/p 

C = (c) (time period)/h 

T = (t) (time per1od)/h 

Where· 

of trucks 

p = Average headway for an all passenger car sample 

c = Proportion, of cars 

t = Proportion of trucks 

h = Average headway for a sample of cars and trucks 

Substituting 

E = 
_ __,..._ _____________ _ 

h 

(t) Time p_eriod 
h 

- C 
E = _P __ 

t (1) 

The mean headway for any specific number of vehicles for each percent 

of trucks can be substituted in equation (1) The resulting plot 

1s E versus volume for all ranges 1n truck percentage for wluch 

data are ava1lahle The volume 1s detennrned from 3600n/t1me-rnterval. 

(Note n = number of vehicles 1n a sample.) 
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The data collection system consisting of pneumatic tubes, Junior 

counters and a twenty-pen recorder 1s shown 1n rig. 5. However, only 

headway data from the second set of tubes were used. The time at which a 

vehicle ran over a tube was indicated on a chart. Vehicle type was recorded 

manually. 

Study #3 (Level, Tangent Roadway) 

As 1n previous phases of the study, the data were collected by using 

a pneumatic tube, Junior c~unter and twenty-pen recorder system. The 

following data were collected using this system· 

Chronological times at which a vehicle crossed a 
pair of reference lines, 

Vehicle type (car or truck), and 

Lane used (right or left) 

Three 12-hour days of data from the express roadway, and two 12-hour 

days of data from the local roadway were collected. Although data were 

collected by 1nd1v1dual lanes, both lanes were used 1n computing volumes 

and average speeds. 

The data were then coded, punched onto cards, and compiled by comnuter 

programs. 

methods 

produced. 

The first programs group the data using time interval and platoon 

Tables of average speed, with volume and truck percent, were 

From these tables second degree curves of volume versus speed 
I 

were fitted. These curves were extended to 35 mph and adJusted to a 

max1Mum volume of 4000 vph for a two-lane road. Twenty percent, 40% an:d 

- 13 -
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60% truck curves were then constructed equidistantly between the express 

curve and the 80% truck curve These curves were used to plot a mixed 

volume-equivalent passenger car volume relation5hip. This relationship 

1s based on the assumption that for a constant speed, the mixed volume 1s 

equivalent to the corresponding express roadway volume. 

Two methods were used to tabulate data. 

Time Interval Method - A constant time interval was used to define 

data samples. All vehicles, regardless of lane 1n the time interval, 

startinr with the first veh1cle,made up the first sample. Thereafter, 

time samples were taken consecutively to the end of the study. 

The first set of samples ,\fere formed using IS-second time intervals and 

another set of samples were formed using 30-second time intervals 

The number of vehicles in a time interval was expanded to vehicles 

per hour. 

If there were less than three vehicles in a sample, or if more than 

one-half the speeds were missing for the vehicles 1n a sample, then that 

sample was not used. 

Platoon Method - A platoon was defined using variable lane headway 

criteria between consecutive vehicles (1n time), regardless of lane. If a 

pair of consecutive vehicles were in the same lane, the second vehicle 

was assumed to be influenced by the first vehicle for a headway up to 

six seconds. If a pair of consecutive vehicles were in adJacent lanes, 

the second vehicle was assumed to be influenced by the first vehicle for 
'--

- 15 - 1 I 
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a variable lane headway up to three seconds. In the event that two 

vehicles pass the reference line at the same time 1n adJacent lanes, the 

six-second criterion was used for a following vehicle. 

A condition could occur (see Figure below) where the variable lane 

headway between two adJacent lane vehicles (vehicles 4 and 5) 1s greater 

than three seconds, but the headway between two same lane vehicles (vehicles 

4 and 6) 1s less than six seconds. For this cond1t1on, neither vehicle 

5 nor 6 are considered to be influenced by vehicle 4. Vehicle 6, in this 

pos1t1on, 1s assumed to be primarily influenced by vehicle 5. Vehicles 

1,2,3 and 4 form a platoon. Vehicles 5 and 6 are the start of another 

possible platoon. 

H<6 

H<6 

IT] 
[JJ 

SPECIAL CONDITION FOR PLATOON METHOD 

A valid platoon was required to have a minimum of four vehicles and 

a m1n1murn total platoon time (1.e., variable lane headway sum) of 15 seconds. 

The rate of flow was determined by expanding "number of vehicles/total 

platoon time" to an hour. Rates were grouped by 100 vph class interval«;. 

- 16 -
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Study #4 (Grade) 

Data were collected using the system outlined 1n Fig. 5, except that 

both lanes were recorded together. Three hours of data were collected 

at the level location and nine hours at the middle and top of grade 

locations. Passing maneuvers were not considered. The clock time was 

written on the recorder chart about every 10 minutes as a check on the 

chart recorder speed. 

To determine vehicle speed, the travel time for each vehicle had to 

be interpreted from the recorder chart. Correct pairs of blips, corre-

sponding to the same vehicle crossing both pneumatic tubes, had to be 

matched. Some sections of data where matching was unreasonable were 

omitted. The chart time at the first blip, vehicle type and travel time 

for each vehicle were coded and keypunched on cards Factors showing 

the ratio of clock time to chart time were computed and used to adJust 

the travel time. 

A program gave the number of vehicles (size), truck percent, average 

speeds and standard deviations for cars only, trucks only, and cars and 

trucks combined, for each of the 30 second time intervals. 

Another program grouped the above data by size and percent trucks 

(see Appendix, Tables A-6 through A-8). 

) 
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ANALYSIS OF DATA 

Study #1_ (Downstream From a Signal) 

Average Headway Comparison Between Local and Express Lanes 

The average headways between PP, PT, TT and TP were determined for 

Local Lane 1 and Local Lane 2 and the average headway between PP was deter-

mined for the express lanes. 

It should be noted that the average headways include headways between 

vehicles accelerating from a stop position at a traffic signal and vehicles 

moving straight through the signal which did not have to stop. However, 

this is true for all lanes involved. Lane changing is infrequent and 

vehicles changing lanes were not analyzed. 

The Highway Capacity Manual assumes that a truck is equivalent to at 

least two cars for conditions such as at this location. If this were true 

and we were to convert the P-car volume in the express lanes to an equi-

valent truck volume, we would obtain one-half of the volume and the 

average headway would be double. However, 1f we consider the TT headways 

1n Local Lane 1 to be representative of the TT headways to be experienced 

1n a 100% truck lane with the same physical characteristics (lane width, 

grade, signal timing, etc.), we find that instead of the T~'headways being 

double that of PP headways, they are only 1.26, 1.29, 1.30 and 1.32 times 

the average PP headway 1n the express lanes at Points A,B,C and D, 

respectively. 

This, again, is based on the assumption that there 15 no difference 

in the TT headways 1n this 80% truck lane and a 100% truck lane. The 

- 18 -
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average TT headway in Local Lane 1 1s, however, s1gnif1cantly* greater 

than the average PP headway 1n the express lane But 1t 1s not double. 

Since Local Lane 1 did have 20% P-cars, the average headways between 

PP, PT and TP in this lane were also compared with the PP headways 1n the 

express lane at all points. The average headways between PP, PT and TP 

at all points were also found to be sign1f1cantly greater than the PP 

headways in the express lanes at the corresponding points It appears 

that the presence of a large number of trucks in a lane may have an 

appreciable influence on increasing the headways between all type vehicles 

in the lane 

The headways between PP,PT,TT and TP at all points in truck lane 2 

were also compared with the corresponding PP headways in the express lanes 

to see if there were significant differences in the average hea<lways 

At all four points there was no significant difference between the average 

PP headway in Local Lane 2 and the average PP headway 1n the express lanes 

For other differences, sec Table 1. 

It appears here that the presence of trucks rn this lane,with 38% 

trucks, does not have as great an effect on all type headways as was 

experienced in the 80% truck lane. In either case, it does not appear 

*The standard statistical test for determining differences 1n means 1s 
used to test for significance in this study The 95% level of confidence 
was used An example of this method may be found 1n "Manual of Traffic 
Engineering Studies" Institute of Traffic tng1neers, Washington, lJ C., 
1964 
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TABLE 1 

AVtRAGt HtADWAYS (Seconds) 

Study #1 

POINT A POINT B POINT C POINT D 
Avg. Std. Tfo Avg. Std. No. Avg. Std. No. Av~. Std. No. 
tldwy. Dev. Samples Hdwy. Dev. Samples Hdwy. Dev. Samples Hdwy. Dev. SaJT1ples 

Express Lane 

pp 3.04 2.29 9,607 3.09 2.16 10,782 3.12 2 .12 10. 790 3.15 2.15 10,382 

Local Lane 1 

PP 3.48 2.44 161 3.76 2.37 218 3.74 2.19 195 4.23 2.46 217 

PT 4.21 2.39 339 4.25 2.33 362 4.50 2.43 364 4.47 2.39 363 

1P 3.64 2.28 286 3.80 2.31 325 4.03 2.29 337 3.98 2.13 335 

TT 3.83 2.09 1,808 4.02 2.08 1,778 4.04 2 .12 1,834 4.18 2 .11 1,711 

Local Lane 2 

PP 3 21* 2.13 656 3.19* 2.21 839 3.00* 2 .12 817 3.21* 2.23 728 

Pf 3 50 2.29 482 3.63 2.22 597 3.76 2.30 597 3.37 2.29 546 

TP 3.38 2.24 458 3.05* 2.17 591 2.96* 2.06 569 3.19* 2.18 548 

TT 3.49 2.17 555 3.37 2.17 740 3.30 2 .14 835 3.22* 2.16 805 

*No significant difference between local and express lane headways. 
All other headways differ s1gn1f1cantly from the express lane headways, at the 95% level of confidence. 



at this location that a truck could be equivalent to two P-cars from a 

volume standpoint. Table 1 shows the average headways, standard deviation 

and the number of samples by lane for each combination of vehicles. 

bleven Vehicle Queues 

Figures 6 through 9 show the average headway trend lines. In all 

cases the average headways appear to decrease with a decrease in the 

total number of trucks in the queue. The average headways for the local 

lanes are shown in Table 2. 

Study #2 (Downstream From an Entrance Roadway) 

Table 3 gives an indication of the relative slopes of each regression 

line for the plot of headway versus the number of vehicles per time interval 

The flatter slopes vield an increasing value of the truck equivalent with 

an increase in the number of vehicles per time interval (rate of flow). 

The resulting truck equivalent for each of the time intervals 1s plotted 

against the rate of flow rn Figures A-1 through A-4 1n the Appendix 

Speed data were not determined for the time intervals and it is the 

lack of this variable which may account for the crossing of the regression 

llnes. Headways decrease to a minimum value as speed increases, and then 

increase for speeds 1n excess of approximately 40 mph, 1n conformance 

with the volume-speed curve. Speed data were grouped 1n this study and 

mean headways for all ranges of speed were plotted for a spec1f1c number 

of vehicles per time interval and percent trucks. 
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POINT A 
No. Head- No. 

Trucks war Obs. 

11 4.37 87 

10 4.41 139 

9 4.31 117 

8 4.14 66 

7 4.25 53 

6 4.34 49 

5 4.29 70 

4 4.17 69 

3 4.02 47 

2 

1 

0 3.44 2455 

--------

TABLE 2 

ELEVEN-VEHICLE QUEUES 
LOCAL LANES 1 AND 2 

AVLRAGE HEADWAYS (Seconds) 

Study #1 

POINT B POINT C 
Head- No. Head- No. 

war Obs. way Obs. 

4.43 102 4.16 92 

4.39 123 4.51 147 

4.29 121 4.56 119 

4.09 112 4.24 ~2 

4.31 74 4.10 96 

3.95 84 3.82 122 

3 87 128 3.85 116 

3.63 88 3.64 100 

4.01 77 3. 77 67 

EXPRESS LANES 

3.43 3000 3.47 2946 

POINT D 
Head- No. 
way Obs 

4. 28 I 86 

4.59 135 
I 

4.6~ 119 

4.22 118 

3.81 161 

3.96 123 

3.73 112 

3.84 83 

3.82 46 

3.48 2777 

11 
I 

I 
I 



Table 3 

REGRbSSION EQUATION FOR HEADWAY (Y=AX8) 

Study #2 

Time Percent Range of'X __!_~_a<lway (Y) Equat1.on 
Interval frucks Left Lane Right Lane Left Lane Right Lane 

(Sec ) A B A B -------
15 0 3 - IO 3 - 8 8.30 -0.77 8.54 -0.73 

30 3 - 8 3 - 8 8.67 -0.74 10.34 -0 83 

100 3 - 6 3 - 6 6.69 -0.62 11.08 -0.90 

30 0 4 - 15 3 - 12 16.71 -0.81 18.73 -0.84 

30 4 - 15 3 - 15 18. 72 -0.85 21.42 -0.89 

50 4 - 11 4 - 13 12.09 -0.62 21.96 -0.90 

70 3 - 12 21.61 -0 89 , 

80 4 - 12 4' - 13 13.34 -0 70 20.55 -0.85 

100 3 - 9 22.56 -0.90 

45 0 4 - 15 3 - 12 27. 26 -0.87 36.38 -0.95 

30 4 - 19 3 - 15 23.65 -0.81 29.82 -0 86 

50 4 - 17 4 - 16 21. 76 -0.75 29.96 -0 87 

70 6 - 15 3 - 15 38.21 -1.00 34.34 -0.92 

100 3 - 12 30 33 -0 85 

60 0 5 16 5 12 30.36 -0.80 51.02 -0.96 

30 4 - 20 3 - 18 40 61 -0.92 43 95 -0.91 

50 4 - 15 4 - 19 33. 72 -0.85 49 71 -0.95 

70 6 12 3 - 21 57.81 -1.17 51.49 -0.97 

100 3 - 11 38.81 -0.85 
·---------

X = Number of vehicles observed 1.n a certain time interval and in a certain truck 
percentage 



Study #3 (Level, Tangent Roadway) 

A second degree relationship between volume and speed was determined 

for each truck percent group and for each method (15-second time interval, 

30-second time interval, and platoon) See Tables A-1 through A-4 1n the 

Appendix. At tlns point, the IS-second curves were eliminated due to wide 

var1at1ons, and the 95% truck curves were eliminated due to small sample 

size and a low volume range The data have a speed range between 40 mph 

and 50 mph, but the curves were extended to 35 mph. 

The maximum volume (4000 vph for a two-lane road, according to the 

lhghway Capacity Manual) was assumed to occur at 35 mph. Srnce the volume 

at 35 mph for both methods exceeded 4000 vph, the curves were corrected 

by a factor of "4000 vph/volume at 35 mph" The corrected corresponding 

truck percent curves for the 30-second time interval and platoon curves 

were then averaged together. The 60% truck group curve was an exception, 

only the platoon curve was used 1n this case since the 30-second curve was 

so flat. (See Appendix, Table A-5.) 

Many speed-volume curves showed a speed increase with volume to a 

peak speed, which occurred at the lower volumes, and then showed the 

expected speed decrease. Only the decreasing portions of these curves 

were used 

It was found that the speed-volume curves had an almost uniform 

variation between the 0% express, and 80% truck curves Thus, assumed 

curves were constru~ted for 20%,40% and 60% truck groups. (A family of 

curves has now been formed which consists of the ll.m1t1ng curves and the 

assumed curves) 

- 28 -



In the speed range from 35.0 mph through 43.7 mph, the assumed curves 

were constructed equidistantly between the limiting curves For speeds 

greater than 43.7 mph, the assumed curves were extended to proportioned 

points along a chord between the vertices of the two limiting curves (see 

Fig 10) • 

In comparing the same truck group curves (by percentages), the time 

interval curves fall below the platoon curves. This can be expected because 

of the different techniques used to compute volume Platoon volume is 

based on the average headway from the first to the last vehicle in a 

platoon. The time interval is used as the base for volume in the other 

method. Because there 1s "lost" time in the time interval method, the 

computed volume will be slightly less than for the platoon method. 

These curves were extended to 35 mph based on the assumption that the 

maximum capacity for all truck percent groups occurs at this speed. How-

ever, maximum capacity for high truck percent groups could possibly occur 

at lower speeds. This concept was not investigated. 

Many of the speed-volume curves show a speed increase with volume to 

a peak speed at about 800 vph for the two-lane roadway. Perhaps the 

explanation for this is that below this volume,most drivers do not seem to 

be affected by other traffic. The driver chooses his own speed, which 1s 

below the peak speed. Above this volume, more of the traffic is restricted 

and the average speed is lowered 

Using the family of speed-volume curves from fig. 1u,cqu1valent 

passenger car volumes can be determined for each truck percent group 
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• 

using the express curve as the base. The followin~ 1s an example, using 

40% trucks 

Volume (vph) 
Mixed Express 

3200 

2500 

4000 

3200 

Speed (mph) 

35 

40 

Because the express volume consists of all passen~er cars, 1t 1s 

considered to be the equivalent passenger car volume at the given speeds 

Fig 11 1s constructed by using express volume as the ordinate and mixed 

volume as the abscissa. This figure has certain l1m1tat1ons. No 

relationships are shown for mixed volumes below 1000 vph. Also, since 

the equivalent passenger car volume is based on average speed, which 

reaches a maximum for each truck percent group, no relationship can be 

shown for speeds greater than the maximum average speed attained by each 

truck percent group. 

A factor was computed for each truck percent group for speeds between 

35 mph and 46 mph. These factors are tabulated and shown in Table 4. 

The expected pattern for the various truck percent groups 1s a family of 

decreasing curves with the express curve as the outermost curve (see Fig. 10) . 

Some exceptions occur in the IS-second curves. Both the 60% and the 80% 

truck group curves were flatter than expected. Another curve, the 30-second, 

60% truck group curve, was inexplicably flat. The 0% local truck curve was 

expected to approximate the express curve, but did not It was 1nit1ally 

above and then fell below the express curve (sec Fig 10) No explanation 

I - 31 -
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Tal>lc 4 

TRUCK EQUIVALLNT FACTORS (car/truck) 

\ Study ff3 
-

Speed Truck Percent 
(mph) 20----- 40 60 ------80-

35.0 1.58 1.66 I. 76 I. 89 

36 0 1.58 1.65 1 75 1. 88 

37 0 1.57 1.65 1 74 1.88 

38.0 1.57 1.64 1. 74 1 87 

39 0 1 57 1.64 1. 74 1 86 

40 0 1.57 1.64 l. 73 1.86 

41.0 1.57 1.64 1. 74 1.86 

42.0 1.58 1.66 1.76 1.89 

43 0 1.62 1. 70 1.82 1.98 

43 7 1.78 1. 93 2.16 2 51 

44.0 1. 94 2.02 2.36 

44.3 2.16 2.28 2.97 

45 0 2.80 3 56 

45.7 5.30 

Approx. Avg * 1.60 1.65 1. 75 1.90 

- ------------..-.---------~-- ----- - - -- -------- ---
*For speeds between 35 mph and 43 mph 



could he found for the higher speeds on the local roadway at the lower 

volumes. Ilowevcr, the local curve data cover a shorter and lower volume 

range than the express curve data, and an extension of tlus curve cannot 

be expected to yield much similarity to the express curve. lhis may 

explain the difference at the h1~her volumes where the local roadway data 

were extended. 

Study_~ (Grade) 

fhe means of car speeds at 0% trucks were tested against the means 

of car speeds for increasing percentages of trucks (see Table 5) In 

addition,for the same truck percent group, the means of the car speeds 

were tested against the means of the truck speeds at various percentages 

of trucks (see fable 6) Both comparisons were made using a one-tailed t 

test at the O 05 level of significance. 

No analysis was made for truck equi valency since the maxrnmm flow 

rates and the sample sizes at these rates were so low (between 1200 to 

1400 vph) 

For information, Figures 12 through 14 illustrate the passcnr-er car 

and truck speeds for an increasing number of vc}uclcs per tune interval 

Tables A-6 through A-8 (in the Appendix) tabulate the same 1nformat1on 

with the standard error of the mean speeds an<l the number of time interval 

observation5 for each category. 

'!he average speed of the trucks has apparently reached a minimum at 

the middle of the grade (4500' from the bottom of the grade) 



TABLE 5 

TLST OF M:EAN CAR SPbED AT 0% TRUCKS WITH MEAN CAR SPEbD AT X% TRUCKS 

Onc-1a1led t Test at 0.05 Level of S1gn1f1cance 
Study #4 

Site % Trucks Vehicles/30-Second Time Interval 
2 3 4 5 6 7 g 9 10 II I2 I3 Ill Is 

.. 
A 10 NS NS NS 

20 NS NS NS 
30 NS NS s NS NS NS 
40 NS NS 
so I\S NS NS I 

70 NS NS -

B 10 s NS NS NS NS 
20 s s NS NS 
30 s s s s s s s 
40 s s s s 
50 s s s s 
60 s 
70 s s 

C 10 NS s s N~ NS 
20 s NS NS NS NS 

\ 30 ~s s s s s s s 
40 s s s 
50 s s s 
60 s 
70 s 

S - S1gn1£1cant difference 1n means 
NS - No S1gn1f1cant difference 1n means 



TABLE 6 

'I[ST OF MEAN CAR SPEED WITH MEAN TRUCK SPErD 

One-Tailed t Test at 0.05 Level of S1gn1f1cancc 
Study #4 

% Vehicle~/30 Second Time Interval 
S1te Trucks 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

A 10 s NS NS 
20 NS s s 
30 
40 s NS 
so 1'1S NS NS 
60 
70 NS J\JS 

10 s s s s s 
20 s s s s s 
30 s s s s s s NS NS 
40 s s s 
50 s s s s 
60 NS 
70 s l~S 

C 10 s s s s s NS s 
20 s s C s s s NS t...J 

30 s s s s s s s s 
40 s s s NS 
SU s s s 
60 s 
70 s 

S - S1gn1f1cant d1[fcrcncc 1n means 

NS - No s1gn1f1cant difference 1n means 
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CONCLUSIONS 

It 1s realized that only one site was analyzed for each study and 

that the results may be representative of only this site, and further, 

the trucks were not classified by size. 

A comparison of the results from each of the studies covered by this 

report should be made with care, because of the difference 1n methods used 

to collect the data and also the d1 fference 1n bases on which the truck 

equivalent is computed. 

With this 1n m1n<l, the following conclusions are drawn from each 

study 

Study #1 (Downstream From a Signal) 

1 It appears that the percent of trucks in a traffic lane has an 

effect on the average headway of all type vehicles. The average headways 

appear to increase with an increase in percent trucks. However, a truck 

does not appear to be equivalent to two P-cars from a volume standpoint 

2 It appears that the number of trucks in a queue of eleven vehicles 

has an effect on the average headway in the queue. 1he greater the number 

of trucks, the larger the average headway 

not appear to be equivalent to two P-cars 

Again, however, a truck does 

3 A least squares trend line, fitted to average headways of eleven 

vehicle queues in a P-car truck roadway, when extended to the point of 

zero trucks and eleven cars, approximates the observed average headways of 

eleven P-cars 1n a P-car only roadway at three of the four study points 
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~tudy #2 (Downstream From an Entrance Roadway) 

1. Left Lane 

A. The passenger car equivalent of trucks appears to decrease 

with an increase in the percent of trucks in the stream. Tins has not 

been substantiated by Study #3, which uses ~peed as the base to compare 

volumes. 

B. Volume appears to have no effect on the equivalent factor 

as the factor is approximately 1.10 throughout the range in volumes, even 

though there is a large variation throughout the range A~ain, Study #3 

shows variation in the factor with volume. 

2. Right Lane 

A. There is a large variation in the factor at the lower volume 

ranges, but as volume increases, the factor levels off at approximately I.OS. 

B. There is apparently no variation 111 the factor with an increase 

in the percent trucks in the stream. 

Study #3 (Level, Tangent Roadway) 

1. For the dual-dual roadway under the conditions studied, a relation 

between mixed volume and equivalent passenger car volume was determined for 

20%,40%,60% and 80% truck group~. At a constant speed, a mixed volume was 

assumed to be equivalent to the corresponding express roadway volume 

As would be expected, this relationship shows that for a constant 

mixed volume and with increasing truck percent, the equivalent passenger 

car volume increases and average ~peed decreases 
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2. A truck appears to be equivalent to less than two cars 

3. fhe best flt., second degree speed-volume curves for several truck 

percent groups showed an increase in speed with volume to a peak speed at 

800 vph for a two-lane road an<l then the expected speed decrease. Below 

tlus volume., there is apparently little restriction of movement anc.l the 

driver chooses a speec.l below the peak speed. Above this volumc,traffic 

restriction increases and lower speeds result. 

Study #4 (Grade) 

Due to the very low volumes on this road., no practical results were 

possible. 

For the level site A, the results showed no difference between the 

means of car speeds at 0% trucks and the car speeds with trucks in the 

stream For the middle and the top of the grade, there was a significant 

difference in the means. 

Similarly, when comparing car and truck speeds for the same truck 

percent group, no difference was shown at the level site A, but there was 

significant difference at the middle and the top of the grade 
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DATA COLLECTION AND CODING ERRORS 

Various errors occurred in recording and coding the twenty-pen 

recorder data. Sometimes a vehicle was not recorded at both ends of the 

speed course. Thus, speeds were not available for every vehicle 

errors may have occurred in manually classifying vehicle type. 

A few 

If, 1n coding the data, an undetected passing maneuver occurred, or 

if an incorrect pair of "blips" on the recorder chart were used, or if the 

time difference was measured incorrectly, then the speed was also incorrect. 

A small error in the time difference results in a larger error at higher 

speeds than at lower speeds. Errors in coding chronological time were 

detected by computer programs as headway errors. 

Coding the data for this study was an enormoJs JOb This method is 

not practical for collecting large quantities of data, or for headway data 

for more than two lanes. With more than two lanes, overlapping pneumatic 

tubes are required and interpreting the recorder chart becomes more 

complicated 

( 
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FURTHBR RbScARCH 

S1m1lar studies at different sites may be warranted as a check on 

these results. 

Since the grade study did not give any practical results, further 

research is needed in this area. The study site should be one with a 
') 

constant, long grade, preferably without~horizontal curvature, with a 

lugh volume and w1 th a high percent of trucks. 

For these studies, no attempt was made to dist1ngu1sh between truck 

types. Perhaps this area should be investigated. 

r 
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Table A-1 

VOLUME !>PEED COMPILATION (IS-SECOND TIME INTERVAL MbTHOD) 
Study #3 

L O C a l R O a ct W a r (Iruc'.K fercen1: GrOU:QS) 
Cars Only 0 - 5% 5 - 30% 30 - 50% so - 70~ 70 - 90%* 90 - 100% 

Sizel Vol2 #3 Spd4 SE5 # Spd SE # Spd SE # Spd SE # Spd SE # Spd SE # Spd SE 

3 720 200 46 4.1 205 47 4.9 233 46 4.6 168 44 4.7 114 44 4.8 83 43 5.1 
4 960 186 47 4.1 155 49 4.5 206 46 4.5 180 45 4.5 65 44 4.1 44 44 4.5 
5 1200 163 47 4.0 109 48 4.5 147 47 4.3 152 45 4.9 109 44 4.7 35 44 4.1 21 43 5.7 

6 1440 135 46 3.4 75 48 4.3 105 47 4.3 99 46 3.6 164 45 3.8 54 43 3.9 19 45 4.2 
7 1680 122 46 3.5 46 47 4.9 145 46 3.7 80 46 3.9 62 45 4.6 27 44 3.2 3 44 0.7 
8 1920 106 46 3.3 20 48 3.8 87 45 4.5 49 45 3.7 81 44 3.0 9 43 2.8 2 43 0.4 
9 2160 70 46 3.0 18 46 4.5 52 45 4.3 65 44 4.4 42 42 4.4 14 44 4.7 

10 2400 79 46 3.6 6 46 2.2 33 46 4.5 36 45 4.8 27 43 3.5 4 45 5.1 

11 2640 51 45 2.6 35 43 4.7 28 43 3.3 15 41 3.9 
12 2880 54 45 3.0 14 43 3.9 14 40 3.7 13 43 2.7 
13 3120 41 44 3.1 9 44 3.3 15 39 4.0 2 38 3.5 
14 3360 41 43 3.6 6 37 6.8 5 42 6.0 
15 3600 24 42 3.6 

16 3840 24 42 3.3 
17 4080 22 42 3.6 
18 4320 10 41 3.1 
19 4560 2 39 1.1 __,_ 

20 4800 6 38 2.5 
21 5040 3 40 0.9 

TOTAL 1339 634 833 777 868 322 172 

1size· Veh./15-Sec. 4spd Average Speed (mph) 
2Vol· Volume (vph)-Rate of flow 5SE · Standard Error (mph) 
3#. Number of observations *Note· These values resulted -- -- in a concave curve. This line 

was not used. 



Table A-2 
VOLUME-SPEED COMPILATION (30-SECOND TIME INTERVAL METHOD) 

Study #3 

Express L o c a 1 R o a d w a y (Truck Percent Groups) 
Cars Only 0 - 5% 5 - 30% 30 - 50% 50 - 70% 70 - 90% 90 - 100% 

Size! Vol2 #3 Spd4 SE5 # Spd SE # Spd SE # Spd SE # Spd Sb # Spd SE # Spd SE 
3 360 79 46 4.5 54 46 4.2 - - - 60 46 4.5 38 44 4.7 - - - 14 42 5.1 
4 480 71 46 4.0 41 48 4.4 45 47 4.3 - - - 46 44 4.3 29 42 3.6 7 45 2.4 
5 600 73 46 3.5 38 49 4.1 76 47 4.4 59 45 4.7 38 43 4.6 25 44 3.6 5 45 5.6 

6 720 74 47 3.7 32 48 3.8 52 48 4.7 46 46 2.9 74 44 4.0 16 42 3.6 2 45 0.0 
7 840 63 46 3.5 29 48 2.7 84 46 4.2 46 45 3.8 28 44 4.2 35 43 3.0 3 48 2.1 
8 960 63 46 3.5 11 52* 2.4 65 47 3.5 38 45 3.7 54 44 3.1 26 43 4.6 2 44 0.8 
9 1080 53 47 3.6 7 48 3.2 68 46 3.9 68 45 3.9 38 45 3.2 11 45 4.3 2 43 5.4 

10 1200 47 46 2.7 15 46 4.6 49 46 4.2 55 47 2.9 47 45 3.4 27 44 3.6 4 43 3.2 

11 1320 46 46 3.0 4 47 3.2 61 47 3.9 43 47 3.3 28 44 2.8 10 46 3.2 2 44 0.5 
12 1440 47 46 3.0 5 47 2.5 51 47 4.1 36 45 4.4 33 45 2.9 9 42 2.8 2 44 0.5 
13 1560 40 45 2.7 5 48 3.1 33 47 2.7 47 44 2.9 35 43 3.6 8 43 2.7 
14 1680 37 45 2.8 3 47 2.8 28 45 2.3 26 44 4. I 19 45 3.7 7 42 2.8 
15 1800 29 44 4.2 - - - 30 46 3.8 25 45 3.2 19 42 3.4 4 42 2.2 

16 1920 25 46 2.6 - - - 24 46 3.5 31 43 3.4 18 43 3.5 3 42 1.9 
17 2040 18 46 2.0 - - - 13 45 3.3 18 42 3.9 6 41 2.9 4 43 0.9 
18 2160 18 45 3.4 - - - 15 46 3.8 15 43 4.1 4 45 1.9 2 36 1.5 
19 2280 24 46 3.2 - - - 5 45 4.7 10 44 2.5 s 45 4.7 
20 2400 15 44 1.8 - - - 3 45 4.2 11 43 2.3 6 43 3.2 

21 2520 14 45 1.4 - - - 6 44 4.9 3 41 2.7 3 42 1.8 
22 2640 9 44 3.3 - - - 4 43 3.2 3 45 1 6 
23 2760 8 45 3.0 - - - - - - 6 41 4.4 
24 2880 16 44 3.3 
25 3000 6 44 2.7 
26 3120 6 44 3.3 

27 3240 9 44 1.7 
28 3360 4 43 1.4 
29 3480 3 42 5.1 
30 3600 11 42 2.6 
31 3720 4 40 2.7 

TOTAL 912 244 712 646 539 216 43 
1size Veh./30-Sec. 3#: Number of observations 5sE Standard Error (mph) 
2Vol: Volume (vph) 4spd·Average Speed (mph) * This value seems too high and 

Rate of flow was not used in the analysis 
), i ,, 



..lo .1~ -· Table A-3 
VOLUME-SPEED COMPILATION (PLATOON METHOD) 

Study #3 
I 
[' 
l1 Express L o c a 1 Roadway (Truck Percent Groups) 
f Cars Only 0 - 5% 5 - 30% 30 - so% 50 - 70% 70 - 90% 90 - 100% 11 
t 

Vo12 #3 Spd4 SE5 # Spd SE # Spd SE # Spd SE # Spd SE # Spd SE # Spd Sb [ 

I 650 - - - 1 48 I 

r- 750 - - - - - - 1 46 - - - - 1 47 I 850 1 46 - l 46 - - - - - -
950 - - - - - - - - - 1 47 - 3 42 6.6 

1050 2 46 0.7 - - - 3 42 2.5 - - - 3 44 5.5 1 45 
1150 1 45 - 1 49 - 4 47 3.5 2 48 0.7 3 44 3.0 1 44 
1250 4 48 5.3 - - - 7 44 6.0 2 46 2.8 6 44 4.5 2 43 4.9 
1350 5 46 3.5 3 43 3.0 2 46 2.8 5 44 4.2 2 46 4.2 6 44 2.2 
1450 3 47 1. 7 l 49 - 4 48 5.0 11 45 3.3 10 44 3.9 3 38 2.0 
1550 4 46 1.2 3 49 2.6 12 47 4.3 8 47 3.3 10 46 3.4 2 45 0.7 
1650 9 45 1.8 4 48 2.1 12 46 2.5 4 45 2.1 6 46 3.9 6 43 2.3 
1750 4 51 2.5 2 49 0.7 13 48 3.1 13 46 2.8 9 43 1.6 7 43 2.7 
1850 8 46 1.8 2 47 2.8 9 44 3.8 10 44 2.9 10 41 3.6 2 48 5.6 
1950 11 47 3.8 - - - 9 46 2.5 12 44 3.2 14 42 4.1 3 43 4.9 
2050 7 45 2.8 2 51 0.0 9 46 3.8 11 43 4.0 14 43 2.7 4 41 3.3 
2150 17 46 2.5 - - - 13 47 2.9 9 45 3.0 11 44 4.5 1 46 - \ -
2250 15 45 2.3 - - - 8 46 4.9 14 45 3.0 3 41 4.0 1 40 
2350 15 44 1. g- 1 48 - 11 47 3.4 14 42 2.6 8 43 3.9 2 40 7.0 
2450 10 46 2.7 - - - 11 43 4.0 6 45 2.7 8 39 5.3 4 44 2.9 
2550 14 44 3.1 1 47 - 10 46 3.6 8 43 3.6 7 43 4.0 1 40 
2650 14 46 2.5 1 43 - 8 44 2.2 6 43 3.8 5 43 5.1 1 43 
2750 4 46 2.2 - - - 5 46 3.3 7 41 3.3 2 44 4.9 
2850 15 46 2.9 - - - 6 46 5.3 3 40 2.0 4 36 3.7 1 35 
2950 7 43 3.5 - - - 2 43 1.4 2 44 1.4 3 40 5.5 
3050 3 42 1.1 - - - 3 44 4.5 2 43 3.5 
3150 5 46 3.1 - - - 2 41 1.4 3 42 4.1 
3250 10 43 2.1 - - - 2 44 5.6 3 41 3.4 
3350 9 42 3.3 - - - 2 44 1.4 2 42 2.1 
3450 8 43 12.5 - - - 1 43 
3550 11 41 3.2 - - - - - - 1 35 
3650 2 44 6.3 
3750 0 42 1.2 - - - - - - 1 42* 

' - 3850 6 42 5.1 
3950 1 45 
4050 2 39 2.8 
4150 1 40 
4250 2 40 0.7 - - - - - - 1 42* - - - - -
TOTAL T.3--S- 23 169 161 142 48 

2Vol ~olume (ITh) 3#: Number of observations 4Spd Average Speed (mph) -- --SSE: Standard Error ate off ow *Not Used (mph) 



Method 
15 Sec.* Express 

A -2.45 X 10-2 

B 1.21 X 10-1 

C 4.66 X 101 

RMS 0.67 

Table A-4 

SPEED-VOLUME CURVES (UNCORRECTED) 
Study #3 

Y = A x2 +BX+ C 
Y = Speed (mph) 
X = Volume (vph) 

Truck Percent 
0.0 20 40 

-1.01 X 10-l -2.27 X 10-2 -1. 24 X 10-l 

1.04 X 100 -1. 36 X 10-2 1.36 X 100 

4.54 X 101 4. 71 X 101 4.24 X 101 

0.61 0.78 0.69 

60 80 

-2.57 X 10-2 -** 

7.24 X 10-3 

4.50 X 101 

1.28 
--------------------------------------------------------------------------------------------------------
30 Sec. 

A -5.93 X 10-7 -1.40 X 10-6 -5.56 X 10-7 -5.63 X 10-7 -6.81 X 10-7 -2.58 X 10-6 

It 1.11 X 10-3 2.46 X 10-3 3.86 X 10-4 7.36 X 10-S 1.45 X 10-3 6.07 X 10-3 

C 4.56 X 101 4.67 X 101 4.70 X 101 4.59 X 101 4.34 X 101 4.01 X 101 

RMS 0.70 0.89 0.62 1.16 1.11 1.12 

Platoon 
A -6.76 X 10-7 -2.33 X 10-7 -1.30 X 10-6 -8.63 X 10-7 -9.09 X 10-7 -3.62 X 10-6 

B 1.58 X 10-3 7.34 X 10-3 4.61 X 10-3 1.04 X 10-3 1.07 X 10-3 1.14 X 10-2 

C 4.56 X 101 4.25 X 101 4.20 X 101 4.61 X 101 4.46 X 101 3.49 X 101 

RMS 1.52 2.04 1.47 1.50 1.91 2.50 

Note· RMS= Root mean square value 
* "X" in vehicles/IS seconds 

** This curve was concave and was not used. 
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Table A-5 

SPEED-VOLUME CURVES* 

Study #3 

y = A x2 +BX+ C 

y = Speed (mph) 

X = Volume (vph) 

Truck Percent 
Coeff1- Express 0 20 40 60** 80 

c1ent 

A -1.11 X 10-6 -3.26 X 10-6 -1.62 X 10- 7 -1.25 X 10-6 -1.60 X 10-6 -5.42 X 10-6 

B 1.78 X 10-3 6.49 X 10-3 3.31 X 10-4 7.41 X 10-4 1.42 X 10-3 1.16 X 10-2 

C 4.57 X 101 4.46 X 101 4.45 X 101 4.60 X 101 4.40 X 101 3.75 X 10! 

*These curves represent the average between the 30-second time interval and the platoon methods, 
adJusted so that the express volume 1s 4000 vph at 35 mph. 

**The 60% curve 1s based only on the platoon method. 



Table A-6 

VOLUME-SPEED COMPILATION BASED ON 30-SECOND TIME INTERVALS 

Bottom of Grade (A) 
Study #4 

Car Truck Total Number 
Size % Trucks Speed s. £. Speed s . E. • Speed S. E. Obs. ;; 

2 0 44.6 3.5 0.0 0.0 44.6 3.5 35 
50 46. 1 5.5 44. 1 5.0 45.1 3.7 14 \ 

100 0.0 0.0 44.4 4. 6 44.4 4.6 3 

3 0 45.6 3.6 0.0 0.0 45 .. 6 3.6 30 
30 45.3 4.9 40.0 4.0 43.5 3.0 17 
70 46 .12 5.5 43.8 4.7 44.6 4.4 10 

100 0.0 0.0 45.0 1.5 45.0 1.5 3 

4 0 45.6 4.5 0.0 0.0 45.6 4.5 21 
30 45.0 3.6 42.5 4. 1 44.3 3. 1 14 
50 44.6 3.0 43.3 4.2 43.9 2.7 12 
70 45.6 7.3 43.8 1.0 44.2 2.5 3 

5 0 4 7. 1 2.3 0.0 0.0 47.1 2. 3 12 
20 45.6 3.8 43.6 4.9 45.2 3. 1 14 
40 47.5 3. 1 43.7 2.2 46.0 2.0 7 
60 43.0 0.0 42.5 0.0 42.7 a.a 1 

6 0 46.0 2.5 0.0 0.0 46.0 2.5 15 
20 46.9 3. 1 41. 6 4.7 46.0 2.9 1 5 
30 49.0 2.0 45.5 3.9 47.8 0.6 6 
50 44.3 3.9 39.7 3.9 41.9 3.6 4 

7 0 46.7 2.6 0.0 0.0 46.7 2.6 9 
10 47.7 2.3 42.0 3.6 46.9 2.4 7 
30 48.3 0.3 49.0 0.3 48.5 0. 1 2 
60 48.0 0.0 40.4 0.0 43.7 0.0 1 

8 0 47.2 2.4 0.0 0.0 47.2 2.4 5 
10 43.6 4.9 43.0 2.8 43.5 4.5 3 
30 46.0 2. 1 43.8 4. 1 45.4 2.0 5 
40 46.3 4.6 41. 5 1.8 44.5 3.3 4 
50 5 3. 1 0.0 42.2 0.0 47.6 0.0 1 ..,. 

9 0 46.9 2.0 0.0 0.0 46.9 2.0 7 
10 48. 1 0.0 45.5 0.0 47.8 0.0 1 
20 48. 1 1. 2 39. 1 2.8 46.2 1. 6 2 
30 47.5 1. 5 44.8 3.3 46.6 2.0 3 

10 0 46.7 1. 6 0.0 o.o 46.7 L6 2 
10 45.2 ,. 7 37.8 8.8 44.5 2. 1 4 

11 10 47.6 0.0 50.5 0.0 47.9 0.0 1 
30 48. 1 0.0 45.2 0.0 41.3 0.0 1 
40 43.5 0.0 44.2 0.0 4308 0.0 1 

l 2 10 4 7. l 0.0 41. 3 0.0 46.6 0.0 1 
30 47.4 0.0 40.0 0.0 45.6 0.0 1 



Table A-7 

VOLUME-SPEED COMPILATION BASED ON 30-SECOND TIME INTERVALS 

Middle of Grade (B) 
Study #4 

Car Truck Total Number 
Size % Trucks Seeed S.E. Seeed s F. S~eed S.f. Obs. 

2 a 43.2 4.5 0.0 0.0 43.2 4.5 98 
~, 50 37.3 11. 1 21.6 8.2 29.5 7.7 48 

I 100 0.0 o.o 24.4 9.9 24.4 9.9 6 
..,, 3 a 4 s. 6 4.2 0.0 0.0 43.6 4.2 110 

30 3~. 1 8. 1 24.4 7.9 34.2 7.0 54 
70 33.0 12.3 22.1 6.7 25.7 7.3 16 

100 0.0 0.0 15.6 1.8 15.6 1.8 2 

4 a 43.7 3.3 0.0 0.0 43.7 3.3 61 
30 39.6 6.0 23.5 9.5 35.6 5.8 72 
50 31. 3 6.7 22.5 4.9 26.9 4.3 15 
70 31.,7 9.8 25.6 3.0 2 7. 1 1.0 5 

5 a 44.0 3.3 0.0 0.0 44.0 3.3 40 
20 38.9 6 • 8 / 22.9 8.0 35.6 6.3 49 
40 37.9 7.3 21. 9 7.2 31. 5 5.8 24 
60 29.5 9.0 26.2 9.9 27.5 9.0 5 

6 0 43.7 3.0 0.0 a.a 43.7 3.0 22 
20 41. 4 4.5 23.8 7.7 38.4 4.4 37 
30 36.9 8.0 24.8 8.9 32.9 7.4 17 
50 31. 1 10.2 18.0 3.0 24.6 5.9 5 
70 42.3 o.o 24.8 0.0 30.6 0.0 1 

7 a 43.8 3.2 0.0 0.0 43. 8 3.2 26 
10 41.4 4.8 19. 7 5.8 38.3 4.3 21 
30 37.7 5.9 26.5 7.0 34.5 4.9 13 
40 31. 5 6.5 2 3. 1 6.0 27.9 5.5 9 
60 31. 3 0.0 34.5 0.0 33. 1 0.0 1 

8 0 43.0 3.9 0.0 0.0 43.0 3.9 15 
10 40.7 6. 1 25.7 8.4 38.8 5.6 15 
30 35.8 7.8 21. 7 7.0 32.3 7.3 11 
40 30.5 7.2 18.7 3.8 2 6. 1 5.7 8 
50 28.2 8.4 16. 1 2. 1 22.2 4.2 5 

,,.; 
9 a 43.l 2.6 0.0 0.0 43. 1 2~6 9 

10 41. 5 5.2 25.6 9.7 39.7 4.8 4 
20 43.4 3. 1 35.3 5. 1 41. 6 3.4 4 
30 34.8 4.7 24.0 3.6 31. 2 3.8 4 
40 24.7 5.7 22.2 5.6 23.6 5.7 2 

10 a 43.6 1. 1 0.0 0.0 43.6 1. 1 2 
10 37.7 6.5 22.0 7.7 36.2 6.4 5 
20 38.5 4.4 25.0 5.4 35.8 4. 1 5 
30 25.9 2.2 23.6 2.5 25.2 0.8 2 
40 28. 1 a.a 20.9 0.0 25.2 a.a 1 

_.,.!__...__ __ ... 



Table A-7(Cont.) 

VOLUME-SPEED COMPILATION BASED ON 30-SECOND TIME INTERVALS 

Middle of Grade (B) 
Study #4 

Car Truck Total Number 
Size % Trucks Seeed s . f: • Seeed S. E. SEeed S. E. Obs. 

jj 

11 0 43.2 0.2 0.0 0.0 43.2 0.2 2 
10 38.0 7.0 19. 1 5.7 36.3 6.7 4 
20 48.0 0.0 1 3. 1 a.a 41. 7 0.0 1 (' 

30 43.6 0.0 33.3 0.0 40.8 0.0 1 
40 30.6 2.5 24.6 6.6 28.4 4.0 2 
50 30.2 0.0 16.4 0.0 23.9 a.a 1 

100 0.0 0.0 30.6 0.0 30.6 0.0 1 

12 0 39.9 0.0 0.0 0.0 39.9 0.0 1 
10 31. 6 0.0 12.9 o.o 30.0 0.0 1 
20 42.0 2.5 13.7 1. 5 37.3 1. 9 2 
30 31. 3 3.8 21. 7 2.7 28.8 2. 1 2 

13 10 33.8 0.0 18.9 0.0 32.7 0.0 1 
50 30.8 0.0 25.2 0.0 27.8 0.0 1 

14 0 37.6 2.2 0.0 0.0 37.6 2.2 2 
30 30.2 0.0 16. 5 0.0 26.3 0.0 1 

15 0 42.7 0.0 0.0 0.0 42.7 0.0 1 
10 38.3 0.0 21. 9 0.0 36.2 0.0 1 

17 20 17.8 0.0 16.9 0.0 17.6 o.o 1 
30 40. 1 0.0 38. 1 0.0 39.5 0.0 1 

19 10 29.0 0.0 19.2 0.0 28.0 0.0 1 
20 22.4 0.0 28.0 0.0 23.3 0.0 1 



Table A ... a 
VOLUME-SPEED COMPILATION BASED ON 30-SECOND TIME INTERVALS 

Top of Grade (C) 
Study #4 

Car Truck Total Number 
';)') 

s,ze % Trucks Speed S.E. Speed S.E. Speed S. E. Obs. 

2 0 45. 1 4. 1 0.0 0.0 45. 1 4. 1 89 
~J 50 40.9 10.8 23.5 8.3 32.2 8.0 45 

100 0.0 0.0 24.5 6.4 24.5 6.4 7 

3 0 43.2 5.0 0.0 0.0 43.2 5.0 87 
30 41. 7 6.8 22.9 8.5 35.5 5.9 68 
70 39~6 9.4 20.7 6.4 27.0 5.7 16 

100 0.0 0.0 19.3 0.0 19. 3 0.0 1 

4 0 45.5 3.3 o.o 0.0 45.5 3.3 54 
30 42.5 5 . fi 24.7 9. 1 38.0 5. 1 60 
50 38.4 11. 0 18.2 5.8 28.3 7.2 1 7 
70 47.3 0.0 17. 7 0.0 25.1 0.0 1 

100 0.0 0.0 20.8 0.0 20.8 0.0 1 

5 0 44.8 3.7 0.0 0.0 44.8 3.7 66 
20 42.2 5.9 22.1 7.9 38.2 5.4 40 
40 40.0 7.3 22.7 7.3 33. 1 6.4 26 
60 28.3 6.4 18.9 2.7 22.6 2.9 7 

6 0 43.8 2.6 0.0 0.0 43.8 2.6 29 
20 44. 1 4.3 24.7 7.9 40.9 3.8 48 
30 38.3 7. 1 23.2 8. 1 33.3 6.0 24 
50 40.6 3.8 24.2 5.6 32.4 3. 1 10 
70 35.9 0.0 24. 1 0.0 28.0 0.0 1 

7 0 45.4 3.6 0.0 0.0 45.4 3.6 18 
10 43.6 4.5 21. 5 6.5 40.4 4.2 26 
30 39.9 7.8 21.5 5.8 34.6 6.2 15 
40 34.8 8.6 22.7 3.3 29.6 6. 1 6 
60 21. 1 0.0 16.0 0.0 18.2 0.0 1 

Al 
} 

8 0 45.8 2. 1 0.0 0.0 45.8 2. 1 12 
,,., 10 43.3 3.3 22.9 8.8 40.7 2.8 10 

30 41. 8 6. 1 19. 6 5. 1 36.2 5. 1 12 
40 34.4 8.9 22.5 4.0 29.9 5.3 4 
60 36.5 0.0 26., 6 0.0 30.3 0.0 1 

9 0 46.7 0.3 o~o 0.0 46.7 0.3 4 
10 42.9 4.0 24.0 10.2 40.8 3.7 15 
20 42.0 4.9 16.8 1. 9 36.4 3.9 3 
30 29.9 5.0 17.2 1. 5 25 .-7 2.8 3 
60 32.9 0.0 17. 3 0.0 24.3 0.0 1 
70 30.8 0.0 16. 3 0.0 21. 2 0.0 1 



Tab 1 e 'A-8 (Cont., ) 

VOLUME-SPEED COMPILATION BASED ON 30-SECOND TIME INTERVALS 
Top of Grade (C) 

Car 
Study #4 

Truck Total Number 
Size % Trucks S~eed S .E • SQeed S .E . seeed S .E . Obs. 

10 0 41. 9 0.0 0.0 0.0 41. 9 0.0 1 " 
10 44.5 2.6 20.3 5.8 42.0 2.4 7 
20 34. 1 2.4 1 7. 1 3.8 30.7 2.3 5 
30 39.5 ,. 6 22.4 1.8 34.4 0.6 2 i 

40 30.4 9.4 1 7. 7 1. 2 25.4 5.6 3 

11 0 41. 9 5.6 0.0 0.0 41. 9 5.6 5 
10 42.5 4.7 20.6 7.7 40.5 4.5 6 
20 37.7 5.4 16.7 4.5 33.9 4.7 5 
30 32. 1 2.9 15.9 2.2 27.7 1. 7 3 

12 0 45.3 1. 1 0.0 0.0 45.3 1. 1 2 
10 44.3 0.0 22.8 0.0 42.5 0.0 1 
20 36.0 7.5 17.9 1. 9 33.0 6.4 6 
30 42.4 0.0 20.5 0.0 36.9 0.0 1 

13 10 45.1 0.0 20.4 0.0 43.2 0.0 1 
20 39.2 0.9 23.2 6.9 36.7 1.8 2 
30 34.5 0.0 18.9 0.0 29.7 0.0 1 

14 10 41.7 4.5 30. 1 6.9 40.9 4.7 2 
40 15.0 0.0 19.7 0.0 16. 7 0.0 1 

15 0 44.8 o.o 0.0 0.0 44.8 0.0 2 
10 38.6 3.4 17.0 0.8 35.7 2.8 2 
30 21. 8 0.0 17.9 0.0 20.7 0.0 1 

17 10 44.4 0.0 17. 3 0.0 42.8 0.0 1 
20 16.3 o.o 18.7 o.o 16.9 0.0 1 
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