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THE MOTOR TRUCK IMPACT TESTS 
OF THE BUREAU OF PUBLIC ROADS 

By EARL B. SMITH, Senior Assistant Testing Engineer, Bureau of Public Roads. 

HIGH POINTS OF THE REPORT. 

Impact depends largely upon the kind and condition of the tire. 

Thin or worn solid rubber tires, even though they be very wide, produce very high impact forces. 

Pneumatic tires offer the greatest influence in reducing impact forces, and with their use the impact increases only very 

slightly with the speed of the truck. 

Cushion tires, that is, tires having a degree of softness and deflection between solids and pneumatics, offer corresponding 

advantages in reducing impact. 

Impact increases with the speed of the truck, but it can not be said to increase according to any constant ratio or power of 

the speed. 

Although heavy unsprung weight may give higher impact than lighter unsprung weight, it can not be said that this is the 

major controlling factor. 

The relative destructive effect produced by light-weight, high speed trucks and heavy, slow-moving trucks has not been 

determined by these tests. They do, however, indicate that equal impact may be obtained under some conditions. 

Impact may be as high as 7 times the static load on one rear wheel when a solid-tired truck strikes a l-inch obstruction 

at 16 miles per hour, an average value being about 4 times. For pneumatic tires the maximum impact value is probably not 

more than 134 times the load at one rear wheel, and an average value is not more than 1!{ times the load. 

HEN roads were built to carry the traffic of a 
few years ago they were built according to 

“experience”? and empirical rules, and the actual 
weight or speed of the load was only generally con- 
sidered. Much attention was paid to the question of 
whether the traffic was equipped with steel or rubber 
tires. Considerable stress was also placed on the 
relative tractive effort required on different types of 
surfaces. A definite analysis of the surface and sup- 
porting conditions of the road and a quantitative 
determination of destructive forces were not deemed 
necessary. 

The transition from horse-drawn to automobile and 
truck traffic has changed the surface and strength 
requirements of a road. Heavy truck traffic has de- 

veloped very rapidly. Within only a few months 
during the war the change was made from a tolerable 
traffic condition to that of heavy motor trucks oper- 
ating at high speeds on solid rubber tires. This sud- 
den development of a very severe form of traffic could 
not be met with an ample road-building program, nor 
could it be controlled or directed from the highways 
previously built and not suited for such traffic, with 
the result that many heretofore suitable roads were 
completely destroyed. With the realization that this 
heavy and severe traffic is here to stay and will 
probably increase in weight and density, means are 
being sought for constructing such roads as will carry 

(3) 

this traffic. Engineers realize that the roads will have 
to be built according to very careful and thorough 
design, but are at once confronted with the fact that 
no design can be satisfactorily accomplished without 
knowing very definitely all the forces to which the 
road is subjected. 

To obtain the value of the impact forces on roads has 
been the object of a series of investigations by the 
United States Bureau of Public Roads during the past 
two years. It isknown that there are four important 
factors to be considered in road design, namely, impact, 
pressure or weight of the passing load, horizontal shear 
and tractive forces, subgrade and soil conditions. 
Each of these factors is being thoroughly investigated. 
More progress has been made in the study of impact. 
than any of the other factors, and on this subject 
enough data has been collected to warrant a report at 
this time. This paper will deal only with the subject 

of impact. 

ELEMENTARY STATEMENTS. 

Some elementary statements of definition and fact 

will be necessary to understand the meaning and the 

limitations of the experimental data to be presented. 

The term “impact’’ in its ordinary use means the force 

with which a moving body strikes another body. The 

term is used here in this sense, and its specific applica- 

tion is to the force resulting when a truck wheel strikes 
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the surface of a road. This action may occur when 
the wheel, traveling over the road surface, falls from 
one level to another, or when it strikes an obstruction 
and bounds upward and finally falls to the road surface. 
In the second case there is an impact reaction at the 
time of striking the obstruction and a second impact at 
the time of striking the road. The obstruction may be 
only an irregularity or wave in the road surface. The 
impact will vary in intensity with the speed of the truck. 
The impact considered here is only the force acting ver- 
tically or normal to the road surface. Other compo- 
nents will be less severe than the vertical, which is 
therefore the critical and controlling force. 

IMPACT VS. STATIC FORCE. 

The force of impact produces an effect somewhat 
different from that of a static force. Static forces pro- 
duce simple deformations proportional to the force 
(within the elastic limit of the materials), but impact 
produces much more complex conditions of stress. 

Static loads or forces are measured as only a single 
factor, i. e., as weight or pressure. An impact force 
is the result of mechanical energy or of mass times 
acceleration; it is a function of weight, distance, and 
time. If impact is measured in terms of energy, 
then there is no rational equivalent between the foot- 
pounds of impact and the pounds of a static force. 
A mass in motion does not produce impact unless it 
strikes or collides with another mass, then the inten- 
sity of the impact depends upon fase quickly it is 
brought to rest, or upon the rate of change of the 

velocity of motion. This rate of change is known as 
acceleration; the change itself may be positive or 
negative, 1. e., the velocity may be increased or de- 
creased. To increase the velocity of a given mass 
requires that energy be expended upon it; if the mov- 
ing mass be suddenly stopped by collision with an- 
other body it delivers energy to the mass against 
which it strikes. The exact value of the force in 
pounds with which one mass strikes another is very 
difficult of determination. When the moving body 
strikes, it does work in overcoming resistances, and 
does not come to rest until all of its energy has been 
expended. The resistances met with are due to the 
inertia of the body struck, and to the deformation 

Rica. 

and heating of both bodies. The exact values of 
these resistances, as well as the distance through 
which they act, are difficult to determine. The 
other important factor in governing the value of the 
force of impact is time; if the time required to over- 
come the resistances, or the time consumed in coming 
to rest, is zero, then the force is indefinite. The lon- 
ger the time required to come to rest the smaller 
will be the impact force. 



Although the exact value 
of-impact forces is difficult of 
determination, there seems 
to be an approximate connec- 
tion between the deformation 
effects of static and impact 
forces which may be utilized 
in making a comparison. In 
other words, since each force 

may be made to produce a 
deformation, we may express 
an impact force as equivalent 
to a static force which causes 
the same deformation. This 
is not, of course, entirely sat- 
isfactory; it is a permissible 
approximate comparison, and 
is only practical in its appli- 
cation when the load or force 
producing the impact is large 
and moving at a moderate 
velocity. It may readily be 
seen that a large weight 
moving at a small velocity 
will produce a different de- 
structive effect than a small 

eae ee 

TRUCK EQUIPPED WITH PNEUMATIC TIRES PASSING OVER OBSTRUCTION, 
one moving at a very high 
velocity, although the kinetic energy measured in 
foot-pounds is the same in both cases. Two methods 
are available for determining the value of impact: 
(a) By receiving the impact on some material, the 
deformation of which will be proportional to the force 
applied, and comparing this deformation with that 
produced by a steadily applied or static force; (6) by 
determining autographically the velocity and maxi- 
mum deceleration of the mass when it strikes the 
resisting body. A description of these two methods 
may be of interest. 

METHODS OF DETERMINING IMPACT FORCES. 

In employing the deformation method a copper 
cylinder is used as the body upon which the impact is 
received. These cylinders are cut from round copper 
rods one-half inch in diameter, and machined to 0.500 
inch in length. They are heat treated to secure uni- 
formity of stress resistance, that is, to make them all 
of equal softness. In use, one copper cylinder is 
placed in the bottom of a heavy cylinder under a loose 
but neat fitting plunger, and the impact is received on 
the head of the plunger. The deformation of the 
copper thus produced is then measured with a mi- 
crometer and compared with the deformations pro- 
duced by static forces. This comparison has been 
simplified by determining and plotting a “deformation 
vs. static load”’ curve (see fig. 1); from which, knowing 

the deformation, it is easy to determine the equivalent 
static load. This method of determining impact 
values gives results that are reliable and can be closely 
checked. The disadvantage of it is that the copper 

cylinder itself introduces another factor in the result; 
it acts as a cushion and thus serves to reduce the value 
of the impact. It should also be remembered that the 
copper cylinder under impact does not measure force 
alone, but measures work, 1. e., the work which is done 
upon it when the moving mass is brought to rest and 
its kinetic energy is overcome; moreover, the impact 
measured by the cylinder is an average value, not a 
maximum. At the instant of touching the copper 
cylinder the force of impact is zero, and at the point of 
coming to rest it is probably a maximum; then the 
average force or resistance of the copper multiplied by 
the deformation or distance through which it acts 
must be equal to the energy applied (heating and 
elastic effect neglected). It will, therefore, be seen 
that the deformation, or copper cylinder method, of 
determining impact values will show approximately 
the average force of impact. The maximum value of 
the impact force may be nearly twice as great, the 
exact value depending upon whether the load deforma- 
tion curve of the copper is a straight line or is parabolic 
in shape. 

THE AUTOGRAPHIC METHOD. 

The autographic method is accomplished by the use 
of a curve drawn autographically on a tape of paper 
with a pencil operated by the vertical movement of the 
mass. The paper tape is moved at right angles to the 
pencil movement at a known uniform speed. This 
produces a ‘‘space-time”’ curve, the ordinates of which 
are space or distance passed over by the mass; the 



6 

SEE TABLE II 

DEFLECTION OF SPRINGS 
VS. 

STATIC LOAD 

IN INCHES 

DEFLECTION 

\ \ 
NEINEEN 

a a gS 

- 
ea AS 

Wes 

6 7 

LoaD 
8 

IN THOUSAND PouNDS 

FIGS3,— SHAT ICAEOADEYS* DEREECTHIONIOERSSP RINGS: 

abscisse being the corresponding units of time. The 
second derivative of this curve will give the acceleration 
at any desired point. The maximum acceleration will 
be at or near the point of impact; then knowing the 
mass and its acceleration we have the result from the 
fundamental relation, ‘‘mass multiplied by acceleration 
is equal to force.’ This is the force of impact. The 
method just described has been used only to a very 
limited extent and none of the results given in this 
paper was obtained in this way. But in subsequent 
tests, when actual road conditions will be investigated, 
this method will have to be used, since the copper 
cylinder method is not practical under such conditions. 

THE ACTION OF A MOVING TRUCK. 

A truck wheel moving over a perfectly smooth and 
rigid plane surface will produce on that surface a pres- 
sure equal to the total weight of the wheel and its load. 
But if the surface is uneven, wavy, or rough a pressure 
may be produced which will be greater than the static 
load, its magnitude depending upon several factors. 
The resulting pressure or force upon the surface will 

be considered to be an impact when it is greater than 
the static load of the wheel. 
A motor truck consists essentially of four wheels 

carrying a body on intervening springs, and an impact 

may occur at any one or all of the wheels. The char- 
acteristics of a truck and the factors which enter into 
the determination of impact values are the sprung 
weight, or all weights and loads above the springs; the 
unsprung weight, which includes wheels, tires, axles, 
springs, and all other effective weights under the spring; 
the kind and condition of the tire; the spring character- 
istics, which include its deformation or deflection under 

different loads and its period of vibration; the hori- 
zontal speed of the truck; the size and shape of 
the obstruction, or irregularity in the surface over 
which the wheel passes; and the character of the road 
surface. 

The greater proportion of the weight of a truck is 
carried on the rear wheels, and while the front wheels 

do cause some impact the rear wheels, in general, will 
cause greater impact. In all discussions of impact 
forces from motor trucks it 1s the effect at one rear 

wheel only which will be considered, since here the 
force of impact is greatest and it is at this point that the 
controlling factors have the greatest influence. Of 
course, if both rear wheels are subjected to the same 
road influences at the same time, the impact of each 
wheel will be the same and the result will be the appli- 
cation of equal impact forces to the road surface at the 
two wheel points. 



ca
 

Lois iP 5 ihe dee 

Vat 

elie. 

AE 
[a he 

8
 

T
 

BL
81
9U
09
 

$-
2-
/ 

e
 

e
r
]
 

E
E
L
,
 

| BQ S p 

=
=
 

7
 

r
a
 

Om
e 



SPRUNG AND UNSPRUNG WEIGHTS. 

The sprung weight of a truck produces deflection in 
the spring and tire and consequently a pressure on the 
road surface. This weight takes on a comparatively 
slow up-and-down movement when the truck wheel 
strikes an obstruction or irregularity. This movement 
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FIG. 5 CUSHIONING EFFECT OF COPPER CYLINDER, 

which is slight at the instant of contact, increases to a 
maximum, at some time after the wheel impact and 
produces intensified road pressures which may be 

greatly more than the static load. 
The unsprung parts of the truck act in an entirely 

different manner. When the wheel strikes an obstruc- 
tion in the road it acquires an upward velocity depend- 
ing upon the height of the obstruction and the speed 
of the truck. The reaction or impact on the road sur- 
face is a force depending for its value upon the vertical 
acceleration of the wheel, the mass of the unsprung 
parts and the spring pressure. The wheel may continue 
to move upward even after passing the obstruction 
until the movement is overcome by spring pressure 
and inertia, it is then shot downward by the combined 
action of gravity and spring pressure, and thus pro- 
duces another impact on the road surface. The verti- 
cal reaction of this movement of the unsprung parts 
serves of course slightly to retard the fal] of the body or 
sprung parts of the truck; but when the body does fall and 
is cushioned on the springs, it produces an additional 
pressure on the road surface, but strictly speaking rot 
an impact. It will readily be seen that the magnitude 
of the impact as the wheel passes over obstructions and 
irregularities, and also the oscillations of the sprung 
weight are dependent upon the speed of the truck. 

It is the unsprung weight and the value of the spring 
pressure which produces the actus! impact, and since 

impact is a force resulting from a moving mass being 
brought to rest with a negative acceleration, it is great- 
est when ‘mass times acceleration”? is a maximum. 
Acceleration being the change of velocity within a 
certain time, it is seen that if the final velocity is zero 
the greater the actual velocity just before impact the 
greater will be the value of the negative acceleration, 
or deceleration. 

In the case of a wheel striking an obstruction or a 
wave the vertical velocity depends upon the horizontal 
speed, the height and form of the obstruction, and the 
indentation or the deflection of the tire when striking. 
Taking the simpler case (fig. 2A), the wheel mounts the 
wave gradually with a more or less localized tire deflec- 
tion and must attain the height h, while the wheel is 
passing horizontally over the distance zx, at the speed 
S. In this case the vertical velocity 

1.46Sh a (1) 

where S is measured in miles per hour, and h/ and @ are 
measured in feet; the resulting velocity v is in feet per 
second. 

If the wheel strikes a sharp obstruction, as in figure 
2B, the tire action has considerable influence upon the 
result. After striking, the wheel rises and approaches 
the position at C. Somewhere between these two posi- 
tions the vertical velocity will be a maximum. The 
mean velocity is given by the same relation as in equa- 
tion (1), except that h is the height of rise of the wheel 

and not the height of the obstruction. How greatly 
these two values will differ depends upon the character 
of the obstruction and the tire. One extreme is where 
the tire and obstruction are practically incompressible, 
as a steel tire and stone block, then h=h’. The other 

extreme would be with a soft pneumatic tire which 
would indent or deflect an amount equal to h’, then 
h=0, and v=0. In this consideration it should be 
noted that in obtaining the vertical velocity the weight 
of the sprung or unsprung parts is not a factor, while 
the speed of the truck is a main factor. It is also as- 
sumed that the radius of the wheel is at least five times 
the height of the obstruction, so that the horizontal 
retardation of the truck is of no appreciable conse- 
quence. 

Let us consider the action of a truck wheel in falling 
from one elevation to another, or in falling after having 
been thrown upward as a result of striking a wave or 
obstruction with sufficient horizontal velocity to make 
the wheel jump clear from the road surface. In such 
cases, the wheel is acted upon by gravity and the 
downward spring pressure. If the wheel and truck 
body as a whole have been thrown upward to some 
considerable height, say 1 to 2 feet, then the spring 
pressure becomes zero. While the truck is in flight the 
wheel vibrates up and down freely under the influence 
of the spring, and practically comes to rest with respect 
to the truck body before it strikes the road surface 
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again. ‘The wheel and the body are then acting as a 
unit and are falling freely under the influence of gravity 
only. They have a downward velocity due only to the 
height of fall, the final velocity v being given by the 
equation 

The actual performance of the truck in motion over 
a road surface is not such as to cause it to be in flight at 
such a height nor for a sufficient length of time to per- 
mit the vibration of a wheel under the influence of the 
spring to die out, so that there is no relative movement 

SOLID NO.9. $ 
36 * 4x 2, 0UAL, DEFL:.28 

SOLID NO. 12 4 
36 x8 x 23, ONE, DEFL. =. 30 

CUSHION NO. 8 : 
36x 5x3, DUAL, DEFL.=.58 

THOUSAND POUNDS 

PNEUMATIC, 130 LBS. AIR 

49 x 3 CORD, NEW, DEFL.=1.0 

TOTAL LOAD ONE REAR 
WHEEL 4300LBS. 

——-— prop 
OBSTRUCTION 

2 4 6 8 10 l2 14 16 18 
MILES PER HOUR 

FIG. 7—COMPARISON OF TIRES (TRUCK, 2-ton A,; LOAD, 2 TONS; 

(UNSPRUNG WEIGHT), mg., 1,000 LBS.). 

between the wheel and body. If, therefore, a truck 
wheel be suddenly released from its road support and 
drops to a lower surface it does so under the combined 
influence of gravity and spring pressure. The spring 
pressure is a maximum at the beginning of the drop and 
a minimum at the end. In the case of a direct drop 
from one level surface to another, the initial spring 
pressure is equal to the load carried, and the final spring 
pressure depends upon the stiffness of the spring and the 
amount it has opened. Spring deflections usually vary 
directly with the load, and range in value up to 6 or 8 
inches. The stiffness varies for different truck springs 
from 1,000 pounds to 3,000 pounds per inch of deflec- 
tion. See figure 3. . Irregularities and falling distances 
in road surfaces are usually less than 2 inches, most of 
them being under 1 inch.. It will therefore be seen that 
the usual drop or action of a wheel is always within the 
range of influence of the spring. The fact should also 
be realized that the motion of the body or sprung weight 
of the truck is not appreciable until some time after the 
disturbing event has occurred. 

Ina simple way we may consider the truck wheel as a 
single mass acted upon by gravity and by a spring 
pressure, then the velocity at the end of the fall is 

Tan loh- ati. ..aeeee es ae (3) 

(g is 32.2, the acceleration of gravity; A is the height of 
fall in feet; ¢ is the time of fall in seconds; and, a is the 
acceleration due to spring pressure). 

That is, as shown by equation (3), the velocity at- 
tained under the combined action of gravity and spring 
pressure is equal to the velocity attained under free 
fall plus a velocity which is a function of the accelera- 
tion due to spring pressure. This acceleration is not 
constant, since the force producing it is not constant; its 
value depends upon a complex integral equation. 
Solution of equation (3) shows that the vertical velocity 

of the truck wheel falling or acting within the influence of 
the spring pressure is very much greater than when falling 
free from a considerable height. While we are not con- 
cerned directly with the value of the velocity, it is a 
factor which enters into the determination of the final 
deceleration. 

The final force of the blow is dependent upon how 
quickly the mass is brought to rest. Since accelera- 
tion is dependent upon the rate of change of velocity 
from the instant of touching the road surface to the 
instant when the mass is finally at rest, it is readily seen 
that the shorter the time and distance over which this 
change takes place the greater will be the force. This, 
also, applies when the mass starts from rest, or zero, 
and is changed to some maximum value as the wheel 
rises vertically over a wave or obstruction. 

The rate of change, that is, the acceleration or 
deceleration, is determined by the time necessary 
to change the velocity from one value to another. In 
the cases with which we are now concerned, either the 

final or initial velocity is always zero. Therefore, if 
the time required to change the vertical velocity of a 
wheel to zero can be determined, we may obtain.the 
acceleration by dividing the initial velocity by this 
time. This time interval, however, is very difficult to 
‘determine in any way except by means of some auto- 
graphic recording device. 

EFFECT OF TIRES. 

The time element in the rate of change of velocity 
varies with the distance over which the change takes 
place. If a vertically moving wheel with a steel tire 
strikes a hard rigid road surface it is brought to rest in 
a very small vertical distance, and consequently in a 
very small time; therefore, the deceleration value will 
be large, producing a large impact force. If the wheel 
carries a solid rubber tire it will be brought to rest in a 
somewhat greater distance and time, and the result 

will be a smaller deceleration value and less impact. 
The greater the tire deflection, or cushioning effect, the 
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less will be the impact value. This is as should be 
expected, and the fact is very clearly shown in the 
experimental results. 

OTHER DESTRUCTIVE EFFECTS OF TRUCKS. 

Because of the large amount of power and tractive 
effort a large shearing force is applied by the two rear 
wheels to the road surface. In the case of hard sur- 
faced roads this has no particular destructive effect. 
But in the case of loose surfaced roads, such as gravel, 
sand clay, and waterbound macadam, tractive forces 
may be very destructive. However, this may not be 
any greater in the case of trucks than it is for pleasure 
cars running at high speeds. 

Trucks, which under load have a total weight of 

20,000 pounds, may have in most types of construc- 
tion a single rear wheel load of 7,000 to 8,000 pounds. 
This as a simple static load is often sufficient to break 
through some roads. 

While an impact is the most severe and the most 
frequent of the forces produced by a truck passing 
over an imperfect road surface, there is another effect 
of increased road pressure which should be understood. 
When a truck passes over a road surface, even if at 
such a speed as to produce little or no actual wheel 
impact, the irregularities and waves in the road cause 
the body to oscillate up and down. This oscillation 
is not a simple vibration, but is rather complex with 
respect to its amplitude and period. On each down- 
ward oscillation of the body, the springs are com- 
pressed to a greater amount than that due to the static 
or dead load. This greater spring deflection produces 
a correspondingly greater pressure on the road surface. 
As an example, considering the effect at one rear wheel: 
A truck is carrying on the rear spring, 8,000 pounds; 
the unsprung weight is 1,500 pounds; the spring 
deflection under its load is 4 inches; the oscillation 

causes the load in falling to deflect the spring an 
additional 4 inches, which from observation is entirely 
reasonable; then we have— 

: Pounds. 

PAC ULI Ae LOR. Sete cmyer ce cereote nee eres uss ie se 8, 000 

Addition load from 4 inches additional spring deflection.... 8, 000 
MOTOR W GIghi os see sare tte 8 te A eens “1, 500 

Total oscillation effect, at one rear wheels..0./. 2b 17, 500 

This could be further added to by wheel impact. 
Combinations of impact and oscillations very often 
occur at the same instant; then the oscillation effect 

would be added to the impact effect. Suppose at this 
same instant an impact force of 10,000 pounds had 
occurred, then the total road pressure would be 17,500 + 
10,000 = 27,500 pounds at one rear wheel. 

The additional road pressure due to the oscillation 
of the body is only very slightly affected by the kind 
and condition of the tire. This is because we are 
dealing with the sprung weight and the spring is 
cushioning this weight far more than is the tire; it is 

not in the nature of an impact but only similar to a 
suddenly applied load. 

EFFECT OF THE UNSPRUNG WEIGHT. 

Tn order to consider the effect of the unsprung weight 
on the value of the impact produced by a truck on the 
road surface, it must be realized that a truck wheel 

can not be isolated from the influence of the truck 
spring, either in its upward or downward movement. 
The effect of the unsprung weight can not be said to 

bear a definite fixed ratio to the effect of the load ear- 
ried by the truck. 

In the downward movement of the unsprung weight, 
in flight free from the road surface, its velocity at any 
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given time depends uponjthe ratio of the spring pres- 
sure (including gravity) and the unsprung weight. 
These two factors can not be separated, because of the 
influence of the inertia of the unsprung weight. With 
the same spring pressure a higher velocity will be 
imparted to a light unsprung weight than to a heavy 
unsprung weight; also, for any given unsprung weight 
the greater the spring pressure the greater will be the 
downward velocity. But when the final value of the 
force of impact is considered then the factor of 
unsprung weight enters a second time. For having 
obtained the deceleration value, as a function of the 

unsprung weight, spring pressure, and the time required 
to change the velocity to zero, then the impact force 
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is the product of this value multiplied by the unsprung 
weight. Therefore, the greater the spring pressure 
with a given unsprung weight the greater will be the 
force of impact. Also, with any given spring and load- 
ing condition, the greater the unsprung weight the 
greater will be the impact. 

In the wpward movement of the wheel as a result of 
striking an obstruction or irregularity, the initial vertical 

SOLID 40 x6 QUAL 

53 TON TRUCK K 

LOAD = 7.5 TONS 

ONE REAR WHEEL 

LOAD = 9625 LBS. 

PNEUMATIC 
48x 12" 
SPECIAL 5 TON 
truck Ks 

LOAD = 7.15 TONS 
ONE REAR WHEEL 

LOAD = 10500LBS 

WAN IN 
THOUSAND POUNDS 

EEE 

MILES PER HOUR 

FIG. 9—COMPARISON OF SOLID AND PNEUMATIC TIRES (TWO 

TRUCKS APPROXIMATELY THE SAME). 

velocity is zero; its maximum velocity and acceleration 
are dependent upon tire deflection, the slope of the 
approach, and the horizontal speed of the truck. The 
value of the force in this case, equals.the mass of the 
unsprung weight multiplied by the vertical accelera- 
tion, plus the spring pressure during’ impact. When 
the wheel starts downward again if it has left the road 
surface, the spring pressure acts to increase the impact 
as explained in the preceding paragraph. It should 
also be understood that the less the deflection of the 
tire the greater will be the vertical movement and 
acceleration; while a soft cushion or a pneumatic tire 
may so deform or deflect as to absorb more of the ver- 
tical movement and thus reduce the acceleration. 

The effect on the truck body of the upward move- 
ment of the unsprung weight is dependent upon the 
vertical velocity and acceleration, the spring stiff- 
ness, and the load carried. As the weight moves up- 
ward it does work by compressing the spring and lift- 
ing the body. If very stiff the spring transmits to the 
body a large part of the force as an impact; resulting 
in a series of severe vibrations. The amount of energy 
delivered to the spring may be minimized in any par- 
ticular truck by reducing the vertical velocity and ac- 
celeration, which is most certainly accomplished by 

slower truck speeds, or by using pueumatic instead of 
solid tires. All impacts are very much reduced by 
using good solid tires which have at least a 2-inch 
thickness of rubber at the tread, instead of old or 

-badly worn tires which have less than 1 inch of rubber 
thickness. In the design of the truck any reduction 
of the unsprung weight, or distribution of it to two 
rear axles instead of one will tend to reduce the up- 
ward force against the spring. 

EXPERIMENTAL RESULTS. 

For the purposes of the tests which have been made 
a special runway of concrete was constructed, as shown 
in figure 4. This runway is so designed that the 
height of the head of the plunger B is flush with the 
road surface. The “obstruction” tests are made at 
this place by bolting to the plunger head a strip of 
hardwood 4 inches wide and 16 inches long, using 
thicknesses of + in., 4 in., ? in., 1 in., 2 in., 3 in., and 
in the case of pneumatic tires, 4 inches. 

The “drop” tests are made at the drop-off edge E, 
the plunger beyond and in the lower pit being so placed 
that the plunger head A may be elevated to give 
“drop” distances varying from 0 to 8 inches. The 
plunger may also be moved away from the edge E 
any distance to receive the blow of the wheel as it 
jumps varying distances depending upon the speed 
of the truck. A 4-inch copper cylinder, heretofore 
mentioned, is placed under each plunger as shown. 
By this preparation it is easy to secure the data from 
both types of tests during one run or passage of the 
truck. 

The impact of only the left rear wheel is measured. 
A bridge is placed over each plunger head to protect 
it from the front wheel. As this wheel passes, the 
bridge is jerked out leaving the plunger head clear 
to receive the impact of the rear wheel. In the case 
of the obstruction test, the right wheels (front and 

rear) do not strike the obstruction. But in the case 

of the drop test both right and left wheels are caused 
to drop the same amount. 

Truck speeds are determined with a stop watch by 
noting the time to pass two points which are 30 feet 
apart. ‘These speed determinations are accurate to a 
maximum variation of 10 per cent, but from the fact 
that the results may be influenced more than this 
amount of variation by the action of the front wheel, 
this error in speed determination is considered of 
little consequence. 

The indications given by the measurements of the 
copper cylinders may have a maximum variation of 
about 5 per cent. This is due to slight variations in 
the annealing of the copper, to errors in measurement, 
and to variations in obtaining the equivalent value 
from the static-load curve. 

It has been briefly mentioned above that the intro- 
duction of a copper cylinder as a means for measuring 
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the impact also introduces a cushioning effect which 
in turn serves to reduce the impact value. A few ex- 
periments have been conducted to determine approxi- 
mately what this cushioning effect may be. Copper 
cylinders of different diameters all one-half inch in 
height were used to receive the impact of a constant 
weight falling the same height in each case. This was 
also repeated by changing the height of fall. Auto- 
graphic space-time curves were also taken of these same 
impacts, without using a copper cylinder. The inter- 
mediate sizes of copper cylinders were used to obtain 
an idea of the progressive variation due to different 

measures the average impact and not the maximum. 
The value of this last factor may be from 1.5 to 2, 
depending upon the equation of the stress-strain dia- 
gram. No corrections of this kind have been made in 
any of the data or charts presented in this paper. 

Because of the nature of these experiments no great 
accuracy has been attempted, and for practical results 
it is not considered that a high degree of accuracy is 
necessary. ‘The forces with which we are dealing are 
very large, and 5 to 10 per cent variation is not con- 
sidered to be of much importance. To have insisted 
upon a high degree of accuracy would have delayed the 
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Kee en Eat 2 GEE 5 13, 600 5, 860 7, 740 2, 260 1, 130 0 0 0) 0 D740 NM ees snes 3, 870 
Spee ans a aceer an haces see eee 5 13, 600 5, 860 7, 740 2,260 |. 1,130 6.4 | 1, 050 10, 680 92 S O80 eee cee Se 9, 215 
TG oe ha aaent oe Soseceeieces i ace 5 13, 600 5,860 | 7, 740 2, 260 1, 130 7.15 | 1,020 | 13, 280 | 93 0 SSO Meeesn eae 10, 510 
pe me eee ety See eee ar 5} 9, 800 4, 900 4, 900 2, 600 1, 300 | 0 0 0 | 0 | 1,600 | 53 2) 900 
5 EI Riel 2s a RY ee 5k 9, 800 4, 900 4, 900 2, 600 1,300; 5 650 | 9,350] 93.5 5, 800 1.93 7, 100 
ye sere Sea ren semen me a sae eee 54 9,800} 4,900 4, 900 2, 600 1, 300 73 650 14, 350 95.6} — 8, 800 2.93 10, 100 
eae SER Se oe? 5 1D: FOOU ese ene eee 3, 000 1, 500 BE Weeeeeren a clogs cneee aoe 17, 980 | 1.75 19) 480 
ae EK eaters lene e etines| sesbec see i Meaeanas Recpscetes 23,000 11,500 Ue wale samen ta) tase scetos lesesceser es 110, 280 | 2.62 111,775 

} 

1Two wheels. 

cushioning effects. Results of these trials are plotted 
in figure 5. It will be seen that for values of 1-inch 
drop the1/2-inch copper cylinder indications should be 
increased 42 per cent and for a 2-inch drop the increase 
should be 45.6 per cent. By applying such corrections 
as this for the different heights of drop it is possible to 
get an idea of the more correct value of the impact 
force. 

The impact values shown on the charts as ordinates 
are the actual static indications from the 1/2-inch copper 
cylinder as measured immediately after the test. This 
is known as the static equivalent, and is plotted as such 
in all of the charts without corrections of any kind, 
It is realized that these values are only comparative 
and are not actual impact values. To arrive at a more 
nearly actual impact indication, or maximum force 
value, it will be necessary to correct these static 
equivalent values by increasing each by the cushioning 
factor as indicated in figure 5 and multiplying by some 
factor to allow for the fact that the copper cylinder 

2 Four wheels. 

experiments and possibly discouraged further investi- 
gation by others. 

These tests are planned to show the influence of 
only the important factors upon the value of the im- 
pact force. Not all possible factors are considered, 
only those having a definite and direct influence and 
which are more or less easily controlled in the operation 
of a motor truck, or which may be controlled in the 
design and equipment. 

The speed of the truck is considered to be one of the 
most important factors. It is the facter which is 
most spoken of in connection with the operation of a 
truck, and the one factor against which there are aimed 
more traffic rules and laws than any other. The 
determination of its effect upon the value of the 
impact force is. very important. For this reason 
speed values, in miles per hour, have been made the 
independent variable in most of the tests. 

Trucks of different weights and capacities have been 
used in the tests. A full tabulation of the weights 
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TABLE I1.—Data referring to the graphical charts. 

Tires Springs. 
Sprung |Unsprung) _ ee pom et 
weight pelahtt 

Chart No. Truck. |Capacity.| Load. | on 1 rear} on 1 rear Deforma- Deflec- Type of test. 
| wheel wheel No Kind tion due| y 5 tion due 

( MQ). (mg). Y ; to wheel "| to sprung 
load. weight. 

= = | _ — —_ = 

Tons. Tons. | Pounds. | Pounds. ? 
F 1 iL 1,175 375 OSL gels 28 5 1.63 | Drop-stationary. 
F 1 1 1,175 375 OA Be | Bs 1.63 | Obstruction. 
F 1 1 1,175 375 SOOt a wclanretic 1.63 Do. 
W 14 0 970 1,065 PAL a eects te cera late ata eae aes 
WwW 14 14 2,410 1,065 BLD yc. Umerall sae aaa 0. 
WwW 14 24 3,175 1,065 BOO Madea seal Se ares eece ate Do. 
W 14 0 970 1,065 LS ea: Sees Tees cox Obstruction. 
Ww 1k res 2,410 1,065 aii fe (a cai [iy See Sa) Do. 
WwW 1h 24 3,175 1, 065 298 (lee thee palm Nea he Do. 
A 2 3 3,900 1,000 1.05 E 3.19 Bis 
A 2 2 3,300 1,000 -95 E 2.70 0. 
A 2 3 3,900 1,000 1.05 E 3.19 | Obstruction. 
A 2 2 3,300 1,000 -95 E 2.70 Do. 
A 2 2 3,300 1,000 1.05 E 2.70 | Drop. 
A 2 3 3,900 1,000 1.15 E 3.19 0. 
A 2 2 3,300 1,000 1.05 E 2.70 | Obstruction. 
A 2 3 3,900 1,000 1.15 E 2.70 Do. 
A 2 3 3,900 1,000 1.05 E 3.19 | Drop. 
A 2 3 3,900 1,000 1.05 E 3.19 | Obstruction. 
A 2 0 1, 250 1,000 .39 E 1.02 Drop, 
A 2 2 3,300 1,000 57 E 2.70 0. 
A 2 3 3,900 1,000 - 62 E 3.19 Do. 
A 2 2 3,300 1,000 57 E 2.70 | Obstruction. 
A 2 3 3,900 1,000 - 62 E 3.19 Do. 
A 2 2 3,300 1,000 «20 E 2.70 | Drop. 
A 2 3 3,900 1,000 30 E 3.19 er 
A 2. 2 3,390 1,000 27 EB 2.70 | Obstruction. 
A 2 3 3,900 1,000 . 30 Eley 8.19 Do. 
A 2 3 3,200 1,000 moo E 3.19 Do. 
A 2 2 3,300 1,000 .30 E 2.70 Do. 
A 2 2 3,300 1,000 30 E 2.70 Roe 
Pp 3-34 23 3,450 1/005] See Pneumatic. 22 -.. =. 1.18 D 1.44 0. 
IE 3-3 43 5,300 15,700 |, Taeesal ae dos eee 1.40 D 2. 20 Do. 
1 3-33 0 1,150 1,700 i 12 D - 48 Do. 
1, 3-34 25 3, 450 1,700 Sule D 1. 44 Do. 
ik 3-34 44 5, 300 1,700 . 20 D 2. 20 Do. 
ie 3-34 24 3,450 | 1,700 - 26 D 1. 44 Do. 
Be | 3-34 4h 5, 300 1,700 .32 D 2. 20 Do. 
iP 3-34 0 1, 150 1, 700 .18 D . 48 Do. 
iP 3-34 24 3, 450 1,700 . 26 D 1. 44 Do. 
ie 3-33 44 5, 300 1,700 32 D 2. 20 Do. 
Pp 3-34 0 1, 150 1,700 18 D -48 | Obstruction 
12 3-34 24 38, 450 1,700 . 26 D 1, 44 Do. 
iz 3-34 44 5, 300 1,700 .32 D 2. 20 Do. 
P 3-34 0 1, 150 1, 700 a7 D .48 | Drop. 
P 3-34 23 3, 450 1,700 . 26 D 1,44 Do. 
P 3-34 4h 5, 300 1, 700 . 32 D 2. 20 Do. 
ig 3-34 0 1, 150 1,700 sale D -48 | Obstruction 
P 3-34 23 3, 450 1, 700 . 26 D 1, 44 Do. 
12 3-34 44 5, 300 1, 700 .32 D 2. 20 Do. 
P 3-34 0 1, 150 1,700 7A) acd eee ee ee 05 D 48 | Deop. 
12 3-34 24 3, 450 1,700 iL) Sl eae GO2fo een eee - 08 D 1. 44 Do. 
P 3-34 4k 5, 300 1,700 iy joe doles ae .09 D 2. 20 Do. 
P 3-34 1, 150 1,700 Vie ee doses = 05 D .48 | Obstruction. 
P 3-34 2h 3, 450 1,700 Tyg eae doses 08 D 1, 44 Do. 
P 3-34 43 5, 300 1,700 yg Pee imo Ree! 09 D 2. 20 Do. 
P 3-34 0 1, 150 1,700 1S seas dot: eames 05 D . 48 Do. 
Pr 3-34 0 1, 150 1, 700 a Degas douse. corte 05 D .48 | Drop. 
B 3 0 1,388 LeS3 Tae see ee Cs KO ar SEE ae Perec A 74 Do 
B 3 3.6 4,700 LS3laleeeseees Laer QO see see ee A 2. 62 Do 
B 3 5 5, 900 1 Sos Ree cee Ve eter = GOveeaecan ees eee eine A 3. 62 Do. 
B 3 0 1,388 USO tale eee eee 6 OUR SEA er le anes A .74 | Obstruction. 
B 3 3.6} 4,700 1/8371 2 een oe OGstencn tea Ae ae A 2. 62 Do. 
B 3 5 5, 900 1897 ee cee eee 0. CAs Pees A 3. 62 Do. 
A 5 5 5, 950 1,950 i Re ll le Cs Ko eee es eee 15 F 2.12 | Drop. 
A 5 74 8, 650 1,950 1S ieeeae dOljeeea eee ee per ae 3. 09 Do. 
A 5 5 5, 950 1,950 UGE SASac Osseo econ 15 F 2,12 | Obstruction. 
A 5 7 8, 656 1, 950. | atts iD 3.09 Do. 
A 5 0 1, 050 1, 950 13 K .38 ; Drop. 
A 5 5 5, 950 1, 950 . 26 Fr 2,12 pablo. 
A 5 7h 8, 650 1, 950 Seal EF 3.09 Do. 
A 5 0 1, 050 1, 950 13 Fr -38 | Obstruction 
A 5 5 5, 950 1, 950 Vela. Mi do. ee . 26 F AG. Do. 
A 5 7h 8, 650 1, 950 iN ee Oe ae eee .31 EF 3.09 Do. 
A 5 0 1, 050 1, 950 sys Becee GOS aces wee .19 F .38 | Drop. 
A | 5 5 5, 950 1, 950 15 Ts oes G0sseeeceeacse 38 F 2,12 Do. 
ie | 5 7h 8, 650 1, 950 Bullen? doze eat ees 245 ¥ 3.09 Do. 
A | 5 0 1, 05C 1, 950 LS \ sass GOSo tet acees -19 F -38 | Obstruction. 
| 5 5 5, 950 1, 950 15 7neee dosent aeets .38 BF 2.12 Do. 
A 5 74 8, 650 1, 950 15y) fee dosent ay ee 45 F 3.09 Do. 
A 5 0 1, 050 1, 950 2d o eae CO nre arene ee 18 EF -38 | Drop. 
A 5 5 5, 950 1, 959 24 Nl, ees donee eres . 36 K Pe Do. 
A 5 74 8, 650 1, 950 Pld eae naenerinssane 43 F 3.09 Do. 
A 5 0 1, 050 1, 950 PAA recma rt CO semis e sateen 18 Yr -38 | Gbstruction. 
A 5 5 5, 950 1, 959 36 EF MR Do. 
A 5 74 8, 650 1, 950 43 F 3.09 Do 
A 5 0 * 1,050 1, 950 08 ¥ .38 | Pro 
A 5 5 5, 950 1, 950 16 F 2.12 Do. 
IN 5 7h 8, 650 1, 950 19 Kr 3.09 Do. 
A 5 4.8 5, 150 1, 950 15 F 1, 84 Do, 
A 5 6.7| 8, 150 1, 950 2: ie F 2.90 Do. 
A 5 | 0 1, 050 1, 950 o25 eres: GO.g2 seen 08 F .38 | Obstruction. 
A 5 5 5,950 | « 1,950 DDI acer G0s.2 eae eos - 16 F 2.12 Do. 
A 5 7k 8, 650 1, 950 PAA ese WG See eee: .19 F 3.09 Do. 
A 5 4.8 5, 150 1, 950 20) eae Os ostre otae 15 F 1, 84 Do. 
A 5 6.7 8, 150 1, 950 2D Vereen docctereen es .18 } 2.90 |. Do. 
Ka 54 5 7, 060 1, 000 Dee GOS es. sooese wee B 3.73 | Iron obstruction. . 
Ka 5h 5 7, 060 1, 000 a eee dome te nes .23 B 3.73 | Drop. 
Ka 5} 74 9, 575 1, 000 led doce pee oS B 5.12 Do. 
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‘TABLE II.—Data referring to the graphical chart—Continued, 

Tires Springs. 
Sprung |Unsprung|_ 

‘ ‘ weight | weight 
Chart No. Truck. | Capacity.) Load. | on 1 rear] on 1 rear Deforma- Deflec- Type of test. 

wheel wheel No Kina tion due} tion due : 
(MQ). (mg). ‘ - to wheel oe ko sprung 

load. weight. 

Tons. Tons Pounds. | Pounds. 
Ka 5} 0 2, 250 1, 000 0.15 1.12 | Obstruction. 
Ka 53 5 7, 060 1, 000 23 B 3.73 Do. 
Ka 5} 73 9, 575 1, 000 8 5. 12 Do. 
Kb 54 0 1, 600 1, 300 15 G .53 | Drop. 
Kb 53 5 5, 800 1, 300 728 G 1. 93 Do. 
Kb 5h Th 8, 800 1,300 35 Ga | 2.93 Do. 
Kb 5k 0 1, 600 t, 300 15 G .53 | Obstruction. 
Kb 54 5 5, 800 1, 300 - 28 G 1. 93 Do. 
Kb 54 7% 8, 800 1, 300 35 G 2. 93 Do. 
Kb 54 0 1, 600 1, 300 silks G .53 | Drop. 
Kb 5h 5 5, 800 1, 300 .33 G 1,93 Do. 
Kb 54 7h 8, 800 1, 300 42 G 2.93 Do. 
Kb 54 0 1, 600 1, 300 ALS G .53 | Obstruction. 
Kb 5% 5 5, 800 1, 300 .30 G 1. 93 Do. 
Kb 5h 7h 8, 800 1, 300 .42 G 2.93 Do. 
Kb 5k 0 1, 600 1, 300 . 08 G .53 | Drop. 
Kb 54 5 5, 800 1, 300 cai G 1, 93 Do. 
Kb 53 Th 8, 800 1, 300 aig a 2. 93 Do. 
Kb 54 0 1, 600 1, 300 408 G -53 | Obstruction. 
kb 53 5 5, 800 1, 300 e19, G 1, 93 Do. 
Kb 5h 7h 8, 800 1, 300 .18 G 2, 93 Do. 
Ke 7k 0 2, 700 1, 500 - 30 Cc 1.08 | Drop. 
Ke et 33 6, 200 1, 500 .48 c 9.70 Do. 
Ke 7h 8h 11, 000 1, 500 . 60 é 1.78 Do. 
Ke 74 0 2, 700 1, 500 . 30 C 1.08 | Obstruction. 
Ke 7k 34 6, 200 1, 500 48 C 2.70 Do. 
Ke 7 8h 11, 000 1, 500 . 60 Cc 4, 7° Do. 
Ks 5 0 2, 740 1130) (Pasck sce) PMeMIMAtIC ste aoe oc|ec gs anas 2 o] es cee cveilerica atest Do. 
Ks 5 6.4 8, 080 1130 |eeeae sed bas OSE ee beeen ec (Wane cee ks eee Ek coe Do. 
Ks 5 7.15 9, 380 L ABO Week coe tec OSs cht ieee llc capes ames aaa oe clomeedect es Do. 
G 5 5 17,980 SEL BOO) Neer a acta he SLO ee oe. cosets eerste ae eee oe 1.75 | Drop. 
G 5 7h TL OSOSOn MET S00: leesss cea ee ce Ol, & aan ko eee eal 2 See 2.62 Do. 
t 5 5 17, 980 Al GOO Mets ce Sl ioe OSCR anatase ae Meenas cetera 1.75 | Obstruction. 
7 5 Ts 110, 280 WAL DOO easier isisis er (LO cao ates atc | aa een are os lasers ie: 5 2.62 Do. 

and equipment of the trucks used is shown in Table I. 
Some of these trucks have comparatively heavy un- 
sprung parts and some have light unsprung parts. 
The effect of this factor was especially studied in the 
tests upon two trucks of the same capacity under 
different loadings and speeds, each truck being equipped 
with the same set of tires. 

Tire equipment was considered to be a very impor- 
tant factor. As far as possible, each truck was tested, 
at different speeds and loadings, with several kinds and 
conditions of tires. 

To get a definite idea of the effect of the height of 
fall, or of the height of an obstruction or irregularity in 
a road surface, this factor was used as one of the vari- 

ables in most of the tests. 
The experimental results obtained during the con- 

duct of these tests are plotted in Charts Nos. 1 to 133, 
inclusive. The data as plotted on these charts repre- 
sent the average of two or three trials, and in the case 
of wide variation from the supposed position of the 
point on the curve additional trials were made. In 
several cases the plotted points on these curves seem to 
be more or less out of position to give uniform or relative 
results, but from successive trials and observations dur- 
ing the test it was noted that certain oscillations set up 
by the front wheel striking the obstruction are sufficient 
to very materially change the impact of the rear wheel. 

The index to these charts is given by corresponding 
numbers at the bottom of each page, and the data for 
all charts are repeated in Table II. The points on the 
vertical axis of each curve marked Mg and mg are 

33108—21——3 

respectively the values of the sprung weight and of the 
unsprung weight. This is shown on each chart for the 
purpose of comparing the impact values with the load 
values. 

No attempt will be made to explain all the variations 
which may be noticed on the charts. The data are 
presented complete for the purpose of affording an 
opportunity to make such extended study as any one 
may desire. 

The results presented in Charts Nos. 130 to 133, in- 
clusive, are for a very special truck constructed with two 
rear axles, making what may be called a six-wheel 
truck. This truck was equipped with pneumatic tires; 
and power was applied to each of the four rear wheels. 
This construction serves to distribute the weights to 
four wheels at the rear of the truck instead of two 
wheels as in the ordinary truck. The impact results, 
as shown on these charts represent the combined im- 
pacts received from the two left rear wheels. It should 
be noticed in this particular case that the impact is 
practically constant for speeds between 10 and 25 miles 
per hour and that the impact value was less than the 
total load on two rear wheels. 

Charts Nos. 127 to 129, inclusive, show the variation 
of the impact due to different air pressures in pneumatic 
tires. 

Spring dimensions and characteristics are shown in 
figure 3, and Table III. It should be noticed that the 
‘load-deflection” curve in each case is practically a 
straight line. These data should aid in a further study 
of the impact results. 



TABLE II1.—Showing spring characteristics of the various trucks used 

in the tes s. (See Figure 3.) 

Curve. | Truck. A B | p_ | Number) width. | stiffness. 
| 

Pounds 
Tons. Inches. | Inches. | Inches Inches. | per inch. 

(Neate are oF 574 ie ea eee | 17 4 | 1,625 
Bee 5} Ka 52 | 6} eae | 17 4 2, 000 
Ge seaea 74 Ke 504 63 ie tl 17 4 | 2,300 
Lea 3P 454 54 7 12 3 2, 400 
Hier ee 2A 524 43 fj yi 12 3 | 1, 230 
eden 5 A 473 6} 8 16 pe PLE 
Wecwees 54 Kb 52 64 64 LS 4 | 3, 000 

Tire dimensions and deformations are shown in 

figure 6. For each tire a curve 1s shown which gives 
the deflection or deformation under different loads. 

THOUSAND POUNDS No. 2- DUAL, 406 x2, OLD, 
DEFL. =.23" 

NO.16 = ONE, 40 x10 x 25 NEW, 
DEFL. =.28° 

NO.24- DUAL, 40x6 x 23, 0L0, 
DEFL. =.33 

" " " 

NO. 25-QUAL, 40 x 6x 12,0L0 
FL.=.15°* 

" 

Ss Ss re Liel 

2 “OBSTRUCTION
 

on ieaarié i pe aR 8 5 

MILES PER HOUR 

FIG. 10.—COMPARISON OF TIRES (TRUCK 5-TON K; LOAD, 5 

TONS; (UNSPRUNG WEIGHT), mg., 1,300 LBS.). 

No attempt is made to take into account the variation 
in rubber composition, except as is shown by the 
deformation. 

After securing and studying results as shown in 
Charts Nos. 1 to 133, inclusive, many interesting and 
important comparisons present themselves. No at- 
tempts will be made at this time to analyze all possible 
comparisons between the results shown on the charts. 
A few of the important features and indications are 
shown in figures 7 to 12, inclusive. 
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Figure 7 shows an important comparison of the ef.- 
fect of the tire equipment upon the value of the impact. 
The truck used in this comparison was of 2-ton capac- 
ity, carrying a 2-ton load. Four different tires were 
used and a complete series of tests was run with each, 
using in each case the speed as the independent vari- 
able. The comparison is shown with both the drop and 
the obstruction test. To draw attention to the ob- 
struction test only, it is noticed that the impact value 
(the ordinate) shows a considerable change with only a 
slight change in the tire deflection. The impact value, 
with all conditions the same except the tire, is the 
greatest for the solid rubber tires and the smallest for 
the pneumatic tire, the cushion tire giving an inter- 
mediate value. At low speed the difference is not so 
great. At a speed of 174 miles per hour the pneu- 
matic tire gives an impact value of only 1.75 times the 
rear wheel pressure on the road surface, the cushion 
tire over three times, and the solids 4.3 to 5.1 times. 
In this particular case, the cushion tire gives an impact 
value of 63 per cent of the solid tire average, and the 
pneumatic only 36 per cent. It should also be noticed 
that for the pneumatic tire the impact value increases 
only very slightly with the increase of speed. 

Figure 8 shows also a’comparison of the effect of tire 
equipment. The truck used in this case was of 34-ton 
capacity, loaded with 44 tons, the unsprung weight 
being equal to 1,300 pounds. The total load at one 
rear wheel was 7,000 pounds. Here, it should be no- 
ticed that with pneumatic tire equipment the impact 
force was only 15 per cent greater than the actual 
wheel load. The four different solid tires which were 
used in this series show very clearly the effect of the 
condition of the tire. Tire No. 17 gave some very high 
impact values even at 12 miles per hour. This tire 
was badly worn, having a thickness of only one-fourth 
inch above the rim. The other solid tires gave impact 
values somewhat in proportion to their deflection or 
condition. The results as shown by tires Nos. 10 and 
11 indicate the usual impact values that may be ex- 
pected with good solid tire equipment, while the results 
shown by the use of tires Nos. 4 and 17 show the in- 
crease or extreme values that may be expected from the 
same truck when the: tires are in a badly worn condi- 
tion. 

Figure 9 is also a comparison between the effects of 
solid and pneumatic tires. The truck used in this 
case was of 54-ton capacity, loaded with 74 tons. This 

figure is intended to show the very great cushioning 
effect of pneumatic tires in comparison with solid tires. 
In this case a 4-inch obstruction was used during the 
test with the pneumatic tires, and the resulting effect 
was very much less than when using a solid tire on 4- 
inch, or 1-inch, or 2-inch obstruction. The figure also 
shows the effect of the air pressure in the pneumatic 
tires upon the value of the impact force. 
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THOUSAND POUNDS 

2 AND 3 DROP 
TIRE NO. 25 SOLID 40%6 
DUAL 6000 

A K 
W 8150 8800 
mg i950 1300 

10100 10100 

a ahah Cen ee io 4.2 T ig CNG 
MILES PER HOUR 

FIG. 11—COMPARISON OF TRUCKS VS, SPEED. 

Figure 10 shows also a comparison of tires. This 
shows that in general the magnitude of the impact 
force is dependent upon the condition and deflection 
of the tire. It shows, as did figure 8, the wide varia- 
tion in impact values that may be expected from the 
same truck equipped with tires of different conditions. 

Figure 11 shows a comparison between trucks. Two 
54-ton trucks were used in this case and each was loaded 
so that the total rear wheel load was the same in each 
case. Truck A had an unsprung weight of 1,950 
pounds and truck K had an unsprung weight of 1,300 
pounds. Both trucks were equipped with the same 
set of tires. The purpose of this comparison is to show 
the effect of unsprung weight upon the impact value. 
It is very clear that the truck having the lighter 
unsprung weight produced the smaller impact values 
under the conditions of this test. 

Figure 12. The purpose of this chart is to show the 
possible impact values which may be obtained by using 

_ trucks of different capacities. It is clear that the light 
truck, W, if run at a sufficient speed, may give impact 
values as high as a heavy truck, when run at the ordi- 
nary truck speeds of 8 to 10 miles per hour. These 
impact values were all obtained from a 2-inch obstruc- 

tion. ‘This figure shows that it can not be said that a 

heavy truck always gives the highest impact values, 
without stating several qualifying conditions, especially 
the condition of speed and of tire equipment. This 
statement refers to impacts only. It should be noted 
in particular that a light truck running at high speed 
will produce large impacts only occasionally and never 
very heavy load pressures; while a heavy truck will 
produce in addition to impacts a continuous heavy 
pressure on the road surface. 

SUMMARY OF INDICATIONS, 

The results presented here must not be considered as 
final. The investigation has not been completed, and 
will continue under different conditions for some time. 

(ae | Ba 

aa 
| EN Gale. 

THOUSAND POUNDS 

[ORR le Id Sle TIS eo 

MILES PER HOUR 

FIG. 12.—COMPARISON OF TRUCKS. (TIRE DEFLECTIONS INDICATED, 

ALL 2-INCH OBSTRUCTIONS), 

It is not the intention in this paper to state final con- 
clusions or to deduce final laws and comparisons. It is, 
however, thought desirable to state briefly some of the 
indications toward which these results may point. 

The impact value depends very largely upon the tire 
equipment. The condition of the tire—that is, whether 
it isnew or badly worn—determines the amount of cush- 
ioning effect it may offer. The deflection of the tire 
depends upon its depth and quality, and any condition 
of the tire which adds to its deflection will, of course, 
serve to reduce the impact. The actual shape and 
construction of the tire seem to have considerable in- 
fluence upon its cushioning effect. No account, how- 
ever, has been taken of the power-consuming factor of 
any particular type or shape of tire. 

So far as they have been tested, cushion tires seem to 
offer a decided advantage in reducing the impact. In 
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Springs. 
| ‘ 

pee esp ane dee as om 
weig weight | a 5a 

Chart No. Truck. |Capacity.| “Load. on 1 rear | on ee | | Deforma- Deflection] — Pyne of test. 
wheel | wheel No. Kind | be No. due to me: 

ED) aed: | "toad. weight. rie TSA? avrais | rare, wee Alia) ay bes he Sie eae Es 
Tons. Tons. Pounds. | Pounds. 

Sha aR esl Oe ae ne ALE EAE lip 1 1 1,175 | 375 | WS old ee pee OULL \3535e ee 1.63 | Drop-stationary. weg Parede neg BR teat dee Se Senate ie al 1 1 1,175 | 375 | fel MaRS OB ee) Saat 2 Lh eee 1.63 | Obstruction, © Se eee re Sot at OR MW 1 1 1,175 319 iaese sn] CUSHION seek aa 23S | Saeco 1. 63 Do. eee eee eo eee SRE e Der ee W 14 0 | 970 1, 065 5 SOUGz eon er eeon 613 eat ceen| sodas scusl DOPOD. OS SS Oe SARI EE  AT IO W 13 14 2,410 1, 065 B let ddadov PRE ee = Bal Se ae ee Do. Bee eR TEP Ww 1h 24 3,175 1, 065 BA sd ga: eae eee BS Fasc 1 eel Se Do. Seen. eee ee VWieement 1 0 970 1,065 | 5+|iecesdOuee Se RS. J13. Joee.|Vo see Lee -ObStrucuone Si iia tet Oe eer Ww | 14 14} 2,410 1, 065 | B gcse dO E15 | eet (ote oo cat Do. re files oe ee w i re 24 | SUT Wee 1,085.4 - - Sic ceetdp ee fy AN ARNE C3" 3 RT a eat BE At ac poatio es A 2 3 3, 900 1, 000 22 Pneumatic........ 1. 05 E 3.19 eee Nee ne Se SE Tee: A 2 2 | 3, 300 1, 000 20) 520d Osha 195 BE 2.70 Do. i JGd6 Ooo ee es ee A 2 3 3,900! 1, 000 Dd: het A Osa dete ae ee 1.05 E | 3.19 | Obstruction. 
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weight | weight Def | \Deflecti 
Chart No. Truck, |Capacity.| Load. | on 1 rear | on 1 rear ha |Detlection! Type of test. 

| wheel | wheel | No Kind tion due! avo fine to. | : 
(Mg). | (mg) ; y to wheel | ‘ | sprung | 

a ’ } load. | | weight. 

| Tons. Tons. | Pounds. | Pounds. | | | ; 
. Se Set Sone LS Ae ie tae Pee | a 2 4 3,300 | 1,000 22 | Pneumatic........ 0.95 E | 2.70 | Obstructior . 

2 PEEPS Pie ig SSS eS NER y: 2 3,300 | 1, 000 21 aleeasnOce ee ee 1. 05 | E | 2.70 | Drop. 
ho = Se gg aee Reg eae A 2 3 37900 1) 000 Pi eee a ckpie 1,15 | ©} 9330 Do. 
is ete a ee An bitin scaink Dean oo 3 4 - : 4 oan pe - Boas pe Rie PE oan 1.05 - 2.70 Obetruchion 

Ritts eee titel waite «Mecca Galen acaaias ‘ 2 Ae nt Oe emer a et 1,15 q | 2.70 | 0. 
i ea ee ee A 2 3 3, 900 1,000 ae eee ded, weer td 1.05 E| 3.19 | Drop. 
‘Ls Ane eas ae eee eee A 2 3 3, 900 1, 000 7 Ee GOAsg 2-2 <5 1.05 | E 3.19 | Obstruction 
i). Ss 2 oe sew pees pee a eee A 2 0 1, 250 1, 000 S\:@ushionss 2.0.22. . 39 | E 1.02 | Drop. 
PA Nay DANES: Se eet eae eee A 2 2 | 3, 300 1,000 | Sues Chi ae nce 57 | E | 2.70 Do. 
Be er seacetl dui S any he Si owe wie A 2 3 | 3,900 1, 000 Ae deat e ct oe. 62 | E/ 3.19 | Do. 
NO Soe a SE Ee Dee ae 2 eee A 2 2 3, 300 1, 000 ee Cs sae OSA ene 57 E 2.70 | Obstruction 
Bs oe ir oe Se eee ee Pee A 2 3 3,900 | 1, 000 Soy Pe Os eee ee 62 E 3.19 Do. 
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| (Mg). | (mg). hs SEEM to wheel 0°. | sprung 
| load. weight. 
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os Sn A eR SA A 2 3 3, 900 1, 000 9: 1S, ads? yee . 30 E 3. 19 0. 
Mgnt ar ee i, Sy ee ES A 2 2 3,300 1,000 Od. Ses O eee eee .27 E 2.70 | Obstruction, 
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‘A 

PMS: Ai Rh wl | 
ee |e Ee 
AE eS 2 aa ea 
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Siete al Peel ae 
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| ea ot tet] ee TN 

Chart No. Truck, 

| Sprung 
| | weight 
Capacity.| Load. | on 1 rear 
| wheel 

(Mq). 

| Tons. Tons. Pounds. 
3-34 2h 3, 450 
3-34 4} 5,300 

0 1,150 
24 | 3,450 
4} 5, 300 
0 | 1, 150 
24 | 3, 450 
4h 5, 300 
0 1, 150 | 

Tires. Springs. 
Unsprung|_ y sakes “<— — = 
weight ] | 

on. : es | Deforma-| Deflection Type of test. 
whee : rs tion due | due to 
(mg). No. Kind. | to wheel | No- sprung 

| load. weight. 
= —_ -- — —_ _ | =| te oo —— 

Pounds. 

~ 1,700 LOWS Olid ewan ss 0, 26 D 1,44 | Obstruction. 
1,700 LO Sie fe Scm,., vec seh 32 D 2. 20 Do. 
1,700 1 ae G6 ee a pay D - 48 wae 
1, 700 1 0 3 aeeee ms . 26 | D 1, 44 oO. 
1,700 LD ee ak dd. eee 32 D 2, 20 Do. 
1,700 119 eres 02s. ems eee Ai y/ D . 48 | Obstruction. 
1, 700 rol eee CO: 2s ee eae . 26 D 1, 44 Do, 
1,700 LT etna 0: eee . 32 D 2. 20 Do. 
1, 700 17:\|'n eedoseeeee ee . 05 D Drop. 
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Tires. Springs. 
SprunesUusprungiss + Pe a eres” 
weight | weight | 

Chart'No. Truck. (Capacity | Load. | on1 rear! on 1 rear | Deforma- Deflection Type of test. 
wheel wheel No Kind tion due No due to 
(Mg). (mg). Pa tere | to wheel | ~*~’ sprung 

load. weight. 

| Tons. Tons. | Pounds. | Pounds. 
ChE SoS h nit CARB AEE Bye 3 ee ee an PE 3-34 24 3,450 | 1,700 V7 Solid 23-2 eects 0,08 | D 1.44 | Drop. 
eee ta eae Weiser SE awie's seine ae Ls oe | fe | 3-34 4h 5,300 1,700 Wii Beers Co & = ee Bae. SONS . 09 | D 2. 20 0. tnd 38 > ASReee SL ee See ae P 3-34 0 1, 150 1,700 1 Wi Ie EL 6 (ee Se eee ce Fe 05 D .48 | Obstruction. 
Mopac tem aoe ain d dies aa < te aie eis as os ie 3-34 | ° 24 3) 450 1,700 Ligaen O0ssee eee . 08 | D 1. 44 Do. br coin thee AO oe Sh et ree ee | rf 3-34 * 4h 5,300 1,700 Vijlerse: GOR. tere ccs . 09 | D 2; 20 Do. See en itt ot Stor Ul ch ews anes fe 3-34 0 x 150 - 1,700 5 I a andl Ne a ee, . 05 D 48 Do. 
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| ‘ weight weight | | Chart No. Truck. Capacity.) Load. | on 1rear| on 1 rear Deforma- Deflection Type of test. 5) Al | wheel | wheel | No Kind tion due Noueal due to | (M9). (mg). : ee to wheel * | sprung 

load. weight. 

Tons. Tons. | Pounds. | Pounds. | | a re Ae Soya aie ays, SAE hap de ie 3-34 0 151507) 915-700 D 0.48 | DE SF Pee anes nett Bee eae ee hae ee B 3 0 1, 388 | 1, 837 | A | .74 oO. Od eahmess reece er ee eee oem B | 3 3.6 4,700 1, 837 A 2. 62 Do. Ol: 1. Soe en eh ee eee eee B | 3 5 5, 900 1, 837 | A 3. 62 Do. G2. eran eee eee oe ee Bay a 3 0; 1,383] © 1,887 | A .74 | Obstruction. LS Ae SP ee yet ue fa cae B | 3 3.6 4,700 Sy eee pee A | 2. 62 Do. 
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Chart No. Truck. |Capacity.| Load. | on 1 rear} on 1 rear Deforma- Deflection| Type of test. 
wheel wheel | No Kind tion due No due to 
(Mg). (mg). | ) : to wheel * | sprung 

load. weight. 

| ars 7 

Tons. Tons. | Pounds. | Pounds. | 
ft ea ao ee B 3 5 5,900 | 1 Ba Ge ewe BOHG: 8-80. see. me cc l one eae a A 3.62 | Obstruction. 
i enone NEA Win see. JL! Ae 5 5 6, 950 1,950. 1 ee Oss AA 0.15 F oo Drop. 
GORre mee hee Sess eo se. - nosoe le ake } A 5 7s 8,650 | 1,950 13 jeeese Gore sch orts .18 F 3. 09 JO. 
Dieta ann eeena acta Ste Oncecc cassis. =| A 5 5 5,950 1,950 | aR eae Ot Se peeras 15 F 2,12 | Obstruction. 
OES ee 5 on Sat er pas ea A 5 74 8,650 1,950 | 13/43 sede Goss eacs- keen .18 F 3, 09 Do. 
Uh Ee a a, SO ae i a A 5 | 0 1,050 LO504 6 14}. 32: Tas eer eae ie] F .38 | Drop. 
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MILES PER HOUR 

Chart No. 

PP PPrrP 

Sprung Unsprung 
weight | weight 

Load. | onlrear on1 rear 
wheel wheel 
(MQ). (mg). 

| 

Tons. Tons. | Pounds. | Pounds. | 
5 5 |° 5,950| 1,950 | 
5 7k 8,650 | 1, 950 | 
5 0 1,050 | 1,950 | 
5 5 5,950 | 1,950 
5 7k 8,650 1, 950 
5 4.8 5,150 1, 950 

Tires. 

Kind. 

Solid =. see 
bie OO sae eeeeree 

side GOr sss tee hare 
eee doses owes 
PADS GOisetscncecuce 
neatee G0ssane asebates 

Deforma- | 
tion due 
to wheel 

load. 

6.36 

£08 | 
.16 
.19 
1B 

Springs. 

Deflection Type of test. 
No dueto | 

i sprung | 

weight. | 

F 2.12 | Obstruction. 
F 3. 09 Do. 
F 38 Det ? 
F 2.12 0. 
F 3.09 Do. 
F 1. 84 Do. 



THOUSAND POUNDS 
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MILES PER HOUR 

| | 
| Tires. Springs. 

| Sprung |/Unsprung 
peal weight | weight | 

Chart No. Truck. Capacity. Load. | on1rear) on 1 rear Deforma- Deflection Type of test. 
| wheel | wheel NO Kind tiondue due to 
| ( Mg). (mg). a i F to wheel sh sprung 

| | load. weight. 

| a ae 
| | | 

Tons. Tons. | Pounds. | Pounds. | ’ 
An 5 6.7 8, 150 1,950 On it aii... aera 0.18 | F 2.90 Drop. 
ra 5 0 1, 050 1 O50 she 925 (eee: doineets ae: . 08 F .38 Obstruction. 
IN| 5 5 5,950 1,950 Ne Ee do. ae Ae: | .16 F Dai 0. 
A | 5 7k 8,650 1, 950 25 Nose. Oe see. saan .19 F 3. 09 Do. 
A 5 4,8 5, 150 1, 950 7: A, Pi Wee Sowa 15 F 1. 84 Do. 
A 5 6.7 8, 150 1,950 2B Neen AO nent facie owen +18 | F 2.90 | Do. 
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THOUSANDS OF POUNDS 

12 E¢ansena IOS i Ei 

"s ie EAE 
a A eS : 8 14 

MILES. PER HOUR 

Tires. Springs. 
Sprung |Unsprung us 
weight | weight ] ; 

Chart No. Truck. |Capacity.| Load. | on1rear| on 1 rear | Deforma- Deflection] Type of test. 
wheel wheel No Kind | tion due No due to 
(Mg). (mg). : a ay | to wheel * | sprung 

load. weight. 

ar ts a at ans | ; cs 

| Tons. Tons. | Pounds. | Pounds. | * 
OT <7. 0 Sed peaeae eee tcc’ oe aeeeea cane Ka 54 5 7,060 1,000 2) Apollos 0. 23 B 3.73 | Iron obstruction. 
08 once Ao oan eee ee ee eae Ka 54 5 7,060 1, 000 P| Wes WOribasstaktae . 23 B 3.73 ss rae SR CRRAE CO SES PN | Kea Bh 7a 9) 575 1, 000 Da ars dos ee .28 B 5. 12 
LOO Sas. ot eee tee nee Ka 5h | 0 2, 250 1,000 Dies Oizo 15 B 1.12 Obstruction. - 
LOLS si. .~ Babee Ce eee oe Ka 54 5 7,060 | 1, 000 Blane Oss sees - 23 B 3. 73 Do. 
RO2. 21st depos caeece eee PO Er ee Ka 54 73 9,575 1,000 yal eee C0 vsesce accents - 28 B 5. 12 Dose 
LOG scious oe the ee ee ee Kb et 0 1,600 1,300 16s) een. (i 0 Ree Se 15 G - 53 Da 
CU ee Pee Bee aR Sen oe ke Kb 5s | 5 5, 800 1,300 AG ihe 2 G0: eee eee . 28 G 1, 93 oO. 
BUG aaa ioe cae sep ese tee eee ee Kb 54 74 8, 800 1,300 16) ses G0.c sees easton «35 G 2.93 Do. 
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THOUSANDS OF POUNDS 

N 

q a NOLES at ae \ 
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MILES PER HOUR 

Tires. Springs 

Sprung |Unsprung, _ a ee 
weight | weight | | 

Chart No. Truck. |Capacity | Load. | on1rear| on 1 rear | |Deforma- | Deflection)’ Type of test. 
| wheel | wheel | xp Kind tiondue| py, | dueto | 

(MQ). (mg). | | re to wheel | - | sprung | 
load. weight. | 

Tons. Tons. Pounds. Pounds. | 
Kb 54 0 1,600 1,300 | 16 | Sold aoc ee ee ea 0,15 G 0,53 | Obstruction. 
Kb 5 5 5, 800 1,300 | 16 lected O55 eee . 28 G 1, 93 Do. 
Kb 54 7k 8, 800 1, 300 do «35 G 2. 93 Do. 
Kb 5h 0 1, 600 1,300 24 | .18 G .53 | Drop. 
Kb 5s 5 | 5,800 1,300 aS G 1.93 Do. 
Kb 54 74 8, 800 1,300 . 42 G 2. 93 | Do. 
Kb 5h 0 1, 600 1,300 .18 G .53 | Obstruction. 
Kb 5h 5 5, 800 1,300 35 G 1,93 Do. 
Kb 54 7k 8, 800 | 1, 300 42 G 2. 93. | Do. 
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Chart No. 

Sprung 
weight 

Truck. |Capacity.. Load. | on1 rear 
wheel 
(Mg). 

Tons. Tons. | Pounds. | 
Kb 54 0 1, 600 
Kb 54 5 5, 800 
Kb 54 Tk 8, 800 
Kb 5h 0 1,600 
Kb 5s | Db 5, 800 
Kb 54 14 8, 800 
Ke 7k | 0 2,700 
Ke 7 | 3 6, 200 
Ke 7k | 83 11,000 

Uns prung 
weight 

on 1 rear | 
wheel 
(mg). 

Pounds. 
1,300 | 
1) 300 | 
1,300 
L 300 
1, 300 
1, 300 
1, 500 
1, 500 
1, 500 

Tires | 
| 

| peerie 
. rs ion due | No. | Kind. to wheel | 

| load. 

20 apOUG pene eee ee 0, 08 
25}. 0s sae eeneaee LD: 
yA M hee ee ro KO -, eS .18 
25 | ees cree + ee ee . 08 
DB ieee G0 snc eee -15 
25 sae. (6 Fe pe Me" Eee .18 
A i earns M06. odes on . 30 
1 A Fe (OR - eee . 48 
uA ee (Ge ee eel . 60 | 

Springs. | 

| 

Deflection, Type of test. 
due to 

No. sprung | 
weight. 

G 0,53 Drop. 
G 1,93 “Do. 
G 2.93 Do. 
G .53. Obstruction. 
G 1.93 Do. 
G 2. 93 Do. 
C 1.08 Drop. 
C 2.70 0. 
C | 4.78 | Do. 
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THOUSAND POUNOS 

30 

I6O7AIR 
J40* AIR 

2" 160 * AIR 

Wey eS { [I MM 

| 
AN 44 

E 
Bre . eo } 

Chart No. 

| Tons. 
Ke 74 
Ke 74 
Ke 74 
Ks 5 
Ks 5 
Ks 5 
G 5 
G 5 
G 5 
G Ny 

Capacity. 

24 26 28 19] 2 
MILES PER HOUR 

Tires 

Sprung |Onsprune) = Z == z 
weight |-weight | . 

Load. | on. ent on ee | Deforma- 
| Whee whee -: tion due : 

(Mg). (mg). No. Ixind. tonwheel No. 

load. 

es | a | 

Tons. | Pounds. | Pounds. 
0 2,700 1, 500 LO ROUGE Stok atee. see 0, 30 ( 
87| 6,200 1, 500 i pas eee te 48 ( 
8} 11, 000 1, 500 apooeee do. so3ses te 60 ( 
O-} - 2,740 TAN STE See eek PDOUM SiG. oe ee | ee eer 

6, 4 8, 080 DOLSON seek tae QO ate Pn oases Sal Reeder tee HS sine eee a's 
7.15 9,380 ene iy BEd ie ls ES gaa A ele Se Ra 

5 '7,980 Br Os Pemeraee Sel ana LE ae te S28 Ey ee Ae eres 
74 | 110,280 ee) | ae eee [cto a en ae Be ee eee ae 
5 17,980 RS bOO: NP cance slates (oc aR he = Seer ae eee Perea 
7% | 110,280 Bt) DOOM one 2 Pata Lo aS eee aie eae) Ee ae I OREN 

Springs. 

Deflection 
due to 
sprung 
weight. 

Type of test. 

1.08 Obstruction. 
2.70 Do. 

4.78 Do. 
Bre ee No Do. 
SNE 16 Rae Do. 
SR ee Do. 

1.75 Drop. 
2. 62 Do. 

1.75 Obstruction. 
2. 62 Do. 



this connection it should be stated that the name 
“cushion” on a tire does not necessarily make it such 
a tire. Some definitions and deflection requirements 
should be adopted for the classification of tires. Cer- 
tainly a tire which does not have at least a deflection 
value of 40 per cent to 50 per cent of the deflection of 
a pneumatic tire under the same capacity load should 
not be classed as a cushion tire. 

Pneumatic tires, as might be expected, show a very 
great influence in reducing impact values, and the im- 
pact produced with such equipment seems to increase 
only very slightly with the speed. 

Considering the effect only upon the impact, the 
width of the tires, or the load per inch of tire width has 
very little controlling influence. The deflection of the 
tire is the main factor and this is controlled only slightly 
by its width. A decrease in tire width increases the load 
per square inch of tire, which in turn causes a slightly 
greater tire deflection. This, then, should tend to 

slightly decrease the impact. It will thus be seen that 
a large tire width does not tend to decrease the impact, 
but rather to increase it. It is a fact that a very wide 
but thin solid tire will give much higher impact forces 
than a narrow thick one. Inso far as the unit load on 
the road surface is concerned, this must be considered 
from an entirely different viewpoint. 

The speed of the truck has an important influence 
upon the value of the impact force, but it is a somewhat 
complex relation. It is not a simple arithmetical ratio, 
nor can it be expressed simply as a certain power of the 
speed ratio. When striking an obstruction or irregu- 
larity, the curve showing the impact values in relation 
to speed is approximately a straight line. But the 
equation of this curve depends upon the characteristics 
of the truck, the height of the obstruction, and the de- 
flection of the tire, as well as the speed. For approxi- 
mate comparisons it may be stated that the impact 
increases with the increase of speed: 

10 to 100 per cent for solid tires; 
10 to 75 per cent for cushion tires; 
and 0 to 10 per cent for pneumatic tires. 

An average of any of these limiting percentages must 
not be used, as the performance of any truck is too 
variable, and the relation of the other controlling factors 
can not be predicted. 
When dropping from one level to another the speed 

affects the impact value somewhat according to the 
percentage variations, given in the preceding para- 
graph, up to the point of a critical speed of 9 to 12 
miles per hour. Beyond the point of critical speed at 
which the wheel falls freely there should be no increase 
in impact value. 

Although heavy unsprung weights may give higher 
impact values than lighter unsprung weights, it can 
not be said that this is the major controlling factor. 
With all other conditions remaining constant this may 
be true. But other controlling factors, such as tire 
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equipment, spring stiffness, load carried, and speed, 
may have a greater influence and overcome any 
difference due to the unsprung weights. 

It is easily possible to so operate a light-weight truck 
under certain load and speed conditions that it will 
produce as high impact values as a heavy truck under 
certain conditions. Much remains to be learned, how- 
ever, as to the relative destructive effects of light-weight, 
fast-running vehicles, and slow-moving heavy trucks. 

The impact values as shown on the accompanying 
charts may be as high as 7 times the load at one rear 
wheel for a solid tire over a 1-inch obstruction at 16 
miles per hour; an average value being about 4 times. 
For pneumatic tires the maximum impact value is 
probably not more than one and three-fourths times 
the load at one rear wheel, and an average value is 
not more than 25 per cent. 

REPORT ON CALIFORNIA HIGHWAYS READY. 

The report of the Bureau of Public Roads on the 
study of the California highway system made by the 
bureau has been completed and will be published 
by the California Commission about March 30. 

The report, which was transmitted to the State 
Commission by Secretary of Agriculture, E. T. 
Meredith on February 18, covers the work done at 
the request of the California Highway Commission 
and Highway Engineer since July 8, 1920. The 
field studies and the preparation of the report were 
carried forward under the immediate direction of 
Dr. L. I. Hewes and T. Warren Allen, general in- 
spectors of the Bureau of Public Roads. 

The published report will contain about 58,000 
words and numerous tables, together with 11 ap- 
pendices. It is profusely illustrated with photo- 
graphs and 115 maps and diagrams. Bound in 
cloth it will make a valuable addition to highway 
engineering libraries. 

It is the most comprehensive study of the results 
obtained through the development of a State high- 
way system that has yet been undertaken. The 
work follows two principal lines; one that includes 
those questions that are engineering in character, 
and the other those that are economic in character. 

For the purpose of the study, the principal opera- 
tion was to classify all the pavement laid. This 
classification covered 1,262 miles from which a 

complete record of all concrete pavement for each 
one-tenth mile resulted, and is supported by 7,500 
consecutive photographs filed in the bureau. 
An abstract of the report will be published in the 

April issue of Public Roads. 

Acknowledgment is made to Mr. J. T. Pauls for his painstaking and thorough 

effort in conducting the field tests, and for his aid in preparing and plotting the 

charts; and to Mr. C. A. Hogentogler for helping to secure and analyze the data. — 

This investigation is done under the general direction of Mr. Thos. H. MacDonald, 

Chief of the Bureau of Public Roads, and Mr. A. T. Goldbeck, Engineer of Tests. 
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FEDERAL AID ALLOWANCES. 
PROJECT STATEMENTS APPROVED IN JANUARY, 1921. 

| 

| | Project 
x ; | P state- Estimated| Federal State. Project No. County. Length. Type of construction. ments ap- Boat ie 

| proved. 

; Miles 
Primaand Sante Crugsee, nek sone <luescceee IBTIG ROS en scee eee eae eae aaa ana Jan. 15 | $52,000.74 | $26, 000.37 
Manta, Cruz.p il. cost aesoeee cate see LAS OOO GTA Vel. cconmeke mr tecmiecies te wesc ccsnwasfs cn Moves. | 114,603.50 | 57,301. 75 
Maricopa sack pete cer eee ris te ek aeas V-GATS | CONCTOLG ae amnces to aneeece est ascccc es Jan. 7 '200,000.24 | 100, 000, 12 
oe on ee ee Sater ees F. 33.940 Gir ORT BPR ees Jan. 18 | 3 29,647.04 | 119, 000. 00 
TAN a0: wineanints eae eke. Ree dens = 800 |aceee Ogre cies tives meee es ek s/ateca ces Jan. 25 | 152,090.50 | 115,000. 00 

SEATCy. 5. Sean 1 eee ee | a Brid come Mee eA Sak oS Jan. 27 |} 34,650.00 | 115; 600. 00 
CHICO sees: aoe ee tenet. eee Ss CONCROLO. npr teat ae Ae xe aaa onan 2 Jan. 26 | 137,041.98 | 14, 200. 00 
JOMOTSON eee aaa Te AeN ea eal fl ee yee OUT iracew GO ss chee An re Ss csin'nccae's Jan. 6) 68,999.99 | 19,540.00 
Cheyenne Gtavelis foc as ee ee eee eee cee eee eek Jan. 21 | 327,865.54 | 313,932.77 
Ciipttee tere aan sepa. Seen onsets oie arth seer pen ae See eee sc oe cane Jan. 28 | 110,775.50 55, 387. 75 
DDAVIM OLS as Acne woe agit Renae seca eens Concrete ti uekt dartcttee sae ee sec secaks Jan. 6 57,963.95 | 25,900.00 
haces Rennes este cde eens of, My EBIGH Eee Oz. Pea 5 eee oe dacewck hs oh. Jan. 21 | 57,975.70} 26,320.00 

INS eencemen a ae eeeacwae sees eee), | 4G ree GOR ateate oc hehe ee eee See eee noes Jan. 6 | 175,983.50 | 87,991.75 
Sedgwick Griveliaeae ls eau New cles ceoes Jan. 22| 68,202.75 | 34) 101.37 
Gunnison arch end pravel icc nsc eee. Gees eecses Jan. 26 | 88,810.26 44, 405, 18 
Montezuma Gravel eee cess tase eeee ee ces occas ba Jan. 21] 39,314.55 19, 657. 27 
New London Bituminous macadam..............-..- Jan. 6 | 189, 456.30 85, 000. 00 
eee Brideom cee Pe Oc aa ee eet 955 8 bi noe Aug. 2 | 159,950.00 | 129,975. 00 

OLS. Siete ateeseace epost Os citranale's Se krohr ais EE OP: SOU Sean been ae ate tras See aos alook do.2e. 141,184.00 | }! 20,000. 00 
TiGhGTiee te eee rn ce Coy Gomerebore soc. cea eee Stone meee do.....|!134, 778.38 | 145, 591. 04 
Gwinnetitene: eas-ottere~ ooo alee cl 410, 000) |e ac GO sth eck ee eS he fe dows: 151,154.71 | 125, 577,35 
Randolph Sand-clay sees eee aeoae sees Jan. 15 | 345,884.08 | 87,500. 00 
FLAT tees aeeete Snare ee 4 PRS m4, O00 LEE Tae 5 eae 3 a5 eee Jan. 4] 26,793.80 | 13,396. 90 
Glynn and McIntosh Shelli seaseni a casemetees soe co seaa chs Jan. 6 | 195,647.58 90, 000. 00 
IR VOULOL calelacwiccis Auteiioe cee acter ank cepa Hee tee ee etet Matecsabecte Jan. 26 | 15,102. 82 7, 551, 41 
TEC Rae Stee once eee ee Bee See TIAL OSes eee ee estes 2 Sy as les doz... 36, 300. 00 18, 150, 00 
Barton sai eins. eee Ne, Gravel A HE a Jan. 17 | 22,000.00 | — 11,000. 00 
Worth Cesena Cie cess wine fh oae ons Earth and hard surface..............-- Jan. 26 | 176,180.53 | 25, 000. 00 
Columbia Sand-claynvensceeseasoeceeeanaaseeey ipeedo-eeec 28, 585, 37 14, 000. 00 
Vanderburg, Warrick, Spencer, Du- |.......... Earth, brick, concrete, or bituminous | Jan. 21 |?2,115,596.26 |21,057,798, 13 

bois, Orange, Lawrence. concrete. } 
INODID ose ce eee ee ee nee ees 14.500 | Brick, concrete, or bituminous....-.... Jan. 15 | 636,900.00 | 318, 450, 00 
Bourbon, Craw lordsccessens ce seeeee ee 1,521 | Bituminous macadam 16, 182. 52 7, 815. 00 
Ciiaroke@ols seta sien ecto ce sina tee k= 3 Gravel ees. Soc ane Bes SS oes 378, 840.00 | 103, 800. 00 
Dt; Charles sao -cewessaaacn Sand-clay, eravell =. cseeenen senate ake = 162,531.15 | 131,265. 57 
Grant and La Salle Bridges cesicce ees ecteteeses see sdoe cece 116, 991.15 18, 495. 57 
Caldwellite eee ee 2 eee ers Gravelocs see: ee a soos eusaseties 195, 749. 84 88, 000. 00 

Maryland ios: seseect = AS eee terete aa PT ariordoaacse see see sees Senet Contereten. faa. een ade seeee 120, 973. 60 60, 486. 80 
Massachusetts ........ 4D Josssie ssiteeae ees panipeen Se eee ce tee a ae baremaidle Bizatnons macadam 79, 761. 00 39, 880. 50 

BO Fre tee sence VIN OUGIY ers meee ne cnent set cee c all mn ee LOS Mes eter OS ese eee eee ods cazaeare 50,923.40 | 25,461.70 
BAVA ok hobes Woreaster sda. che cxc ann 2 Bituminous concrete................-- -+- 71, 520.46 | 35, 260. 00 

ieieiegtes macadam...... Re ware tae ia one a * 960. “ 
ONGCLOLO Re ssc cesses ecieabe nisccacas~ xe 774. 75 4, 160. 

Bituminous macadam 158, 741, 50 61, 360. 00 
mararaie CLO acts eyatatetays cistatetecte nate vareersiaicie/olatete oat 97, 692. 00 71, 820. 00 

IMichip ani: ase esc Concrete or bituminous concrete 77 8 442, 50 346, 400. 00 
Minnesota Gravy elise eet cree eee ena cdineoe 3 45, 005. 62 3 3, 699. 02 
MISSISSI pple ve Seema te a) LOL aeeee Ween, occu cal) MONLEOMELY co ccccccs deeb ees tees ces! 29,110 Neca GOSS cae te Set aa sadeeo el 1 30, 573. 84 | 115,000. 00 

Gravel or slag 2 87, 403, 25 | 2 15, 796. 63 
Conerete's:..2. 2s. -<< 1320, 485. 44 | 1 100, 000. 00 

99,772.75 | 49, 886. 37 
58, 300.00 | 29, 150. 00 

Montana ............-- _ 96, 992. 50 | 48, 496, 25 
INGWan CXICO Ree meee OL es eer e eae | BOMMAllOc: -csceccestooseecsneesesoas| a - °+200 | COncretess.<.\.2scncccce ese aceascc clea $19,151.00 | % 9,575.50 

re cpa aie mia Sabine ane oemlercleeise swine 92, 803. 70 46, 401. 85 
Ae RE Ah Bel unc he Sage De 48, 836.15 | 24,418.07 

NRO ULED) i OL ct eee Peel Ot a eee eee RIA LATS eye Sate ake eee ee ae NV SOOO Warts anccc cea ccicc tees cee seicieciscwnn 13, 860. 00 6, 930. 00 
OD OfeR asec sere feet 1123, 000.00 | 1 43, 600. 00 

wajeie'c alo auc Reece ee wate rcia ere arenins 1220, 000.00 | | 72, 000. 00 
IO RIA Ot eee eee al 0 eee ee Reon ee ICUS DIN 2 ere Mem i cee ele ce ae ota ce bale] wcmniecen al) LIOR Ons omte che cece crane cuinesisleccr 40, 000. 00 20, 000, 00 
OLOCOU erecta et et lef 247,929.00 | 123, 964. 50 
South Carolina 1 207, 900. 00 | 1 103, 950. 09 
Roxas neat Aa 2| 1133, 102.20 | 166, 551. 10 

| 58,791.81 | 25, 000. 00 
126, 297. 69 31, 574, 42 

Uhahiee:.saseshc- 2-4 . 12 | 413,002.04 | 206, 501. 02 
West Virginia | . 22) 94,076.00 | 47,038. 00 

1 Withdrawn or canceled. ; 
1 Revised statement. Amounts given are decreases from those in original statement. 
3 Revised statement. Amounts given are increases over those in the original statement. 

PROJECT AGREEMENTS EXECUTED IN JANUARY, 1921. 

| Project | - Sk eee 
: ; agree- | Estimate edera 

State. | Project No. County. | Length. Type of construction. mient cals etal 

| signed. 
Ze F = : ‘S53 | ip 

| $30,607.83 $15, 303, 91 
| 64,088.55 32,044, 27 

78, 895, 85 39, 447, 92 
160,603.52 80,301.76 
177, 430. 35 88, 715, 17 
55, 277. 78 a, 400. 00 
96, 854. 72 ‘00. 00 

iibrado.. Gres Fg ae tee 8 Sis exit teense SOUND © ORGRE SPs) ace Graveleeaeee eee tee, aI oso: Jan. 5 331,153.52 315,576.76 
LAG Raper oe cre Magieand Gartield se ewe hoe etwas |ons see cce BON A soe see tate et ae pais ae Jan. 7 | 351,509.37 425,754.69 

Delaware... c255-5-- es Diemee nee 8 Re ones BUSSOX Sree eee era oe Ra eeS 2 Concroter rere eee te sect amaccel Atlee 24 foie cae ae 4 162, 674. 82 

Footnotes on page 39. 
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EXECUTED IN JANUARY, 1921—Continued. 

| | 

Project . 

State. Project No. Jounty. | Length. Type of construction. ba Sie ego 

| signed. 

Miles 
GRGTHIN=e:. oe ae eee ¢ Bronk Saeee ems 88... wd ce ee he cob ere adits oe Bituminous 'macadam............22.-. Jan. 26 |48137,468.70 

WONVMOCLOP= ss 2 cee eke Ss meee eee loco eumttes Sand-clayetsceel=s sees oa ee Jan. 21 | 321,006, 23 
VAG WANT OU fore soe occ ee ee eee P80: 9S) So nsOl. oes = eee oe ee eee eee Atal oe 390, 929. 48 
WAVER CON. coo ora cisco nd ee Pa one ere pand-clay: 252 ese eee en ena eis Femara! 31,424. 01 
WiRVU Gon oe caee Rete ann tec 8.250!) “TOpsotl.s ee ake ere nema ee oe Seo cee 16, 254. 46 
Gwinnett. 24 - oPe. 0c es ee eee Grt20 GO:22.* Soe ee eee Sado 79, 216. 35 
M&GON«,... sec. Desc See ee Wars tae e Bridget.) M29) Ae ee eee ees aE Ogee) 28, 070.30 
MULTAY 220-A. cc duce bee eee eee lh.» « (Ge OTOSETODSOLLS. con, Sree es See ee nes -:0....| 78,822. 84 
Dekel bie..0255 2.53 eee ne eee er 1.913 | Bituminous macadam................. Ole 3 |} 69,122. 91 
Quitman. .0ssc ee eee 650003). Sand-clay? ease eeeee «Sener es Rite, =e | 30,454, 21 
Wilcox... oc Sekt 65 eee 150130 1 -Gravel.. <2 485 coe ee ee Sass eC Gseees | 21, 764. 60 

THinvdis: 25? Bee BBS so ackwe DRG e o renee eed (0: 807%2| Concrete «t.3.cciha aa eee eats Jan. 4 aT 928. 49 
1. Kanes ccce2c. eek eee eee 0.487=| Concrete.and brick. 229)1222-21.5.225.- AOSe = 22? 752.95 
| TrOqu1018.3. ae Ce. a eee See ore 026983) Concreteccna: &: cn utine Seen eta oe meen =e dOseeee 27, 005. 52 
| Mayette.vndcckan chee tem creme 1.894 | Earth and four bridges.............-.- Jan. 27 | 210, 241. 28 
| “Wermilion:. 5.0. cee Sue ne ne eee eee Bridget) stie aoe ee eee Jan. 41] 27,858.61 
Jacksontand Wnionsexsece .- eee. 13:-200ill Wi arthisc,.c2 ae eee een Aan She Jan. 17 | 247,202. 80 
Williamson: . S229 Soe ee oees Sei Oct ee es AOss. ee eR ie Jan. 27 | 122, 556.18 
Adams 2 34...) 59e a sie SS 14,392) |... ..- GOs SoA Sey ce Eye tats Jan. 4 | 213,378.29 

Trdicuna cee ee. Spencer.and Diibois-eteese- eee 16,996 | Earth and brick, concrete or bitumin- | Jan. 19 | 237, 258. 06 
ous concrete. 

LOW AS eee ek a SSA BCD. -= ee Winlons As cob Soe ee ees Eee : 111, 494. 84 
OT BCDEs ar. scee | Waynes tes ais were eet ct eS : 79, 604. 41 

, 1 SCH GUTS soe0 Ree eee owes ete Se : | 76,051.91 
Keansaser. ... 528), 28 2: Saline: < ce co ah ree acts See Meee Cee ae eles é 2978" 627. 27 { 

oP ee ac [35.2:s SO3 ose Lea RN OES, - x 2393) 639. 05 
: Bourbon f : 116, 208. 58 
BO ie A ne ee ere Wyandotte and Leavenworth....-.... 7968"). Concrete: =c.2 eee eee eens Jan. 31 | 494,033.15 
Vee 7 ee ea MOtriS vento. nd 255 Se oo a eee hk 62809) | Bituminous macadamia. no .5e Jan. 25 341, 773.43 
Dae me tito ease ATION. a5. base Osh nck ee UE eee 20030), Concretemtasath pee Giese fase een a Jan. 26 96, 248. 24 

: 60. eet 2a Aaline and Oktay. aaememie omens 1 O80 arthaw eee. BREE foo ge Re OE Jan. 16 22° 476. 85 
Tee Pee ee liGherokoe: askew es. aaa ee eee 3)'073:)|, Concreten, sein sete eee eee ee Jan. 24 | 283,220.74 

Ouisinnia. a2 988 25. G5... Seto ae St. Marti. ..7 Ce eee - a ere occ 4. 950)| \GLOVEL sc seps nce eee are .-| Jan. 14] 76,972.44 
Maryland... .. ES Se Se 72D es oe eo Baltimore. ...... Le eS Shae Ot ae .146 | Waterbound macadam : 5 9,565.71 

URES OEE eee Os Pre ae 0s. .2>2sdenc. See ee ee |.) 2-410 | Sheet/asphalt 2. asi asec k a neue ‘ 98, 445. 38 
AE 2 een 3 eae ohare Ann omMirnmdel ess. 6 s55 ee bade. 28s | 2. 1205); Comcretertsa oy eee Soe ee a 82, 508. 80 
| ERB Seean seeosooee: Prince Georges....-..--.-- Se ee aes 07504 .| Sheetaspha litem peer se sae Sie 21, 298. 75 

Michi gam ...4> Janets |, WA Bel ee wOcceandand Muskesonetyse-- seer aes .|' 4 9982) Concrete s./2------ = eee eee a eee p 379,933.79 
| 26 | i 7 Gravel_. awa t See ; 119, 167. 33 

Sed Wem Gs... oe te deat SOR Ee ee : 128, 607. 21 
Minnesota. .£ 5 ites aes. lice Sete Set. man ve oe|) EAD. «56 eee ee ere See ee eee Oo ae Bes Gis. 5.R ne, iS ie ea Tee A 552,490.14 

| LY eee 2a k ca ol SOAnITON, . cer eerie es seers ee ee Amen eee Per cocaine G0: peas de Bie eel ae Tee 5 93,851.95 
| Barth oc, once: nae See ee i 217, 115. 81 
| = Concrete, £22. Sas ee ee ee ey Jan. 24 | 419,185.40 
| 40AB....- ee ee FN nme Sato Danes. Lae eee ioe Rae Gravels >. 2a Saeed a, ome. ee ae Jan. 25 | %8, 560.12 
1 AS See eB ere oe Nob1e82 25s. soe eee ae Se an. 155, 345. 95 
i Ea, Ae Si bley.cleiss:o. ehee weet cee 2 | ; 73, 871.16 
We See Fel Sher burials. teeta eee - 2 eae | fe 348, 462. 52 
Oe ae ORES cierto re et ee | ; 95, 634.15 
| SUS ee 7. Eee aes Blue Marthe eee ‘ 92’ 771.74 

y } GB OLLT ATS: |. foro =o eee cy ees : 76, 072. 31 
LLASCa SS Sk ee SOR See EE eee eee llisetesiser 33) 583. 25 
FreGboni.;-%s.5<a0. cc Ga eee ee EE . 44, 992. 87 
ae qi Parle ake ae eee eee sees 3 21, 019. 50 

MiSsissippings: eect 2 ‘ Lauderdale; sages: iris. 3 ee OE An. 47, 272, 16 
|UPIke So. 240s. 4s. aos Sea eee : 100, 062. 46 | 
Coahoma. <5 -5 5-052 3 eee oe ee | : 1319, 877.77 | 

MISSOUEL. 22-20 8en eZ Macon Pt s24 535. aa oe ee. Lo ree Gravel. aera td Ae Os ok eh eo oe Dec. 21 | 341, 386. 34 
JASDOI Laces aoa ee ets 6. 470). Concrete. seca... eee- saan eee a nOsee ecal Oszaol: 
Barrys) 20055 539s Sone ee eee Ae BRON IGE V Clee. 22 aac oc oe teeta ieee 45. doze. 60, 841. 33 
POUL enc: sontan Sains < SOI cae PE wi ent eee Bituminous macadam................. eC Ones 3 8, 853, 46 | 
Gresnews. tie 7... PRS 312330) Gravel 4.28 a). Se ae eee ---0_.-.| 243, 676. 35 | 

Montana. .-252 225-5 << Madison: <3... 524225. See oe ae ee ee GOsieo2 eee 1 At ee Jan. 4 | #41, 793.58 | 
Rosebucdtaence. sees Gi eee, «pee Be 30) 784 |S... Ordos 2 eta te oe i Sa Jan. 20 | 327, 220.22 
Meashor-......5 55 cee eeh Se  Be e  aee Hiarthizs § 2s 7508, #7 Rae ae Jan. 4 | 328, 164,33 
Musselshell. Se... eee eh eee ae WE Byiyy Bee dO ree ee % 74, 834. 73 

‘ | “TeGGN . occas 55022 eee Fe ee 13.240 | Gravel 5 84, 428. 64 
NOVads =e vmsesen ance = 3: Churchill £22 see. a eee eee el 8.290 | Gravel : 121, 148. 80 
New Mexicots eu. sense Valometaice . 5.54 eas Soe Ee ne wee eet | Gravel and sand-clay......-...-.---+.< Jan. 17 | 43,495.14 

E Hidalgo Siassa ee eee, = tee ae ee 8000) Gravel oss. 50. sn ace ee Jan, 22) 48, 959. 70 
New Niorks.0s-s2.08e5- y BYOQOUIG.:) 4050.5 tee ke ee ee eee Bituminous macadam...........-...-. | Jan. 27} 27,500.00 

; Delaware. esse eee. aoe lr eExeeewce)) OLMIOrCced CONCLCtG. BR etee eee eee ' Jan. 10 | 375, 300. 00 
North Carolina.......- | 3 DavVidsSOnjecsece cease eee cee 9-4, 469.4 eNODSOL.. sacs doe eee ee Jan. 31] 27,906.63 

Monteomierye tee. caste cone. Sees aT 064 ence dott n:. 2 3.04 a. soste ete eee tee Besley. 26, 975. 69 
| “Mecklen burgt ype ccc. ce eet 4.590 | Bituminous macadam.............-. 2 ole are One oe 188, 445. 18 

Y ) | Columbus 525 essa ween eee ce ees Sand-claycoacs costae tec eeeee oe ete ; 3 18, 407. 62 
) | ay WO0G 5a sueee see a ee ase ee | G17 MP Opsail set Se ae Pe eee 85, 413. 95 

WTOARA AC. oie 428 Jackson oc si soos een ae 45.832) Gravel ees eee eats Pee OS 136, 743. 31° 
Ol ers ae eee we DUTEY os daacekt ee eee ee ee Mopsoil. se ee sees eee 413, 581. 37 
U0 atomic ae ce meets Yancey’. «5.03 ihe nm poe pee aes 23 Gravelk...) mee. ee eee ---| 82,653.12 
CS eee ise, eee Chathams 2 37228. i Eptaa = deo Ne SfeeeAle Sirloin oe hs lf RODSOUZ IS 259.2 02 ne eee eo eae shes 32, 448. 15 
[AB 2 AVOLY ctl. cp o a oe SSeS od | Waterbound macadam leetidoy. ea 267, 013. 28 

‘ )ARGEMes oo asnese (Alleghany: sae ee eee tte ea AOSD lets donee. caret fe hoe es oe “do. . ..| 153, 899. 13 
OMG ce ate eae bees | SES sre 0hekos oes at Madison 222. Sseee note ene see eee eee Bituminous macadam...............-. : SL, 200. 00 

iO. 2 - SB aeeeeenery: Paulding so. a, ee es eee eee ee Are ee RATES macadam, Kentucky1ock! Jan. 4 | 3 29, 200.00 
| aspha } 

Clonmonte sc teas ote a: Eee 3. 548 | Wailer bound smacadame s.- ssc eee ece | Jan. 15 | 104, 600.00 
: Flocking J.255 2ot eee ee oe eee eee 5.351 | Bituminous macadam................. b7- dO sees 220, 000. 00 
Ok SOM eet sees ate Muskogee: acne) tn ere ener OI ys Secs Baste Pe. Mar eree ane Sei Re ee ee 5 3 170, 496. 17 
Orerom ooh oS 2 ee) W hooler. i cits Re ee Se eee a a ee ae ee ae ee rT 373) 207. 80 

Yamibill. 0002 So i ae bee 2a sWratorbound amacadant. eee ieee ieee Cig an 
Mathour. co. 2.8 Cc ia Reset eee eee aa Harthiod cae). See eee eee 3 4,089, 25 
Gilliam. .... Se ee ee | Ree iets aC vc igs eee tee ewe ge Pet’ oo a a om tl ee |e 3 151) 151. 60 
Sherman : 9 3 159) 051, 45 
Vasco. .......... i 3 45, 760. 00 

; Gilliam: 246°. Wt See ee ae, ig 51,040. 00 
Pennsylvania Dauphin and Perry. =. .-cs. eee. 507,518.80 

Wancaster. J ae-- ccene eae s eee gee es Bed h2: leek Jan. 339, 171.92 
Delaware! 6.0.2 cl 2 eee ee 2638" | CONCEAL esc dee oe isacrepeee ane eee ae Recsee es 170, 167.08 
Northumberland’ 25. cae ae | 3. 053 | Reinforced concrete..........-.....-.- ee O0rce- 139, 790.97 

pay Comin oe ci eines ee | a 6710| Soa GOA. ace k er pons cee eee fone Oe oes 441) 291.75 
Rhode Island Providence. so. ce neces. eee eee 5.000. | Bituminous concreté..2...-.2.. i222. | Jan. 19 248, 660. 28 | 

Footnotes on page 39. 

Federal 
aid. 

4 $34, 320. 00 
39) 088. 31 

351, 005, 42 
$712. 00 

8, 127. 23 
39) 608. 17 
13, 513. 08 

118) 629. 02 

16, 900. 00 
39, 000. 00 
31) 800. 00 

263, 000. 00 
284) 180. 00 
1 i 800. 00 

119, 520. 00 
97” 000. 00 
30, 045. 00 
5,967. 00 

46, 095. 00 
38) 486. 22 
2 920. 00 

43) 200. 00 
4 254. 40 
10; 000. 00 

1897 966. 89 
59, 583. 66 
64) 303. 60 
596) 5 245. 07 
61, 925. 97 
108, 557. 90 
423) 425.14 
36, 288. 88 
65, *000. 00 
36, 935. 58 

324, 231.22 
25, 000. 00 
46, 009. 00 
15, 000. 00 
1s, 656. 24 

3, 000. 00 
10, 000. 00 
4 Z 636. 08 
50, 031. 23 

1 100, 000. 00 
320, 693. 17 
115, 586. 25 
30, 170. 66 
3 4, 426. 73 
121) 838. 17 
420, 896. 79 
8 13, 610. 1L 
3 14, 082. 17 
ee 417. 36 
42, 214. 32 
60, 574. 40 
41, 747. 57 
24, 479. 85 
3 2, 625. 00 

3 26, 355. 00 
22) 524. 98 

91, 800. 00 
39, 203. 81 
42, 706. 97 
68, 371. 65 
46, 790. 69 
41, 326. 56 

3 16, 224. 07 
133, 506. 63 

39, 320. 00 
82) 000. 00 

3 85, 248, 08 
339) 103. 90 

mee> geal yeeeeste 

-_ 

=a <= 
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PROJECT AGREEMENTS EXECUTED IN JANUARY, 1921— 

State. Project No. County. 

South Carolina. ....... ib ee Ee a see Chester'and. Unione o..259.0sccereosohs ol 
Pet Aa eee. Sct es Oraripeburest Sock toe eee ey 
Ey IE SS 2S: CLATOn Oh see 2. che se eee 2 ee 
Dot mscte Week eS PUIG CUSOME | eae le ees eae enee .< 

SBS ie ects se s/o “Py Se tore a ae PATTON IG. Sees oe ee te eee ee 
Bit ee ere ie ss ihe Waehite stp oo ceeeee! 7s re ee Sl 

SELES tes ig eV EGE CL 5 aa i oP ee OR mis. Monel 
SRE seek BEE WO Sey Cassi fete 03 Serie. 4h: 2 eS. - 
PAS Oh en ea ae LL Koren cao a a, a eee Aa eS Re I ee 
iF bee oe. fe ta Ss REY EVOUPISOtL eet sce cee eee ene eee | 
iL ES SAS, ERG REL @ in Oils Pens ea eee taal ore ae 
1668 oases oe Eas ATAcoss 325,25 50s Jee eee ee ieee 
Ly (ie a ae PRT GS eee ae aie ia ieee bec 

babes Ewe. fe65 8.523 LOG Fe Fe Se Se SORT Wey 9.5 Aad noe ED an 8 ae oy ee 
SRT or ashen en Es Sap aa oe SVN ALIN GL SOR ch ry SRE cel Oe tS tay as ele 

20). ssa er WV ASHINISCOTLELD . Tet PEREE CR ye |. 
NA anh eae sapere AES) ee ely Set Se ICIM 8 GOORR6 saa nn a Raa en act en ae 

HOGS NSCS bot ees Se MSoubhampionrissg:: eee be SiS ee es | send 
Washington... 2.2. - 8 bag Se EEE ee ID BPESUONE 5.5 See eea ae kee oeoee eel 

AAs ghee Se Lt iGlarkol 4:3 See. cat 223s soa. ches... 
een ee ese ete | SD ALT hea an cae: aoe a ee Saran, PUR a a Zo 
9) Sh Te eae Ss Weinicolm: (a2 eaves bess eee Oe eee les. 
SOR cow ce aaa TBE VeuAOVaI Ge copeny: n= Set ae ee 

WVISGONSiMhe nis 2k. 1 Dae Sens hy Sry eee Danes? Fee: o22. .- eos tea ie7 2 2.|\ 
i fe ee eae eine. Gaeta PEC AT ten come ite eee: cae alee ae ek Sate 
VBS ASE GAS SOME | Jefferson and Dodge... .....-----.-- Bale 
stats Ne Oe ew Seu oe Sees eee Spe cee eee Boers eal | 
ee ke eg ere ae MEEDON cee ates Peer RSP Sei es wt 
RE Seer eee a5s VOMIT OQ oe Sane acres oO aie eso oe ae 
OA anaes ae AVION eee en Foe cee soa ees 
120 te E UE ear - SbaGroine necro seal ES eee 
LS Ass ote soot tthe PUNCRE ae. cee See oe eee e se ee fe ee 
Gist Sree ae eee Y Walayettesecco- esses (eons ee 
LaUt Cae ees ees IBIOWH Se ce bac a. ome ee ae hee OE 
130 ee at oe ee LOW ire fo. Ga es aes cen p eae 
OGG ee see eerie oe NOD LS ie testa at ataae 5 ree eae ee 
17 Ge Ree ae ees SSUES. <i ed <a ee pes ee a a 
Ly (eoeecee eee ae tal cee = COM eee ee Gee Pee es eee 

WYN OMNI Pn. 22 ks oe 108 ot cage INSTR On 8 Sere a hate ae LTS 

-Continued. 

Project 
Rea a agree- Estimated Federa! Length. Type of construction. | ments Bue aie 

signed. 

Miles. 
SD Ane STROBE Eee ee cei oss eek et cae ssst | Vane’ 164 $80; 264781" $B5,G0l 4h 
Seo hh ath Bebe At ercsre 3 ere] TBD: 19) 2 474936 }2.. enn wake 

Ise Can C Cl eeeeR ent Ae ee ese S| fan. 11 | 79,843.61 39, 921, 80 
FE: WO (BA Wey aa He, 3) wc a Tan. 21 | 112, 801. 52 56, 400. 76 

$3,327 | Gravel, bituminous top............... Jan. 28 |8118,941.15 | 359,470. 57 
Sa ae | Concrete Ree ng aeons Oh ne ae dances |e oat. 10: 14.20. 028, a1 450, 000. 05 

ae Se Rock asphalt-eew g. Jolee. 2222 22.) Jan. 15 | 444,097.16} 492,048. 50 
TO. OO0wW GnavOlecenen steer e SoneR OE. Jan. 26 | 126,741.98 35, 000. 00 
3.920 | Gravel and sand-clay. ............-... | Jan. 12| 49,964.98 22, 500. 00 

Te ark | Gravel, surface treatment.............| Jan. 25 |......-.....| 215,532.19 
135440) EBNO-CIN Ve cerasa es sec ees oe Sas Jan. 10 | 82,747.61 49, 000. 00 
13.500 | Gravel, bituminous top...............] . Jan. 15 | 301,356. 09 142, 866. 61 
5. 760 | ravel tee ie LLIN, Ath Lees Jan. 25 | 40, 248, 54 20, 124. 27 

fas Soatoeel NG ge ree ee ee tee | aD, LT 19, 181. 49 9,590. 74 
nag aprons Bridegaee seco. eee ee eee wee ol va, 20) I, O88N65 8, 547. 82 
Saw wesce hon 2s On. beeen Uaeaitschin see ek ta eos c fh Saad. “22 | 8d, 705.98 16, 882. 99 

9D. 250 ia Gravel eas ee te yt ota eS vse Meee pan.) 43] 80, 878. 20 10, 439. 10 
0; 980. 4) CONGTAtBE eae ew as eke s ee Dec. 28 | 64,034.50 19, 600. 00 

Be AGT Vel 2 ee seeeeoe ne ee eee coe am ote 24. 879.80 15812 O01. 8F 
«coeptece Con cheb queens cutee tn ee are Sree ee UGG, (OO) lavas a=. 2-«s! ,~ 98,500) 00 

T2340 Ft Grave lee ae ee eee oe eee eee | Jan. 3] 42,014.83 | 21,000.00 
2.010 Earth..... AOS Ae te See £52) Jam 25 48, 163. 28 24,000. 00 

LOGS Sie Gray lee ee sta eee a Racca at we gaits 5 24,700. 61 12,000. 00 
aehasiea | Waterbound macadam................. Jan. 11/8 18, 437.23 | 311,691.39 
ee ee STA VOle ton pace oie S46 Oe te See: Rhee | Se Mili alee vce + Spc Oy Sous De 
Pe ee eee Ose a eee a eet aie UA nite iia a Ee tok Lone clo ee 36,000. 00 
aeieee age Hel Sr bilemee tote). ta oes eee. . Made eae e ECL Oss. Sah O66. Do! meee L, Shas 18 
wie hys oe Bituminous macadam. So ee lanes vas) JA. 7 || 8 So, ULosOopL ee ue, ook. 42 

BS760M| Shaledwstes oe STS TSU te Sk Jan. 26 | 38,088.34) 10,481.31 
AU CePA OM ee eee - cee is eae eek eas Jan, 18 48, 551.05 21, 116.17 
ie TOO" | COMCEOL Onan eee te Sastre Me ae mo ee Soe | Jan. 4; 99,701.23 40, 542. 91 
DEZo0. ME OPSOLL ker. were selec ce Peet teed Jan. 18 | 44,608.63 16, 493. 52 
1.540 | Earth and concrete......-..-..-....-.. Jan. 13 | 42,962.00 16, 481. 00 

Je apeerw Concretenseese 26 che coe ee eee. ee TES Ae ns lar Sa Aas 
SEASO WHA thes ce erga ee eae s ene ol ae Se dolor 121,520.09 | 50,000.00 
Gra LOaee. oc COR eee ee ee i eh Jan. 26 67, 392. 75 25, 000. 00 
OlG IPGravales es betes! cto. ohne geen ee ae Jan 7 21, 876. 25 8, 938. 12 
3.620 | CL Ocee Tae et SA ee EL ee (oho Rea | 52,442. 69 24,000. 00 

eevee = Se FdGncrate ake | RA ye See PAM 25018120, 981.27") 848) St 27 

' Canceled. 
2 Modified agreement. 
3 Modified agreement. 
‘ Modified agreement. 
5 Modified agreement. 

Second revision. Amounts given are increases. 
Third revision. Amounts given are increases. 

Amounts given are decreases from those in the original agreements. 
Amounts given are increases over those in the original agreements, 

CONSTRUCTION AND MAINTENANCE IN ILLINOIS. 

A total of 341 miles of durable hard surfaced roads 
was built by the State of Illinois during 1920. <Ac- 
cording to the State highway department this is a 
greater mileage of high type construction than has 
been built in any previous year by any State, and 
more than any other State built during 1920 except 
Pennsylvania which completed 410 miles. 

The mileage completed during 1920 is distributed 
as follows: 

Miles. 
Mme OLY) EIGN WANT che ee a. sa cin yatta 4-2 dS mee Seis Avie 2h 51 

UN SC Ta sy ies © ROE, A AS ae ee Pe ee 46 

Pasional Ohisirels toad t. sachet sh oc hoon ay = eee 69 
hire coe Ort ae a WED Ee a ><> ee rae era 113 

ienidaeo-Waukeoan Hoal te. . fy see <5 sweet ge sees ee 9 

USES Fy BRAC do Ss oe RRR ene, = Pee Se a racy te amo 53 

‘ 341 

There are still uncompleted contracts on the above 
roads approximately as follows: 

Miles 

RUM NRIPLSES WA kos step Se eee eas = Ae Os acts Sta en | 2 

RUE on in 22S oe bc os ate ae wingers < vos eR G SE 20 

Der aneT Ett TALIS TOs ©. We een ae ss Sa » ee ermamne 48 
Dinedoe- east ot Louis Road... <230.2--<re2- 82-98 se gees 71 
Deca WEN KOGA) ROR. 2.2 <- 222. de se aehe tee on hons pes ee ss ll 

SELSDARSNAVOL VW d fap, Cos eg RSP me Ln 28 

- $3,427,000. 

In addition contracts were awarded in 1920 for 
134.95 miles of grading and 81 bridges on the bond 
issue system, the total cost of which will be about 

Of these contracts 56.77 miles grading 
and 30 bridges have been completed. 

According to a recent bulletin issued by the State 
highway department the effort put forth by the de- 
partment and the contractors would easily have built 
double the mileage if conditions had been favorable. 
At the beginning of the season there were approxi- 
mately 100 paving machines on hand waiting for 
materials to be delivered to them. On account of the 
car shortage and restrictive rulings of the Interstate 
Commerce Commission not more than 53 of these ma- 
chines were in use at any one time during the season, 
and the average was considerably under that number. 

The department warmly commends the contractors 
for their earnest efforts to conform strictly to the 

specifications, and to produce roads of good quality 
despite the unfavorable conditions with which they 
had to contend. In many instances the increased 
cost of labor and materials caused by the car shortage 
meant the absorption of all their profits and in some 
cases even a direct loss. 



MAINTENANCE COSTS. 

The cost of maintaining tlte hard surfaced roads of 
the State in 1919 is shown in the table on this page. 
The table shows separately the cost of maintaining the 
surfaces and the shoulders and ditches and the com- 
bined maintenance cost for the whole roadway. The 
1920 costs have not yet been tabulated. In some 
instances they will exceed the 1919 figures because of 
the higher costs of material and labor and the necessity 
for repairing breaks in all types of pavement due to 
excessive loading. 

In interpreting the table of maintenance costs the 
department says: 

“Tt should be understood that a one-year record of 
the maintenance cost of any particular type of con- 
struction is not necessarily a measure of the economic 
service value of that type. This is true because of the 
fact that certain types of road, such as bituminous 
macadam, may require but very little maintenance ex- 
penditure during one season, and the following season 
it may be necessary to give the road a surface treat- 
ment at a very considerable cost in order to preserve 
its integrity. This is not only true for the type of road 
mentioned, but is more or less true forall types. Fur- 
ther, if a certain type of pavement designed for, and 
used by, light traffic is suddenly called upon to bear 
heavy motor truck traffic, the pavement may be 
utterly destroyed so that it has to be replaced by an 
entirely different type to resist the altered traffic. The 
reconstruction is not ordinarily classed as maintenance 
but as new construction. This, of course, may lead to 
a misconception of the service rendered by a given type 
of pavement. Moreover, if but a small mileage of a 
given type of pavement is under maintenance, an 
unusually large expenditure on one section may cause 
the average for that type of pavement for one year to 
appear abnormally high. On the other hand, the loca- 
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tion of the roads of a given type may be such that the 
total mileage of that type is subjected to unusually 
light traffic, and the maintenance cost, therefore, may 
appear abnormally low. These things must be kept in 
mind in connection with the table of costs presented.”’ 

LOCATING THE BOND ISSUE ROUTES. 

During the past two years the greater part of the 
bond issue system of roads has been definitely located. 
This is a work that has consumed a large part of the 
time of the department, both in making reconnaissance 
surveys and in hearings held prior to determining upon 
locations. 

The realization of the great value of the roads to 
communities and to farm residents has brought about 
very bitter contests over road locations in many places 
in the State, and in some instances has caused keen 
disappointment to the unsuccessful contestants. The 
department, in all cases, has rendered its decision only 
after the most thorough engineering study and careful 
consideration of all factors involved. 

ROAD EXPERIMENT PLANNED FOR 1921. 

In order to provide a basis for the solution of the 
questions of road strength which have been brought up 
by the motor truck, the department has entered upon 
the construction of a test road, in cooperation with the 
Bureau of Public Roads. The road will be completed 
early in the summer of 1921, and the tests will be made 
immediately following its completion. It is believed 
that the results obtained will give a very definite idea 
of the value of the different types and thicknesses of 
pavement for carrying truck loads, and also what limits 
shall be applied to the weight of vehicles which are 
permitted to use the roads. 

Maintenance costs, Illinois roads, 1919 (all widths from 10 to 18 feet included). 

Upkeep of road- 
Wearing surface. sides, ete. Total maintenance. 

Type. Miles. | | | 
Average Average Average 

Cost. cost per Cost | cost per Cost. cost per 
mile. | mile. mile. 

Brickines 2st. Reso Ae, ete ee eee ee na eee: 86.90 | $3,704.13 $42.63 | $6,618.57 | $76.16 | $10,322.70 $118. 79 
Portland cement concrete. : <2. esac oc sees See oe eee ete amee tee 366.15 | 19,793. 42 54.05 | 35,081.94 | 95.81 | 54,875.36 149. 86 
Bituminous concrete... 5.322222. £22 aa ad a ee ee nent renee 19. 43 4,745.94 244.75 230.77 11.88 4,976.71 256.13 
Bituminous macedam o..J26 520s 22 cet eee yee aoe cee eee eee 24.02 6,101. 43 254.01 1, 769.61 73.67 | 7,871.04 327. 68 
Waterbound macadam...2. .£222 CMe eo Aaa heehee eee eee. ce eee re 26.95 8,070. 32 299. 45 | 952.73 35.35 | 9,023.05 334. 80 
Giavalees-o Seek eee PE RNs 9 oe co, Su ibs hac cata ccbek 42.36 | 5,474.68 129.24 | 1,090.19 | 25.74 | 6, 564. 87 154.98 
Oiled earths sheds Eee e >... ERE ee Re ee ae ae 133.50 | 8, 460. 51 63. 37 2, 820.33 | 21.18 | 11,280.84 84. 50 
Wares ons ben dota ci = Sac Be oie SS ree Sa ee ee 280.75 | 21,529.11 76. 69 4,382. 56 | 15.61 | 25,911.67 92. 30 

ee ee —————————————— 
"Potala. wich Peek ee ee tee Snes + U5 Se SRS area ee te eee 980.065) 977, 810504, | sere eee 62,946: 70 bees ce eee 130, 826.2472 - ec aaeles 

{ | 



_~ ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS. 

Applicants are urgently requested to ask only for those publications in which they are 
particularly interested. The Department can not undertake to supply complete sets, 
nor to send free more than one copy of any publication to any one person. The editions 
of some of the publications are necessarily limited, and when the Department's free 
supply is exhausted and no funds are available for procuring additional copies, appli- 
cants are referred to the Superintendent of Documents, Government Printing Office, 
this city, who has them for sale at a nominal price, under the law of January 12, 1895. 
Those publications in this list, the Department supply of which is exhausted, can only 
be secured by purchase from the Superintendent of Documents, who is not authorized 
to furnish publications free. 

REPORTS. 

*Report of the Director of the Office of Public Roads for 1916. 5c. 
*Report of the Director of the Office of Public Roads for 1917. 5c. 
Report of the Director of the Bureau of Public Roads for 1918. 
Report of the Chief of the Bureau of Public Roads for 1919. 

DEPARTMENT BULLETINS. 

Dept. Bul. *105. Progress Report of Experiments in Dust Preven- 
tion and Road Preservation, 1913. 5e. 

*136. Highway Bonds. 2dc. 
220. Road Models. 

*230. Oil Mixed Portland Cement Concrete.. 10c. 
*249. Portland Cement Concrete Pavements for Country 

Roads. 1dc. 
257. Progress Report of Experiments in Dust Preven- 

tion and Road Preservation, 1914. 
314. Methods for the Examination of Bituminous Road 

Materials. 
347. Methods for the Determination of the Physical 

Properties of Road-Building Rock. 
Relation of Mineral Composition and Rock Struc- *348. 

ture to the Physical Properties of Road Materials. 
10c. 

*370. The Results of Physical Tests of Road-Building 
Rock. 1dc. 

*373. Brick Roads. 1dc. 
386. Public Road Mileage and Revenues in the Middle 

Atlantic States, 1914. 
387. Public Road Mileage and Revenues in the Sou- 

thern States, 1914. 
388. Public Road Mileage and Revenues in the New 

England States, 1914. 
*389. Public Road Mileage and Revenues in the Cen- 

tral, Mountain, and Pacific States, 1914. 15c. 
390. Public Road Mileage in the United States, 1914. 

A summary. 
*393. Economic Surveys of County Highway Improve- 

ment. 35c. 
407. Progress A se of Experiments in Dust Preven- 

tion and Road Preservation, 1915. 
414, Convict Labor for Road Work. 

*463. Earth, Sand-Clay, and Gravel Roads. 15c. 
532. The Expansion and Contraction of Concrete and 

Concrete Roads. 
The Results of Physical Tests of Road-Building 

Rock in 1916, Including all Compression Tests. 
*537. 

dc. 
555. Standard Forms for Specifications, Tests, Reports, 

and Methods of Sampling for Road Materials. 
583. Reports on Experimental Convict Road Camp, 

Fulton County, Ga. 
586. Progress Reports of Experiments in Dust Preven- 

tion and Road Preservation, 1916. 
*660. Highway Cost Keeping. 10c. 
670. The Results of Physical Tests of Road-Building 

Rock in 1916 and 1917. 
*691,. Typical Specifications for Bituminous Road 

Materials. 15c. 
704. Typical Specifications for Nonbituminous Road 

Materials. 
*724. Drainage Methods and Foundations for County 

Roads. 20c. 
Public Roads, Vol. I, No. 11. Tests of Road-Building Rock in 1918. 
*Public Roads, Vol. II, No. 23. Tests of Road-Building Rock 

ImpLOL9 Abe: 

DEPARTMENT CIRCULAR. 

No. 94. TNT as a Blasting Explosive. 

FARMERS’ BULLETINS. 

F. B. *338. Macadam Roads. 5c. 
505. Benefits of Improved Roads. 
597. The Road Drag. 

SEPARATE REPRINTS FROM THE YEARBOOK. 

Y..B. Sep. 727. Design of Public Roads. 
739. Federal Aid to Highways, 1917. 

OFFICE OF PUBLIC ROADS BULLETINS. 

Bul. *45. Data for Use in Designing Culverts and Short-Span 
Bridges. (1913.) léc. 

OFFICE OF PUBLIC ROADS CIRCULARS. 

Cir. *89. Progress Report of Experiments with Dust Preventatives, 
1907. de. 

*90. Progress Report of Experiments in Dust Prevention, Road 
Preservation, and Road Construction, 1908. 5c. 

*92. Progress Report of Experiments in Dust Prevention and 
Road Preservation, 1909. 5c. 

*94. Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1910. 5c. 

*99, Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1912. 5c. 

OFFICE OF THE SECRETARY CIRCULARS. 

Sec. Cir. 49. Motor Vehicle Registrations and Revenues, 1914. 
*52. State Highway Mileage and Expenditures to January 

it. 191 bee DC. 
59. Automobile Registrations, Licenses, and Revenues in 

the United States, 1915. 
63. State Highway Mileage and Expenditures to January 

1, 1916. 
*65. Rules and Regulations of the Secretary of Agriculture 

for Carrying out the Federal Aid Road Act. 5c. 
*72. Width of Wagon Tires Recommended for Loads of 

Varying Magnitude on Earth and Gravel Roads. 5c. 
73. Automobile Registrations, Licenses, and Revenues in 

the United States, 1916. 
74. State Highway Mileage and Expenditures for the 

Calendar Year 1916. 
*77. Experimental Roads in the Vicinity of Washington, 

Lye Glee: 
Public Roads Vol. I, No. 1. Automobile Registrations, Licenses, 

and Revenues in the United States. 
LOL 

Vol. I, No. 3. State Highway Mileage and Expen- 
ditures in the United States, 1917. 

*Vol. I, No. 11. Automobile Registrations, Licenses, 
and Revenues in the United States, 
iit ily 

Vol. Il, No. 15. State Highway Mileage and Ex- 
penditures in theUnited States in 
LOTS Loc: 

REPRINTS FROM THE JOURNAL OF AGRICULTURAL 
RESEARCH. 

Vol. 5, No. 17, D- 2. Effect of Controllable Variables Upon the 
Penetration Test for Asphalts and Asphalt 
Cement. 

Vol. 5, No. 19, D- 3. Relation Between Properties of Hardness 
and Toughness of Road-Building Rock. 

Vol. 5, No. 20, D- 4. Apparatus for Measuring the Wear of Con- 
crete Roads. 

Vol. 5, No. 24, D- 6. A New Penetration needle for Use in Test- 
ing Bituminous Materials. 

Vol. 6, No. 6, D- 8. Tests of Three Large-Sized Reinforced Cou 
crete Slabs Under Concentrated Loading. 

Vol. 10, No. 7, D-13. Toughness of Bituminous Aggregates. 
Vol. 11, No. 10, D-15. Tests of a Large-Sized Reinforced-Concrete 

Slab Subjected to Eccentric Concentrated 
Loads. 

Vol. 17, No. 4, D-16. Ultra-Microscopic Examination of Disperse 
Colloids Present in Bituminous ad 
Materials. 

* Department supply exhausted. 



vi 
h
d
e
d
e
e
n
s
t
 

e
e
e
)
 

H
O
C
H
 

E
a
s
 

BY a
r
e
 

va
y 

B
e
e
 

a
 

s
e
e
 
S
O
 

Se
be
ae
be
 

d
s
 

§
 

i Fa
di
 

k
y
,
 

F
F
2
4
b
 

as
 

aa
y 

a 
‘ 

Ka
b 

at
a 

as
us
 

pi
te
ve
ci
s 

pee
l 

i
n
h
i
 

e
i
 

Mi
 

res
ets

rat
ie 

ss
 

ea
te
on
sb
ab
et
ai
 

es
t 

24
 

Se
ag
du
ne
e 

De
 

t
r
a
t
e
 

o
e
 

’ 
Hae 

ai
a)
 

9 
. 

P
r
s
r
e
h
s
m
a
g
 

c
r
 

t
h
i
s
 

ta
s 

se
ut
ga
ca
pi
at
ec
pt
ne
ns
te
et
et
a 

: 

M
A
P
 

m
e
r
e
 

i 
*i
4p
4i
S)
ai
ej
el
ai
el
ai
al
es
 

ni
al
 

aie. 

c 
P
t
e
 

th
a,
 

AR
EA
L 

AL 
a
b
 

a
g
a
 

o
t
k
 

et
te
 

t
t
e
 

IS
 

i
b
e
 

si
s 

ny 
t
e
e
 

et
ht
aa
 

mi
ei
eh
es
si
ct
er
at
 

s
r
 

Li
re
bi
oc
ar
et
 

<
A
 

s
h
 

er
ai
s)
 

a
l
g
e
 

be
ta
ra
ie
ci
ea
nt
 

. 
e
t
l
 

“h
e 

Mr
bb
bi
se
cn
ee
ca
tt
 

Pi
et
ap
ae
rt
i 

P
T
 

Ni
e 

do
lu
c 

en
 

sh
eh
 

a 
m
i
n
e
r
s
 

e
y
 

‘ 
: 

Or
bs
: th

ee
 

e
e
n
 

i
y
 

sit
eAi

ala
tar

aia
rsi

ate
rti

an 
$6: 

Ri
an
 

a)
4)
85
 

8a
) 

a, 

do
b 

sn
ar
es
 

ea
ha
.g
 

wh
ai
ed
ia
 

“ 
aia 

ay
 

7 

ap
ap
 

at
 

atv
ant

ehi
ara

gs 
“3 

tee
ciu

nls
tat

ess
hte

tes
 

y 
: 

na
ta
l 

; 
ia
ti
be
la
 

ate 
ce 

Pa
hi
ba
a 

so
m 

Bi
, 

; 
Sa
 

a
u
d
a
i
n
l
 

i
t
t
a
t
n
e
t
t
n
c
a
n
t
a
 

. 
if
 

; 
i
t
 

aerat 
sals

a 
NE 

gi
a)
 

. 
| 

” 
sebe 

be24 
J 

i 
R
e
c
 

. 
po
re
s 

y
e
t
 

S
r
a
 

ei
me
is
he
rn
be
te
ss
it
an
e 

ri
e 

a
 

; 
dF 

aia 
by 

Half 
u 

1s
 

ai
at
ne
t 

‘r
ip
s 

p
a
i
s
i
l
e
e
t
h
a
t
t
c
t
t
t
e
 

so
ni
 

sit
iai

el 
Hg
hi
rt
te
te
 

o
a
t
 

e
e
 

5 
Ba
t 

pic
tas

 

tat 
Pe
er
te
t:
 

p
i
c
t
 

b
e
p
i
a
s
g
!
 

: 

daca
l 

otl
Hia

itr
ata

dei
agn

ate
s 

s
i
t
y
 

ga
t 

ai
e 

i
t
i
n
e
r
a
n
t
 

seni 
Fi
fe
sd
sh
ah
al
es
 

na
ta
g 

n
t
 

r 
oF
 

iy
et
ia
la
bs
ra
ta
ss
 

Se
eR
ts
ct
ds
s 

An
ge
 

ea
rn
es
t 

bh
os
ta
ly
ca
eo
pe
ue
a 

rn
ie
rs
es
te
er
ti
n 

i
e
 

r
e
t
i
r
e
 

ha
ne
s 

: 

fe
el
 

sa
te
l 

sa
tc
or
ie
tn
aa
te
tt
se
t 

iy
 

td
ia
at
gc
ga
rt
ue
ei
ie
st
ar
at
an
tt
 

r
y
 

- 
ca
ss
 

Pi
 

« 
is
te
et
al
e 

a
t
a
 

t
a
t
s
 

a 
i
s
h
i
i
a
i
e
t
e
 

ate 

ve
 

me
nt
ee
 

a 
s
t
a
t
e
d
 

Sa
 

ri
 

oo
ps
 

s 
b
a
s
a
:
 

2 
ay
 

S
t
a
k
e
 

Se
ia
la
l 

e
e
e
 

sa
he
fr
ta
ls
ts
| 

ci
al
 

as
ae
sa
t 

e
t
s
 

s
a
 

o
n
i
r
e
s
i
 

ee
ns
 

as
ta
 

. 
si
ac
e.
 

Fa
te
s 

i
S
i
t
i
a
b
e
s
i
e
 

. 
H
e
y
,
 

P
D
P
 

ea
e 

te
rs
ea
e 

ib
ai
hi
ch
an
en
 

ma
la
te
 

re
le
pe
cn
ia
ha
la
nc
in
 


