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(In Abstract)* 

In cooperation with a number of 
truck manufacturers, the Quartermaster 
Corps of the United States Army, and 
the National Bureau of Standards, the 
U S Bureau of Pubhc Roads is deter-
mmmg the hill-climbmg ability of some 
30 new trucks, covermg the range of 
sizes and makes most generally encoun
tered m the eastern portion of the coun
try Methods are as follows 

(1) Actual grade tests made by apply-
mg various loads to vehicles and observ
ing the speeds which they can maintain 
on a series of known grades, (2) theoreti
cal hill-climbmg ability computed from 
engme-torque and power curves, (3) 
acceleration tests by which the drawbar 
effort available at various road speeds 
over the entire useful speed range of each 
gear is determmed,' and (4) drawbar 
dynamometer tests which measure the 
drawbar pull available over the entire 
useful speed range of each transmission 
gear 

The grade tests are the most satis
factory m that no question can be raised 
as to their adequacy These tests are 
laborious and expensive, and thus would 
not be practical where it is necessary to 
test a large number of trucks in a short 
period of time One of the purposes of 
the study now being conducted is to 
develop a method by which accurate 
results can be obtamed more quickly and 
economically The results of the grade 
tests will be used to evaluate the results 
obtamed by other methods 

This report discusses the results ob
tamed from tests made by the various 

* Reported fully in Public Roads, February, 
1939. 

methods on one truck designated as truck 
A operating in third gear on five grades 
The grade ability, as determmed by the 
grade tests, is expressed m terms of the 
gross vehicle weight that the truck can 
pull up the particular grade at a given 
speed The results obtained by the 
other methods are converted to the same 
units 

Grade tests In the grade tests known 
loads are apphed to the truck, and the 
maximum speed that it can mamtam on 
known grades with each load is deter
mined The maximum gross vehicle 
weight that the truck can pull up the 
grade at a constant speed m a given gear 
IS determmed by trial, usmg the per
formance mdicated by an ability formula 
as a guide Startmg with the maximum 
weight that can be hauled m a given gear, 
the load is decreased by 1,000 pound 
decrements and the maximum sustained 
speed for each load determmed The 
gross vehicle weight is decreased until 
the road speed observed corresponds to 
an engme speed that approximates the 
maximum recommended by the manu
facturer for safe operation of the engme. 
As soon as the tests m one gear are com
pleted, they are repeated m the gear with 
the next higher gear ratio 

Several test runs on the grade are 
required to determine the maximum 
sustained speed for each load The test 
truck approaches the grade at a speed 
estimated to be one that can be sustamed 
over the entire length of the grade AH 
test runs are made with full throttle 
An observer in the cab of the truck re
cords the speed mdicated by the truck 
speedometer at the start and finish of the 
run, and deternunes whether a sustamed 
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speed I S reached If the vehicle acceler
ates or decelerates on the first test run, 
the grade is entered on the next run at the 
speed that was recorded when the truck 
left the test course on the precedmg run. 
After a constant climbmg speed is ob
served on one run, it is verified by a 
check run Generally the grade is re
entered at speeds first above and then 
below that finally determmed The 
speedometer is used only as a guide m 
the field work, the actual speed mam-
tamed on the grade being measured by 
means of a time-distance recorder 

Theoretical Performance The theo
retical performance of a vehicle is com
puted by reducing the engme torque 
through the transmission gears, axle 
gears, and drivmg wheels to nm pull or 
tractive effort. The tractive effort is 
the force produced at the tire surface of 
the driving wheels which is available to 
act agamst the resistances that oppose 
the motion of the vehicle 

The performance formula is derived by 
equatmg the tractive effort to the rollmg 
resistance plus grade resistance The 
tractive effort is obtamed by dividmg the 
torque at the dnving axle by the rolling 
radius The torque produced at the 
dnving axle for a given engme speed is 
the product of the engine torque, the 
total gear reduction, and the over-all 
efficiency The grade resistance is the 
component of the gross vehicle weight 
along the grade and is the product of the 
tangent of the grade and the gross weight 
for all small grades, smce the sme and the 
tangent of such angles can be considered 
equal without mtroducmg substantial 
error The rollmg resistance is the prod
uct of the coefficient of rollmg resistance, 
and the gross vehicle weight The foUow-
mg formula then results tractive effort is 
equal to grade resistance plus rollmg 
resistance 

The torque as determmed from engme 
performance curves for any given engme 
speed can be substituted in the formula 

The engme speed can be converted to 
road speed by reducmg it by the total 
gear reduction and multiplymg by the 
circumference of the driving wheels In 
this manner the gross vehicle weight that 
can be pulled up a given grade at a given 
road speed can be determmed 

Comparison between the hiU-climbmg 
ability mdicated by the performance 
formula and that determmed by actual 
grade tests shows the accuracy of the 
engine torque curves and of assumptions 
made concernmg efficiency and rollmg 
resistance 

Acceleration and Deceleration Tests 
These tests are made on a level section of 
road The truck is accelerated m each 
transmission gear at full throttle, start
ing at the slowest speed at which the 
engme will operate smoothly and con-
tmuing to the maximum recommended 
engme speed The drawbar pull or 
force produced at the dnve wheels of the 
truck for any given road speed through
out the useful speed range of any gear is a 
function of the acceleration at that road 
speed and the mass of the truck 

Deceleration tests are made on the 
level by first attaining a desired speed and 
then permittmg the truck to coast with 
transmission m neutral The decelera
tion measured at a given road speed is 
proportional to the force that opposes 
the motion of the vehicle This force or 
tractive resistance is composed prmci-
pally of the friction between the tires and 
the road surface, and air resistance 

A time-distance record of each accel
eration and deceleration run is obtamed 
with the same time-distance recorder that 
I S used m the grade tests The time-dis
tance record obtamed is divided into two-
second intervals, and instantaneous speeds 
are computed at each tune mterval Time-
speed curves are plotted whose abscissae 
are tune m seconds and ordmates are speed 
m miles per hour Thus the slope of the 
time-speed curve at any pomt is the 
acceleration or deceleration of the test 
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truck. The acceleration or deceleration 
m miles per hour per second is deterimned 
at various road speeds and plotted agamst 
speed in miles per hour The values 
of acceleration and deceleration as shown 
by these curves are used to compute the 
drawbar pull and the tractive resistance 

The total force produced at the tire 
surface of an acceleratmg vehicle at any 
given speed is equal to the drawbar pull 
plus the tractive resistance of the test 
vehicle This force can be utilized to 
pull a certam gross vehicle weight up a 
given grade at the road speed for which 
the force is measured The force is 
equated to the component of the gross 
vehicle weight along the grade and the 
tractive resistance of the vehicle on the 
grade. 

Drawbar Dynamometer A special dy
namometer, called a "field" dyna
mometer, developed by the Ordnance 
Department of the United States Army, 
was made available for these studies 
This dynamometer consists of a 10-ton 
truck on which two fire pumps are 
mounted The pumps are connected to 
the mam propeller shaft back of the 
transmission by means of a two-speed 
auxiliary transmission When the djma-
mometer vehicle is towed by the test 
vehicle, the rear wheels of the truck 
actuate the pumps, forcmg water from a 
tank through a pipe with an adjustable 
orifice and then back to the tank By 
regulating the size of orifice the discharge 
pressure of the pumps can be increased or 
decreased, which m turn mcreases or 
decreases the torque required to turn the 
rear wheels In this manner various 
loads can be apphed to the vehicle pulling 
the dynamometer 

Drawbars are mounted on the front 
and rear of the dynamometer truck. 
Each drawbar is composed of a cylinder 
and piston, the former being held station
ary relative to the dynamometer truck, 
while the latter is connected to the draw
bar eye. Thus when the test vehicle 

tows the artifically loaded djmamometer 
truck, the pressure in the cylmder is 
recorded through an oil Ime and spring 
gage on a metaUic chronograph tape. 
Sunultaneously a time-distance record is 
obtained on the chronograph tape to 
permit, by relatively easy means, the 
computation of the available drawbar 
pull at various road speeds Resistance 
to traction is determined by towmg the 
test vehicle behind the dynamometer 
truck. All drawbar-pull tests are con
ducted on a level course at full throttle, 
the artificial load and, correspondingly, 
the speed of the vehicles being regulated 
by an operator who vanes the size of the 
orifice as mdicated by an electnc ta
chometer 

Although the results obtained by this 
test do not compare too favorably with 
actual grade results, the method offers a 
distmct advantage m that relatively 
httle computation is required to mterpret 
results Should a hghter dynamometer 
be available, it is likely that very accurate 
results could be easily and economically 
obtamed 

Conclusions Results thus far ob
tamed lead to the following conclusions: 

1 Testing under actual load conditions 
over several grades will, of course, provide 
results of the greatest accuracy, however, 
this method is so laborious and expensive 
as to preclude its general usefuhiess. 

2 The computation of grade ability 
from manufacturer's torque curves, pro
vided rehable factors for overall efficiency 
and rollmg resistance at vanous speech 
are available, may be expected to yield 
reasonably accurate results 

3. The computation of grade ability 
from acceleration and deceleration tests 
will yield accurate results, especially m 
the more generally used range of engine 
speeds, and requires no data from the 
manufacturer. Complete tests requu-e 
but a few hours in the field, but office 
computations are laborious The method 
is, however, far cheaper than the actual 
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grade tests, and the Bureau is now con
sidering the development of instruments 
for a more precise determmation of ac
celeration rates, in view of the probabihty 
of adoptmg this method for future work. 

4 The towmg dynamometer, or some 

similar device such as a chassis dyna
mometer, can undoubtedly produce ac
curate results quickly and m a usable 
form Their high mitial cost limits their 
use to operations requiring the testing of 
a large number of vehicles quickly 

DISCUSSION ON H I L L C L I M B I N G A B I L I T Y O F T R U C K S • 

M B N C H E B N I A C K , Port of New York 
Authority Need for Developing a Scien
tific Truck Raiing: To msure safety and 
speed m the operation of the newly 
opened (Dec 22, 1937) first tube of the 
Lmcohi Tunnel imder the Hudson River 
which handles two-way traffic, one lane 
in each direction, the Port Authority 
decided to exclude "slow" trucks. An
ticipating the necessity for such a rule m 
the first stages of operation of this tunnel, 
the staff made observations at the Hol
land Tunnel of "slow" trucks (those 
makmg 10 M P H . or less) and noted 
such of their characteristics as would per-
nut these trucks to be recognized before 
entenng a tunnel. A few of the results 
of our observations may be of mterest to 
this group in connection with the paper 
presented by Mr Saal. 

1 A total of 1,095 trucks were ob
served emerging at 10 miles per 
hour or less from the two tubes of 
the Holland Tunnel at their maxi
mum exit grades of 3 percent m 
the north tube and 3 5 percent 
in the south tube. The "slow 
trucks" represented 1 6 percent of 
all the trucks passmg through the 
tunnels m the test period and 
averaged about 100 per 12 hour 
day. 

2. About 6 percent of the slow trucks 
made less than 5 M P H 

3. Roughly, 70 percent of the slow 
trucks were of the heavy type, 
over 5 tons carrymg capacity; 26 
percent were in the medium class, 
2 to 5 tons carrying capacity; and 

4 percent were small trucks, 2 
tons and less. 

4. About 85 percent of the slow trucks 
in the medium class (2 to 5 tons 
carrymg capacity) were over
loaded with such heavy commodi
ties as coal, lumber, paper, beer, 
sugar, etc There were only few 
overloadmgs in trucks of the Ught 
and heavy classes 

5 No particular make of truck, nor 
any particular geographic loca
tion stood out as a predommant 
contributor of slow trucks. 

While these and other observations 
were mteresting, they yielded no one 
smgle critena by which an officer sta
tioned on the plaza could, with any degree 
of certamty, spot a slow truck before it 
actually entered the tunnel To make 
absolutely certain that slow trucks would 
not enter the tunnel, it was necessary to 
prepare either a "black bst" of slow 
trucks, or a "white hst" of fast trucks 
The pohcy finally adopted was to exclude 
all large trucks of over 5 tons gross 
weight Subsequently, permits to tran
sit the tunnel were issued to such trucks 
as could prove their ability to negotiate, 
fully loaded, maximum tunnel exit grades 
of 3 5 percent at a speed of 20 M.P.H. , 
while bemg conveyed through the tunnel 
by an officer on a motorcycle 

Not only can slow trucks not be readily 
recognized, but there is, today, lack of a 
definite, umversally recognized method 
for classifymg trucks with respect to their 
carrying capacities. Our own studies 
of large samples of trucks usmg Port 
Authonty crossings as well as similar 
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truck studies by the U S Bureau of Pub
hc Roads and other agencies, on ts^pical 
state highways, have mdicated that pres
ent manufacturers' rated carrying capaci
ties of trucks are highly arbitrary and do 
not truly represent maximum actual loads 
earned. In practice, truck owners m-
crease • carrymg capacities through 
changes m engme power and tires m 
accordance with the road conditions 
under which their trucks are operated. 
The closest smgle mdicator of gross 
weight capacities of trucks which we have 
discovered as a result of our own studies 
(although still permittmg wide vanations 
between actual maximum full loads and 
indicated capacities and givmg no clue 
to truck speeds up grades) is the gross tire 
capacity of a given unit as determmed 
from the number and sizes of its tires 

There exists today a real problem of 
classifymg vehicles from a load capacity 
standpoint m terms not only of their 
"static" characteristics (i e, frame, 
spnngs, and tires) but also of their 
"dynamic" abihty (engine power) to 
maintam nunimum speeds up grade and 
their abihty to control down-grade speeds 
(braking power) These are matters of 
common concern to all agencies having to 
do with traffic control 

For purposes of properly regulatmg 
motor truck transportation with respect 
to safety of operation, damage to road
ways, capacities of highways, mconve-
mence to passenger car travel, and for 
use as bases for taxation, we feel there 
should be developed a truck classification 
which would reflect (a) the abihty of a 
truck to haul loads up reasonable grades 
and at reasonable speeds without undue 
delay to other traffic on the road and (b) 
its abihty, on steep down-grades, to slow 
down to permit non-commercial traffic to 
pass at convenient pomts and to stop 
within reasonable distances in emergen
cies These should, of course, be deter
mmed in conjunction with structural 

loads, hnuted by chassis, spnngs, 
tires, etc 

Such a classification would prove ex-
ceedmgly helpful to state highway depart
ments, state tax umts and other pubhc 
agencies interested m the planning, con
struction and operation of highway facih-
ties and to the Interstate Commerce 
Commission m carrymg out, effectively, 
certam provisions of the Motor Camer 
Act 

M R J S. BuRCH, North Carolina State 
Highway and Public Works Commission' 
We have all recognized for years the dan
gerous situation created by slow-moving 
trucks approachmg the top of a hill bemg 
followmg by several passenger vehicles 
which want to move faster The added 
outer lane has the disadvantage, from the 
safety standpoint, that when a truck wishes 
to re-enter the traffic stream, the dnver is 
often unable to see traffic approachmg 
from his rear because of the wide body 
and load, therefore he has to stop the 
truck and crane his neck m order to detect 
the approach of vehicles behmd him 
Also m stoppmg his truck he loses what 
momentum he has, and for that reason 
truck dnvers and operators are not prone 
to re-enter the traffic stream with care 
As an improvement on that feature we 
have thought for some time about the 
feasibihty of doing m effect what the 
railroads have done, that is put m truck 
sidmgs I t seems to me that this sidmg 
or additional one-lane road, if you care to 
call it that—rmght well be placed on these 
long steep grades, especially on heavily 
traveled roads, and that this lane (extra 
road) might be moved completely out 
from the highway to a distance of 50 ft or 
more,—perhaps 75 ft I t would not have 
to be more than a few hundred feet long 
to accommodate four or five trucks, the 
trucks would be allowed to stop out on 
the siding if they hked, or they could 
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contmue The lane would be brought 
back mto the highway at the hillcrest at 
an angle of 45 degrees, or even 90 degrees 
with flared corners 

In that way any traffic behmd the truck 
could do the same thmg that the fast 
movmg trams do on railroad systems 
The truck takes the siding and comes 
back into a pomt where he can view on-
commg traffic, and the faster vehicles can 

get away over the hill, thus relievmg the 
congestion I believe that this method 
could be very easily pohced and enforced 
by signs stating that all slow-moving traf
fic must take the turn-out I have talked 
it over with quite a few large truck 
operatmg concerns and they are quite 
favorable to it They say if the highway 
commissions would buUd them, they 
would be glad to use them 




