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Introduction 

PECAUSE IT is well known that adequate 

brake performance is necessary for the 

operation of motor vehicles, the Bureau 

ublic Roads in 1941 undertock a research 

gram to determine at periodic intervals the 

ike performance levels of motor vehicles 

erating on the highway systems of the 

ited States. Studies also were made in 

9 and 1955. The most recent series of 

‘itlts was made beginning in July 1963; results 

“Qthese tests are discussed in this article. 

.e 1963 field testing was done as nearly as 

ssible in the same locations in Maryland, 

‘chigan, and California used for the 1949 

d 1955 tests. The information obtained 

m this series of braking studies is expected 

be used to: 

e Promote improvement in the general level 

brake performance. 

HSEARCH AND DEVELOPMENT 

Since 1941, the Bureau of Public 

Roads periodically has conducted a 

research program to determine the 

braking performance levels of motor 

vehicles operating on public highways. 

The research results are used to pro- 

mote improvement in the general 

level of brake performance for all 

types of vehicles, provide information 

that may be used in establishing 

highway design standards, and serve 

as a basis for revising brake perform- 

ance standards. The most recent 

braking performance study, comple- 

ted in November 1963, is discussed in 

this article. 

Braking Performance of Motor Vehicles 
Reported by '.’:? SAMUEL C. TIGNOR, 

Highway Research Engineer, 

Traffic Systems Division 

e Serve as a basis for revising brake per- 
formance standards. 

e Provide current motor-vehicle brake per- 
formance data that can be used to establish 
highway design standards, such as standards 
for stopping sight distance. 

e Show the levels of brake performance for 
the different types of vehicles the 
highways. 

using 

Scope of Research 

Tests to determine braking performance of 
motor vehicles operating on the highways 

were made on foreign, compact, and other 

(referred to here as standard size) passenger 

cars; single-unit trucks; and trailer combina- 

tions. Vehicles were selected at random from 

general highway traffic. All vehicles 

stopped by a uniformed policeman; they were 

weighed; the weight and a description were 

recorded; and three emergency stops were 

were 

EDITORIAL INTRODUCTION 

In the three articles, Braking Perform- 

I ce of Motor Vehicles, the Relation of 

‘oss Weights and Horsepowers of Com- 

ercial Vehicles, and Offtracking Calcula- 

ims for Trailer Combinations, printed in 

tis issue of the magazine, some common 

shnical terminology is used. For the 

i a of the reader, these terms are 

‘eplained in the following paragraphs. 

‘ecific terms are defined in each article. 

Single-unit trucks and trailer combina- 

‘tms have been designated by numerical 
ad letter combination codes based on the 

rumber of axles and their arrangement. 

"he codes for these commercial vehicles are 

fined in the following list. 

; =2Zaxle single-unit truck. 

3 =3-axle single-unit truck. 

21 =2axle truck-tractor with 1-axle semitrailer. 

2 =2-axle truck-tractor with 2-axle semitrailer. 

32 =8-axle truck-tractor with 2-axle semitrailer. 

i /  =2axle truck with 1-axle trailer. 

2  =2axle truck with 2-axle trailer. 
3 =3-axle truck with 2-axle trailer. 
4 =4-axle truck-tractor with 6-axle trailer. 

Presented at the October 1964 meeting of National Trans- 
tation, Powerplant, and Fuels and Lubricants Meeting, 

ithe Society of Automotive Engineers, Inc., Baltimore, Md. 
i, Bureau of Public Roads personnel who contributed to the 

cess of the research project include F. William Petring 
Cw with Ford Motor Co.), Harry H. Hill, Harry Krashen, 
Niliam H. Oliver, John 'M. Wright, James LoJacono, 
‘hard C, Tennent, William J. Giacofeci, Mrs. Madalene 

Endall (now retired), John F. Lyons, and Mrs. Ruby Tice. 
Mane Maryland State Roads Commission, the Michigan 
ceoeent of State Highways, and the California Division 
ighways, and personnel from these State organizations 
ted in the field research. The Maryland Truck Patrol, 
Michigan State Police, the California Highway Patrol, 
Sacramento Police Department, and the city of Sacra- 

ato also contributed to the success of the project. 

t 
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2-3. =2-axle truck with 3-axle trailer. 

2-S1-2=2-axle truck-tractor with 1l-axle semitrailer and 

2-axle trailer. 

2-S2-2=2-axle truck-tractor with 

2-axle trailer. 

2-S2-3=2-axle truck-tractor with 

3-axle trailer. 

3-51-2=3-axle truck-tractor 

2-axle trailer. 

3-$2-2=3-axle truck-tractor 

2-axle trailer. 

3-S24=3-axle truck-tractor with a 2-axle semitrailer and 

4-axle full trailer. Also called a double trailer 

combination. 

3-S3-5=3-axle truck-tractor with 3-axle semitrailer and 

5-axle trailer. 

Other technical terms used in the articles are defined in 

the following statements. 

Gross vehicle weight.—Gross vehicle weight (GVW) is 

the empty weight, in pounds, including the weight of 

accessories and fuel, of a passenger car, truck, truck-tractor- 

semitrailer, or truck-tractor-semitrailer-full trailer combina- 

tion, plus the weight of the cargo or payload carried at the 

time the vehicle was tested. 

Brake system application and braking distance.—Brake 

system application and braking distance (BSABD) is the 

distance, in feet, traveled between the point at which the 

driver starts to move the braking controls and the point at 

which the passenger car or commercial vehicle is stopped. 

Mazimum deceleration.—Maximum deceleration is the peak 

deceleration measured in percent gravity (1 g.) that occurred 

during the stopping. 

Pedal reserve-—Pedal reserve is the distance, in inches, 

between the floorboard or mat and the back of the pedal at 

the completion of a stop. 

Brake system air pressure.—The brake system air pressure 

is air pressure, in pounds per square inch, indicated on the 

gage in the cab immediately after completion of a stop. 

This applies to vehicles equipped with some form of an air- 

actuated brake system. Before any stops were made during 

this research, the air reservoir was filled by the air 

compressor. 
Manufacturers maximum gross vehicle weight rating.—T he 

manufacturers maximum gross vehicle weight rating is the 

2-axle semitrailer and 

2-axle semitrailer and 

with 2-axle semitrailer and 

with 2-axle semitrailer and 

empty weight, in pounds, of the truck chassis and lubricants, 

water, fuel tank or tanks of fuel, plus the weight of cab, 

body, special chassis and body equipment, and the payload 

recommended by the chassis manufacturer. 

Vehicle capacity.—Vehicle capacity for single-unit trucks 

is the same as the maximum gross vehicle weight rating; for 

trailer combinations it is the gross combination weight 

(GCW) recommended by the vehicle chassis manufacturer 

for a truck-tractor or truck used in combination with semi- 

trailers or full trailers. 

Mean.—The mean is a number that represents a set of 

numbers obtained by dividing the sum of all the numbers 

or elements in the set by the total number of elements in the 
zx 

N 
Median.—The median refers to the middle number in a 

series of test data. 

Mode.—The mode is the number in a set of data that 

occurs most frequently. 

Standard deviation.—Standard deviation (S.D.) is the 

square root of the arithmetic mean of the squares of the 

deviations from the mean (/).4 

Standard error of the mean.—Standard error of the mean is 

an estimate of the amount that an obtained mean may be 

expected to differ by chance from the true mean (2). 

Gross horsepower.—T he gross horsepower of a vehicle is the 

brake horsepower of the engine available at the clutch or its 

equivalent, when the engine is being operated but accessories 

such as fan, air compressor, generator, and muffler are not. 

Net horsepower.—Net horsepower is the brake horsepower 

of the engine available at the clutch or its equivalent, when 

the engine is being operated with all the normal accessories. 

In other words, the net horsepower is the gross horsepower 

minus the horsepower absorbed by accessories such as fan, 

air compressor, generator, and muffler. 

Weight-power ratio.— Weight-power ratio is the ratio of the 

gross weight of the vehicle or combination of vehicles to net 

horsepower of the powered unit. For example, if the gross 

weight of a trailer combination is 60,000 pounds and the net 

horsepower is 150, the weight-power ratio is 400 pounds per 

horsepower. 

set—expressed as: X= 

4 References indicated by italic numbers in parentheses 
are listed on page 82. 
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made, each from a speed of 20 miles per hour 

(m.p.h.). Each driver was told that the tests 

were voluntary and that no punitive action 

would be taken regardless of the condition of 

the vehicles brakes. The braking perform- 

ance was measured in terms of brake system 

application and braking distance—the dis- 

tance traveled between the point at which 

the driver starts to move the braking controls 

and the point at which the vehicle stops— 

and in terms of deceleration. 

Test sites 

The tests were made at four locations: U.S. 

40 near Elkton, Md., a 4-lane divided high- 

way; U.S. 24 near Erie, Mich., also a 4-lane 

divided highway; U.S. 40 near Cordelia, Calif., 

an 8-lane divided highway; and Elvas Ave., 

Sacramento, Calif., an undivided city street 

carrying crosstown traffic. In California, the 

Cordelia site was used to obtain the commer- 

cial vehicle sample, and the Elvas Ave. site 

was used to obtain the passenger car sample. 

At each of the other sites, both commercial 

vehicles and passenger cars were tested. Out- 

of-State vehicles were tested at each site. 

The test section used at each study site was 

a dry, single-level through lane approximately 

a half-mile long, separated from other through 

lanes by rubber traffic cones and/or barricades. 

Signs were erected that instructed through 

drivers to merge to a lane other than the test 

lane and notified them that braking tests were 

being conducted. Scales were located next to 

the test lane and were used to determine the 

gross vehicle weight before the testing. The 

Figure 1.—Trailing fifth-wheel, distance- 

measuring device attached to a 2-S2. 

‘s: 

Figure 2.—Brake pedal switch for activating 

pavement marking and distance meas- 

uring devices. 
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scales at the sites in Michigan and Cordelia, 

Calif., were of the permanent pit type used by 

the States for enforcement of weight regula- 

tions. At the other test locations, portable 

scales were used. 

Locked-wheel, passenger-car stops were 

made at each test section to determine the 

similarity of the coefficient of friction for the 

different test surfaces. The results of the 

locked-wheel stops showed that all of the sur- 

faces had similar frictional characteristics, the 

average coefficient of sliding friction being 0.82. 

Instrumentation 

Instrumentation was primarily a test wheel, 

equipped with a distance measuring device and 

a portable decelerometer. The test wheel 

measured the speed of the test vehicle in miles 

per hour and the brake system application and 

braking distance in feet. The decelerometer 

measured the maximum deceleration occur- 

ring during the braking test in percent of 1 g. 

The instrumentation is shown in figures 1 

through 4. 

The test wheel (fig. 1), referred to as a fifth 

wheel, was equipped to start the distance- 

measuring device when the driver touched his 

foot to a switch attached to the brake pedal 

(fig. 2). When the driver’s foot first touched 

the brake pedal switch, an electrical circuit 

was completed and it was maintained by a 

holding relay until released by the observer. 

An observer, who rode with the test driver, re- 

corded the distance shown on the dial of the 

distance recording device, the speed, the decel- 

eration, and the other information relevant to 

the stop. 

Speed of the test vehicle was measured in 

miles per hour by a voltmeter wired to a 

belt-driven generator, which was mounted on 

the frame of the test wheel (fig. 3). The 

observer held the voltmeter (fig. 4) and when 

a speed of 20 m.p.h. was reached, he told the 

driver to stop. A pendulum-type deceler- 

ometer (fig. 4) was used. A moving scale, 

indicating percent of 1 g., was actuated by, 

and proportional to, the movement of a pen- 

dulum. When the test vehicle moved at a 

uniform speed, the pendulum assumed a 

vertical position; but when the speed was 

reduced by the application of brakes, the 

pendulum tended to move at the initial speed 

and thus swing forward. The tangent of the 

angle through which the pendulum moved 

from its vertical position was proportional to 

the deceleration. A scale reading of 80 per- 

cent thus would reflect a deceleration of 

0.80 32.2, or 25.8 feet per second per second 

(ft./sec./sec.). The decelerations measured by 

a pendulum-type decelerometer are often 

larger than actual decelerations, which can 

be measured by more sophisticated equipment. 

The pendulum-type decelerometer, however, 

is effective for identifying vehicles that have 

improperly maintained brakes. 

All equipment used for the braking per- 

formance tests was calibrated frequently 

during the tests to assure accuracy of test 

results. The speedometer or voltmeter was 

calibrated by measuring with the test wheel 

the time required to travel a measured mile 

at a constant speed. The accuracy of the 

distance-measuring device was verified by 

of an electric detonator mounted on 

bumper. The detonator ejected a e 
capsule that marked the pavement at 

instant the driver touched his foot to 

brake switch pedal—the same switch t 

activated the distance measuring device 
The brake system application and brakin 

distance shown on the dial for the test whe 

was compared with the distance measu 

between the chalk mark on the pavement an 

a point below the detonator on the test vehiel 

ometer, the instrument was placed on a knoy 

slope and the tangent of the slope compare 
with the scale reading. These periodic tes 

of equipment showed a variation of 2 perce 
or less between the test and theoretie 

results. 
1@ 
’ we 

Test procedures 7 

When a vehicle was selected for testing, tl 

driver was directed, by a uniformed office 

from the through lanes into an interview ar 

pit area adjacent to the test lane. The te! 
procedures were explained to each driver ar 

those preferring not to participate in tl} 

tests were permitted to continue. 

On one of two cards, both having the san 

test number, the vehicle characteristics we 

recorded. The information noted include 

vehicle type, make, model, year, type ‘ 

transmission, tire size, type of cargo, mam} 

facturers maximum gross vehicle weig) 

rating, type of brake system, and number 

Figure 3.—Dial on fifth wheel for measuri 

brake system application and braki 

distance. 

ait 

Figure 4.—Placement of test instrumen 

tion. 
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MMM FOREIGN CARS 

COMPACT CARS 

STANDARD SIZE CARS 

F Ahheahehatheateuth 

oraked axles; this card also had space for 
ording test data. On the other card, the 

ynicle weight by individual axle was re- 

‘ded. The equipment for measuring the 

\\ke performance then was installed. 

\n observer seated next to the driver di- 
: him to the test lane. Before any 

iits were conducted, the driver was told 

‘tidisengage the clutch during the stop and, 

Hit were a commercial vehicle, to set the 

laiting valve in the dry road position and 

: i to use the hand control valve during 

» tests. Approximately three emergency- 

e stops were made, each from a speed 

D} 20 m.p.h. Each stop was made upon 

tb observer’s direction, when the test speed 

hd been reached. The driver applied the 
es and maintained the vehicles maximum 

capacity. After each stop, the 

server recorded the brake system appli- 

‘ion and braking distance, the maximum 

wr 

Foreign Data analyses 

ble 1.—Passenger cars tested and results of analyses of data by 
classification from 1963 braking study 

Compact | Standard 

6,000 

AVERAGE GROSS WEIGHT, LBS. 

Figure 5.—Passenger car weight distributions. 

deceleration, and the pedal reserve or brake 

system air pressure. 

As the test lane was separated from all 

through traffic by rubber cones, barricades, 

or both, an unobstructed lane was available 

for each test vehicle. Thus the 20 m.p.h. 

speed could be stabilized for the braking 

stops. To prevent interference from a vehicle 

inadvertently entering the test lane, a project 

vehicle—equipped with a flashing red light 

on top and a large sign mounted on the rear 

that stated DANGER-BRAKE TESTS-SUDDEN 

stop— followed the test vehicle. An ob- 

server also was in the project vehicle; he 

measured the lengths of any skid marks 

that were left by the test vehicle and entered 

these lengths on the weight data card. When 

the braking tests had been completed, the 

test equipment was removed from the vehicle 

and the driver was thanked for his cooperation. 

The equipment then was returned to the 

pit area for use on the next test vehicle. 

time 

Total 

Data analyses 

aross weight: 
MeEErIOL CATSo = Se . =) 37 80 

é 

Analyses 

In the analyses of test data, vehicles were 
classified according to vehicle type; capacity, 
based on manufacturers maximum vehicle 
weight ratings; test gross weights; and brake 
type. The braking performance results from 
the 1963 study were compared with the per- 
formance requirements of the Uniform Vehicle 
Code (5) and with the results of the previous 
studies. Statistical tests were performed 
at different points in the analyses to deter- 
mine whether the difference in observed 
means was statistically significant and to 
obtain insight into the meaning of the results. 
Separate analyses were made for the passenger 
car and commercial vehicle test results; 
these analyses are presented separately. 
For both analyses, a 40K7010 IBM computer 
was used in different phases. The computer 
arranged the vehicles by State, vehicle type, 
brake type, manufacturers capacity weight 
rating groups, and test gross weight. In 

general, its use expedited the computation 

of statistics such as means, standard devia- 

tions, and confidence intervals. 

Passenger Cars 

Passenger cars tested were classified as 

foreign, compact, and standard size. Be- 

cause of the increase in popularity of the 

foreign and compact passenger cars and the 

frequency of their operation on the highways, 

an analysis of the braking performance of 

such vehicles was considered desirable. Also 

data for the foreign, compact, and standard 

size cars were combined and analyzed for 

comparison with the results of previous 

studies. 

Any passenger car produced in a country 

outside the United States was placed in the 

foreign car category. Passenger cars not in- 

cluded in either the foreign or compact cat- 

egories were Classified as standard size cars. 

The criteria used to classify compact cars 

included primarily, the make of vehicle, 

year of production, gross weight, wheelbase, 

overall length, and horsepower, according to 

the method described by Cope and Liston (3). 

Automobile insurance company guides also 

were consulted. 

The weight distributions for the foreign, 

compact, and standard size cars are shown in 

figure 5. Although some overlap of classi- 

Table 2.—Confidence interval for passenger cars classifications in 
which population means would be expected 95 percent of the 

Foreign Compact | Standard 

285 402 

Gross weight: 

Deceleration: 

Distance: 

Number of cars shown does not always agree with number in weight and brake system 
4jlication and braking distance columns as some of the cars did not have enough room 
{installation of the decelerometer. 

Standard error of mean-_-_lbs__ 
95 pet. confidence interval__do-| 1, 890-2, 190 

Standard error of mean, 
feet/second/second - - 

95 pet. confidence interval_do_|: 

Standard error of mean_-feet -. 
95 pet. confidence interval_do__|18, 4-20. 2 

40, 65 
3, 660-3, 820 

35. 68 24. 23 
2, 930-3, 070 | 4, 120+4, 210 

78. 45 

0. 130 
18. 7-19. 3 

0. 436 0. 124 0. 102 
9. 19. 8-20.2 |19. 5-19.9 
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Figure 7.—Frequency distribution of brake system application and braking distances for 

passenger cars. 

fications existed, it constituted less than 5 

percent of the 402 passenger cars tested. To 

determine whether the passenger car classi- 

fications were significantly different, an anal- 

ysis of variance was performed. The null 

hypothesis was formulated that no differ- 

ence existed between the average test weight 

for the foreign, compact, and standard size 

passenger car classifications. A level of 

significance of 0.05 was used; in other words, 

about 5 chances in 100 existed that the hypoth- 

esis would be rejected when it should be 

accepted. The mean test weights were 

determined to have been unequal and suffi- 

ciently different to require individual analysis 

for each classification: each passenger car 

classification, the number of vehicles tested, 

the average or mean value, the standard 

deviation, and the mode for the gross vehicle 

test weight, deceleration, and brake system 

application and braking distance are listed 

in table 1. 

Braking Performance 

Use of cumulative frequency distribution 

curves is a convenient method for comparing 

the relative performance of the different 

classifications of passenger cars. Frequency 
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distributions for deceleration and for brake 

system application and braking distances for 

each passenger car classification are shown in 

figures 6 and 7. 

The frequency distribution for passenger 

car deceleration is shown in figure 6. In 

part B little change is shown to have occurred 

in the deceleration performance of all pas- 

senger cars since 1955 (4), however, in the 

1963 tests nearly 16 percent more cars than in 

the 1955 study reached a peak deceleration 

of 1 g. The average deceleration for each 

passenger car classification was compared at 

the 0.05 level to determine whether the differ- 

ences in means were statistically significant 

Only the foreign car comparison with the 

compact car showed significantly different 

decelerations. 

The frequency distribution curve in figure 

7 indicates the percentage of passenger cars 

capable of stopping in a given brake system 

application and braking distance from a speed 

of 20 m.p.h. In general the 1963 test results 

were better than those obtained in 1955, 

particularly above the 50th percentile level, 

as shown in part B. In part A of figure 7, 

data show a larger variability in the distances 

for the foreign cars than for the compact cars. 

This difference in variability is also she 

in table 1; the standard deviation of the bra 

the compact car. 

An analysis of the average of test da 4 

the brake system application and braking d 

tance for each passenger car classification ¥ 

made and compared with the average for a 

of the other classifications. The means 
the compact cars and standard size 

differed significantly at the 0.05 level. 

analysis of the data for foreign cars comp 

with that for compact cars and of the d 
for foreign cars compared with that for star 

ard size cars showed no significant differen 

at the 0.05 level; thus no real difference exist 
between the means of brake system appli 

tion and braking distance tests for these 

passenger car classifications. 

The braking performance of passenger € 

had improved since the first series of t¢ 

were made in 1942 (5). The test data shor 

general reduction in the variability of © 
brake system application and braking dista: 

between 1942 and 1963; the results from _ 
1963 tests had one-fifth the variability of 
1942 results, although the 1942 results 
cluded data for some passenger cars equip) 

with mechanical-type braking systems. 7 

general reduction in braking performance 

sults at the 85th, 50th, and 15th percent 

are shown in figure 8 for the studies madi 

1942, 1949, 1955, and 1963. 

Of the passenger cars tested, only a fey 
the compact and foreign classifications — 

vacuum power brakes, but 93 of the 

standard size passenger cars tested had vé 

um power brakes. The average brake sys 

application and braking distance for cars 1 

had vacuum power brakes was 20.1 feet ¢ 

pared with 19.9 feet for cars that had reg 

hydraulic systems. Comparison at the | 

level, showed no real or significant statist 

differences in the mean braking performé 

of the two systems. 

Uniform Vehicle Code 

The National Committee on  Unif 

Traffic Laws and Ordinances presently re¢ 

mends in its Uniform Vehicle Code (4) 

all passenger cars stop in 25 feet or less 1 

a speed of 20 m.p.h. As computed, nearl 

percent of the passenger ears tested in 

stopped in 25 feetorless. At the 95th perc 

ile level the passenger cars stopped in 

feet and at the 85th percentile level passe 

cars stopped in approximately 22 feet. 

committee also recommends that all passe 

ears decelerate from a speed of 20 m.p.) 

not less than 17 ft./see./see. As indicate 

the pendulum-type decelerometer the smé 

peak deceleration was 17.7 ft./sec./see. 

computed in the analysis, 95 percent oj 

passenger cars could stop with a peak dece 

tion of more than 24.1 ft./see./see. J] 

the results of the 1963 brake perform 

test, the Uniform Vehicle Code (5) seen 

be liberal. Perhaps the code requirem 

should be updated to encourage addit 

improvement in the overall braking perf 

ance of passenger cars. 
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ae | 

of vehicle 

n analysis was conducted on 285 standard 

+> passenger cars equipped with either 

suum power brakes or regular hydraulic 

kes to determine whether the average 

ke system application and braking dis- 
ce varied with the age of the car. To 

ermine whether the brake system appli- 

jon and braking distances means were 

nificantly different, an analysis of variance 

s performed. The null hypothesis was 

mulated that no difference existed between 

mean braking distance regardless of the 

> of the vehicle. A level of significance of 

11 was used, and the mean brake system 

lication and braking distances for the 

erent years were significantly different 

that level. 
A linear regression equation that best fit 

e data was computed by the method of 

st squares. This linear regression is shown 

figure 9. The coefficients of correlation 

d the coefficients of determination were also 

puted. The coefficient of correlation (r) 

ja measure of the goodness of fit of the re- 

ssion equation to the data;,1.00 indicates 

perfect fit and 0.00 indicates no fit (6). 

re coefficient of determination (72), the 

uare of the coefficient of correlation, repre- 

nts the part of the total variance that can 

saecounted for by the independent variable, 

nich here is the age of vehicle (6). 

The coefficient of correlation of 0.28 indi- 

“(ted that the regression curve did not fit the 

ata as wellas it might have. The coefficient 

4 determination indicated that only 8 percent 

“{ the total variation in the brake system 

pplication and braking distance can be 

‘| }tributed to the age of the passenger car. 

) he remaining or unexplained variation must 

" attributed to other factors such as inade- 

jate brake system maintenance and/or poor 

cake adjustment. 

«|The fact that a large percentage of the 

‘ ariability in brake system application and 

i raking distance is unexplained, also is illus- 

vated in figure 9. The 95 percent confidence 

iterval is shown in figure 9 by parallel lines 

_ .94 feet above and below the regression line 

w 

Sa 

»  =0.149r+19.44. For example, if the brake 

» vystem application and braking distance is to 

e estimated on the basis of age, for standard 

ize passenger cars 5 years old; the distance 

vould be expected to fall within the interval 

f 16.25 to 24.13 feet, 95 percent of the time. 

, his large interval emphasizes that the age of 

passenger car is not by itself a good param- 

, ter for estimating braking performance. 

ee 

=, 

; sonfidence intervals 

| The classification of passenger cars, as 

/)reviously explained, represents samples of 

y he passenger cars operating on the public 

» lghways. In evaluating the braking per- 
(ormance of the entire population of cars 

# Within each classification, the means for each 

jkample classification were used to determine 

g‘he interval in which the population mean 
sould be expected to fall with some degree of 

yonfidence. The confidence interval selected 

Was 95 percent; meaning if 100 samples were 

jfaken from the population, 95 of the sample 
| 
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Figure 9.—Mean brake system application and braking distances by age of passenger car. 

means would be within the computed interval. 

In computing the confidence interval, the 

standard error of the mean was adjusted for a 

probability of 0.95. The equation used for 

determining the confidence interval for the 

population mean was: 

95 percent confidence interval=sample 

mean-+ 1.96 standard error of the mean 

The interval in which the population mean for 

gross weight, deceleration and the brake sys- 

tem application and braking distance could be 

expected 95 percent of the time for the differ- 

ent classifications of passenger cars is shown 

in table 2. 

Commercial Vehicle Test Results 

The commercial tested 

grouped according to vehicle type, capacity 

vehicles were 

group, and brake type. Results from tests 

made with similar or like vehicles could 
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then be considered together and the braking 

performance determined for the respective 

groupings. Types of commercial vehicles are 

shown in figure 10. 

Capacity Groups 

All commercial vehicles were classified by 

capacity groups on the basis of the chassis 

manufacturers gross vehicle weight or gross 

combination weight rating as marked on the 

rating plate attached to the test vehicle. 

Single-unit trucks were classified as very light, 

light, medium, and heavy; trailer combina- 

tions were classified as light, medium, and 

heavy. The distribution of gross weight 

ratings by capacity groups is shown in table 3 

Sometimes the chassis manufacturers maxi- 

mum gross weight for truck or truck-tractor 

used in combination with trailers was not 

available on the vehicles tested. These trailer 

combinations were classified as light, medium, 

or heavy on the basis of the power unit when 

it is used as a single-unit truck. 

Brake Types 

Four types of braking systems are com- 

monly used on single-unit vehicles: hydraulic, 

vacuum-booster hydraulic, air-booster hydrau- 

lic, or air-mechanical systems. On_ trailer 

combinations the power units are braked by 

vacuum-booster hydraulic, air-booster hydrau- 

mechanical or vacuum-mechanical systems. 

The brake types used on the vehicles tested 

are defined as: 

Hydraulic (H).—Hydraulic brakes have 

brake shoes that are actuated by hydraulic- 

brake cylinders operated with hydraulic-line 

pressure developed by a pedal-operated hy- 

draulic brake master cylinder. 

Vacuum-booster hydraulic (VBH).—Vacu- 

um-booster hydraulic brakes have brake shoes 

that are actuated by hydraulic brake wheel 

cylinders operated with hydraulic-line pres- 

sure developed by a vacuum-powered master 

cylinder or a vacuum-hydraulic power unit. 

Air-booster hydraulic (A BH).—Air-booster 

hydraulic brakes have brake shoes that are 

actuated by hydraulic brake wheel cylinders 

operated with hydraulic-line pressure devel- 

oped by an air-powered master cylinder or 

an air-hydraulic power unit. 

Air mechanical (AM).—Air mechanical 

brakes have brake shoes that are actuated by 

a cam or wedge operated by an air-brake 

chamber through a mechanical linkage. 

Vacuum-mechanical (V M).—Vacuum- 

mechanical brakes have brake shoes that are 

actuated by a cam or wedge operated by a 

racuum-brake chamber through a mechanical 

linkage. 

A code also was used to represent the system 

or systems employed in braking the vehicles. 

Each individual part of the code represents 

the braking system used in a single-unit truck 

ay 

lic, or air-mechanical systems. The semi- 

trailers and full trailers within the trailer 

combination generally are braked by air- 

ii 
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Figure 10.—Commercial vehicles. 
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or in one unit of a trailer combination. 
combination code consisting of two or th 

parts separated by hyphens indicates 

braking system used in each unit of the tray 

combination. For example, a truck- trea 

semitrailer, and full trailer combination hay| 

a braking code of VBH-VM-VM would hied 

vacuum-booster hydraulic brakes on the tru 

tractor and yvacuum-mechanical brakes | 

both the semitrailer and full trailer. 

Vehicle Sample Size 

Approximately 300 commercial vehi 

were tested in each of the three States. | 

each State the sample was composed of negy 

50 percent single-unit vehicles and 50 pere} 

combination vehicles. Test vehicles we 
chosen at each test site so as to obtain ® 

sample in which gross vehicle or gross ¢() 
bination weights were distributed as evenly§ 

possible from the lightest to heaviest weigl\. 

In table 4, the number of vehicles tested 

each State are shown by type, capacity gro), 

and brake type. No truck-tractors wh 

semitrailers and full trailers were tested) 

Maryland because none came along during @” 

testing period. i 
IP 

Weight, Deceleration, and Distan}| 

Observations : 

Tables 5 and 6 show for each commer | 

vehicle grouping the number of vehicles teat 

the mean, the standard deviation, and | 

minimum and maximum test results for aus 

vehicle weight, deceleration, and the babs 

system application and braking distap) 
. * 

Both tables present the results by vehicle t;é 

and capacity group: table 5 shows the resis 

by type of brake system and table 6 by wei 5 

groups. For example, the mean brake syst 

application and braking distance for the hery 

capacity, 2-axle, single-unit trucks bral 

by air-mechanical systems (AM) was 31.7 ft} 

and the mean distance—without regard to { 

type of brake system—for the heavy capac! 

2-axle, single-unit trucks having a gross vehie 

weight between 10,000 and 20,000 pow s 

was 29.7 feet. j 

The minimum and maximum results 

for gross weight, deceleration, and brak® 

distance in the two tables should not 

specifically associated with each other. Tht 

results only indicate the spread of the d@ 

for each individual parameter; they are 

extremes and define the low and high lim® 

Minimum and maximum results for one F 

rameter, such as deceleration, cannot be 

sociated with the corresponding results 

Table 3.—Capacity group classifications 
commercial vehicles by manufactur® 

ratings 

Manufacturers gross weight ratin 

Capacity group 
Single-unit trucks} Trailer com- 

binations 

Pounds Pounds 
Very light___---- 10,000 and less__- 
Light." peta 10,001-16,000___-- 27,000 and less. 
Medium_-_------| 16,001-24,000___-- 27 ,001—44,000. 
Heavy. .--------] 24,000 and more_| 44,000 and mor 
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ty pe, capacity group, and brake type 

“Commercial Number of vehicles 

vehicles and tested in— 
- capacity Brake type 
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+ oe Age , | Md.| Mich.} Calif.| Total 
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Table 5.—Analysis results for gross vehicle weight, braking system application and braking distance, and deceleration, by type of bra 
system 
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Test Gross vehicle weight BSABD Deceleration < 
vehicles, (pendulum-type decelerometer) Pe 

Commercial vehicles and Brake system! 4 

capacity groups and pan : wi $ 
BSABD | Mean | Standard} Mini- | Maxi- | Mean | Standard) Mini- | Maxi- Test | Mean | Standard) Mini- 

deviation} mum | mum deviation) mum | mum ||vehicles deviation) mum 

Ft./ Fi. Ft.] 
Type No. Lbs. Lbs. Lbs Lbs. Feet Feet Feet Feet No. sec./ sec./ sec./ 

Single-unit trucks: sec. Sec. Sec. 
fa Sh es Te 116 4, 687 1,110 2, 545 8, 700 21.6 3. 65 16 41 116 27.6 3.81 T5.1 

Wetyelizh tee: mee beaten VB +S 3 1a DIS eee ae 6, 320 | 11,050 21.0 2 ae eess 19 23 3 203.8) diene ee 28.3 
| (8 aes ed Sn 119 4, 768 1, 259 2,645 | 11,050 | 21.6 3. 62 16 41 119 Pye 3. 78 5 
|S ee ee 14 10, 126 4,164 5, 700 | 18, 530 29.4 7.31 18 40 14 21.9 6.17 14.5 

Lighteie hs. eee VIB Bite eee 64 10, 668 4, 466 5,900 | 23,840 | 26.4 5. 82 19 51 63 26.5 5. 68 11.9 
JAN fee se ee ree 7 10, 571 4, 392 5, 700 | 23,840 | 27.0 6.17 18 51 77 25.7 5. 84 11.9 
EL tae ee ee eee 6 125250 2c eee 10,205 | 15, 660 DOMOT pee eee 26 31 5 2D, 2a eee ee 20.9 
|ver lee EE ep) 171 13, 6385 4, 809 6, 710 | 27,400 | 27.4 5. 49 17 46 167 25.5 4. 87 12.2 

Da) eedinin. =. 2 ees AB Hee oc oene 4 12S 5b eee 8;000)| 18; 570p) F407 “Wee oes 26 46 4 OL | ir sepa ge 1552 
re JAM Ee ee ee 10 17, 544 6, 382 8,100 | 26,800 | 37.8 16. 82 24 75 10 18.8 7.53 6.4 
= Ale ee ee eee 191 13, 765 4,892 6, 710 | 27,400 | 28.1 6.95 17 75 186 25.1 §. 23 6.4 
<2 Vib iE sees fone eee 11 i ey ews 5, 292 10,605 | 28,480 |} 30.4 5.79 24 44 11 27.6 4.72 18.0 

inh yA eee Shee ee de AVERT a2 reece 16 17, 936 5, 249 12,410 | 31,410 | 31.7 5. 40 25 46 15 22.0 3. 54 14.5 
All ee Bera Sas 27 17, 056 5,276 10,605 | 31,410 | 31.2 5.49 24 46 26 24.3 4.91 14.5 
Eee eee 186 5, 580 2, 768 2,545 | 18,530 | 22. s 4 Bt 16 41 a hae 4. me ae 

; VBE eae 249 12, 898 4, 943 5,900 | 28,480} 27. i 17 51 5. 5: A 
All capacity groups_.------ ANC eyed 2) eereneae 26 17. 785 5, 589 8,100 | 31,410 | 34.2 ati ees} 24 75 25 20. 7 5. 57 6.4 

Allis 2 anaes 415 10, 799 5, 818 2,545 | 31,410 | 26.2 6. 66 16 75 408 25.9 5. 08 6.4 

Digtit. 22 eee V Boe eee ee es 1 2;;400 se Sa 265,;400: 25, 4007} (28:0) 1), se2e- 28 28 1 PE ip ee | PE aay ee 23.2 
VIBE. Serer crs 4 Lo 8087 |-easea ss 11, 000 | 23, 400 Zot. il eee es 27 30 4 24,5 Det 22.5 

Medium____- ee eee ye Sal oY Ryere epg Serer ae 2 26) (20 4a 17,500 | 35,950 45:0 pit een = 28 62 2 18255 lie cee 11.3 
x A Sas eee se 6 195447) eee 11,1000 5)23559509)) S40, eee 27 62 6 22.5 aed 11.3 
ve V BE Sane ea eee 5 1 HiSe 1) Wt fm ne ele © 127925r) U7; 900" A257 4) ay ane eee 23 29 5 2 AA ees 22.5 
Wot” HARV ys wea ion oe ee [AM Pah, Weg ee 31 25, 566 11, 120 12,300 | 53,200 | 35.9 9. 56 24 68 31 19.8 4.61 8.0 
ee Oia e See tS 36 24, 166 10,900 12,300 | 53,200} 34.5 9. 63 23 68 36 20.8 5. 26 8.0 

Vi BEA ees 10 16, 609 4,702 11,000 | 28,400 | 27.0 2. 45 23 30 10 25.8 3.74 22.5 
All capacity groups__-_--_- TA Viewer ew 33 25, 636 11, 014 12,300 | 53,200} 36.5 10. 42 24 68 33 19.7 4.83 8.0 

Allstes Seis 43 23, 537 10, 586 J1, 000 | 58,200 | 34.3 10. 03 23 68 43 PA aL §.25 8.0 

Truck-tractors with semi- 
" 

trailers: 
ViBiH=V Meese se i8 22, 602 7, 503 13, 000 | 37,000 | 34.0 8.20 24 56 18 24.3 5. 69 1222 32.2 
ABH-AM_-__-___- 2 16,800 6 22s. 16,800 | 16,900 | 26.5 | ------ 25 28 2 2A ae ee 25.8 29.0 

Wedini AJA Mice ee 21 22, 822 6, 310 15, 300 | 33,980] 31.1 6. 07 24 53 19 26.8 5. 89 17.4 3208 
ae eo en AB H=ViMi=2. = 1 21, 610 ae 21,610 | 21,610 29.0 Scape 29 29 il 22.6 es ne 2235 22.6 

AM-VM..___------ 1 324/840.) oe 32,840 | 32;840°) . 37.0) |i -2 ee 37 37 1 Dd 0 A ee ee 22.5 2255 
PQ) aes Se ee 43 22, 657 6, 772 13,000 | 33,980 | 32.2 ci Od 24 56 41 25.4 5. 64 12.2 32.2 

= ViBH=V Mess 502 3 30; 848 "(ene eae 34,680 | 41, 455 40,'0w "= Sees 35 46 3 LA Ripe ae 14.5 19.3 
m A BHSAIVES eee 3 19,8007) 3 19,490 1) 2OSd7 One 27 0d eee 24 29 2 AE BAT ins ah oe tae 2 25.8 29.6 
Aaah SLOAVVe a ere Boon ees - AM-AM_.______-- 52 25, 748 7, 624 14,500 | 45, 400 33. 2 6.76 21 51 52 23.6 6.13 122 32.2 

AM-VM..-__---- 2 veh Vdopsye | nek oe 17540021620, 1055 lide: o. ol, eee 32 33 2 27/4; see es 22.5 3258 
Alt ee aoe Bee 60 25, 872 7, 850 14,500 | 45,400 | 33.2 6. 72 2 51 59 23.5 6.11 12:2 32.2 
VBH-VM_._-_-_--_- 21 24, 923 9,117 13, 000 | 41, 455 34.9 8.05 24 56 21 23.3 5. 85 12.2 32.2 
ABH-AM__-_____- 5 18,6205 eee LO; S000 20) E7 ONE 2658.) Kees 24 29 4 2G sie Bee 25.8 29.6 

All capacity groups-_------- ,;AM-AM.._._------ 73 24, 906 7, 276 14,500 | 45,400 | 32.6 6.59 21 53 71 24.4 6.19 iPL ee 32.2 
AM= VAM 22a 3 235448 ft te Ae 17,400 | 32,840 | 34.0 | —-___- 32 37 3 Play Be iegh Bee BS 20.9 32.2 
A] eee ae 103 24, 530 7, 554 13, 000 | 45,400 | 32.8 6. 82 21 56 100 24.3 5.97 12,2 32.2 

VBH-VM_._.--_---- 1 AZ AUSO ele cere ae. 42,080 | 42,080] 48.0 | —--___- 48 48 1 12.0" ete 12.9 12.9 
ABH-AM_-_---___- 3 PAE Theva je eae 15,900: | 49,950) .3356 ~)- s2_s-- 26 40 3 22-L0 0! Cees Died 27.4 

Modi 24 aera es © A M=A Mie ae2t se 14 38, 409 16, 588 17, 840 | 63,390 34 2 718 25 45 14 2222 6.16 14.5 30.6 
Allnsts ae Ae 18 37,175 16, 124 15,900 | 63, 390 34.8 7.49 25 48 18 247, 6. 06 12.9 30.6 

m ABH-AM 4 2 22 4B Were meee 21,200:/923) 690) |) 25,00 sees = 24 26 2 2ONS =| aire 27.4 32.2 
a AM-AM_.______- 178 39, 473 13, 008 18, 500 | 64, 805 36.1 7. 66 23 67 Lae 21.4 6. 04 8.7 382.2 

PLCS Ve 3. S82 ae te Pte AslVAR). Ae eee 180 39, 283 13, 059 18, 500 | 64,805 36.0 7.70 23 67 179 2156 6. 08 8.7 32.2 
A BHSAM oes": 5 26; 8484/8 see 15, 900 | 49, 900 3052 ai pees 24 40 5 20a: oe Lie 32.2 

All capacity groups AM-AM______-__- 192 39, 395 13, 252 17,840 | 64, 805 36.0 7. 62 23 67 191 21.6 6.04 8.7 32.2 
oe ae ae Depa ee AS ee 198 39,092 | 13,334 | 15,900 | 64,805 | 35.9 7. 67 23 67 197 21.5 6. 06 8.7 32.2 

Cae PVCU eo ke eee {A M-AM______-_-- 1 22080 ures 22 OSOsh225 6807) Fas sOrae = eee 38 38 1 205 0% tee ees 20.0 20:0 
ball WS SGT gv peed 2 Men eee eS e {AM-AM_.________ 1 42,480 | _____- 42,480 | 42,480 45.) hall ae = 45 45 1 Leahey eee Bee Lick 17.1 
* LAil capacity groups____.__- VAUM= ASM ge 2 3208 Ulla ee 3255589.19382. B8Diie 4005 plore ee 4] 41 2 18.6 24 a eee 18.5 18.£ 

AVES Carder See ter ee on {AM—A'M_ 2 -<__ | 1 Mops Ollw eee oo 72,480 | 72,480 GSO eso ese ae 68 68 1 Lat (ah oe a 9.7 9.7 
at ine BH-AM__-_-___- i 24,090 | -- tse 24,090 | 24,090 | 38.0 | —-_.-- 38 38 1 3052" Ve) ae 32.2 32.2 
a LCR ae 2 sei, set fe AM-AM_..---_-_- 98 50, 345 18, 769 22,010 | 94, 650 37.9 9.27 24 79 97 2127 6.94 8.7 22.2 

I AN SO BS oak 99 50, 079 18, 858 22,010 | 94, 650 37.9 9. 22 24 79 98 21.8 6.98 8.7 32.2 Aicapesliyerodns 4 M-AM_..._._.--| 99 | 50,568 | 18,805 | 22,010 | 94,650] 38.2 | 9.70 | 24 79 98 | 21.6 | 7.01 8.7 | 32.8 
et ee ae SS Allee cee wees 100 50, 303 18, 896 22,010 | 94,650} 38.2 9. 65 24 7 99 pate’ 7.06 8.7 32.2 

Trucks with full trailers: 

ot (Heavy 2. -.--22.--2--4.2-) AMEAM eS oe. Bo 82,705 ee coos 24,310 | 61,280] 41.5 | ------ 35 48 [Sif 18 le ae 12:9 | 238 
nN 
ns LEON, yee oe ee er = Jo SAMS AME ee 26 48, 969 23, 793 22,400 | 78, 200 41.3 9. 48 23 60 [+26 23.1 8.95 11.3 32.2 
Truck-tractors with semi- 
n ‘ailers and full trailers: 
aj Med tint sie ae VBH-VM-VM__- 1 25-6000 "es =— = = 25,600 | 25, 600 A9'Oxs)| ee = 49 49 1 LY Py Me ® |S eS 1737 17a 
N Peay yt? s.-c5e2 OFS Se AM-AM-AM___- 48 60, 551 21, 871 24,500 | 82, 700 46.5 | ey 27 75 48 19.1 6.79 9.3 32.4 
a All capacity groups___-___- Alle 5 eee eee 49 59, 837 22, 211 24, 500 | 82, 700 46.5 11.59 27 75 49 19.1 6.73 9.3 32.4 

Jb Medigm <2) 2 ay AM-AM-AM___- 1 V7, S800 » Soe 165430. 27, 4808653508 bee ss es 53 53 1 a Aes Ps hana 12.9 12.¢ & Hayy aecee es See eS AM-AM-AM____ 4 4: Sodan sae 35, 010 | 96,260 | 49.8 | __--_- 30 64 4 ISA hee as 10.6 29. ( 2, LAll capacity groups_______. AM-AM-AM.._-- 5 757308" |e Saas 35, 010 | 96,260 | 50.4 | ---_-- 30 64 5 LPB eee 10. 6 29:6 

2-82-83, Heavy 5.2.20 eee te AM-AM-AM_.__- 4 885683), eacee 38, 440 {113,460} 40.5. | —---. 37 49 4 PA Var fe Perey 17.7 25.8 y-51-2, Heavys2-=. sesso! AM-AM-AM___-_ 1 62,200") “te ee 52, 200 | 52,200 SL OW t eee oe 31 31 1 17 4a oe 17.4 17.4 D-Se-e, FLOR Y 262. ee ee ee AM-AM-AM____ Zz 37,00 1) 84,970 | 39,080] 37.0 | —_.-_- 37 37 Zz 29:0" Sia eee 27.4 32.4 
@-S3-5, Heavy... ..2.5.--2 2 AM-AM-AM__._- 2 132535 4) foe 132, 500 |182,.570' |}. "58:5 |) o22.22 48 69 2 IS 8 Av ase 11.6 16.) 

All other than 2-S1-2: 
Mediuin!.< 2cotr a ee ae AM-AM-AM___-_ 1 Aig Sa 0M arse oe 77, 480 | 77,430 Pa that hae oe 53 53 1 1 el ye Ue 3 12.9 12.¢ 
Heavy. eee ESS eee AM-AM-AM__.- 13 80, 442 36, 952 34,970 |152, 570 44.8 12,27 30 69 13 20.3 6.55 10.6 32.4 All capacity groups__....--_._.| AM-AM-AM.___ 14 80, 227 35, 511 34,970 |132, 570 45.4 11.99 30 69 14 19.8 6.60 10.6 32.5 

1 All refers to the total number of vehicles tested in each category, regardless of brake system type or capacity group. 
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ae 
1e other two. For example, in the classi- 

sation under truck-tractors with semitrailers 

id full trailers and for all other than 2-S1-2, 

e heavy capacity group, maximum decelera- 

n of 32.2 feet per second should not be 
ssociated with the maximum gross weight of 
32,570 pounds. It would be more appro- 
iate to associate the maximum deceleration 

vehicles in this classification with the 

inimum weight and the minimum decelera- 

n with the maximum weight. However, 

ie fact that the distance required to stop 

_jereases with an increase in gross weight 

ust be considered. 
_| All vehicles tested did not have decelerations 

32.2 feet per second per second, or 1 g. 

he deceleration results shown in the tables 

‘e sometimes higher than the actual decel- 

ations that would be measured by more 
yphisticated equipment. Some, but not all, 

the vehicles within the different classi- 

sations had indicated maximum decelerations 

‘1 g.; the particularly heavily loaded vehicles 

ad decelerations less than 1 g. The _ pen- 

-ulum-type decelerometer used often in- 
 jeated decelerations of 1 g. when the vehicle 

ounced, hopped, or jumped during brake 

_ pplication. This was particularly evident 

hen the vehicles tested were carrying rel- 

sively light loads in comparison to design 

rads. The test results do show the relative 

eceleration performance relations between 

ae different vehicle classifications. 

bakin g Performance by Vehicle Type 

The differences in braking performance 

(tributed to different types of vehicles are 

10wn by the frequency distribution curves 

1 figure 11 for the brake system application 

ad braking distances and deceleration. The 

the braking performance in prves show 

ereent of vehicles tested by vehicle type, 

hich stopped in a given distance or less, 

t which reached a deceleration of a given or 

wger value when simulating an emergency 

jop from 20 m.p.h. The _ decelerations 

, teasured were not sustained throughout the 

“ops but were the maximum decelerations 

corded during the stops. The brake system 

pplication and braking distance and the 

eceleration frequency distributions are evi- 

“enee that the smaller vehicles are capable 

» better braking performance. 
The improvement in braking performance 

or different types of commercial vehicles 

‘om 1942 to 1963 is shown in figure 12 by 

ie 15th, 50th, and 85th percentile levels (4). 

» general, braking performance has improved 

uring the years in a reduction in the distance 

squired to stop and a decrease in the vari- 

bility of brake system application and 

raking distance. This trend in continu- 

1g improvement in braking performance was 
vident in the results of the 1963 brake tests. 

' The relative effect that different capacity 
— roups and weight groups have on the braking 

erformance of vehicle types is shown by the 

ata in figure 13. The average brake system 
pplication and braking distance for each 

articular grouping was computed and_ is 

hown in the figure as a bar of a length in 
roportion to the respective distance. In 
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MANUFACTURERS] yewuicy ge VEHICLES TESTED 

CAPACITY WEIGHT GROUP, | TYP , 10 20 30 40 5 
RATING (PE | _oooups, |NUMBER i : | e if 

VERY Sante, ae Ce = 
LIGHT 2 MRT lil Gre ii } 

| 10- 14.9 l 7 

o- 99 50 ONG 
LIGHT 2 10-19.9 24 

B0s29.9°7~ 4 

PGE Oey |e) 
2 10-19.9 115 

| 2On08.9" Lt oF 

10-19.9 2 
2-SI 20-29.9 15 

aa 30-39.9 7 

10-19.9 
20-29.9 4 
30-39.9 2 

2-S2 | 40-49.9 . 
50-59.9 4 
60-69.9 

10-19.9 2 | 
2 20-29.9 5 

det a ee EC a | 

10-19.9 16 
20-29.9 13 

3 30-399 2 
40-499 | 4 | 
50-59.9 | 

10-19.9 14 | 
20-299 30 

eh 30-39.9 10 
40-49.9 6 

10-19.9 3 HEAVY 
20-29.9 57 

o-sp | 30-399 33 
4 40-49.9 32 

50-59.9 54 
60-69.9 | 

20-29.9 23 
30-39.9 16 
40-49.9 6 
50-59.9 16 

327 60-695 19 
70-79.9 16 | 
80-89.9 2 79 | 
90-99.9 | & 

| | | | | | e] 

O 10 20 30 40 50 60 

BRAKE SYSTEM APPLICATION AND BRAKING DISTANCE 
FROM 20 M.PH.,, FT. 

Figure 13.—Braking performance by vehicle types, capacity groups, and weight groups. 

normal highway operation, brake system 

application and braking distance increases 

with weight for a given type of vehicle and 

this fact is confirmed by the test data shown 

(fig. 13). 

Braking Performance in 1955 an d 1963 

The average weight and the average brake 

system application and braking distance is 

given in table 7 by type of vehicle for the 

vehicles studied in 1955 and 1963. For some 

types the average weight varied little from 

1955 results, but the average weight for 

others varied considerably (4). Part of the 

variation in average weight can be explained 

bv the chance selection of vehicles to be 

tested. However, part of the variation in 

weight also can be attributed to operators of 

commercial vehicles changing from use of 

one type of vehicle to another for economic 

reasons. For example, the 2-S1 vehicles 

currently are being used to carry lighter 

loads than previously, although no reduction 

has been made in the permissible legal weight 

limits. 

The National Committee on Unifrom 

Traffic Laws and Ordinances specified, in 

Uniform Vehicle Code (5), the minimum 

deceleration and maximum brake system 

application and braking distances that motor 

vehicles operating on the highways shou'd 

obtain when simulating emergency stops from 

20. m.p.h. A large percentage of vehicles 

in the 1963 study met the code requirements; 

these data are given in table 8. The vehicle 

types that did not meet the braking require- 

ments of the code were the truck-full trailer 

the truck-tractor-semitrailer-full trailer 

However, when the brakes on 
and 

combinations. 

these large vehicle combinations are adjusted 

properly, they can meet the code require- 

ments. For example, two 3-S3-5_ trailer 

combinations, weighing approximately 133,000 

pounds each, were tested. The two truck- 

tractors were the same make, model, and year, 

and an air-mechanical brake was 

used in each. One _ trailer 

stopped in 69 feet from 20 m.p.h. and the other 

stopped in 48 feet, 2 feet less than the code 

had been 

system 

combination 

requirement. No maintenance 

77 



Table 6.—Analysis results for gross vehicle weight, braking system application and braking distance, and deceleration by gross vehi 

weight group 

Gross vehicle weight BSABD Deceleration 
Gross Test (pendulum-type decelerometer) | 

Commercial vehicles and Eee ole ee 2 : - 

capacity groups weight v ~ ‘ 

Oh ee group and Standard | Mini- Maxi- Standard | Mini- | Maxi- Standard Mini- 

BSABD| Mean devia- mum mum | Mean] devia- | mum | mum Mean | devia- | mum 
tion tion tion 

Num- Ft./ Ft./ Ft./ 

Single-unit trucks: 1,000 lbs. | Number | Pounds | Pounds | Pounds | Pownds Feet Feet Feet Feet ber sec./sec.| sec./sec. | sec./sec. 

2-axle: 0-4. 9 76 4, 053 471 2, 545 4, 995 21.3 3.9 16 41 7 27.0 3.9 15.1 j 
Very ighteae.sooy Sasser ee 5-9. 9 42 5, 914 949 5, 000 8, 700 22. 4 3.1 17 29 42 27.3 3.5 20. 3 . 

10-14. 9 1 11, 0507 |Faeoaee 11, 050 11, 050 O10 case 21.0 21.0 1 98.9) joo ee 28. 3 8. 

0-9. 9 50 7, 955 1, 192 5, 700 9, 960 24.5 3.8 8 39 50 27.4 5.0 16.1 \ “3829 
LOVPSd a) eae Rah ee an Sie 10-19. 9 24 14, 037 3, 045 10, 200 19, 110 30. 2 5.0 20 45 23 23.7 5.8 14.5 | 32,2 

20-29. 9 4 92 °-866 hae eet 20, 900 23, 840 30.5 eee 32 51 4 15; Po. eee -| 11.9] 184 
0-9. 9 49 8, 732 685 6, 710 9, 790 24. 5 4.5 17 40 48 28. 0 4.0 17.7 | 32.2% 

SV@CIUIN aeneds sen eee 10-19. 9 115 13, 780 2, 848 10, 050 19, 995 28.1 6.3 18 75 111 25.3 4.7 6.4 | 32.2 
20-29. 9 27 22, 833 2, 297 20, 000 27, 400 35.3 as 26 56 27 t022 4.8 10.9 | 29.0 

10-19. 9 21 14, 769 2, 453 10, 605 18. 975 29. 7 3.9 24 40 20 25.1 4.4 19.3 | 322° 

Hes y yess haan ree nea eee 20-29. 9 5 23.1792 \e ree Oe 20, 185 28, 480 B48 2 oe 30 44 5 PS a apes ete 17.7 | 30.6 r 
30-39. 9 1 Sis 410 Wea = 31, 410 31, 410 AG: Ouls-2teeate 46.0 46.0 1 14. Bel aie oe 14.5) 14.5 
0-9. 9 217 6, 369 2, 110 2, 545 9, 960 os) - 1 1, ai aie : af f 32 

: 10-19. 9 161 13, 930 2, 833 10, 050 19, 995 28. walk 1 5 : ; 2. 
All capacity groups_---.------ 20-29. 9 36| 22, 926 2442 | 20,000} 28,480] 35.7 7.5| 26 56 35 | 19.4 5.0} 10.9) 30.6 

30-39. 9 1 S194) O|taen ste 31, 410 31, 410 AG: Oi} 22 eee 46.0 46. 0 1 145.65 )*25 Sse 14.5 | 14.5 

3-axle: 
ca ghtee esos ee 20-29. 9 1 DF 400 eee ences 25, 400 25, 400 28 00 See ee 28.0 28.0 1 D550 4 es Se 23.2 | 23.29% 

10-19. 9 4 TERE RDN Ie is «oe 11, 000 17, 500 O80" | ho ea ge aes 27 30 4 pt el RES ce = ol 22.5.) 27, 4a 
Medinnitescs = eee, 20-29. 9 1 937 400d|- 2. eee 23, 400 23, 400 30.05| eee 30. 0 30. 0 1 O5i8 "eee 25.8 | 25.85 

30-39. 9 1 $5, 060uee es 35, 950 35, 950 6250) | aaa 62.0 62.0 1 11 35) ee ee 11.3) 113 — 
10-19. 9 16 16, 389 2,173 12, 300 19, 300 28.4 4.3 23 41 16 23.6 4,4 17.7 | 32.2) 
20-29. 9 13 22, 866 2, 042 20,100 | 26, 225 36. 2 4.1 29 42 13 20.1 4,2 16.1 | 30.6 

ELOAVYsec-cotese cease eee eee 30-39. 9 2 BI S50 ence * 34, 800 39, 900 ORS Gli ne saa 27 29 2 DA ley (Ree ee ce 19.3.| 24, 2 
| 40-49. 9 4 RR bi [ue Soe 44, 600 47, 410 5025 |e 43 68 4 13: Belo eee 8.0 | 17.7 

50-59. 9 1 53, 200<| emer 53, 200 53, 200 OO See ee 59. 0 59. 0 1 1355}. eee 13.5 1358 
10-19. 9 20 15, 978 2, 461 11, 000 19, 300 28. 4 4.0 23 41 20 23.8 4.1 17.7 linn Oa 
20-29, 9 15 23, 070 2, 002 20, 100 26, 725 35. 2 4.6 28 42 15 20.7 4,2 16.1) 30.6 

All capacity groups--.-------- |} 30-39. 9 3 36, 883 2, 675 34, 800 39, 900 36,'3) | eae make o7 62 3 19/3 es ee 8.0% ise 
40-49. 9 4 45 6515) eee s 44, 600 47, 410 50.;55 (see eee 43 68 4 £3..53|o= pee 8.0) 17.74 
50-59. 9 1 53,2008 5. ee 53, 200 53, 200 59:10) | cae 59. 0 59.0 1 13:5) ee 13.5 | 13.5 

Truck-tractors with semitrailers: 
2-S1: 10-19. 9 21 17, 221 1, 824 13, 000 19, 750 29.7 6.8 24 56 21 28.8 4.1 18.0} 32.2 

WMiedium Score: sees ee 20-29. 9 15 24, 752 3, 515 20, 100 29, 510 32.6 4.0 26 40 14 22.9 5.1 17.4| 32.2 
30-39. 9 7 34; 474 "Wee oe 32, 100 37, 000 S051 al" eee aes 30 53 6 19:8\|2.2 oe 12.2| 24.2 
10-19. 9 14 17, 978 1, 675 14, 500 19, 890 29. 9 625 24 48 14 27.0 5.5 14.5 | 32.2 

Heavy 20-29. 9 30 23, 628 2, 925 20, 105 29, 800 32.0 6.4 21 51 29 25.1 5.4 12:6: || 32.8 
Ne ey ae aad a aes 30-39. 9 10 33, 766 2, 334 30, 610 37, 520 37.8 4.5 33 46 10 18. 4 3.9 14.5 | 22.4 

40-49. 9 6 AD SHS een ae 40, 410 45, 400 Pye Fe i baie ome 3 ok 34 47 6 1619: jesse eer 12.2 | 19.4 
sie 9 35 a 524 1, 781 13, 000 19, =o 29.8 6.6 24 56 - os : - i . : ay q 

Be 20-29. 9 45 24, 003 3, 139 20, 100 29, 80 32.2 5.7 21 51 : , 2. . 
All capacity groups_---------- 30-39. 9 17| 34057! 2151 | 30,610| 37,520| 38.4 6.3 30 53 12| 18.9 3.9| 122| 224 

40-49, 9 6 42 Sb Stim atc ee 40, 410 45, 400 305 0:|S5 ees 34 47 6 1600: ese eee 12.2 | 19.39 

2-82: 10-19. 9 4 TBLOB0 eta see ae 15, 900 19, 270 2633S ee ae 25 28 22.5 | 30.68 
20-29. 9 4 25050: |een sae 23, 500 27, 130 eae Wallen Ble 25 40 20.9 | 30.6 

Arca far 30-39. 9 2 3570024 tee oe 34, 985 36, 400 36. 5 34 39 20.6 | 21.9 
MT See, a 40-49, 9 3 AG<A7S)/\ Mee ss! 42, 080 49, 950 Batey ie 32 48 12.9 | 19.37 

50-59. 9 4 BOAO Mee cee 53, 555 58, 345 41.3 34 45 14.5| 16.0 
60-69. 9 1 63,390 (ete 63, 390 63, 390 41.0 41.0 41.0 VTEC Le 
10-19. 9 3 10° 1835s ee 18, 500 19, 915 3150. |e See 28 33 16.7 | 32.2% 
20-29. 9 57 24, 201 2, 665 20, 060 29, 830 31.9 6.5 24 66 9.7 | 32.2 

ean 30-39. 9 33 35, 649 3, 016 30, 140 39, 670 34.4 5.3 23 51 11.9 | 322 
Sl ce aes ae ie Fk a cae 40-49. 9 32 44, 652 2, 509 40, 500 48, 985 35.3 4.5 27 44 14.8 | 328 

50-59. 9 54 54, 888 2, 402 50, 660 58, 800 42.1 Sa 29 67 8.7 | 29.3 
60-69. 9 1 64,805 spewede bea 64, 805 64, 805 36 0c eae 36. 0 36. 0 18.4] 18.4 

\( 10-19.9 7 18; 5oGh ee senate 15, 900 19, 915 OS Biles ee ee 25 33 16.7.| 32.2 
20-29. 9 61 24, 256 2, 606 20, 060 29, 830 31.9 6.5 24 66 9.7'|: 32am 

All capacity groups 30-39. 9 35 35, 651 2, 931 30, 140 39, 670 34. 5 5.2 23 51 11.9 | 38292 
Chr tars GAT Untied ak 40-49. 9 35 44, 808 2, 637 40, 500 49, 950 35. 6 4.8 97 48 12.9 | 32.2 

50-59. 9 58 54, 940 2, 368 50, 600 58, 800 42.1 7.9 29 67 8.7) 20.a8 
i( 60-69. 9 2 64,008) het e 63, 390 64, 805 BS yb cik ee ee 36 41 17.7 | 18.4 

! 

performed on either trailer combination in 

preparation for the tests. It is almost certain 

that the trailer combination that stopped in 

69 feet could have stopped in a considerably 

shorter distance if its brakes had been adjusted 

immediately before the test. It is also pos- 

sible that a brake adjustment could have im- 

proved the braking performance of the other 

trailer combination. 

Axle Loads 

Not all vehicle types could be considered 

in the analyses because either too few vehicles 

of a given type were tested or weights carried 

on the principal load-carrying axles varied 

excessively. Axle loads could be analyzed 

for only the 2, 2-S1, 2-S2, and 3-S2 types of 

vehicles. The results from the analyses of 

the test data for 2, 2-S1, and 3-S2 vehicles 

were compared with the test results for 

similar vehicles from previous studies (4). 

Because of large variations in the weights 

carried on the principal load-carrying axles, 

78 

previous 2—S2 test results could not be com- 

pared with the 1963 study results. 

The performance of 2 and 2-S1 vehicles 

from the brake research studies of 1949, 

1955, and 1963 are shown in figure 14. In 

general, the braking performance of these two 

types of vehicles improved from one study to 

the next. The weights on the steering axles 

were not considered in the data shown. For 

the type 2, single-unit vehicles, the rear 

axles were grouped in weight increments of 

4,000 pounds and the braking performance 

was then computed for the groups and plotted 

at the midpoint of the weight group. The 

same analysis procedure was used for the 

2-S1 vehicles, however, data were considered 

only for those trailer combinations for which 

the weights of the truck-tractor drive axle and 

the trailer axle were in the same 4,000-pound 

group. 

Primarily because of difficulty encountered 

in establishing weight increments in which a 

sufficient number of observations could 

obtained for 2-S2 of trailer combinations, 1 

data were treated differently. The method 

least squares was used to compute the lim 

regression equation that best fit the data. 

the analysis of the data for 2—S2 trailer ce 

binations information was used only on trai 

combinations for which the truck-trae 

drive axle weight equaled or exceeded 16,f 

pounds. In the analysis of the data on 

3-S2 combinations, test results were used 0 

for trailer combinations in which both sets 

tandem axles were within 4,000 pounds of e 

other. 

The braking performance for the 2-S2 

3-82 trailer combinations in relation to 

weight on the tandem axles is shown in fig 

15. The regression curve determined for 

2-S2 trailer combinations is approximat 

parallel to and 2 feet below the curve for 

3-82 trailer combinations. The coefficient 
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ble 6.—Analysis results for gross vehicle weight, braking system application and braking distance, and deceleration by gross vehicle 
weight group—Continued 

Gross vehicle weight BSABD 
Gross Test 

Commercial vehicles and vehicle vehicles, 
capacity groups ~ weight 

group and Standard | Mini- Maxi- Standard | Mini- | Maxi- 
BSABD |} Mean devia- mum mum Mean devia- mum | mum 

tion tion 

Truck-tractors with semitrailers: 
ra 1,000 lbs. | Number | Pownds | Pounds | Pounds | Pounds Feet Feet Feet Feet 

DUET EITN tee esd ee 70-79. 9 il 2, 480 qlee Sess 72, 480 72, 480 AD ane ee 68 68 
20-29. 9 23 26, 804 2, 385 23, 100 29, 755 34.4 6.0 25 50 
30-39. 9 16 33, 575 2, 849 30, 230 39, 700 31.7 4.5 24 39 

| 40-49, 9 6 Cae || eee, Se 40, 400 44, 540 Sa il eee ae be ee, 33 42 
| Renee ake oe 50-59. 9 16 56, 039 2, 953 50, 900 59, 350 By ere 7.8 25 50 
| 60-69. 9 19 64, 709 2, 947 60, 090 69, 200 38. 7 4.6 26 44 
| 70-79. 9 16 73, 110 3, 113 70, 300 79, 680 43.9 9.5 32 60 
; 80-89. 9 2 80)'406 fee ee = 80, 890 80, 590 OGSOR NES = eet 38 74 
| 90-99, 9 1 04650 eseee ee 94, 650 94, 650 OS0 cee meee 79 79 

20-29. 9 23 26, 804 2, 385 23, 100 29, 755 34.4 6.0 25 50 
| 30-39. 9 16 33, 575 2, 849 30, 230 39, 700 Sy 4.5 24 39 

: 40-49. 9 6 4211205 nee ee 40, 400 44, 540 GATES ie no a cael 33 42 
All capacity groups-_---------- 50-59. 9 16 56, 039 2, 953 50, 900 59, 350 Sint 7.8 25 50 

; 60-69. 9 19 64, 709 2, 947 60, 090 69, 200 38. 7 4.6 26 44 
| 70-79. 9 17 73, 073 3, 018 70, 300 79, 680 45.4 10.9 32 68 

80-89. 9 2 80,4957 eats 80, 400 80, 590 DOR OO ee sae ate 38 74 
90-99. 9 1 94; 6505 eee 94, 650 94, 650 TOZOS Rees eee 79 79 

|| Trucks with full trailers: 
, 3-2: 20-29. 9 ll 25, 582 2, 548 22, 400 29, 600 33.9 4.4 23 40 
t 30-39. 9 2 36),800)|eaeasoneae 36, 400 37, 200 SEPT | be Pyarre oe 33 34 
j “SUN ge a 40-49, 9 2 45; OOOWE. sete ane 40, 400 49, 600 433)" eee ee 36 50 
4 50-59. 9 (Dees =e dl St ea eel ah Ne, peel 6 Seen ae Ns Oe en [oi neh en te eedel (Soe Sere 
f 60-69. 9 1 672290 ies oe aes 67, 290 67, 290 datrid Up) ae panes ee 57 57 
: 70-79. 9 10 76, 090 1, 066 74, 900 78, 200 49. 2 6.3 43 60 

‘|| Truck-tractors with semitrailers | , 
J and full trailers: 
if 251-2; 20-29. 9 7 O19 i ake oe ee 24, 500 27, 700 1 hat een aE ae SUE OM hem noe £e 

30-39. 9 8 S257 Dice teases. = 30, 200 36, 600 S42 Gree eee oF 43 
A 40-49. 9 (AP set a recede SR ef Ne Se | aie in a || Sti | a ay ed Ie RIE cs 
b SMC ae Ie 50-59. 9 1 ol, 200 eee ee 51, 200 51, 200 44 40) (Seen 44 44 

60-69. 9 3 62) 9007 60, 800 66, 300 EO fe as SN 44 52 
70-79. 9 27 76, 284 1, 971 70, 300 79, 000 52. 7 10.8 40 75 

! 80-89. 9 2 B20 23h eee eee 81, 700 82, 770 ZN A=; ee eee 45 50 

Trucks with full trailers and 
i truck-tractors with semitrailers 
4 and full trailers: 
i 20-29. 9 19 25, 784 2, 054 22, 400 29, 600 34. 6 4,2 23 48 

if 30-39. 9 14 34, 232 2, 954 30, 200 39, 030 34. 6 4.6 27 40 

a 40-49. 9 2 45, 000 40, 400 49, 600 ce iy |e ee ee 36 50 

Ly 50- 59. 9 2 51, 700 |_ 51, 200 52, 200 Ole Dale eee 31 44 

fh 60-69. 9 5 63, 454 60, 800 67, 290 0 AM eeseee ee 44 57 

4 ESR SoS a ee el ea 70-79. 9 38 76, 173 70, 300 79, 000 61.7 9.7 40 75 

: 80-89. 9 2 S20 2505 ose ek 81, 700 82, 770 Cag i ee Sa ee oe 45 50 

90-99. 9 3 Leg! ass fal | pele 94, 150 96, 260 56.0- eee or oe 49 64 

100-109. 9 peel 08-120: ee oe 108,120 | 108, 120 385 On ieeeon ate 38 38 

110-119. 9 1g 113)4608) ee) nee ee 113,460 | 113, 460 S840) aes eee 38 38 

120-129. 9 CPA ge gee ah RN Em a ge ah Sle | Eee 2 Nee ies ie a FS ee pe 

130-139. 9 2 £30. Gon) sae ee os 132, 500 132, 570 58. 5 14.8 48 69 

if 

Deceleration 
(pendulum-type decelerometer) 

Test 
vehicle 

Standard| Mini- | Maxi- 
Mean | devia- mum | mum 

tion 

| 

Num- Ft./ Ft./ Ft. Ft./ 
ber | sec./sec.| sec./sec. | sec./sec.|sec./sec. 

1 TT | ES se Cs A otek ey 
22 27.6 6.4 13.9 | 32.2 
16 27.8 4.6 «Ny pag 32. 2 
6 De. 0) eee cee aes 16.1 32, 2 

16 20.9 4.7 13.8 28. 0 
19 17.8 3.7 12.9 25. 1 
16 15.5 4.0 9.7 22.5 
2 L520 eee 9.7 20. 6 
1 tat dial ee ee 8.7 8.7 

22 27.6 6.4 13.8 32, 2 
16 27.8 4.6 wets 32. 2 
6 22. 0) 22oeee ee 16.1 32. 2 

16 20. 9 4.7 13.8 28. 0 
19 17,8 3.7 12.9 25. 1 
17 15. 2 4.2 O57 22.5 
2 gis We) pea eS ae 9.7 | 206 
1 Bit ete eee Se Tale eee 

il 31,2 2.8 24, 2 32, 2 
2 PAT Gh Tae eee 24, 2 32.2 
; 16.3y ee ee 12.9 | 19.6 

1 OT ee asta ais RES ab ae 
10 15.6 5.5 | 11.3] 30.6 

| 

| 

7 
8 
0 
1 
3 

27 
2 

| 

| 

| 
19 30. 2 3.6 Ted aye ais 
14 (ee 2768 SUE 20,00) “32e2 

URE Oto cle ere 12.9} 19.6 
2 Ts Ord Sot See 17.4 Leh 
Bale el be Os |e ee 113 | 1908 

38 15. 2 3.6 | 10.3 | 30.6 
2 LA: Op Pee See e149 16.1 
3 15; 4 eee 10,6 | 27 
1 DO Stee as 20.3 | 20.3 
1 20s 00 ek. Se eee | 20.9 20,9 
(0 ee | ae eee eee ees 2 a 
2 13,8) | eo ss = 11.6 16.1 

Table 7.—Average weight and brake system application and braking distance for com- 
“érrelation for the 2-S2 and 3-S2 trailer com- 
Thations of 0.41 and 0.60, respectively, in- 
Gates that the regression curves did not fit 
‘| 2 data as well as might be hoped for. A 

‘lige amount of scatter about the regression 

“Le, caused by a large variation in the brake 
\Sstem application and braking distance, was 

if sponsible for the small coefficients. The 

Cefficients of determination indicate that 17 
fd 36 percent of the total variation in brake 
sstem application and braking distance for 

e 2-$2 and 3-S2 trailer combinations, re- 

ectively, can be attributed to the tandem 

le weights and the remaining or unexplained 

riation must be attributed to other factors. 
ch factors include inadequate brake system 

uintenance and/or poor brake adjustment. 
le linear regression curve for the 3-S2 

uiler combinations tested in 1955 is also 

wn in figure 15. This curve indicates 

e 

ft 

tndem axle loadings was poorer in the 1955 
“sidy than in the 1963 study. A larger per- 

«| Before the braking performance in relation 

‘i ‘the manufacturers gross vehicle or com- 
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mercial vehicles tested in 1955 and 1963 

Commercial vehicles Sy 
Vehicles Average 

weight 

Average 
BSABD 
from 20 
m.p.h. 

Vehicles Average 
weight 

Average 
BSABD 
from 20 
m.p.h. 

Number 

Single-unit trucks: 
2-axle, very light 107 
2-axle, other than very light 

Truck-tractors with semitrailers: 
1 

bination weight rating could be evaluated, 

the manufacturers weight rating for the 

test vehicle had to be determined. The 

manufacturers gross vehicle weight ratings 

were used to evaluate the braking performance 

Pounds 

5, 200 
14, 200 
28, 400 

32, 100 

Feet 

24 
31 
39 

40 
42 

Number 

119 
296 

43 

103 
199 

2 
100 

Pounds 

4,740 
13, 100 
23, 500 

24, 500 
39, 000 
32, 600 
50, 300 

42, 800 
49, 000 

59, 800 
75, 400 
88, 800 
52, 200 
37, 000 

132, 500 

Feet 

99 

28 

of single-unit trucks and the manufacturers 

gross combination weight ratings were used 

to evaluate braking performance of trailer 

combinations. 

appears on the manufacturers identification 
Usually the weight rating 
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Table 8.—Braking test results for 1955 and 1963 compared with Uniform Vehicle Code 
requirements 

Commercial vehicles Deceleration BSABD 

Vehicles within Vehicles within 
UVC re- requirements UVC re- requirements 

quirements qvire- 
ments 

1955 1963 1955 1963 

Single-unit trucks: Ft./sec./sec.| Percent | Percent Feet Percent | Percent 
2-axle, very USDt. hse seen se alee oe re 14 100 100 30 84 97 
2-axle, other than very light 25-9 es, es oe 14 94 98 40 84 95 
pd: a ok ea a ad RE, Pe at ts Es 14 85 91 40 53 75 

Truck-tractors with semitrailers: . 
2-S1 14 83 97 50 81 97 

S: 14 82 91 50 80 94 
14 76 89 50 64 92 

DECKS; With LHL tie llersene = 5cen eran 14 51 80 50 38 86 
Truck-tractors with semitrailers and full trailers____ 14 69 79 50 41 71 

Table 9.—Mean, standard deviation, and minimum ratios of GVW to manufacturers 
weight rating 

Gross 
vehicle 
weight, 
1,000 Ibs. 

Commercial vehicles (all capacity groups) 

gross vehicle weight 
Ratio, — : : 

manufacturers weight rating 
Number 

Standard Maximum 
deviation 

Mean Minimum 

Single-unit trucks: 
0-9. 9 

10-19. 9 
20-29. 9 
30-39. 9 

10-19. 9 
20-29. 9 
30-39. 9 
40-49. 9 

10-19. 9 
20-29. 9 
30-39. 9 
40-49. 9 

10-19. 9 
20-29. 9 
30-39. 9 
40-49, 9 
50. 59. 9 
60. 69.9 

20-29 9 
30-39. 9 
40-49. 9 
50-59. 9 
60-69. 9 
70-79 9 
80-89. 9 

ey Se el eae. oe oat eal or Wr Seis ress ress CoO, WwW SCmww Dawa oanNns 

FrSoSsoS So90 NODA, Dato 
Ube Is Co i es iS reosos soos Oonao kf WO Orn w DOKBDOC WOoOsIle 

rProsoos NOoCSOMas ORR OOF DO rosseso NWOWDOO-F, WwW BOCOMWwe 

Table 10.—Braking performance of trailer combinations with and without brakes on the 
steering axle 

Commercial vehicles Brakes on steering axle No brakes on steering axle 

Vehicles 
tested 

Average 
weight 

Average 
decelera- 

tion 

Vehicles 
tested 

Average 
BSABD 

Average 
BSABD 

Average 
Weight 

Average 
decelera- 

tion 

Ft. 
Truck-tractors with semi- / : 8 

trailers: 

Truck-tractors with semi- 
trailers and full trailers: 
28 1 en a ee Sone 28 56, 400 
3-S2-5 E 39, 000 

plate attached to the vehicle; however, often 

the manufacturers specifications had to be 

consulted. When the weight rating had 

been determined, a ratio was computed be- 

tween the gross vehicle weight and the man- 

ufacturers weight rating for test vehicles. 

Sometimes the ratio could not be computed 

because the manufacturers weight rating 

could not be found on the vehicle or deter- 

mined from the vehicle specifications; data 

for these vehicles were not used in the analysis. 

/sec./ 
ec, 

Ft./sec./ 
sec. 

23 37 21 

The analysis of braking performance ratio 

by GVW and manufacturers weight rating 

was made for the 2- and 38-axle, single-unit 

trucks and for the 2-81, 2-S2, and 3-S2 

truck-tractor-semitrailer combinations. Be- 

cause the manufacturers gross combination 

weight rating for many of the multicom- 

bination vehicles could not be determined, 

data for these vehicles were not included in 

the analysis. Results of the analysis of 

braking performance in relation to the ratio 

Table 11.—Braking performance with 
axles braked and without steering a 
braked, in test by Committee on Wint 
Driving Hazards 

% 
BSABD from 20 m.p.h. 

Commercial Weight | a 
vehicles All axles Steering © 

braked axles not 
braked 

Pounds Feet Feet 
S2505,.2 es 24, 830 24 30 | 
ey eek Bane Shae 22, 300 21 25 
2-81-24 22, 090 26 31 

of gross weight and manufacturers weigh 

ratings are shown in table 9 by vehicle typ 

and weight group. F 

The effect of an increase in the gross weigh 

to the manufacturers weight rating on brakin 

performance is shown in figure 16. As th 
ratio of the gross vehicle weight to map 

ufacturers weight rating increased, the brak 

system application and braking distane 

also increased but the peak deceleratio 
decreased. Mean values for ratio, decelerg 

tion, and distance are plotted in figure 1 

at the mean weight for the different tes 

weight groups. All trailer combination; 

except the 2-S1, had gross vehicle weight 

of more than the recommended manufacture} 

rating; this is indicated by a ratio of mor 

than 1. With one exception, when the rati 

was less than 1, the vehicles met the Unifor: 

Vehicle Code (5) recommendations for brakin 

performance: the 3-axle, single-unit truck 

required approximately 2 feet more than tl 

recommended distance of 40 feet from 

speed of 20 m.p.h. In an evaluation of tt 

braking performance of the types of comme 

cial vehicles tested in this research, the fac 

must be recognized that braking systen 

can be designed to meet given performant 

requirements provided that the gross vehie 

weight does not exeeed the manufacture 

suggested weight rating and that the brakir 

systems are properly maintained. 

No Brakes on Steering Axle 

Some States and the Interstate Commier 

Commission permit, in their motor-vehic 

regulations, certain vehicles to operate wit 

out any brakes on the steering axle. In t 

1963 braking performance test, combinati 

vehicles were tested that did not have fro 

wheel brakes; these are listed in table 1 

Except for the 3-S2 trailer combinations 

large difference existed in the mean gr¢ 

weights between the trailer combinatio 

that did and those that did not have brak 

on the steering axle. Consequently, t 

longer distance required for stopping by t 

combinations without front wheel brak 

cannot be attributed entirely to the fact th 

one axle was not braked—the poorer pr 

formance also could have been attribut 

partially to the weight differential. T 

additional distance was approximately 2 tc 

feet. 

In 1958 the National Safety Counei 

Committee on Winter Driving Hazards e¢ 

ducted tests on dry pavement for empi 

combination vehicles, both with and withe 
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1e steering axles braked (6). The findings 
terms of the brake system application 

ad braking distance when making emergency- 
ype stops from 20 m.p.h. for both braking 

nditions are shown in table 11. The brake 
stem application and braking distance 

creased 4 to 6 feet, when the steering axle 

as not braked. 

Confidence Intervals 

The commercial vehicles tested were 

rouped according to type, capacity, brake 

stem, and weight. Similar commercial 

ehicles were classified into groups, and then 

nsicered as samples from the group popula- 

ons. The standard errors of the means 

‘ere computed for the groups that had at 

‘ast 10 observations. Confidence intervals 

qaen were computed for each commercial 

ehicle group having 10 or more observations. 

y using the confidence interval, the levels of 
raking performance for each individual 

roup could be estimated and the degree of 

liability of estimates known. For each 

roup, the 95 percent confidence intervals for 

e means of the gross weight, deceleration, 

nd brake system application and braking 

istance were determined; their confidence 

}htervals were computed in the same manner 

}s those for the passenger cars. The confi- 

ence intervals by type of brake systems and 

y weight group are shown in table 12. 

Findings of Analyses 

‘assenger cars 

The following findings concerning passenger 

ars were obtained from analyses of the 1963 

Test data. 

e The average weights of foreign cars, 

-ompact cars, and standard size cars differed 

lignificantly from each other at the 0.05 level. 

e Little change has occurred since 1955 in 

the deceleration performance of all passenger 

‘ars, when considered as a group. Compari- 

‘son of decelerations of the foreign cars with 

he compact cars, however, showed that the 

‘ompact cars had significantly larger average 

_lecelerations in the 1963 tests at the 0.05 

evel. 
e Some decrease since 1955 in the brake 

7 | ystem application and braking distance was 

phown in the 1963 test results, particularly 

~ ibove the 50th percentile level. In the com- 

yarison of the average brake system applica- 
jion and braking distances for the different 

oassenger car classifications studied in 1963, 

wmly results of the compact car comparison 

with the standard size car differed signifi- 

santly at the 0.05 level. 

-e The variability in the brake system 
application and braking distances has con- 

tinued to decrease since 1955. 
e The mean brake system application and 

braking distances for the different test years 

were significantly different at the 0.01 level. 

e According to 1963 test results, 95 percent 

f the time the mean brake system application 

and braking distances for the passenger car 

classifications can be expected to be within 
a Ithe following distance intervals: foreign, 

"18.4 to 20.2 feet; compact, 18.7 to 19.3 feet; 
/and standard size, 19.8 to 20.2 feet. 

= = mm 

Se 
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50 

40 
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14 I6 8 20 aa 24 

Figure 14.—Brake system application and braking distances by vehicle axle weights, by 

test years. 
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oO je) 
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Y=0.62x +24. 

r=0.4I 
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Y=0.68x +24.7 
r=0.60 

r*=0.36 
pe) oO 

1955 Se SZ 

1963 —--— 3-S2, 

1963 eeooee Cee 

BRAKE SYSTEM APPLICATION AND 
BRAKING DISTANCE FROM 20M.PH.,FT. fo) 

10 1S 

( FIRST AND SECOND TANDEM AXLES 

WITHIN 4,000 LBS. OF EACH OTHER) 

(DRIVE AXLE WEIGHT 2 16,00OLBS.) 

20 ZO 30 

TANDEM AXLE WEIGHT, THOUSAND POUNDS 

Figure 15.—Brake system application and braking distances by tandem axle weights for 

2-S2 and 3-S2 vehicles. 

Commercial vehicles 

The following findings were obtained from 

the analyses of the 1963 test results for 

commercial vehicles. 

e The average brake system application and 

braking distance since 1955 has decreased 2 to 

3 feet for the very light 2-axle trucks to 10 feet 

or more for some of the heavier trailer combi- 

nations. Since the 1955 tests all the commer- 

cial vehicles had improved deceleration 

performance from approximately 5 percent for 

very light 2-axle trucks to 15 percent for 

heavier multitrailer combinations. 

e The variability in the brake system appli- 

cation and braking distance for similar types 

of vehicles continued to decrease. 

e The brake system application and braking 

distance generally has decreased since 1955 

regardless of the vehicle type, weight group, or 

manufacturers capacity group. 

e In the 1963 tests, a larger percentage than 

in the 1955 tests of commercial vehicles could 

meet the brake system application and braking, 

distance and deceleration requirements recom- 

mended in the Uniform Vehicle Code. 
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Figure 16.—Relation of GVW to manufacturers weight rating, distance, deceleration, and weight. 

e Results of the axle load analysis showed 

that the brake system application and braking 

distances for similar axle loadings decreased 

approximately 3 feet from 1955 to 1963 for 

both 2-axle, single-unit trucks and 2—-S1 trailer 

combinations. 

e The relation between the distance re- 

quired to stop and tandem axle weights of 2— 

S2 and 3-82 trailer combinations could not be 

clearly defined in the analysis of test results. 

Only a small part of the total variation in the 

brake system application and braking distance 

could be explained by axle loading. 

e When the ratio of gross vehicle weight 

to the manufacturers weight rating was less 

than 1, the vehicles met the Uniform Vehicle 

Code recommendations. However, the 3-axle, 

single-unit trucks required approximately 42 

feet rather than the 40 feet to stop at 20 m.p.h. 

e The 1963 test results and the National 

Safety Council Committee on Winter Driving 

82 

2. DISTANCE, FEET 

Rie NaS AA ee omar ver 

Hazards studies showed that the brake system 

application and braking distance is several feet 

longer when the steering axle is not braked 

than when it is. 

e According to the 1963 test results, the 

mean brake system application and braking 

distance for all commercial vehicles of a given 

type can be expected 95 percent of the time to 

be within the following distance intervals: 2- 

axle, single-unit trucks, 26 to 27 feet; 3-axle, 

single-unit trucks, 31 to 37 feet; 2-S1, 31 to 34 

feet; 2-S2, 35 to 37 feet; 3-82, 36 to 40 feet; 

3-2, 38 to 45 feet; and 2-S1-2, 43 to 50 feet. 
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Table 12.—Confidence interval for commercial vehicles according to brake system and gross vehicle weight groups 
is es 

. Standard error of mean 95 percent confidence intervals Standard error of mean 95 percent confidence intervals 
t#} Commercial Gross — ly vehicles and Brake Gross weight | Decelera- BSABD || vehicle Gross weight | Decelera- BSABD 
" capacity groups | systems! | Gross | De- tion weight | Gross | De- tion 2 “4 : weight | celer-|BSABD groups | weight | celer-|BSABD ul : ation? ation? 
y From | To |From| To |From| To From | To |¥From| To |From| To 
q + | 

~ B} Single-unit Ft.] Ft./ | Ft./ Ft. : P erucks: a At a sec./ ira ae at sec./ | sec./ ee ; ae ey ey ri 

: és ‘ounds | sec. ee ounds | Pounds| sec. | sec. "ee ie 7 mn r F at f ‘ 3 . . 2-axle gq’? pee 103. 1.1 0 35 Gwe: 4480 144 600.196 01 oac8 |o20o ie bs Pounds | sec. Feet | Pownds| Pounds sec. | sec. Feet Feet 

: es oe ne a Ai Reentane Pronk gla | ae eed oe 
TAS ee 115.4 | 0.35 | 0.38) “4,540 |” 4.000 | 97.0 | 28.4 | 2i-0 : seh corineal Voss. Icom mae 
Ear 1,113.4 | 1.38 1.95 | 7,940 | 12,310 | 19.2 | 24.6 | 25.6 “7 B99 | 8) Salah lana eaeoa aT ore Light.......-- {wait Pera 558.3 0.72| 0.73 | 9,570 | 11,760 | 25.1 | 27.9 | 25.0 sar teen bt Ret ea oe 

i) es 52 497.4 | 0.67 . LOS mao; Aa 7 a 24.4 | 27.0 | 25.6 fii bgt eta = 
Vise 367.7 | 0.38 . 42 | 12,910 | 14,360 | 24.8 | 26.2 | 26.6 "3° 540 | 8.9 Oil on OLbo Costa oR ee 

» aeons 2,019.6 | 2.38| 5.32 | 13,590 | 21,500 | 14.1 | 23.5 | 27.4 280 Vadis Pee gear hae 
ri ee Ae EE oe SS es SS ae so See a |e Se (a ee ee oe >) 92 7 ” ¢ Au caching 354 0 0.38 0. 40 13, 070 14 460 34.4 | 25.8} 27.1 21, 970 | 23,700 | 17.4 | 21.0 32.4 | 38.2 

) isi hy OPE 1, 59: 1. 42 page 12, 650 | 18, 24.8 | 30.4 | 27.0 | 33.8 |(10-19.9 | 535.6 10.98! £40.85 14737 90 | 18.890 1923.91 57 lon n | a1 ao” 
Heavy_-..---- [aM oe ey 1312.3] 0.91 | 1.35 | 15,360 | 20,500 | 20.2 | 23.8 | 29.1 lida [Cmte ape Bees a 

a ee es 1,014.6 | 0.96 < ms 15, 070 | 19, ban Pepe oA CULT SB Is |] (eee en ae ae |e NS RS ROC RET TS ae as) ea aoa pees (or betel ol OTT 
SER me 237.2 | 0.37 ADHD, A107 ii 6s 26.2 | 27.6 | 21.9 6,090 | 6,650 | 97.2 | 98319941 0a 8 

Allcapacity |JVBH______ 313.2 | 0.33 0.36 | 12,280 | 13,510 | 25.3 | 26.5 | 26.5 13, Co 4 et 24.3 | aie | oa wae 
groups------ A Mie ae 1,095.9 | 1.11 2.27 | 15,640 | 19,930 | 18.5 | 22.9 | 29.6 22,130 | 23,720 | 17.8 | 21.1 | 33.3 | 38.9 

At oe ae 285.6 | 0.25 Orso Tt tth S00 bord 26. dll SiO eG Soe eet le ces Wg em | aes [ee es 
re er eee EE el i se elit anal Ai ree ee Se ge ee eR RESTS TTP sar aoa rassos ae ees 
ey AMES eth 1,996.4 | 0.83 1.72 | 21,650 | 29,480 | 18.2 | 21.4 | 32.5 15, 320 1, 450 21.4 | 25.8 | 26.3 | 30.5 

(ES Ses Ss tare a a) (etarga sve oer bees hel Oe iiat Sard ote 21,760 | 23, 7.8 | 22. ‘Ai 1,818.2 | 0.88 | “1-61 | 90,600 | 27,780 [10/1] 93.5 | 31.3 ee He oe EN ache gM ge 26 
. VBH 22.2.2 1, 488.0 | 1.18 0.78 | 13,690 | 19,520 | 23.5 | 28.1 | 25.5 14,900 | 17,060 | 22.0 | 25.6 | 96.7 | 30.1 

Alleapacity Jay” 1918.8 | 0.84} 1.82 | 21,870 | 29,400 | 18.1 | 21.3 | 32.9 22/060 | 24080 | 18.6 | sng | soo | oot groups=--... = ’ , 22. 2. 37.5 WW Ikeda Se 1,613.7 | 0.80 pore seer eis 2a, SOU Me AG Gator tat Glad, | Oey canst seasons fone ee tle does oR alee See 
(cage gates yy TSA ET I a ne Sn a ce (oi Rm | | ea ac | a eaeaa ale career Salat et bene eee eta) ete (on 

-_-with semi- 
trailers: 

2-S1: 
. VBH-VM _| 1,769.6 | 1.34 1.93 | 19,180 | 26,070 | 21.7 | 26.9 | 30.2 | 37.8 |(10-19.9 | 398.3 | 0.90 1.48 | 16,440 | 18,000 | 27.0 | 30.6 | 26.8 | 32.6 ! Medium_-____- AM-AM __] 1,377.7 | 1.35 1.33 | 20,120 | 25,520 | 24.2 | 29.4 | 28.5 | 33.7 |320-29.9| 908.3 | 1.36 1.03 | 22,970 | 26,530 | 20.2 | 25.6 | 30.6 | 34.6 ! VAT Satan es 1,032.3 | 0.88 BNO pue 2OnGaU tees CSM eine o7elai a0: bay S40 Nhs. epee oe lotr ghee fat pdt ale el a ee | ee 
. AM-AM __| 1,043.6 | 0.85 0.94 | 23,700 | 27,790 | 21.9 | 25.3 | 31.4 | 35.0 |(10-19.9 | 447.9 | 1.47 1.74 | 17,100 | 18,860 | 24.1 | 29.9 | 26.5 | 33.3 

pe SS a5 el oe ea can eal WD 30-99.0 | 738.6 | 1.28 | 1.48 | soroee | serene | 282 | Bet | 20.7 | a4 Ea ae cee ae (aa be en (ee (eee (ee ORE ee eae 39, 42 | 32, 32 12 6.0 | 20. 5.0 | 40.6 
A ye ee 1,012.9 | 0.80 Sie es oUr eo TR UO aL Ou SGA Laat iS 40 4s oe 8 eas eI de bor ae ge Lie eres: : xt (hh VBH-VM.._| 1,990.6 | 1.28 1.76 | 21,020 | 28,820 | 20.8 | 25.8 | 31.5 | 38.3 |(10-19.9 | 300.8 | 0.79 1,11 | 16,930 | 18,110 | 26.6 | 29.7 | 27.6 | 32.0 

, | All capacity AM-AM__- 852.0 | 0.73 0.77 | 23,240 | 26,580 | 23.0 | 25.8 | 31.1 | 34.1 |J20-29.9 467.8 | 0.82 0. 85 | 23,090 | 24,920 | 22.7 | 25.9 | 30.5 | 33.9 
Ti Pi aueeeee a Veen oene.  ieemes oan ema (Leet s Se eae Oe | ee tee| ies eel oath] oo see 30-39.9 | 522.1 | 0.98 1.53 | 33,030 | 35,080 | 17.0 | 20.8 | 35.4 | 41.4 i EATS pet. oe 744.2 | 0.60 ORG Te EAS NOLO eno, GU npeaoelal 2050) |ROls Out onli tein coke a cwee | ee aie dP leas eee oat 2 heen ih |r ee 

HT 2-89: 
] 29,720 | 47,100 | 19.0 | 25.4 | 30.4 | 38.0 { eR EE eal ae oe A he ye i ie SO Ete 2 pe eel (ee AD a od 1 29572051144, 680 |) 185 OF (s24.5:)| 3153-38, 3 (|e eee So ae ea aw Ly en (cy rice. Gans ME Ss tae Ban IES 

37,560 | 41,380 | 20.5 | 22.3 | 35.0 | 37.2 |(20-29.9 | 353.0 | 0.72 0.86 | 23,510 | 24,890 | 24.5 | 27.3 | 30.2 | 33.6 
a BR a a a ee |e ea Ile ee ee | ec es (NN (Cn (oe Oe 30-39.9 | 525.4 | 0.72 0.92 | 34,620 | 36,680 | 20.7 | 23.5 | 32.6 | 36.2 

Ey SEC eee eer rea eee fo posed pool ee Hecooil sane snore poet ies ee cee te ao eek cee Lee “37/380 | 41100 | 30,68'| 24 aco) ani | al Aa a BP ai os ls Eas 
37,520 | 41,270 | 20.6 | 22.4 | 34.9 | 37.1 |(20-29.9 | 333.7 | 0.69 0.83 | 23,600 | 24,910 | 24.6 | 27.3 | 30.3 | 33.5 

i Pee | eee pe 2 a ole ee 2 | eet | ee 30-39.9 | 495.1 | 0.69 0.88 | 34,680 | 36,620 | 20.7 | 23.4 | 32.8 | 36.2 | EA Soa eg al es cel eee ee ees es te ie] Mes Oe) Lo] Bi] ae ee eee ee Sa 2 el | Sarees orl et ae ae eee LS -59. ; ; ; 17.5 | 40.1 | 44.1 
{ Sean eSO;OOUME AON ibearoe otal rola Out Hawai ser of ee See eh ae ee | eS a ee 

46, 630 | 54,060 | 20.3 | 23.1 | 36.1 | 39.7 |(20-29.9 | 496.9 | 1.36 1.25 | 25,830 | 27,780 | 24.9 | 30.3 | 32.0 | 36.9 
BF POSER) 5 =a ae Nie ote Ip RE eet | ae | te 30-39.9 | 712.3 | 1.15 1.13 | 32,180 | 34,970 | 25.6 | 30.1 | 29.5 | 33.9 
De pat Nf es eee! NERA Pee | [Met Nel, ae 50-59.9 | 738.3 | 1.18 1.95 | 54,590 | 57,490 | 18.6 | 23.2 | 33.9 | 41.5 

TSS Sis as peas sem fates ares neve Gene eee ee es wom | Tres | .00| E36 | srs | sos | 123) 3 |S) AS | | See cee aoe tls See er ear os ee Sr ak +79. : ‘ : , 58 6% .5 | 17.5 | 39.2 | 48.6 
der Soaps, COUN apa ieoa. aut aG rls) SO fal lo etal ewh Bese sk te oe ty bs ese af =e Le a 
er | | ee 20-29.9 | 496.9 | 1.36 1,25 | 25,830 | 27,780 | 24.9 | 30.3 | 32.0 | 36.9 
ep patel he Saas Pl gk 4 ee Sere Nei 8 a ee 30-39.9 | 712.3 | 1.15 1.13 | 32,180 | 34,970 | 25.6 | 30.1 | 29.5 | 33.9 

soot ee see eee es sa | dae |cas| Ley | Spee] Seah [ike] 2188 | are Bee | eee ae ere | (Ee ees |e en . : , 38 ; 16.1 | 19.5 | 36.6 | 40.8 
46, 860 by ae 20 ; is i Pate a ; 70-79. 9 732.5 | 1.02 2.65 | 71,640 | 74,510 | 13.2 | 17.2 | 40.2 | 50.6 

2 46,600 | 54,010 | 20 36. ea ee es fe ie ene eo ay a Yn) inc PP a ee Cae 
_|| Trucks with full 
al 3 goles: 

‘a AM-AM -__| 4,667.3 | 1.75 1.86 | 39,820 | 58,110 | 19.7 | 26.5 | 37.7 | 44.9 |f20-29.9 5 | 0.84 1.33 | 24,080 | 27,090 | 29.6 | 32.9 | 31.3 | 36.5 Heavys_.2.-.. { Sena Cet cir. TE Oa ee ie NY oad (7-70.9 S87 oul ated 1.99 | 75,430 | 76,750 | 12.2 | 19.0 | 45.3 | 53.1 
y 

Truck-tractors 
113 with semi- 

1 trailers and 
re trailers: . 

1-2: a 
: LCA Vie soe ss AM-AM- | 3,156.0 | 0.98 1.69 | 54,360 | 66,740 | 17.2 | 21.0 | 43.2 | 49.8 | 70-79.9 | 379.0 | 0.56 2.08 | 75,540 | 77,030 | 13.8 | 16.0 | 48.6 | 56.8 
a} : AM, 

Allcapacity | All___-____- 3,173.0 | 0.96 1,66 | 53,620 | 66,060 | 17.2 | 21.0 | 43.2 | 49.8 | _-._----|--------|------|---------|--------|--------|------|------|------]------- 
7 groups. 
we} | All 7 than 

: 2-S1-2: 
Heavy_______- AM-AM- |10, 236.0 | 1.81 3,40) | 60,380 }100,500)) 16.8%) 23.8) 38.1 |-61. 5 joe 88 ote nn | ne) | geen | pn enn| aon ans| ooo [onan ne 

AM. 
Allcapacity |AM-AM- 9,494.9 | 1.76 3.21 | 61,620 | 98,840 | 16.4 | 23.2 | 39.1 | 51.7 |.--------|--------|------|---------|--------|--------|------|------|------|------- 

groups. AM. 

Trucks with full 
trailers and 
truck-tractors 
with semi- 

_ trailers and full 

EL Safe he PO eS 20-29.9 | 471.1 | 0.83 | 0.96 | 24,860 | 26,710 | 28.6 | 31.8 | 32.7 | 36.5 
Relemmh theo. ch we |) 2 | note an |S he eee 30-39. 9 1. 23 25.3 Su NB2) 2) Bie 

ImpeE Roo sCrSe i 4 eiey Po | co 8S oe ts epee tel 70-79. 9 1. 14.1 -3 | 48.6 
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Relations of Gross Weights and 
Horsepowers of Commercial Vehicle 

Reported by! JOHN M. WRIGHT and SAMUEL C. TIGNO 
BY THE OFFICE OF 
RESEARCH AND DEVELOPMENT 

BUREAU OF PUBLIC ROADS 

Results of a study on the relation between gross weight and net engine horse- 

power of commercial vehicles are presented in this article. Data from the 

braking performance study were used to update current information on weight- 

power ratios of trucks and to investigate the trend in these ratios since 1949. 

A total of 1,026 commercial vehicles, in a large variety of types, weights, and 

horsepowers were sampled in three States from routes having a heavy concen- 

tration of commercial vehicles. 

Data from the study were used to determine the effect of weight-power ratio 

requirements on the trucking industry and to determine the percentage of 

vehicles affected by a minimum performance requirement. The data collected 

in the study indicate that the dissimilarity in performance of passenger cars 

and commercial vehicles is lessening. There is a trend toward decreasing 

weight-power ratios and a performance requirement of 400 pounds per horse- 

power would affect only a small percentage of the commercial vehicles. How- 

ever, a substantial reduction in the weight-power ratio is still necessary to put 

passenger and commercial vehicles on similar performance levels. 

Introduction 

HE BUREAU of Public Roads periodic 

braking performance study made in 1963 

also provided information for determining the 

ratios of commercial vehicle gross weight to 

net engine horsepower. An engine net horse- 

power rating for each truck or trailer combina- 

tion tested was also recorded. Field observa- 

tions were made in Maryland, Michigan, and 

California on routes having a heavy concen- 

tration of commercial vehicles. A total sam- 

ple of 1,026 commercial vehicles in a large 

variety of types, weights, and horsepowers 

was investigated. 

A study of weight-power ratios published in 

1957(1) 2 included data collected in 1949, 1950, 

and 1955. The 1950 data, collected in con- 

junction with the annual truck weight survey, 

contained information on 10,726 trucks in 39 

States. The 1949 and 1955 data, were ob- 

tained from brake tests on 782 and 862 com- 

respectively, in the same 

The 1963 

brake test data have been used to update the 

weight-power ratio information published in 

1957 and to indicate the trend in the ratios. 

mercial vehicles, 

States as the 1963 brake study. 

It is believed that a performance require- 

ment of 400 pounds per horsepower for 

1 Presented at the October 1964 meeting of National Trans- 
portation, Powerplant, and Fuels and Lubricants Meeting, 
of the Society of Automotive Engineers, Inc., Baltimore, Md. 

2 Relation Between Gross Weights of Motor Trucks and Their 
Horsepower, by Carl C. Saal, Public Roads, A Journal of 
Highway Research, vol. 29, No, 10, October 1957, pp.233-238. 
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commercial vehicle operation would improve 

the weight-power ratios, but a substantial 

reduction in this ratio will be required before 

the two types of vehicles attain similar per- 

formance levels. For example, large horse- 

powers are required for trucks to maintain 

a high speed on grades. A trailer combina- 

tion having a gross weight of 100,000 pounds 

and powered by a 250-net-horsepower engine 

can maintain a speed of 50 m.p.h. on the 

level, but up a 3-percent grade only 20 m.p.h. 

To maintain the 50 m.p.h. speed up the 3- 

percent grade, this vehicle would require an 

engine capable of producing a net horsepower 

of 700. 

Although production of highway commercial 

vehicles equipped with 700-horsepower en- 

gines may be remote, the trend is toward 

larger engines and smaller weight-horse- 

power ratios. Furthermore, the authors be- 

lieve industry is capable of producing engines 

larger than those now in use. 

information 

In addition, 

developed to show 

that an increase in the average road speeds 

is economically justifiable for owners who 

can use their equipment advantageously 

during the time saved (HRB Bulletin 301, 

Line-Haul Trucking Costs in 

Vehicle Gross Weights). 

has been 

Relation to 

Conclusions 

On the basis of information gathered in the 

study reported here, the authors conclude that 

commercial vehicles having larger horsepower 

engines soon may be operating on the high- 

Highway Research Enginee 

Traffic Systems Divisi 

ways. Use of these larger engines would n 

row the gap between the performance of pi 

senger cars and commercial vehicles. Crite 

developed during earlier studies on vehi} 

performance and still accepted in designi 

highways are: (1) operating characteristics} 

commercial vehicles and passenger cars are © 

similar; (2) these two types of vehicles cann} 

be designed any time soon to similar perfor: 

ance standards without an injustice being do} 

to one or both; (8) public interest requires thi, 

highways be adequately designed and cc: 

structed to serve both passenger vehicles a] 

commercial vehicles; (4) by appropriate hig: 

way design, the highways required for opel} 

tion of both types of vehicles can be design|} 

so that these vehicles can operate without ud 

due movement restrictions. | 

Analysis of the data collected during t} 

study on the weight-horsepower ratios has pi! 

vided information from which the authd 

concluded that the performance gap is bei} 

narrowed. The weight-power ratios of coj} 

mercial vehicles decreased 12 percent frcj 

1949 to 1955 and 28 percent from 1955 to 19€ 

Purpose of Study 

The primary purpose of the study was 

update information on weight-power rati} 

of commercial vehicles in order to analy} 

traveltime, grade-climbing ability, and ¢ 

celerating ability of trucks. Another purpc} 

was to investigate the trend in weight-pow 

ratios, based on 1949 and 1955 brake tes} 

and 1950 truck weight survey informatic) 

Data from the 1963 study may also be us 

to determine the effect of minimum weigl 

power ratio requirements on the trucki 

industry. It can provide information 

the percentage of vehicles affected by 

minimum performance requirement. For ¢} 

ample, a performance requirement of 4 

pounds gross weight per net horsepower ¢| 

be translated into grade-climbing ability E> 

cause it is inversely proportional to the rat) 

A weight-power ratio of 400 is approximate’ 

equal to 20 m.p.h. on a 3-percent grade. 

Many believe that the result of a minimul 

balance between the vehicle 

the load for which its tires, 

other components were 

doubtful that commercial 

weight al 

brakes, aj 

designed. It 

vehicles couf 
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ver be required to maintain the same speed 

fo grades as passenger cars. Nevertheless 
minimum performance requirement may 

frovide the highway engineer with a level 
* vehicle performance on which to base 

ighway design standards conducive to 
tifer and more efficient movement of traffic. 

Analysis Procedure 

The first step in the analysis of the data 

lected was to determine the net horse- 
‘ower of each truck in the sample. When- 

ver possible, this was obtained in the field 

om the vehicle manufacturers rating plate. 

he net horsepower for unrated vehicles 

as determined from the vehicle specifica- 
ons of individual manufacturers and the 

utomobile Manufacturers Association. 

| Then only gross horsepower could be deter- 

‘ined, the net horsepower was assumed 
}) be 90 percent of that value. When two 
“ more horsepower options were available 

“ir a given model and it was not possible 

» determine which was installed in the 

“articular vehicle, the net horsepower of 

ie smaller engine was used for computing 

: 
“he ratios were grouped according to vehicle 

“‘pe and gross weight. The average net 

: wrsepower, the average gross weight, and 

pe 
ie average weight-power ratio for each vehicle 

"pe were computed. The gross weights, 

4 horsepowers, and weight-power ratios 

umulative frequency distributions of weight- 

ywer ratios were made for each vehicle 

‘pe by grouping the weight-power ratios 

class intervals of 50 pounds gross weight 

‘ net horsepower. The 15th, 50th, and 

“ith percentiles of the frequency distributions 

Mr 1955 and 1963 were tabulated and 
| \mpared. 

An analysis was made to determine the 

jlation between the weight-power ratio 

sid the gross weight of the vehicles regard- 

nf8 Of vehicle type. The vehicles were 
jouped in intervals of 10,000 pounds gross 

) wight and the average ratio was calculated 
wit each interval group. These  weight- 

oon WET ratios were plotted in relation to the 

im weight and compared with similar 
tyes derived from 1949 and 1955 data. <A 

parate analysis was made for only loaded 

hhicles in the 1963 braking study. Loaded 
yhicles were those that carried any cargo 

payload. Of the 1,026 vehicles, 634 

are loaded. The same procedure for anal- 
is of loaded vehicles was used as for the 

tal sample of empty and loaded vehicles. 

Survey Results 

A summary of the horsepowers, weights, 

id weight-power ratios for each vehicle 
pe is shown in figure 1 and table 1. Two 

ethods of listing the data were used in 

sure 1: average for all vehicles and average 

ir loaded vehicles only. Gross weights, 

ji tt horsepowers, and weight-power ratios 

‘reased as the number of axles increased 

AVG. GROSS WT.,!,000 LBS. 

AVG.WT.-POWER RATIO, LBS./NET HR 

PERCENT OF TRUCKS TESTED 

NUMBER LOADED TRUCKS ONLY ——> 

NUMBER OF TRUCKS TESTED 

oO (e) (eo) 

BS Oo (e) 

Ww (eo) (eo) 

ine) (@) (eo) 

DUAL-TIR m ie} 

nN 

SINGLE-TIRED ca 
N) 

Alita NS 
2 nm Ya 2-S2 

VEHICLE TYPE 

MMMM 
ine) ' nw ine) Seey2 3 

MMMM 
OTHER 

Figure 1.—Average weight-power ratios and gross weights for commercial vehicles, 

1963 brake test. 

2(DUAL - 
TIRED) 

OTHER INCLUDES 2-2 AND ALL 

OTHER TRAILER COMBINATIONS 

WITH 5 OR MORE AXLES 

O 100 200 

Figure 2.—Cumulative frequency distributions of weight-power ratios for all 

300 400 500 600 

AVG. WEIGHT-POWER RATIO, LBS./NET HP. 

commercial vehicles, 1955 brake test. 

700 
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up to 5 axles, as shown in table 1. For 

vehicles having 5 or more axles, the measures 

remained fairly constant. Thus, a large vari- 

ation in hill climbing and accelerating ability 

was indicated for the different vehicle types. 

The smaller weight-power ratios were gener- 

ally computed for empty vehicles having large 

engines. For example, an empty 3-S2 trailer 

combination having a 310 net horsepower 

engine weighed 29,100 pounds and had the 

smallest weight-power ratio, 94, for any of 

the 3-S2 trailer combinations tested. The 

310 net horsepower also was the largest 

horsepower for any vehicles tested in the 1963 

braking performance study. 

Data for the loaded vehicles only are shown 

in table 1. Although the average weight 

and the lowest limits of the weight range were 

larger for the loaded vehicles than for the 

total of all vehicles, net horsepower remained 

nearly constant for both loaded only and the 

total of all vehicles tested. Therefore, the 

average weight-power ratio and the lowest 

weight-power ratios were also larger for the 

loaded vehicle sample than for the total 

vehicle sample. 

Larger weight-power ratios occurred when 

vehicles having small engines were heavily 

loaded. A 38-S2 trailer combination having 

a gross weight of 94,650 pounds and a net 

engine horsepower of 135 had a_ weight- 

power ratio of 701, the largest ratio for any 

vehicle in the 1963 brake study. This par- 

ticular vehicle was operating under a special 

permit because it had tandem axle weights in 

excess of the legal limit for the State in which 

it was operating. However, it is possible to 

transport extremely heavy loads and remain 

within the legal weight limits of the State, 

as illustrated by a 3-S3-5 trailer combination 

having a gross weight of 132,570 pounds and 

a weight-power ratio of 567. 

Cumulative frequency distributions for all 

vehicle types for 1955 and 1963 are shown 

in figures 2 and 38, respectively. The sum- 

mary in table 2 of the cumulative frequency 

distributions at the 15th, 50th, and 85th 

percentiles shows a reduction in the ratios from 

the 1955 to the 1963 study for all vehicle 

types. The percentage change at the 50th 

percentile was 28 percent for 2-axle, single- 

tired trucks; 36 percent for 2-axle, dual-tired 

trucks; 45 percent for 3-axle trucks; 48 per- 

cent for 2-S1 trailer combinations; 27 percent 

for 2-S2 trailer combinations; and 31 percent 

for all other trailer combinations. The 

average reduction in ratios for all vehicle 

types was approximately 30 percent at the 

15th and 50th percentiles and 25 percent at the 
85th percentile. 

Cumulative frequency distributions of 
weight-power ratios for trailer combinations 

3-S2 and 2-S1-2 from the 1963 study 

shown in figure 4. 

are 

These curves show data 

separated from that shown by 

labeled oTHER in figure 2. The sample size 

for the 1955 study was not large enough for 

such a breakdown. The irregularity in the 

-S1-2 trailer combinations (fig. 

4) occurred because nearly all of these trailer 

the curve 

curve for the 2 
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BL) 
| PP 

Prie/ | 

PERCENT OF TRUCKS TESTED 

300 

OTHER INCLUDES 3-SI, 2-2, AND ALL 
OTHER COMBINATIONS WITH 5 OR 
MORE AXLES 

AVG. WEIGHT-POWER RATIO, LBS./NET HP. 

Figure 3.—Cumulative frequency distributions of weight-power ratios for all 

commercial vehicles, 1963 brake test. 

PERCENT OF TRUCKS TESTED 

300 500 600 

AVG.WEIGHT- POWER RATIO, LBS./NET HP. 

Figure 4.—Cumulative frequency distributions of weight-power ratios for ai 

3-S2 and 2-SI1-2 trailer combinations, 1963 brake test. 

combinations either were traveling empty or 

heavily loaded. The sample vehicles in the 

middle-weight range was small; only 5 of 51 

had gross weights within the range of 35,000 

to 70,000 pounds. 

Cumulative frequency distributions 

weight-power ratios for only loaded vehiel 

the 1963 study are shown in figure 5 by ve 

type. The curve designated as OTHER incl 

3-S1, 3-S2, 2-2, 2-S1-2, and all other tr 
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Jommercial 
vehicles Net 

horsepower 
Gross weight 

Aver- 
age 

Aver- 
age 

Range Range Range 

Florse-| Horse- 
Pounds Pounds | power | power | Ratio 

2 (single- 
tired)....| 2,545-11,120) 4,795) 50-165) 109 | 24-128 

2 (dual- 
tired)_.._] 5, 700-31, 410) 13, 230) 80-198) 136 | 42-267 

_ aa 11, 000- 47,410} 22,785) 95-222) 157 | 71, 282 
__.| 13, 000-45, 400} 24, 630/118-230; 165 | 84-304 

aes 15, 900-64, 805) 39, 030)110-238) 172 | 89-427 

are eS 22, 010-94, 650} 50, 625/128-310) 184 | 94-701 
__-| 22, 400-78, 200] 48, 070)128-250) 184 | 93-511 

Lewes 24, 500-82, 770} 59, 595)130-235) 186 |111-590 
Other 

trailer 
com bina- 
tions 1____|16, 000-132, 570} 54, 995 153-288} 188 | 88-625 

nbinations having 5 or more axles. The 
32 and 2-S1-2 types are shown separately 
sause they are the largest groups for which 

sa is contained in the curve labeled oTHER. 

e 15th, 50th, and 85th percentiles of the 

mulative frequency distributions for the 

ded vehicles tested in 1963 are summarized 

table 3. These ratios follow a pattern sim- 

¢ to that for the total of vehicles tested in 

33, except that the ratios are larger when 
ly loaded vehicles are considered. 

(n figure 6 the trend in weight-power ratios 

m 1949 to 1963 is illustrated. The curves 

» based on average data for all commercial 

hicles weighed in the brake studies of 1949, 

155, and 1963. The average ratios for all 
—yhicles sampled in the 1950 truck weight sur- 
Wy are indicated by the triangular symbols in 

_fure 6. Average ratios for the 1950 truck 
wight survey closely follow the curve for the 
ie: brake test data; this indicates the validity 

ithe smaller sample of vehicles. The aver- 

a2 ratios for all vehicles sampled in a differ- 
t, but related, study conducted in 1964 near 

\oodbridge, Va., also are shown in figure 6. 

hese data on 408 trucks are indicated by the 
‘cular symbols. Data collected at Wood- 
tidge closely approximate the 1963 brake test 

~tta and, therefore, substantiate the results 
the 1963 brake test. 

— The reduction in the weight-horsepower 

rtios from 1949 to 1955 amounted to about 15 
reent for vehicles having gross weights less 

an 40,000 pounds. Above that weight, the 

rb ange decreased to about 8 percent at 80,000 

junds. From 1955 to 1963, the reduction 

iounted to about 25 percent for gross 

ights up to 40,000 pounds. The change 

fadually decreased to about 16 percent at 

All commercial vehicles tested in 1963 brake study 

Weight- 
power ratio 

i Includes 3-S2 and 2-S1-2 and other trailer combinations not listed specifically. 

ble 1.—Range and average of gross weights, net horsepowers, and weight-power ratios 
for commercial vehicles weighed in 1963 brake performance study 

Loaded commercial vehicles tested in 1963 
brake study 

Gross weight Net Weight- 
horsepower power ratio 

Aver- 
age 

Aver- 
age 

Aver- 
age 

Range Range Range|A ver- 
age 

Horse-| Horse- 
Ratio Pounds Pounds| power | power | Ratio | Ratio 

44 3, 270-11, 120 5, 275) 638-165) 108 29-128 49 

97 6, 020-31, 410) 15,425) 80-198) 136 | 45-267) 113 
145 11, 000-47, 410} 27, 460} 95-222) 157 82-282} 175 
149 14, 500-45, 400} 28, 700/118-230) 167 99-304; 172 
227 19, 270-64, 805} 44, 625|110-235 72 |120-427| 259 

275 27, 240-94, 650) . 60, 775|134-255| 185 |151-701) 329 
261 49, 600-78, 200} 73, 150/150-209) 182 /|329-511) 403 
321 36, 600-82, 770} 73, 685)134-235| 185 /203-590) 398 

292 ||16, 000-132, 570} 67, 285)133-234) 187 | 88-625) 359 

pounds, the difference in the two curves was 

2 percent or less. For weights of more than 

40,000 pounds, the two curves are identical. 

Therefore, only one curve is shown. 

The trend in average weight-power ratios 

by vehicle type from 1949 to 1963 is shown in 

table 4. The variation in percentage change 

from 1949 to 1955 and from 1950 to 1955 was 

small, except when the sample size was small. 

The comparison of 1949 and 1955 data showed 
that the largest reductions in ratio occurred 

for 2-axle, single-tired trucks and 2-82 and 

(SINGLE- 
TIRED) 

Table 2.—Comparison of weight-power 
ratios by percentiles from cumulative 
frequency distributions for 1955 and 1963 

Weight-power ratio, pounds per 
horsepower 

Commercial Coe i 
vehicles 15th per- | 50th per- | 85th per- 

centile centile centile 

1955 | 1963 | 1955 | 1963 | 1955 | 1963 

4 | 
2 (single-tired)__-_. 41 32 | 58 | 42 85 56 
2 (dual-tired)_____- 73 64 | 1385 87 | 208 | 142 
+ Re ee ad BS Te ae 132 88 | 245 | 135 | 306 | 208 

Lata a. oy Ry NS Se 161 | 108 | 256 | 133 | 376 | 204 

Poel Ve Ce 186 | 126 | 300 | 218 | 406 | 327 
3-82. 2522= og OR et ow eOe. beeen Ake wees MnO pm 
2-pl=22 oe eee etl 4) be ee SOO nea) 02. 
Other trailer 
combinations !___] 282 | 188 | 400 | 278 | 531 | 428 

1 Includes 3-S2 and 2-S1-2 and other trailer combina- 
tions not listed specifically. 

Table 3.—Weight-power ratios for loaded 
vehicles from cumulative frequency dis- 
tributions, by percentiles, 1963 

Weight-power ratio, pounds 
per horsepower 

Commercial vehicles 

15 per- 50 per- 85 per- 
centile centile centile 

2 (single-tired)__-_-_.. 37 45 60 
2 (dual-tired)__-_---_- 75 106 157 

Dae OS ES Ss Ree 110 125 243 
Ptah peadtes Cae ee Se le ae 117 116 223 

Deals) ee ee et Ee 180 252 346 
9-822. 5 ee See We 7 247 315 408 
sigan Wee 5 338 388 454 
Other trailer 
combinations !_____- 251 354 452 

| 

1 Includes 3-S2 and 2-S1-2 and other trailer combina- 
tions not listed specifically. 

2(DUAL- 
TIRED) 

PERCENT OF TRUCKS TESTED 

200 300 

OTHER INCLUDES 3-Sl, 3-S2,2-2,2-Sl-2 
AND ALL OTHER TRAILER 
COMBINATIONS WITH 5 OR MORE 

400 500 

AVG. WEIGHT- POWER RATIO, LBS./NET HP. 

Figure 5.—Cumulative frequency distributions of weight-power ratios for loaded 

commercial vehicles, 1963 brake test. 
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3-S2 trailer combinations. The ratio in- 

creased from 1949 to 1955 for 3-axle trucks 

and 2-S1—2 trailer combinations. 

The ratio for 2-axle, dual-tired trucks, did 

not change. A reduction in the ratio occurred 

for all vehicle types from 1955 to 1965, the 

largest percentage reductions were for the 

2-axle, dual-tired, and 3-axle trucks, and 2-S1 

trailer combinations. The overall reduction 

in the ratio from 1949 to 1955 was about 12 

percent. The corresponding reduction from 

1955 to 1963 was approximately 28 percent. 

The percentages of vehicles sampled in 1955 

and 1963 that could not meet performance re- 

and 2-3, 3-2, 

quirements are listed in table 5. Comparison 

of these percentages shows considerable 

change. Percentages for 3-S2 and 2-S1-2 

are not shown for 1955 

In 1955, 50 

trailer combinations 

because of inadequate samples. 

percent of the vehicles having 5 or more 

axles—14 percent of the total sample—had 

weight-power ratios of more than 400 pounds 

per horsepower. In 1963, only 20 percent of 

vehicles with 5 or more axles, and 5 percent 

of the total sample, had weight-power ratios 

of more than 400. The percentage of the 

loaded vehicles sampled in 1963 that could 

not meet the different performance require- 

ments are shown in table 6. These percent- 

ages were taken from figure 5. In 1963, 30 

percent of the loaded vehicles with 5 or more 

and 8 percent of the total sample of 

ratios of 

axles 

loaded vehicles had weight-power 

more than 400. 

Table 4.—Average weight-power ratios for all vehicles by types for 1949, 1950, 1955, and 1963 

600 

AVG. WEIGHT - POWER RATIO, LBS./NET HP. 

Figure 6.—Trend in weight-power ratios from 1949 to 1963 based on average dat 
for all types of commercial vehicles. 

500 

400 

300 

200 

100 

AVG. GROSS WEIGHT, THOUSAND POUNDS 

I950 TRUCK WEIGHT SURVEY 

1964 WOODBRIDGE STUDY 

20 30 

Commercial vehicles Number of vehicles Average weight-power | Percentage reduction of 
ratios weight-power ratios 

1949 1950 1955 | 1963 | 1949 | 1950 | 1955 | 1963 | 1949-55 | 1950-55 10O5 ES 

O(SITIPIG-TOO) cane. e ee ee 19 239 99 130 81 75 57 44 30 24 23 
2 (dnagl-tired) 222 oe ee 275 3, 642 | 272 312 142 135 142 97 0 —5 32 
I Ce ee ey A BOT ot a 38 263 67 42 227 244 231 145 —2 5 37 
DASH ae Sa Saat 2 ea ae 228 3,900 | 117 108 291 294 264 149 9 10 44 

Oe ane ee ee Se eee 87 1,991 | 145 217 369 357 301 227 18 16 25 
Aare PARR Quek, NER te aaecbed ee eee Mein nl TREY St 46 483 57 112 422 411 348 275 18 15 21 
2rd; 622; and 2apl-2 ee See 51 136 71 7 394 384 418 300 —6 -9 28 
Other trailer combinations !________| 38 72 34 27 428 42] 374 292 13 11 22 

TODAS 552) eS ee ee 782 10, 726 | 862 10268 ee ae S525 | Mes SE be ae a ee ae 

WEIGHTED AVERAGES__________. a ee | bg ey |e 260 | 253 | 228 165 12 10 28 

1 Includes trailer combinations not listed specifically. 

Table 5.—Percentage of all vehicles of given types weighed in the 1955 and 1963 brake tests 
that could not meet indicated performance levels 

Vehicles with weight-power ratios larger than— 

i | 

Commercial vehicles 250:1 300:1 350:1 400:1 450:1 500:1 

| 1955 | 1963 | 1955 | 1963 | 1955 | 1963 | 1955 | 1963 | 1955 | 1963 | 1955 | 1963 

B(sineie-Grad) sse.0 s. ee eee De PES cetyl |, SORES Red ~ ee © ON ea RS |b Seee had (Se 
BiNGudi-tred ji. 2-240, See ee ee a 3 ei. * 1 454 ee tee = BS) CASO ARE Pee Bae 
3 pee ck ete a ee ee ea 48 10 21 on. 2 — Sy ae ee a ae ee ne ea) | Pe 
Prise eu ot So Se a ee 53 2 34 1 20 ess 10 t 2 ae 2 gee aes 

BED SO i So ek eee ae 66 37 50 21 34 10 17 3 Pal Se oe 1 Bk 
ey ae ne ee ee eee eg eR eR. 4 57 mits 38 wo a pee 12 ak al eee 6 
Bese Se te ek eee 4 (Poe 67 OSE 65 = 55 sane 28 = 12 ahd 6 
Other trailer combination !____ Cees ts) Fr: 55 73 46 62 34 50 20 35 10 22 7 

DOTAL 2) Sipe ees wie atte Ee, i, 38 20 29 14 20 9 14 5 8 2 4 1 

1 Includes 3-S2 and 2-S1-2 
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2 and other trailer combinations not listed specifically. 

40 50 60 70 

Table 6.—Percentage of loaded yehi 
weighed in the 1963 brake tests that co 
not meet indicated performance levels 

Commercial i Loaded vehicles with weight-powe 
vehicles ratios larger than— 

300:1 | 350:1 | 400:1 | 450:1 

2 (single- 
LING) 

2 (dual-tired) - 
3 

1S hl en ese giem 

Other trailer 
combina- 
tionsi=. = 30 

TOTAL_. 

1 Includes 3-S2 and 2-S1-2 and other trailer 
tions not listed specifically, 

com’ 
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| In this article the offtracking characteristics of single-unit trucks and trailer 

| combinations are described. Offtracking results were obtained by use of scale 

models of vehicles making turns on radii ranging from 25 to 255 feet. 

vehicle offtrackings are influenced by three variables: the degree of turn, the 

_ length of vehicle wheelbase, and the turning radius. 

Individual 

It was determined that 

_ the offtracking measurements of a trailer combination may be calculated 

| by adding the offtracking measurements of the individual vehicles in the com- 

dat bination. 

‘hit : 
a Introduction 
ek 
“\XPANSION of the National System of 

ae Interstate and Defense Highways and in- 

(easing use of the nation’s highways has 

~jaced new demands on highway designers. 

Vesign emphasis is on highways that will per- 

“tit good traffic flow, traveling ease and also 
JOvide maximum safety. Changes also are 

“ling made in the vehicles that use the high- 

jays. Size and weight regulations for com- 

‘“ereial vehicles are being reevaluated and 

“anged, and more and larger trailer com- 

\nations are using the highways. As a result 

/ore information is required on the handling 

‘.iaracteristics of the larger vehicles. 
j The turning and offtracking characteristics 

| single-unit trucks and trailer combinations 

‘e of particular interest to the highway engi- 

er as he must use this information in the 

psign of highway curves, city street turns, 

jd freeway entrance and exit ramps. Until 

cently only limited information on turns of 

\fferent degrees and turning radii has been 

jadily available. Data from the vehicle 

janufacturers have been sparse. Several 

yudies haye been made on vehicle steering 

prformance but most of the material reported 

4s provided information only on minimum 

idius turns on the operation of a few specific 

*hicles and trailer combinations. The data 

fesented usually related only to resultant 

jaximum offtracking without regard to the 

|} Presented at the 45th annual meeting of the Highway 
jesearch Board, Washington, D.C., Jan. 1966. 
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Also, the offtracking is greatest when the projection of the rear axle 

axis passes through the turning radius center, even though the projections 

of the other axles on the vehicle or trailer combination do not pass through 

the turning radius center at the same time. 

degrees of turn made by the vehicle before it 

exited onto a tangent. 

Sketches, drawings, and detailed descrip- 

tions of the minimum turning paths of specific 

vehicles have also been provided. Although 

of value this information is inadequate be- 

cause easy interpolation cannot be made of 

offtracking measurements between different 

types of vehicles and neither can comparisons 

be made of performance of vehicles of differ- 

ent wheelbases operated on turns of different 

radii. Even the SAE offtracking formulas 

(1) 2 require the use of specific vehicle dimen- 

sions, and then only maximum offtracking 

measurements are obtained for a particular 

combination. Thus, to make a comparison 

of the offtracking characteristics of different 

vehicles or to determine the offtracking limits 

for some particular turning radius, a long and 

tedious process of individually calculating the 

offtracking for each variation in vehicle di- 

mensions is required. 

Previously reported offtracking data have 

been based on measurements taken from the 

center of the axles of the vehicle. Although 

such data may be satisfactory for automotive 

engineering uses, the highway engineer must 

add or subtract other factors. In the study 

reported in this article all offtracking and 

turning radius measurements were made to 

the outside of the outer tire of an axle. 

2 References indicated by italic numbers in parentheses 
are listed on page 100. 

J (iitracking Calculations 
Kor Trailer Combinations 

Reported by! HOY STEVENS, 
Highway Transport Research Engineer; 

SAMUEL C. TIGNOR, 
Highway Research Engineer; 
and JAMES F. LOJACONO, 

Engineering Technician; 
Traffic Systems Division 

The research reported here was planned to 

develop a more simple, quick, and compre- 

hensive method for calculating offtracking. 

This method uses a series of figures constructed 

to allow for direct reading and calculation of 

offtracking for almost all practical highway 

vehicles and trailer combinations. The in- 

formation is given for turns of 90 degrees and 

270 degrees and for outer front-wheel turning 

radii from 25 to 225 feet. The range of turns 

and turning radii covers most of the vehicle 

turns made on city streets and turns made at 

rural intersections, including at-grade inter- 

sections, diamond interchanges, and separated 

cloverleaf interchange ramps. 

Conclusions 

On the basis of findings from the research 

reported here, the authors have concluded that 

additional research may be required. Infor- 

mation on offtracking for turns of different de- 

erees—only 90- and 270-degrees turns were 

studied—can be obtained by using similar 

They suggest that models and procedures. 

perhaps studies should be made of the maneu- 

verings required for long trailer combinations 

on different types and sizes of cloverleaf inter- 

sections. 

Although the research results reported here 

indicate that width over the tires has almost 

no effect on the offtracking characteristics of 

the outside of the outer tires of a trailer com- 

bination, additional studies may be required 

because of offtracking of certain units. It is 

believed that the width over the front tires of 

a power vehicle having Ackerman steering may 

have some limiting effect on the offtracking of 

the vehicle. 
The authors also believe that additional re- 

search is needed to define more precisely the 

percentage relation between the turning radii 

and the wheelbase of different trailers. Know- 

ledge gained from such a study would be use- 

ful to highway designers so that trailer backup 

and pivot 1S80- 270-degree 

turns could be prevented. 

Basis of the Study 

motion on and 

The fundamental premise made for the 

study was that: The sum of the offtracking of 
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the individual vehicles of a highway trailer 

combination closely approximates the total 

offtracking of the combination. The research 

plan included experiments with vehicle models 
that led to the establishment of patterns of 

vehicle offtracking behavior that are related 

to differences in wheelbase length, turning 

radius, and degree of turn. The final step in 

the research was the development of methods 

of plotting these data for rapid use and com- 

parison, 

Because sometimes two or more engineering 

organizations have defined the same terms dif- 

ferently and a few terms are used that have 

not been previously defined, the definitions in 

the following list and those at the front of this 

magazine should be considered carefully. 

Angle of turn.—The angle of turn is the angle through which 

a vehicle travels in making a turn (2). 

Axle.—For simplification, only the single term axle is used: 

it designates either a single axle or the centerline between 

tandem axles; this application depends on the vehicles being 

considered. The term axle can be used because the theoret- 

ical turning center of a tandem-axle assembly lies on the 

centerline between tandem axles. 

Cramp angle——The cramp angle is the limit of the turning 

ability of the front wheels of an Ackerman-type front axle and 

is limited by the construction of mechanical parts around the 

the front-axle, kingpin-pivot mechanisms. These construc- 

tions limit the degree to which the inner front wheel may be 

turned and also the turning of the outer front wheel. 

Fifth wheel.—The fifth wheel is a lubricated bearing plate, 

mounted on a tractor chassis or on a trailer converter dolly 

chassis, arranged with an internal clutch device to engage 

and hold the kingpin of a trailer. The fifth wheel clutch 

engages and locks upon contact with the trailer kingpin; a 

manual release by the driver is required to separate the 

trailer kingpin and the fifth wheel. Primarily, the manual 

fifth wheel is being used. Previously an automatic fifth 

wheel was attached to the trailer and connected to this 

landing gear, and the kingpin was mounted on the towing 

vehicle. Few of these automatic fifth wheels are in use now, 

and these few are used only in local cartage service where the 

semitrailers are a captive fleet. In the article on braking 

performance the term fifth wheel refers to a trailing, fifth- 

wheel, distance-measuring device. 

Kingpin.—The term kingpin has two different meanings 

in automotive design, and the precise meaning is determined 

by the context in which the term is used. A kinpgin of a 

front axle of a power vehicle is a vertical or near vertical shaft. 

The shaft is the pivot connecting each stub axle that carries 

a front wheel of a power vehicle to the rigid center of an 

Ackerman-type front axle. All Ackerman-type front axles 

have two kingpins, one at each end of the rigid center of the 

front axle. 

A kingpin of a trailer is a vertical pivot shaft attached near 

the front of and on the centerline of the underside of a trailer 

chassis. This kingpin is surrounded by a lubricated bearing 

plate. It engages a fifth wheel on a towing tractor, a trailer 

converter dolly, or it is permanently connected to the center 

of an undetachable front axle of a full trailer. A trailer is 

pulled by and pivots around its kingpin. 

Radius of inside curb—The radius of the inside curb is the 

radial difference between the turning radius and the turning 

track width when the offtracking of the vehicle is at the 

maximum amount for a given turn. This shortest inside 

curb radius will occur at only one point (instantaneously) 

on a 90-degree turn. On a 270-degree turn, the shortest curb 

radius may remain constant for some distance before the exit 

tangent. 

Minimum turning radius —The minimum turning radius 

is the radius of the minimum turning path of the outside of 

the outer front tire. Vehicle manufacturers data books 

usually give minimum turning radius to the centerline of 

the outer front tire (2). 

Negative offtracking.—Negative offtracking occurs during a 
turn in which the radius of the path of the outer rear corner 

of a vehicle becomes longer than the radius of the turning 

path of the outside of the vehicle’s outer rear tire. For 

example, for a tractive truck ora trailer that has a cargo body 

extending back of the rear axle, negative offtracking occurs 

as the outer rear corner of the cargo body swings outside the 

path of the outside of the outer rear tire. 

Offtracking —Offtracking is the path of the outside of the 

outer tire on a rear or trailing axle that deviates inward 

90 

toward the center of a turn from the circular path of the out- 

side of the outer front tire, while the vehicle or trailer com- 

bination is making a turn. 

Outside of tire —The outside of a tire is the external side of 

a tire farthest away from the vehicle chassis. 

Outside of outer tire—The outside of the outer tire of a 

vehicle is the outside of the outermost tire on an axle on the 

outer side of a turn. 

Outside of innermost rear tire —The outside of the innermost 

rear tire of a vehicle is the outside of the rear tire nearest the 

turning radius center. 

Overall length —The overall length of a vehicle or trailer 

combination is the distance between the front bumper of the 

power vehicle and the rear bumper or guard on the rear 

vehicle. 

Pintle hook.—A pintle hook is a vertical hook device at- 

tached to the rear of a tractive truck or to the rear of a leading 

(towing) semitrailer in a double trailer combination. The 

pintle hook engages the towing eye (ring eyelet) at the front 

end of the towbar of a trailer converter dolly or the towbar 

of a full trailer undetachable front-axle assembly. 

Power vehicles—Three general types of power vehicles are 

used: 

e Single-unit trucks are power vehicles having Ackerman 

front-axle steering equipped with a cargo body but not 

equipped to pull a trailer. 

e Tractive trucks are power vehicles with Ackerman 

front-axle steering equipped with a cargo body and a pintle 

hook that is attached to and recessed into the rear frame 

members so that a full trailer may be pulled. 

e Tractors for commercial freight use are legally defined 

as truck-tractors to differentiate them from farm or industrial 

tractors. The single term tractor, however, is used in this 

article for a power vehicle of short wheelbase that is equipped 

with Ackerman front-wheel steering and a fifth wheel to 

engage and pull a semitrailer. 

Rear axles of trailers —Rear axles of trailers are attached 

primarily through springing suspensions and mechanisms to 

the trailer chassis so as to be in a fixed alinement with the 

longitudinal centerline of the trailer. 

Rear overhang.—The rear overhang of a tractive truck, of 

a semitrailer, or of a full trailer is the distance between the 

centerline of the vehicle’s rear axle and the centerline of its 

pintle hook. 

Steering system.—One of two types of steering systems gen- 

erally is used but related types are also used. The main 

ones are described in the following paragraphs. 

e The Ackerman-steering system for front axles of power 

vehicles consists of a three-piece articulated axle with two 

front wheels that are mounted on short stub axles. The 

stub axles are attached to opposite ends of the rigid center 

section of the front axle by the front axle kingpins. The 

short stub axles are pivoted about the axle kingpins by steer- 

ing arms and mechanisms connected to the driver’s steering 

wheel. 

e Fifth wheel pivot steering is similar to that used at the 

front ends of 2-axle, horse-drawn wagons. The front axle is 

a one-piece, rigid axle with the front wheels at each end of 

theaxle. Therigid axle pivots about a kingpin located above 

the lateral center of the axle. Surrounding the kingpin are 

two lubricated bearing surfaces, the lower one is attached to 

the axle assembly. The upper bearing plate is attached to 

the underside of the vehicle chassis on its longitudinal center- 

line. These bearing plates give lateral and longitudinal 

stability to the cargo vehicle and make it possible for the 

trailer to be pulled by the kingpin. This type of steering is 

predominantly used at the front end of trailers. 

e Pintle hook steering through a towbar is similar in action 

to fifth wheel pivot steering except that no vehicle weight 

rests on the pintle hook. 

Trailers.—There are three types of trailers: 

e A semitrailer is a cargo trailer equipped with one or 

more axles at or near its rear; it is constructed so that a sub- 

stantial part of its tare weight and its cargo weight rests 

upon a tractor through the tractor fifth wheel. 

e A full trailer is basically a semitrailer that has been con- 

verted into a full trailer by one of two methods. In one 

method the front axle and spring suspension are permanently 

connected to the chassis of the trailer. In the other method 

a semitrailer is combined with a trailer converter dolly. 

e A trailer converter dolly is a very short wheelbase semi- 

trailer. It consists of an axle attached through a spring 

suspension system to a platform (chassis) that carries a 

lower fifth-wheel plate. It has a towbar mechanism affixed 

at 90 degrees to its axle. The front end of the towbar is 

equipped with a towing eye that engages with a pintle hook 

on the rear of the towing vehicle. 

Towbar.—A towbar is a bar, or a V-shaped assemb 

two bars, attached to the chassis of a trailer converter @ 

or to the undetachable front axle assembly of a full t 

and constructed so that it has a towing eye at its forwa 

end and exerts a pulling force in the middle of and at 

degrees to the axle of a trailer converter dolly or to a fi 

trailer undetachable front axle. oll 

Turning path—Turning path is the path of a desi 

point on a vehicle making a turn (2). | 

Turning radius —The turning radius is the radius of t 

circular turning path of the outside of the outer front ti 

from the turning radius center. ‘ 

Turning radius center —The turning radius center is t 

point that is the center of the circular turning path follow 

by the outside of the outer front tire of the power vehie 

Turning track width—The radial distance between t 

turning paths of the outside of the outer front tire and t 

outside of the rear tire nearest the center of the turn ist 

turning track width (2). { 

Wheelbase.—The several measures of wheelbase, whi 

depend on the type of vehicle, are defined in the follow 

paragraphs. DI 

e The wheelbase of a single-unit power vehicle (tru 

or tractor) is the distance between the centerline of the fro 

axle and the centerline of the rear axle. The centerline t 

tween any tandem axles always is used as the reference poi’ 

for wheelbase measurements. ‘a 

e On semitrailers, the wheelbase is the distance betwei 

the trailer kingpin and the centerline of the rear axle. 

e On trailer converter dollies, which are in effect she 

semitrailers, the wheelbase is the distance between the cent 

of the towing eye of the towbar and the centerline of f 

dolly’s axle. 

e@ The wheelbase of full trailers is measured the same Wi 

as for semitrailers and is the distance between the kingp 

of the trailer and the centerline of the rear axle. 

e On complete trailer combinations, the overall wheelba 

is the distance between the front axle of the power vehi¢ 

and the rearmost axle when the trailer combination is strm 

out in a straight line. This overall wheelbase may diff 

from the sum of the defined wheelbases. F 

Width over tires—The width over tires is the outside 
outside distance over the tires on an axle. 

SAE definitions. —The meanings of the two following SA 

terms are different from the definitions and measuremen 

of offtracking that are used in this article. To preve 

confusion the SAE definitions are given in the follow 

statements. . 

Turning center, SAE—The turning center is the poii 

about which all parts of a vehicle or combination of vehiel 

revolve in describing a turn of constant radius and to whit 

all wheel spindles are normally radial. For 2-axled bogies 

tandems in which the axles are constrained to parallelist 

the interaxle trunnion or its equivalent is assumed to } 

radial from this point (3). The location of this turnit 

center moves around as a trailer combination enters a cum 

from a tangent, proceeds around the curve, and leaves (¢ 

an exit tangent. This turning center should not be co 

fused with the outer front wheel turning radius | 

referred to in this article. 

Offtracking, SAE.—Offtracking is the difference in ra¢ 

from the turning center to the vehicle centerlines at t 

foremost and rearmost axles of a vehicle or combinatic 

and represents the increase beyond the tangent track caust 

by a turn (3). 

Peak offtracking.—Peak offtracking is the offtracking 1 

sult obtained from the data shown in figure 5 and 6. TI 

peak offtracking may be equal to or less than the maximu 

offtracking calculated by use of SAE formulas. 

» ee Oe Fundamentals of Offtracking 

Offtracking is the phenomenon in wil 

the paths of the wheels of a rear axle of 

single-unit power vehicle or of a trailer con 

bination deviate inward toward the center : 

a turn from the circular turning path of th 

outside front wheel. When operating ¢ 
turns uniform in radius, individual vehicle 
whether in combinations or single-uni 

offtrack in similar patterns of turns. Tl 

front wheels of a power unit do not offtrae 

but all other axles on the vehicle or trail 
combinations do. Although, most highw: 
vehicles have nonsteerable rear axles, 

October 1966 e PUBLIC RO. 



all minority does have different methods 

»rear steering. In the study discussed in 

Bs article only vehicles with nonsteering 

r axles were studied. 

For practical vehicle-highway geometrics, 

+ most important factor of offtracking is 

> Offtracking that occurs when a single- 

it vehicle or a trailer combination makes 

‘aturn of 270 degrees. On short wheelbase, 

sigle-unit vehicles, the peak offtracking may 

cur early in the first 90-degree segment of 

éiurn; but on very long trailer combinations, 

e full 270 degrees of turn may be used before 
peak offtracking occurs. For the longer 

iler combinations, the offtracking during 

~90-degree turn will be substantially less 

}ian their offtracking on a 270-degree turn. 

liso on 90-degree turns, the front wheels of 

igure 2.—A long wheelbase vehicle that has completed 90 degrees 

: of turn but not reached peak offtracking. 
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Figure 1.—A long wheelbase vehicle in tangent position about to enter turn. 

the power vehicle of a long trailer combina- 

tion will run for some distance. on the eyit 

tangent before the peak offtracking occurs. 

It is difficult to calculate the offtracking of 

trailer combinations having long  wheel- 

bases when the front wheels of the power 

vehicle travel on the exit tangent, but the 

solution can be obtained with scale models 

of vehicles. Of course, for very short wheel- 

base single-unit vehicles, which reach their 

maximum offtracking before 90-degrees of 

turn, any travel on the exit tangent does 

not increase the amount of offtracking. 

On turns, the offtracking characteristics of 

single-unit vehicles and the individual ve- 

hicles in trailer combinations are affected by 

several interlocking factors, such as: (1) the 

degree of a turn; (2) the wheelbase of each 

individual vehicle in a trailer combination; 

(3) the uniform turning radius of the outside 

of the outer front tire of the power vehicle— 

this turning path of the outside of the outer 

front tire usually is the outer pavement or 

curb radius on a specifie turn; (4) the radius 

of the outside of the outer front tire on a 

trailer’s virtual front axle with reference to 

the turning radius center, when the towing 

vehicle is at its point of peak offtracking on 

a specific turn; (5) in trailer combinations, 

the rear trailing axle of each leading vehicle 

acts as a virtual front axle of the trailing 

vehicle. 

The virtual front axles of trailing vehicles 

are: (1) on semitrailers, the tractor rear axle 

is the semitrailer’s virtual front axle; (2) on 

trailer converter dollies or undetachable front 

axle assemblies of full trailers, the virtual 

front axle of such semitrailer-type assemblies 

is located on the centerline of the towing 

vehicle’s pintle hook, which is the same loca- 

tion as the center of the pintle hook eye of 

the towbar; (8) on full trailers the axle of the 

trailer converter dollies is the virtual front 

axle. However, on undetachable front-axle 

assemblies, such a front axle of a full trailer 

is its real front axle. Both types of front 

axles for full trailers perform similarly. 

Turning and Offtracking 

Single-unit vehicles 

The principles of offtracking for single-unit 

vehicles are illustrated in figures 1 through 4, 

which show the action on turns of vehicles 

with Ackerman-steering. A long single-unit 

vehicle is shown in figure | at its entrance 

tangent position just before entering a curve; 

the projections of the two stub axles of the 

front wheels and of the rear axle are parallel 

and do not intersect. For long vehicles, the 

projections of the front wheel, stub axles, and 

the rear axle vary from parallel when on the 

entrance tangent to different intersecting po- 

sitions during a turn (fig. 2). The projec- 

tions reverse toward parallelism when the 

Figure 3.—A long wheelbase vehicle at its point of peak offtracking 

on an exit tangent. 
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front wheels leave the turn on an exit tangent 

(fig. 3). Thus, the offtracking rear wheels 

travel in a double spiral curve. 

The vehicle shown in figure 2 has not at- 

tained its peak offtracking on a 90-degree turn; 

it is still in transition from its starting posi- 

tion even though the front wheels are at the 

exit tangent. Although, the projections of 

the stub axles of the front wheels pass through 

the turning radius center, the axis of the rear 

axle does not. In such situations, the peak 

offtracking will occur after the outer front tire 

of the vehicle is on its exit tangent (fig. 3). 

The front end of the vehicle has moved down 

the exit tangent until the projected axis of 

the rear axle passes through the turning radius 

center. This point of peak offtracking during 

a 90-degree turn was observed in the opera- 

tion of the vehicle models. The axes of the 

front wheels no longer pass through the origi- 

nal turning radius center, but the axes of all 

axles will intersect at some distance behind 
the turning radius center. The amount of 

offtracking was measured with the vehicle 

models, but this offtracking cannot be cal- 

culated by use of the SAE equations. 

For single-unit vehicles having short wheel- 

bases, such as passenger cars and small 

trucks, maximum offtracking usually will 

occur during the first 90-degree segment of a 

turn (fig. 4). As shown, the axes of all 

axles intersect at the turning radius center. 

The offtracking of such vehicles was measured 

with the vehicle models and results are shown 

in figures 5 and 6. The offtracking of these 

short wheelbase vehicles also can be calcu- 

lated by use of the SAE equations. 

Trailer combinations 

It is desirable that trailer combinations 

move continuously and progressively forward 

at a reasonably rapid speed when negotiating 

highway curves or at-grade intersections. 

Because of their jointed construction, trailer 

combinations may not travel in a continuous, 

smooth path when the turning radius is 

shorter than the trailer wheelbase. Such 

nonuniform type of travel is possible with 

trailer combinations because fifth-wheel, pivot- 

type steering permits a trailer to turn 90- 

degrees or more from the longitudinal axle of 

the towing vehicle. The angle through which 

the power vehicle can turn is limited by its 

steering cramp angle and its wheelbase. 

An example of a trailer combination off- 

tracking in a nonecontinuous, irregular manner 

is illustrated in figure 7. As shown, when 

180- 

degree turns and the turning radius is less 

than the length of the trailer’s wheelbase, 

the rear axle will pass behind the turning 

radius 

trailer combinations are negotiating 

center and will pivot and travel 

backwards in an irregular path. The rear 
axle of long trailer combinations traveling 
on short radius, 270-degree turns also have 
similar backing and pivoting characteristies. 
Such reverse travel and pivoting of the rear 
axle can only be considered in very close 
quarters, for example, in buildings where the 
drivers carefully manipulate the trailer com- 
binations at creep speeds. Data in figures 
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Figure 4.—A short wheelbase vehicle that has reached its point 

of maximum offtracking. 

'5 and 6 do not apply to this type of irregular 

offtracking. 

Trailer combinations negotiating 90—degree 

turns, however, travel in a continuous and 

smooth path regardless of which side of the 

turning radius center the semitrailer passes. 

A long wheelbase trailer combination following 

a relatively short turning radius, a situation 

truck drivers encounter as typical of city 

streets, is shown in figure 8. Because the 

outer rear tire on the rear axle passes behind 

the turning radius center, the maximum off- 

tracking cannot be caleulated with the SAE 

equations but can be and was measured with 

the vehicle models. The peak offtracking on 

such a turn occurs when the projection of 

the rear axle, as shown in figure 8, passes 

through the turning radius center although 

the front wheels of the power vehicle are on 

the exit tangent. The problems associated 

with long trailer combinations negotiating 

curves having short turning radii are trouble- 

some, particularly on city streets and diamond 

approaches to controlled-access highways. 

Such problems will be magnified if, in the 

future, longer single-trailer combinations are 

permitted. In general, double-trailer combi- 

nations offtrack less than long single-trailer 

combinations, 

Factors in Offtracking 
Determinations 

An important feature of vehicle offtracking 

is that the peak offtracking for any degree 

of smooth and continuous turn oceurs when 

a projection of the axis of the rear axle of 

a vehicle is on a radial passing through the 

turning radius center. This was observed 

with the vehicle models, which were equipped 

with a scale that projected from the outer 

end of the trailing rear axle. The peak 

outer rear tire offtracking occurred wt) 

the rear axle was parallel with a radial 1 

passing through the turning radius cen! 

on the model test pattern. 
The different measurements of offtrack| 

data of interest and use to the highway des: 

engineer are: (1) Dimensions of vehic} 

and trailer combinations; (2) turning rad} 

of specified turn; (3) offtracking of trail} 

rear axle; (4) turning track width; and 

inside curb radius, for zero clearance Ww) 

tire. 

Dimensions 

The dimensions of vehicles and tra) 

combinations are needed so that the des} 

engineer will know the sizes of vehicles } 

be considered in a specific turn situatil 

Dimensions needed of the individual vehic¢ 

in a trailer combination are: wheelbase | 

each vehicle, width over the tires; and 1 

double cargo vehicle combinations, the ri 

overhang of each towing vehicle and 

spacing between the vehicles. 

The outer curb radius of a specific ti 

usually is determined by the location ¢| 

terrain situation in the turning area. (> 

tracking is the radial distance between | 

outer front wheel turning radius of the o 

side of the outer front tire of a vehicle ¢ 

the radius of the outside of the outer 1) 

tire of a rear trailing axle, at the point 

peak offtracking. Offtracking for single-u 

vehicles and individual vehicles of tra 

combinations can be obtained from the | 

tracking data in figures 5 and 6. 

The turning width is the amount of : 

tracking plus the width over the tires of — 

dual tires on a rear axle or the width of 

‘cargo body, if it is significantly wider tl 

the width over the dual tires. This dimens 

was assumed to be 8.0 feet in the stt 
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TURNING RADIUS IN FEET 

Figure 5.—Offtracking and turning radii for 90-degree turns and different wheelbases. 
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iported here because it is the width presently 

ost in use. However, the 1965 AASHO 
ize and Weight Recommendations carry a 

/ovision for over-the-tire widths of 8.5 feet. 
The inside pavement or curb radius on a 

im is the radius from the turning radius 
(nter to the outside of the innermost rear 

te on the rear axle at the point of its peak 
(ftracking for a specific turn. The inside 
(rb radius equals the original front-wheel 
irning radius minus the turning track width. 
‘his inside curb radius will permit a perfectly 
‘iven trailer combination, following the 
‘ecified outer curb turning radius, to just 
ar the inner curb at its point of peak 
‘tracking. The actual inner curb radius 
ould be shorter so as to permit variations 

1 driver manipulation. The offtracking of 
dividual single-unit vehicles can be de- 

{rmined from the offtracking data in figures 

and 6 by a single reference to either the 
‘+degree or the 270-degree information. 

“tailer combination 

The offtracking of a trailer combination on 

‘specific turn is a summation of the off- 

jacking of the individual vehicles in the 
ailer combination. Each vehicle in a trailer 

‘mbination offtracks individually in accord- 

| Figure 7.—A long wheelbase combination on a short 

radius turn, in which the semitrailer backs up and 

' pivots behind the turning radius center. 

ance with its wheelbase and the radius from 

the turning radius center to the outside of the 

outer front tire on its virtual front axle. 

Determining the turning radius of the real 

or virtual outer front tire of each individual 

trailer vehicle in the train poses a problem. 

Because all trailing vehicles (semitrailers, 

trailer converter dollies, or undetachable full 

trailer, front-axle assemblies, and full trailers) 

offtrack and steer like semitrailers, a virtual 

or real front axle for each such semitrailer-like 

unit must be assumed. The point of peak 

offtracking for the rear axle of each towing 

vehicle on a specific turn will prescribe the 

turning radius of each following semitrailer- 

like unit. Proceeding from the front axle of a 

trailer combination, a progressive series of 

changed, usually reduced, turning radii occurs 

for the outer tire of the virtual front axle for 

each semitrailer-like unit. By analyzing each 

semitrailer-like unit in the order it appears in 

the trailer combination, using in sequence the 

turning radius of the outer front tire on each 

real or virtual front axle, it is possible to obtain 

a series of separate offtracking measurements 

for each vehicle. These measurements can be 

added to obtain the peak overall offtracking 

of the complete trailer combination. 

When determining the offtracking of trailer 

combinations having full trailers, the phenom- 

enon of negative offtracking must be con- 
sidered. Negative offtracking occurs when 
the edge of the cargo body opposite the pintle 
hook swings outside the path of the outside of 
the outer rear tire on a turn, as shown in figure 
9. In effect, negative offtracking increases 
the turning radius of the following semitrailer- 
like unit. The magnitude of negative off- 
tracking depends upon the wheelbase of the 
towing vehicle, the length of rear overhang to 
the centerline of the pintle hook, turning 
radius, and the degree of turn. The negative 
offtracking measurements for practical power 
vehicles and towing semitrailers are given in 
tables 1 and 2. 

Steering Systems 

Ackerman steering 

An understanding of different aspects of 

vehicle turning and offtracking requires in- 

formation on the systems of steering used on 

most highway vehicles. Single-unit vehicles, 

automobiles, light trucks, tractive trucks, and 

tractors, are equipped with Ackerman-type 

steering. The Ackerman system was invented 

in Germany about 1817 and patented by an 

Englishman in 1818. It is the preferred 
steering system because it provides better 

stability to the front end of the vehicle during 

a turn. In the Ackerman system the two 

front wheels are mounted on short, stub axles 

that are connected to the steering kingpins. 

The kingpins are connected to the front-wheel 

spring suspension and are supported by the 

vehicle chassis or sometimes by a rigid beam- 

type front axle. During a turn, the front 

wheels are pivoted on the kingpins by the 

steering linkage and other mechanisms con- 

nected to the steering wheel. 

Vehicles equipped with Ackerman steering 

are limited in their offtracking by the mini- 

mum turning radius curve that can be followed 

by the outer front wheel. This minimum 

turning radius usually is limited, because of 

mechanical obstructions, by the degree to 

which the inner front wheel may be turned. 

This limited turning capability of the inner 

front wheel is called the cramp angle. On 

most over-the-road trucks the maximum 

cramp angle is between 30 and 35 degrees. Re- 

cently, however, the manufacturers of city de- 

livery trucks have been widening the distance 

between front wheels and are obtaining cramp 

angles of 45 to 50 degrees. Offtracking data 

for such vehicles are included in the figures in 

this article. 

Fifth-wheel steering 

Semitrailers, full trailers, and trailer con- 

verter dollies operate with a fifth-wheel, pivot- 

steering principle that is different from the 

Ackerman system. As trailers are not oper- 

ated alone, they do not require the front-end 

stability required for power vehicles. In the 

fifth-wheel, pivot-type of steering system the 

front wheels are mounted at the ends of a rigid 

one-piece axle. This axle is pivoted about a 

kingpin mounted above the lateral center of 

the axle, where it is connected to the trailer 

body. 
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Figure 8.—A long wheelbase combination on a short radius turn, 

in which the semitrailer passes in back of the turning radius 

center, 

For semitrailers the rear axle of the tractor 

acts as the virtual front axle of the trailer. In 

most designs, the trailer kingpin, surrounded 

by a lubricated bearing plate, is attached to 

the underside of the semitrailer, usually about 

3 feet back of the front end of the trailer. 

Another bearing plate, equipped with a king- 

pin locking device, is mounted on the tractor 

chassis over the rear axle. This fifth wheel 

engages and holds the trailer kingpin and al- 

lows the trailer to be pulled and steered by the 

tractor. This system permits easy coupling or 

uncoupling and the interchanging of trailers. 

Full trailers are basically semitrailers that 

have one or two types of front-axle assemblies; 

the front axle is permanently attached to the 

trailer or is removable. The removable, 

front-axle assemblies are known as trailer con- 

verter dollies. They consist of one or more 

one-piece axles supported by a spring suspen- 

sion system and have a fifth wheel mounted 

above the center of the axle. Both the trailer 

converter dollies and the permanently at- 

tached front-axle assemblies have towbars af- 

fixed at a 90-degree angle to the axle. The 

towbar has an eye that engages a vertical 

pintle hook on the rear of its towing vehicle. 

Once engaged, the towbar may pivot freely 

about its pintle hook. Such pivoting is lim- 

ited only by interferences with rear frame 

parts of the towing vehicle. Because of the 

free pivoting action of the towbar, both types 

of front-axle assemblies of full trailers act as 

short wheelbase semitrailers in making a turn. 

Thus a full trailer turns and offtracks in the 

same manner as a semitrailer connected in 
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Figure 9.—Negative offtracking in which the path of the ou 

rear corner of the cargo body has a greater radius than the p 

of the outer rear wheel. . 

tandem to another semitrailer, both of which 

have fifth-wheel pivot steering. 

In the steering and offtracking behavior of 

full-trailer front-axle assemblies, their virtual 

front axle can be assumed to be located at 

the center of the pintle hook. The wheel- 

base of such devices, therefore, is measured 

from the center of the towbar eye to the 

center of the axle. With fifth-wheel-pivot 

steering no cramp-angle problem occurs and 

the angular relationship between the towing 

vehicle and the semitrailer is not restricted; 

it may be as much as or more than 90 degrees. 

Vehicle Models and Instrumentation 

The relations on offtracking contained in 

this article were obtained primarily through 

the use of scale models of highway vehicles. 

The models were designed to provide a good 

simulation of actual vehicle turning character- 

istics for many different types and lengths 

of single-unit vehicles and trailer combina- 

tions. To expedite the study, models were 

designed as detachable components that could 

The 

models, equipped with an Ackerman steering 

be quickly assembled or disassembled. 

mechanism, were constructed to a scale of 

0.75 inch equals 1 foot and the width over the 

tires equals 8 model feet. 

The models were operated on a smooth 

surface of 4-by-8-foot panels placed on a 

floor. The panels were as- 

sembled in 16-by-16-foot squares and circles 

were painted from the center to simulate 

level concrete 

highway curves ranging from a turning r 

of 25 to 100 model feet. JRadial lines, 

10-degree intervals, and tangents were sw 

imposed upon the test layout, as showr 
figure 10. Turning radii of 165 and 225 mi 

feet were obtained by placing 8 additi 

panels about the original 16-by-16-foot squ 

Before each individual test, the vel 

and axle alinement of the model was chec 

on an 8-foot approach tangent. If the m 

followed the tangent without any per 

tible deviation, it was then guided so that 

outside of the outer front wheel followed 

circular curve selected for the test. Offtr 

ing tests were conducted with models re 

senting different types of single-unit vehicles 

trailer combinations. Included were mode 

power vehicles with wheel bases ranging f 

5 to 30 model feet, tractive truck models > 

considerable rear overhang, and semitr. 

models with wheelbases ranging from : 

55. model feet. Full trailer model 1 

were not conducted as full trailers offt 

the same way as semitrailers. 

In the semitrailer model tests the tr 

kingpin was positioned directly over 

the center of the front axle of a short w 

base tractor model, as shown in figure 

With the kingpin in this position any 

tracking of the tractor did not affect 

trailer offtracking; however, the tractor 

provide model stability. In all of the m 

tests the offtracking was measured at 

rear or trailing axle of a vehicle or tr 

combination. To ascertain the magni 

of negative offtracking on tractive tr 
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ving long rear overhangs, an additional 

‘tracking measurement was taken at the 

ter rear corner of the model opposite the 

itle hook centerline. To expedite the 90° RUNOFF 

termination of the peak offtracking, a scale 

s mounted on the vehicle models as shown 

figure 11. Offtracking data were obtained 

the model assemblies for both 90- and 

0-degree turns. 

Offtracking Calculations 

The results obtained from the tests on 

hicle models are shown in figures 5 and 6 

r 90 degree turns. They were designed 

permit the rapid determination of  off- 

acking for single-unit vehicles and trailer 

mbinations. For single-unit vehicles, the 

‘tracking can be determined directly. De- 

tmination of the offtracking for trailer 

mbinations can be obtained by adding to- 

ther the offtracking of the individual units 

{the combinations. Semilogarithmic graph 

iper was used in the preparation of these 

tures. The ordinate in a logarithmic scale 

presents offtracking in feet., The logarith- 

ie scale was selected to reduce the height of 

ie ordinates for publication. The abscissa 

™ presents the turning radius in feet and it has 

Hen presented on an equal interval scale. 
1 each figure, the wheelbase curves were 

‘awn in 5-foot increments. 
| Vehicle offtracking may be evaluated for 

iwning radii of 25 to 225 feet and for wheel- 

jase lengths of 5 to 55 feet. The 25-foot 
awning radius represents the shortest radius 

yy studied with the models. At more than 

ys) 225-foot turning radius, the offtracking of 

qwogle-unit vehicles and trailer combinations 

y7pproaches the maximum offtracking that 

mam be calculated by the SAE equations (1). 

ii he approximate limits of the minimum radii 

qu) turns possible when an Ackerman-type 

yboeering system is emploved and when the 

jont wheel cramp angle is 50 degrees are 

gilso shown. ~The following examples ex- 

plain how the data in these figures can be 

at Sed. 

i 

», ingle-unit vehicles 

| The offtracking for single-unit vehicles can 

\s\e determined directly. For example, the 

teak offtracking for a 2-axle truck negotiating 

yi) turning radius of 70 feet on a 90-degree 

s#arn is shown in figure 5. If the 2-axle 

ruck had a wheelbase of 30 feet, the peak 

(fftracking would be 6.4 feet. If the same 
i|-axle truck was negotiating a 70-foot radius 

fijurve through a 270-degree turn, the peak 

\fftracking would be 7.0 feet (fig. 6). If 

he minimum turning radius for the 2-axle 
1/ruck is desired, it can be approximated by 

W se of the dashed curve shown on the figure. 

w/f the front wheel cramp angle is 50 degrees, a 

y}0-foot wheelbase, single-unit truck cannot 

¢ Megotiate a curve having a turning radius of 

y ess than 45 feet (fig. 5). 
n) If the offtracking is desired for a vehicle 
{faving a wheelbase between those repre- 

sented by the wheelbase curves in either 

j/Mgure 5 or 6, figure 12 may be used to inter- 

polate between the wheelbase curves. For 
lexample, if offtracking had been desired for a Figure 11.—Semitrailer model and fifth-wheel pivot steering. 
1 
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Table 1.—Negative offtracking for 90-degree turns 

Turning 
radius of 
outside of 
outer front 

w heel 

Offtracking 
of outside 
of outer 

rear wheel 3-foot 5-foot 

Feet Feet 
0.19 
16 

eL2 
. 00 
. 00 
. 00 
. 00 
. 00 
. 00 

. 20 
ashy, 
12 

Fa Eee Roh OCS 

5. 4 
5. 
4, 
3. 
3. 
3. 
2 
2. 
2. 

8. 
fe 
6. 
5. 
5. 3 
4. 
4, 
3. 
3.¢ 

rod ran 

a 

HS Sv OU St SCO St 

single-unit truck having a 11-foot wheelbase 

the following procedure would be employed. 

Use the vertical distance from figure 5 or 

figure 6 between the 10- and 15-foot wheel- 

base curves and locate the same distance 

vertically on figure 12 between the 10- and 

15-foot lines. At this location, the vertical 

distance between the 10- and 11-foot lines 

is then carried back to figure 5 or 6 and located 

vertically above the 10-foot wheelbase curve; 

the offtracking is then read on the ordinate 

horizontally opposite the point representing 

the 11-foot When negotiating 

a 90-degree turn, the peak offtracking for this 

single-unit vehicle would be 0.9 foot. 

wheelbase. 

Tractor combinations 

Offtracking is determined for tractor semi- 

trailers by adding the offtracking data for the 

individual vehicles of the combinations. For 

example, the peak offtracking for a 2-S2 com- 

bination negotiating a turning radius of 100 

feet through a 270-degree turn would be de- 
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Negative offtracking of outer rear corner opposite 
pintle hook for— 

7-foot 
overhang|overhang|overhang|overhang|overhang 

— «re ” Vee . bx i Ee “7 -7-_ & ys - — . +4 % 4 Cares of et ae i or=s be eet se ss 

Table 2.—Negative offtracking for 270-degree turns | i 
ig 

Turning Negative offtracking of outer rear corner opposite |} — 
radius of Offtracking pintle hook for— 4 5 

Wheel-| outside of | of outside ADS etn Ne ; 
base | outer front |of outer rear | lg 

9-foot 11-foot wheel wheel 3-foot 5-foot 7-foot 9-foot 11-foot_ Hi): 
overhang|overhang|overhang| overhang | overhang|} 

| Feet Feet Feet Feet Feet Feet Feet Feet $ 
10 25 2. 58 0. 20 0. 55 1.07 LC it d 

30 1.90 .16 44 . 86 13 4 ie oe | 
40 4 f eae .32 . 63 TOS) sah = 2 sae . Hi 
50 1.01 00 . 25 50 FS ol ped oe 1 
60 .85 00 Wal 41 i a ee 
70 75 00 .18 35 Dewan: Yoon = a ; 
80 67 00 .16 31 1) Sana ee es 5 
90 60 00 114 27 48 cL Oey, ae t 
100 54 00 .13 25 Co hee ees 

15 25 10. 40 .3l . 83 1.59 2. 55 3. 68 
30 4. 60 .18 .49 95 1.55 2. 28: a 
40 3.43 12 .33 67 1.09 1.63 )) 
50 2. 68 00 . 26 51 85 1.26 & 
60 2.18 00 . 22 42 70 1.03 — 
70 1.83 00 18 36 59 . 88 
80 1.61 00 .16 31 51 ag 
90 1.38 00 .14 28 46 . 68 

100 1. 23 00 .13 25 41 - 61 i 

20 25 18. 93 . 70 1.79 3.19 4.79 4.49 i4 
30 8. 70 21 . 58 AP de 1. 82 2.67 @ 
40 6. 24 .13 37 Arie 1.18 INT ij 
50 4.72 10 ok . 54 89 1.30 © 
60 3.71 00 Bye. 43 71 1. 06 0 
70 3.10 00 .19 37 60 . 90 
80 2. 7: 00 . 16 32 52 78 \| 
90 2.41 00 14 . 28 46 69 

100 2.17 00 13 «25 $1 62 i 

25 1s ane <i Vato, ee | ne 2 ce eg SOY pt ec Se el 
50 14, 25 28 iad 1. 55 2. 39 3.46 q 
40 9. 70 15 41 80 131 1. 93 
50 THT 11 . 29 57 95 1.39 
60 5. 80 00 ~ 23 45 74 1.10 f 
70 4.81 00 .19 vl 62 .92 
80 4.17 00 16 .32 53 79 
90 3. 70 00 .14 - 28 47 70 | 

100 3. 34 00 .13 . 25 42 62 

30 25-0 Nbr sac ce | WB eee Gel keer y eae ee a 
30 26. O1 1. 00 1.80 4.07 5. 85 bias { 
40 14. 85 18 .49 88 1. 62 2. 20 
SON Ts21 12 32 . 63 1. 03 1.53 
60 8. 67 00 . 24 . 48 .78 a Fe yg 
70 7.18 00 20 .39 64 . 96 f 
80 6. 07 00 17 .33 55 .8l ' 
90 5. 26 00 15 . 29 48 BIA 

100 4.70 00 13 . 26 42 . 63 ‘ 

35 25. Na RS Da NS De Nie re 
30 38.00 "hess Sree aes ee eee Sewn pee 
40 18. 80 20 . 58 1.13 1.83 2. 68 
50 15. 65 13 . 36 yg! 1.16 A ey 7 
60 12. 50 00 . 26 . 51 85 1. 26 
70 10.15 00 WA! .41 67 1. 00 
80 8. 50 00 ned . 34 56 . 84 
90 7.35 . 00 15 . 30 - 49 ite 

100 6. 57 00 13 726 43 65 

termined from figure 6. The dimensions of 

the sample 2—S2 trailer combination are given 

in figure 13. The peak offtracking is deter- 

mined for the tractor having a 10-foot wheel- 

base (0.54 foot, fig. 6). To determine the 

semitrailer offtracking, its turning radius and 

wheelbase must be known. The assumption 

has been made that the kingpin is located 

directly above the centerline of the rear axle 

of the tractor (figs. 5 and 6). In effect, the 

rear axle of the tractor becomes the virtual 

front axle of the semitrailer. The semitrailer 

turning radius is computed by subtracting 

the tractor offtracking from the tracking 

turning radius; it is 99.5 feet. The semi- 

trailer wheelbase is the distance from the 

kingpin to the centerline of the rear axle on 

the semitrailer. In this example, the semi- 

trailer had a tandem rear axle, therefore, the 

wheelbase of 29 feet is the distance from its 

kingpin to the centerline between the tandem 

axles. Reference to figure 6 shows the semi- 

trailers peak offtracking was 4.4 feet when 

the turning radius was 99.5 feet and the 

wheelbase was 29 feet. The offtracking fi 

the tractor-semitrailer portion of the trail 

combination is the sum of the tractor of 

tracking and the semitrailer offtracking (0.f 
plus 4.4 or 4.94 feet). As previously dete 

mined, the tractor semitrailers peak of 

tracking, in reference to the centerline betwee 

the tandem axles, was 4.94 feet when neg 

tiating a 100-foot turning radius through 2% 
degrees. But the offtracking for the trail 

converter dolly and the full trailer also mu 

be determined. 

The trailer converter dolly is connected 1 

the semitrailer at a pintle hook, located 7 fe 

behind the centerline between the tande) 

Negative offtracking is present in thi 

the path of the outer rear corner of the sem 

trailer swings outward from the turning radit 

center. The magnitude of negative offtracl 

ing can be determined from table 1 or } 

With a wheelbase of approximately 30 fee 

a turning radius of nearly 100 feet, and 

7-foot rear overhang to the pintle hook, tl 

axles. 
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igative offtracking of the virtual front axle 

4 the dolly is 0.26 foot for a 270-degree turn. 

The pintle hook was assumed to be in the 

I mter of the virtual front axle of the trailer 

jmverter dolly. The trailer converter dolly 
ning radius is found by subtracting the 

payor semitrailer offtracking (4.94 feet) from 
tie turning radius of the tractor and adding 
§» that the negative offtracking. Thus, the 
jirning radius of the virtual front axle of the 

srailer converter dolly would be 95.32 feet 
00.00 minus 4.94 plus 0.26). With the trailer 
jenverter dolly having a wheelbase of 7 feet 

| 

1 UBLIC ROADS e Vol. 34, No. 4 

* 
re a 

| sure 12.—Interpolation guide for wheelbase lengths between 5-foot interval wheelbase 

curves. 

EE 

and a turning radius of 95.32 feet, the dolly 

offtracking of 0.28 foot, was determined from 

figure 6. 

After the peak offtracking of the trailer 

converter dolly is obtained, the offtracking 

for the full trailer is determined. The turning 

radius for the full trailer is computed in the 

same way as for the semitrailer. Thus, the 

turning radius of the virtual front axle of 

the full trailer is 95.04 feet (95.32 minus 0.28). 

The kingpin on the full trailer is assumed to 

be directly above the centerline of the dolly 

axle. If a tandem axle dolly had been used, 

the kingpin would be located directly above 

the centerline between the tandem axles. 

In effect the dolly axle is the virtual front 

axle of the full trailer. For a full trailer 

having wheelbase of 24 feet and a turning 

radius of 95.04 feet, the full trailer offtracking 

is 3.2 feet (fig. 6). 

The offtracking of the entire 2-S2-2 trac- 

tor semitrailer and full trailer with an overall 

length of 83 feet is the sum of the offtracking 

of the individual vehicles minus the negative 

offtracking. The peak offtracking for the 

2-$2-2 combination example would be 8.16 

feet (0.54+4.40+0.28+3.20—0.26) when 

negotiating a 100-foot turning radius curve 

through a 270-degree turn. The turning 

track width would be 16.16 feet (8.16+8.00). 

The inside curb radius is equal to the turning 

radius minus the turning track width or 

83.84 feet (100—16.16). The computed SAE 

maximum offtracking for this vehicle is 

8.42 feet. 

Truck and full trailers 

The peak offtracking for truck and full 

trailers also can be determined by use of 

data shown in figures 5 and 6. The same 

techniques are used for determining the off- 

tracking of the individual vehicles of a truck 

and full trailer combination as are used for 

determining the offtracking of a tractor 

semitrailer and full trailer combination. 

Offtracking Comparisons 

To illustrate that different types and sizes 

of vehicle combinations offtrack differently, 

several representative long trailer combina- 

tions were selected for comparisons. Dimen- 

sions of the trailer combinations are listed 

in table 3 and offtracking characteristics 

are listed in table 4. In table 3, the 2-S1, 

2-82, and 38-S2 combinations have over-all 

lengths shorter than either of the 2-S1-2 

combinations listed. However, the 65-foot, 

2-S1-2 combination offtracks less than either 

of the tractor-semitrailer combinations and 

the 71-foot 2—S1—-2 combination has approxi- 

mately the same offtracking as the tractor 

semitrailers. Because vehicles do offtrack dif- 

ferently; highway design engineers use as 

guides the highway design vehicles recom- 

mended by the American Association of State 

Highway Officials. The offtracking charac- 

teristies given for vehicles in the 1965 proposed 

revision of the AASHO highway design ve- 

hicles also are shown in table 4. The dimen- 

sions proposed for these design vehicles are 

given in table 5. 

Model and SAE Offtracking 
Comparisons 

Offtracking results computed from tests 

with the models were compared to results 

obtained from the SAE offtracking equations. 

Comparisons were made for 90- and 270-degree 

turns on 50- and 150-foot turning radii, re- 

spectively. Most of the vehicle models ob- 

tained their maximum offtracking prior to 

reaching the 270-degree exit tangent, there- 

fore, the results could be validated by com- 
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Table 3.—Dimensions of some of the trailer combinations listed 
in table 4 

3-$2-4 

Length of each trailer 
Front bumper to nose of first trailer _- 
Space between trailers___------..----- 
WAL BO VOD UIT eSs2-seana a ee oe ee ee 
Wheel base, tractor (to centerline of 
tandem axle) 

Front bumper to front axle of tractor- 

Wheelbase, semitrailer__.._.-._------- 
Rear pintle hook overhang of semi- 

trailer 
Wheelbase of trailer converter dolly__- 
Wheelbase, full trailer 
Rear overhang of trailer 

Overall length of trailer combinations_ 

Table 5.—Dimensions in proposed 1965 re- 
vision of AASHO highway design vehicles 
listed in table 4 

2-S2 3-S2 
trailer | trailer 
combi- | combi- 
nations, | nations, 
W B40! | WB-50! 

Single- 
unit 
truck 
or bus 

Feet Feet 
Length of trailer 36 37 
Front bumper to nose of 

trailer 14 18 
Width over tires =o. 5: y 8. 8.5 
Wheelbase, single-unit 

truck, or tractor 

Front bumper to front 

Wheelbase, semitrailer___ 
Rear overhang 

Overall length of vehicles_ 

4 1 AASHO identification for trailer combinations by wheel- 
ase. 

Table 6.—Model and SAE offtracking test 
results 

Offtracking 

Trailer 
com- 
bina- 
tions 

Trailer 90-degree turn, 
length 50-foot turn- 

ing radius 

270-degree 
turn, 150-foot 
turning radius 

| 

Model] SAE ||Model) SAE 

Feet Feet Feet 
11.30 | 16.62 47 
13.00 | 18.75 . 96 
8. 90 . 69 3. 28 

10. 30 : 

10, 00 
11. 65 
9. 38 

12. 48 
21. 97 OO pm Co ROO, G9 OO 1 

100 

Vehicle types 
length Off- 

4 

Table 4.—Vehicle offtracking computations and AASHO propo: 

270-degree turn, 150-foo 
turning radius 

90-degree turn, 50-foot 
turning radius 

Turning} Insi¢ 
track curt 
width | radit 

Turning| Inside Off- 
track- track curb track- 
ing width | radius ing 

Long trailer 
combinations: 

2-S1— 
O02 tt eS 5 

AASHO proposals: 1 
Passenger cars --_. 
Other vehicles: 

Feet Feet Feet Feet Fee 

19.3 
18.3 
19.7 
17. 4 
20. 5 
30. 0 

30.7 
31.7 
30.3 
32.6 
30. 5 
20. 0 DO eo tec ee mR WOOT ON ell eed eet oll oll el SNR Ree Ww 

42.9 

37.7 
33.7 
29. 7 

1 Proposed 1965 revision of AASHO highway design vehicles. 

paring them with the maximum offtracking 

results computed by the SAE equations. 

Results of some of the comparisons are listed 

in table 6. As shown the tractor-semitrailer 

models negotiating the 90-degree turns on the 

50-foot turning radius curve did not obtain 

SAE maximum offtracking. For the tractor- 

semitrailer and full trailer models negotiating 

the same turns, the SAE offtracking equation 

is not applicable because the trailing rear axle 

of the trailer combination passed behind the 

turning center. 
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