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THE INTERRELATION OF LONGITUDINAL STEEL 
AND TRANSVERSE CRACKS IN 

CONCRETE ROADS 
Reported by A. T. GOLDBECK, Chief, Division of Tests, U. S. Bureau of Public Roads 

T is evident from a study of standard designs for 
| concrete pavements that there is a great difference 

of opinion among engineers as to the proper amount 
and placement of longitudinal steel. A similar lack of 
agreement appears in the practice with regard to the 
spacing of joints; and there is considerable evidence of 
a lack of appreciation of the essential interrelation 
between the quantity of steel and the spacing of joints. 

That there is such a relation has been definitely 
shown by investigations made by the Bureau of Public 
Roads, and it would seem that the facts developed are 
now sufficiently substantiated to serve as the basis for 
a rational method of design. 

As a preface to the discussion of the method which 
it is intended to propose it is necessary to have a clear 
understanding of the various forces which act upon the 
pavement and a knowledge of the physical properties 
of the steel and concrete which determine their be- 
havior when they are combined. 

It will be assumed therefore that a uniform subgrade 
has been paobeees The concrete has been placed and 
begins to harden. Immediately the moisture begins to 
dry out of it and as it dries it shrinks. The surface 
dries and shrinks more rapidly than the immediately 
underlying concrete, thus subjecting the upper skin to 
tensile stresses which will quickly exceed the slight 
tensile strength of the material and cause numerous 
fine surface cracks to form unless the process of shrink- 
age is halted by the timely beginning of curing. 

The curing process, by keeping the concrete moist, 
prevents it from shrinking until it has attained greater 
strength, and thereby minimizes cracking. The daily 
wetting not only prevents shrinking but actually 
causes an expansion which seems to be about 0.0001 
inch per inch of length; and as long as the wetting 
continues a compressive stress is set up which must be 
counterbalanced before the concrete can be subjected 
to tension. 

The importance of this initial expansion lies in the 
fact that the concrete, from the moment it is placed, 
is subjected to alternate compressive and_ tensile 
stresses caused by increases and decreases in tempera- 
ture. The compressive stresses are negligible in their 
effect, but the tensile stresses would often be sufficient 
to crack the pavement during the early stages were it 
not for the initial compression set up by the curing 
process. 

CONTRACTION CRACKS CAUSED BY SUBGRADE FRICTION 

All contraction cracks, whether they take the form 
of surface checking or larger cracks extending through 
the whole depth of the pavement, result from the 
effort of the contracting concrete to drag itself over a 
less rapidly contracting portion of the pavement or 
over the subgrade. In the case of surface checking 
it is the lower portion of the concrete itself which, 
opposing the contraction of the surface skin, sets up 
the tensile forces that crack the surface. The larger 
cracks result from frictional resistance to the move- 
ment of the whole mass of the pavement over the 
subgrade. 

§5298—25t——1 

It will be helpful at this point to analyze in detail 
the action leading up to the formation of one of the 
larger cracks. We start with a freshly laid concrete 
pavement. It dries and tends to contract. If it 
rested upon a perfectly frictionless base the contrac- 
tion would take place without causing cracking. 
The pavement, free to move without any resistance, 
would draw itself together and set up into a solid, 
uncracked slab. But this perfect condition does not 
obtain. The subgrade is not a frictionless plane. It 
offers more or less frictional resistance to the contrac- 
tive movement of the pavement. 

‘ Now, for each condition of dryness or temperature 
the pavement has a certain normal length which it 
would assume if unprevented by external forces. If, 
under any given condition, it is prevented from assum- 
ing the normal length pertaining to that condition it 
is strained, though actually its length may not change. 
Thus a drying concrete pavement may be increasingly 
stressed and strained, although its actual length may 
remain unchanged. It is the normal length that is 
changing, and as this becomes increasingly less than 
the actual length the stress mounts up, and a point 
is finally reached where the tensile strength of the con- 
crete is exceeded and a crack forms. While this pro- 
cess is going on the concrete may not move at all. Its 
actual length may remain unchanged. If it does move 
and thereby shorten its actual length, the stress is 
relieved. 

HOW THE CRACKS FORM IN PLAIN CONCRETE PAVEMENTS 

With these facts in mind let us now examine the 
behavior of our drying concrete pavement. It is built 
without joints. Originally it extends as an unbroken 
slab of moist concrete between the free ends where the 
day’s work began and ended. As it dries this unbroken 
slab tends to contract and draw itself over the sub- 
gerade from each end toward the center. It is wholly 
or partially prevented from assuming its normal length, 
which becomes shorter and shorter, by the frictional 
resistance of the subgrade, and it is therefore subjected 
to a tensile stress which increases as it dries. 
We may imagine the slab to consist of transverse 

segments each of which is contracting within itself 
and each tending to draw its neighbor toward it, and 
through its neighbor all others to the free end. Move- 
ment of each of these segments is resisted by sub- 
grade friction at its base. When, therefore, the initial 
segment is pulled upon by its neighbor it is held back 
by the subgrade friction on its base. The second 
segment, pulled upon by the third, is also held back 
by forces of friction which are added to those of the 
first in resisting the movement of the two segments; 
and similarly the third, fourth, and succeeding seg- 
ments, each pulls upon the train of segments behind 
it and is resisted by the combined forces of friction 
acting upon them. 

The pull exerted by any segment is the stress in the 
concrete at the particular point, and it will be seen 
from the foregoing that this stress must increase with 
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distance from a free end. It goes on increasing with 
distance until a point is reached at which it exceeds 
the tensile strength of the concrete, and at that point 
a crack occurs. 

From the moment the crack forms a new condition 
is established. There has previously existed a condi- 
tion of increasing stress from the free end toward the 
point of cracking. As the stress has increased the 
deformation has increased. We may imagine that the 
first segment at the free end has been able to contract 
practically to its normal length, its contraction being 
resisted only by its own subgrade friction. The 
second, however, has had to pull not only against the 
friction on its own base but against the frictional 
forces of its neighbor as well. It has, therefore, not 
been able to assume quite so nearly its normal length 
as the first; and the third, fourth, and succeeding seg- 
ments have been increasingly deformed from their 
normal length. At the point of cracking the deforma- 
tion is that which results from the tensile breaking 
stress of the concrete. 

But the moment the crack forms this stress is re- 
lieved; a new free end is formed, and the concrete near 
this new end becomes able to assume more nearly its 
normal length, which it does, thereby opening the 
crack. 

THE CRACKING OF REINFORCED CONCRETE PAVEMENTS 

The action that has been described is what takes 
place when the pavement is not reinforced. If steel 
is used the action is similar up to the point of cracking, 
the only difference being that the steel adds its strength 
to the strength of the concrete in resisting the increasing 
stress and thus increases slightly the distance between 
the free end and the first crack in the concrete. But 
the steel does not crack. It remains as a connection 
between the dissevered slab and the balance of the 
pavement. It remains under stress and prevents the 
concrete in the dissevered slab from assuming its 
normal length. It keeps the concrete adjacent to the 
crack in a state of stress nearly equal to that which 
broke it, and holds the dissevered slab closely to the 
balance of the pavement, so that the crack in the con- 
crete is not permitted to open. As near the crack the 
concrete remains in a high state of stress it may be 
assumed that secondary cracks will readily be formed 
near the initial crack as a result of bending stresses 
induced by the passage of vehicles. 

Passing from the dissevered slab into the balance of 
the pavement it enters with an initial tensile stress, 
which, with respect to the balance of the pavement 
considered as a free body, becomes an external force 
which adds itself to the forces of friction resisting the 
contraction of the concrete and causes the next ‘crack 
to occur in a lesser distance than the first. 

The stress in the steel is increased as it passes 
through the second slab and continues to increase as 
it passes through successive slabs until finally the yield 
point is reached and the steel ‘necks down” or rup- 
tures. At that point an open crack is formed. This 
behavior of reinforced concrete was first observed in 
the experiments of the Bureau of Public Roads on the 
Columbia Pike experimental road near Washington, 
D. C., and it has been described in a report published 
in this magazine.! 

! Reinforcing and the subgrade as factors in the design of concrete pavements, by 
J. T. Pauls, PUBLIC RoaDs, vol. 5, no. 8, October, 1924. 

THE END OF THE CURING PERIOD A CRITICAL TIME 

Whenever contraction cracks are formed in a pave- 
ment, whether it be in the early stage of its life or at a 
later priod, the behavior of the pavement prior to 
cracking is as described above. However, the critical 
period begins at the end of the curing. The pavement, 
which previously has been kept in an expanded con- 
dition, then begins to contract. The amount of the 
contraction as measured under laboratory conditions 
has been found to be as much as 0.0005 inch per inch 
of length, which is as much as would be caused by a 
change in temperature of 100° F. This contraction 
takes place in a period of at least three months under 
rapid drying conditions. In the field a longer period 
would undoubtedly be required. But this contraction 
occurs at a time when the tensile strength of the con- 
crete is lower than at any subsequent period. For this 
reason contraction cracks are more likely to occur at 
this period than at any other time; and the strength of 
the concrete at this period is, therefore, one of the 
governing factors in any design which aims to prevent 
the formation of contraction cracks. 

Unfortunately the tensile test for concrete is difficult 
to make and the results are quite variable. It is not 
possible, therefore, to arrive at a very exact determina- 
tion of the tensile strength of the concrete during the 
early periods of its life. For practical purposes it is 
assumed that the tensile strength is equal to approxi- 
mately one-twelfth of the compressive strength, and, 
although it must be granted that there will be con- 
siderable variation from them, the values of the tensile 
strength arrived at in this way are as follows: 

Approximate tensile strength of concrete at various early stages 

Tensile | | Tensile. | 
| strength strength | 
| Age ( | Age 

pounds (pounds 
(days) per square || (days) per square | 

inch) | inch) 

| 7 100 || 28 250 | 
| 15 194 || 90 400 | 

JOINTS AND REINFORCEMENT AS CRACK PREVENTIVES 

The use of joints and steel reinforcement are the 
principal methods employed to prevent the formation 
of shrinkage cracks. If only the joints are used their 
effectiveness depends upon their being spaced at in- 
tervals slightly shorter than those at which the pave- 
ment would naturally crack. When steel is used the 
fine cracks which form are not generally regarded as 
objectionable, and the purpose of design may be lim- 
ited to the prevention of the open cracks that form 
where the steel is “necked down” or ruptured. Ob- 
viously, therefore, the use of steel should be coupled 
with the use of joints at which the steel is separated, 
so spaced as to prevent the rupture of the steel and the 
formation of an open crack. 

However, if the steel is entirely separated at the 
joints it is prevented at these points from acting as a 
dowel, which is one of its most valuable functions. If, 
on the other hand, it is not separated in some way it 
will rupture at intervals and will be no more effective 
as a dowel than if it is separated at joints. The only 
means thus far suggested to preserve continuous dowel 
action is that of greasing the steel, but this method 
prevents the bars from acting as temperature rein- 
forcement and permits cracks to form as frequently 
and as wide as in plain concrete, 
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The method of design and construction which will 
now be proposed substitutes for the prevailing empir- 
ical methods a rational method of spacing the joints, 
ermits the steel to act as temperature reinforcement 
etween joints, and also preserves it valuable dowel 

action at the joints. 
For the determination of the joint spacing it is neces- 

sary to know or assume the strength, dimensions, and 
other properties of the steel and concrete and the 
coefficient of friction between the pavement and the 
subgrade. The range of the latter coefficient was de- 
termined approximately by tests made by the Bureau 
of Public Roads several years ago and described in a 
recent article in PusLtic Roaps.? These tests seem to 
show that the coefficient of friction varies between the 
approximate limits of 1.0 and 2.0. No doubt there 
is a possibility of its exceeding 2.0 under extremely 
rough subgrade conditions; but for purposes of design 
under normal conditions a value of 2.0 may be con- 
sidered as safe and conservative. 

THE RATIONAL SPACING OF JOINTS ILLUSTRATED 

To illustrate the method employed, let it be as- 
sumed that the curing period has terminated at the 
end of 10 or 15 days. At this time the tensile strength 
of the concrete probably varies from 120 to 190 pounds 
per square inch, the probability being that the lower 
figure is more nearly correct. In that case a factor of 
safety of 4 would give a safe value of 30 pounds per 
square inch. If, then, it is desired to find the proper 
spacing of the joints, such that no cracking will occur 
between them, it is necessary to equate the total safe 
tensile resistance of the concrete and steel at the mid- 
section between the joints to the total frictional force 
between the mid section and a free end (see fig. 1). 
This condition is expressed by equation 1. 

i E, RR APHIS hea Ss. 2002 e288 1) 

in which— 
L=Spacing of transverse joints in feet. 
B=Width of pavement in feet. 
S = Allowable tension in concrete in pounds per 

square inch. 
f= Coefficient of subgrade friction. 
W=Weight of concrete in pounds per square 

foot. 
t= Thickness of pavement in inches. 

E,= Modulus of elasticity .of steel. 
E,= Modulus of elasticity of concrete. 

The required spacing of the joints to satisfy the above 
condition when various amounts of steel are used is 
shown in the first column of Table 1. In these compu- 
tations the values assumed for the various factors 
other than a are as follows: 

S=80 pounds per square inch. 

#s_ 19, 
7220" 
W=75 pounds. 

=6 inches. 
B=18 feet. 

It will be observed that the use of a rather large 
amount of steel is of very little value in increasing the 
spacing of the joints provided no crack is permissible 
between these joints. 

2 Friction tests of concrete on various subbases, by A. T. Goldbeck, Pu BLIC ROAD 
vol. 5, no. 5, July, 1924. 

If it is desired to find the spacing such that no open 
cracks will form, fine cracks being permissible, then it 
must be assumed that the total tension set up by the 
force of friction is resisted by the steel, and the joints 
must be so spaced that the steel will not be stressed to 
its yield point. This condition is satisfied by equation 
2, as follows: 

te Whee sa (2) 

in which f, ZL, W, B, and a represent the same factors 
as in equation 1, and 

S,;=Allowable tension in steel in pounds per 
square inch. 

Assuming values of f, W, and B as in the former 
example and the value of S, as 25,000 pounds per square 
inch the spacing for various amounts of steel is shown 
in column 2 of Table 1. From this column it will be 
seen that if fine cracks are permitted to develop the 
spacing of the joints may be materially increased by 
intreasing the amount of steel. 

Fic. 1.—Diagram illustrating theory of crack spacing in reinforced 
concrete pavements 

TABLE 1.—Spacing of transverse joints to prevent (1) all inter- 
mediate cracking, and (2) intermediate wide cracks 

] 
| 

| Required spacing of 
transverse joints 

| 
| 

Amount of longitudinal steel (1) (2) 

| For no in- | For no wide 
| termediate intermedi- 

cracks ate cracks 

Feet | Feet 
FPASiTCONCKCUCi sae eee aa te alee eee ee eee nny 28.8 | 28.8 
434-inch round bars (a=1.76 square inches)________________- 29. 2 32.6 
834-inch round bars (a=3.52 square inches) --.____-_----_--- 29. 6 65. 2 
1234-inch round bars (a=5.28 square inches)_______________- 30.0 97.8 

THE DESIRABILITY OF SMOOTH SUBGRADES AND LONG CURING 

It will be observed in equation 1 that LZ, the spacing 
of joints, varies directly as the tensile strength of the 
concrete and inversely as the coefficient of friction at 
the base. The equation emphasizes the importance 
of curing the concrete long enough to permit it to 
attain a relatively high tensile strength before it is 
allowed to shrink and thus develop tensile stresses. 
It also shows that the subgrade should be made as 
smooth as it is practicable to make it in order to keep 
the force of friction low and thus reduce the tension 
induced in the concrete when shrinkage takes place. 

It is to be acknowledged that the coefficient of 
friction is the most uncertain of the factors involved 
in the calculations of the safe joint spacing recorded 
in Table 1. It is possible that the value of f, assumed 
to be 2.0 in these calculations, may under some condi- 
tions be much less. In that case the joint spacing 
would be much wider. It is probable that the assumed 
value of the coefficient is practically the maximum 
value and the error in the recorded spacing may there- 
fore be regarded as on the safe aie It is possible 
also that the values assumed for other constants in 
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the equations may be subject to revision as our knowl- 
edge increases. It is intended here to suggest a 
method rather than to determine exact values. It 
should be possible to obtain a working knowledge of 
the coefficient of friction that must exist on various 
subgrades by observation of the intervals .at which 
contraction cracks form in existing pavements on the 
various souls. 

DOWEL ACTION OF STEEL PRESERVED BY NEW FORM OF JOINT 

Having determined the spacing of the joints there is 
the practical problem of how to form them. The 
method employed in determining the spacing under 
each of the two conditions examined assumes that a 
joint will be formed in the steel as well as in the con- 
crete. This is accomplished by the proposed method 
without sacrifice of the valuable dowel action of the 
steel at the joints, as shown in Figure 2. 

EXPANSION ee Gees COAT HOT OR CUT-BACK ASPHALT 

at! \ 1ON CLIP i tgs eet Fe rio ame ds | 

RSV SSS SS SSNS SSS SSSI) ar Se eS ee eS ee 
Rae ee WZZ2Z ZILLA LL LALLA 

FLAT SHEET METAL stRip4 IRON STAKE LEFT IN PLACE 

B.METHOD OF FORMING CONTRACTION JOINT WITH SUBMERGED METAL STRIP 

SURFACE GROOVE 
Uy 

bea ced cueatsion td 

C.METHOD OF FORMING CONTRACTION JOINT BY GROOVING SURFACE 

fe GROOVE 

D.METHOD OF FORMING CONTRACTION JOINT WHEN MESH 

REINFORCEMENT 1S USED 

i "IG. 2.—Mcthods proposed for forming joints in steel reinforcement and reinforced 
concrete pavements. The methods permit the contraction of the concrete with- 
out rupturing the steel 

The desirable dowel action is provided by extending 
the steel from each slab a distance of several feet into 
the adjacent slab, and painting the extended ends of 
the bars with a hot asphaltic material to break the 
bond with the adjacent slab. If an expansion joint is 
required the method is as shown in Figure 2A. 

However, it will probably not be necessary to pro- 
vide expansion joints at the frequent intervals indi- 
cated in Table 1. At many of these intervals it will 
be necessary only to provide for contraction. This 
may be accomplished as shown in Figure 2B by intro- 
ducing a submerged thin steel plate in such a way as 
to form a plane of cleavage. In this case no joint will 
be formed during construction, but a straight, wide 
crack will form over the submerged plate at the pre- 

determined location. These cracks would need main- 
tenance, but would probably be no more difficult to 
maintain than a formed joint. The same object might 
be accomplished by cutting a groove a few inches deep 
in the surface at the proper stage of hardening as shown 
in Figure 2C. Finally, if mesh, instead of bar rein- 
forcement is used the same object is attained by the 
use of asphalted dowels as shown in Figure 2D. - 
By the use of any of these methods it is assured that 

the stress in the steel will only be that due to the sub- 
grade friction on a predetermined length of the con- 
crete, and the overlapping of the bars provides dowel 
action at the joints as well as at other points. 

NEW MOTION PICTURE RELEASED 

“ Crossing the Great Salt Desert”’ is the title of the 
latest motion picture on road building which has been 
prepared for the Bureau of Public Roads by the 
Office of Motion Pictures, United States Department 
of Agriculture. The film, which is now ready for 
distribution, may be obtained by application to the 
Office of Motion Pictures, United States Department 
of Agriculture, Washington, D. C. Copies of the 
film are furnished free except for transportation charges 
both ways. 

“Crossing the Great Salt Desert’ is the story of a 7 
barrier overcome. It tells the story of the perils and 
privations of the early settlers who, with their wives 
and families, struggled in covered wagons across the 
Great Plains, fought off hostile Indians, traversed 
snow-covered mountain divides, and finally arrived 
at the eastern border of the Great Salt Desert. 

Depending upon the season they then were forced 
either to stagger across this arid waste under the 
blistering rays of a summer sun or to plod wearily 
over the mud flats or brine-covered salt deposits in 
the winter. This desert was the terror of the western 
emigrants. Those who reached the other side in 
safety usually were successful in completing the 
westward journey and in reaching the promised land 
of settlement toward which all their arduous labors 
had been directed. 

Animated views illustrate the northerly trans- 
continental road followed by the Forty-niners across 
the Great Salt Desert during the California gold rush. 
The southern route around and over the southern 
borders of the desert is shown to have been followed 
at a later date by Mormon settlers. The selection 
of one of the transcontinental routes, which forms a 
part of the Federal Aid Highway System, made neces- 
sary a choice between the old north and south roads. 
The northerly route was selected for the highway 
because it had the advantage in distance, travel time, 
snow conditions, grade, and ultimate cost. 

The picture is replete with detailed construction 
views of the 40-mile section across the Great Salt 
Desert between Wendover and Knolls, Utah, known 
as the Wendover Cut-off. This was built as a Federal- 
aid project by the Utah State Highway Department in 
cooperation with the Bureau of Public Roads. The 
unique machinery used for making the embankment 
across the brine-covered salt beds, the difficulties of con- 
struction, the hardships of the men and teams, auto- 
mobiles speeding over the completed roadway, a striking 
Utah sunset, and many other details, all make this pic- 
ture of special interest to road builders and to the gen- 
eral public. 
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A NEW TEST FOR CONSISTENCY OF CONCRETE 
APPLICABLE. TO DRY PAVING MIXTURES 

DEVELOPED BY THE DIVISION OF TESTS, U. S. BUREAU OF PUBLIC ROADS 

Reported by F. H. JACKSON, Engineer of Tests, 

HE development of a simple yet reliable method for 
determining the consistency of cement concrete 
mixes presents a problem which has never been 

satisfactorialy solved. Although numerous schemes have 
been proposed from time to time, only two or three of 
them have ever been developed so as to be of any 
practical value. The so-called slump test! has been 
used more extensively than any other and, when prop- 
erly interpreted, has given fairly good results, especially 
as a method of field control. Its obvious limitations, 
however, especially as regards its use for the control of 
dry mixtures, lean mixtures, and concretes in which 
large-sized crushed stone is used, have prevented its 
general adoption. The flow test? is used to a certain 
extent as a method of laboratory control, but the 
nature of the apparatus required makes it impractical 
or use in the field. These are the more widely known 
methods. There is one other that merits serious con- 
sideration, namely, the penetration test for ‘‘worka- 
bility” of concrete proposed by Pearson and Hitch- 
cock; and this method would appear to be limited in 
application to concrete of the consistency usually re- 
quired in reinforced concrete building work and un- 
suited to the dry mixes employed in road construction. 

There has been a great deal of discussion in recent 
years as to just what is meant by the terms “‘con- 
sistency,” “workability,” etc., as applied to concrete 
mixtures. According to Abrams,‘ consistency may be 
defined as ‘“‘the relative plasticity or workability of 
freshly mixed material.’ Pearson and Hitchcock, on 
the other hand, in their paper describing the pene- 
tration test, distinguish between consistency and work- 
ability, holding that the former term should be used 
only to describe the condition of the concrete as it 
is affected by changes in water content, whereas the 
latter term should be used to describe that condition 
of a given mixture which depends not only upon the 
water content, but upon any factor which affects the 
amount of work required to place and finish the con- 
crete in a satisfactory manner. It is, of course, ap- 
parent to anyone that there is a great difference between 
the “workability” of a rich, high-sanded, 1:2:3 mix 
and a lean, 1:3:6 mix, even though both mixes may 
have the same ‘consistency’ as measured by the 
slump or flow test. Furthermore, it is impossible by 
any change in the water content of the leaner mixes 
to secure as workable a mix as may be obtained with 
the former. From this viewpoint, therefore, it would 
appear that there is justification for a distinction 
between the terms. It has often been demonstrated, 
however, that by far the greatest variation in the 
strength of concrete in actual practical construction is 
due to changes in the water content. Granting, there- 
fore, the effect of water on strength, and bearing in 
mind also that variations in the amount of water 
required to produce concrete of a given consistency 

1U. 8. Dept. of Agric. Bul. 949, Standard and Tentative Methods of Sampling 
and Testing Highway Materials, p. 66. 

2 Proc. of the American Society for Testing Materials, vol. 21, p. 983. 
3 Proc. of the American Society for Testing Materials, vol. 23, pt. 2, p. 276. 
4 Proc. of the American Society for Testing Materials, vol. 23, pt. 2, p. 443. 

and GEORGE WERNER, Assistant Scientific Aid 

may be caused by any of the factors which affect 
workability, such as gradation of aggregate, cement 
content, etc., it would appear that the practical con- 
trol of the water is the vital thing to be considered. 
In this paper a new test is described which may be 
used for controlling the water content and therefore 
the strength of any given concrete mixture. 

The test was designed as a substitute for the slump 
test and is proposed for use primarily as a method of 
field control. The process is based upon the principle 
that the consistency of concrete may be determined by 
weighing the amount which is retained upon a circular 
plate of given diameter when the concrete is deposited 
thereon in any standard manner. The device which 
has been used by the Bureau of Public Roads in 
demonstrating this principle is shown in Figure 1. 

DESCRIPTION OF THE APPARATUS AND TEST 

The apparatus consists essentially of a box spring 
scale upon which is mounted a circular steel plate 12 
inches in diameter. A hopper supported by an angle- 
iron frame is mounted over the plate, so that the point 
of discharge is 12 inches from the surface of the steel 
plate. The hopper, which will hold approximately 45 
pounds of wet concrete, is provided at the discharge 
end with a steel slide, the withdrawal of which permits 
the concrete to fall upon the plate. The test is made 
in the following manner. ‘The apparatus is set up 
adjacent to the point where the batch of concrete to 
be tested will be deposited, and the hopper, which will 
hold about 50 per cent more concrete than it is possible 
to retain upon the 12-inch plate under any circum- 
stances, is filled directly from the pile by means of 
shovels. It has been found that the exact procedure 
to be followed in filling the hopper is immaterial so 
long as it is filled completely and no attempt is made 
to jostle or compact the concrete. Mounted beneath 
the steel plate are two cams, operated by a handle, 
and so arranged that the weight on the plate may be 
taken off the spring. With the cams set in this position 
the slide is drawn and the concrete is allowed to flow 
out upon the plate until the hopper is empty, and when 
all movement has ceased the handle controlling the cam 
is turned and the concrete upon the plate is weighed. 
This weight is taken as the index of the consistency of 
the concrete. Views of the apparatus with the hopper 
full and after discharge of a wet and a dry concrete are 
shown in Figure 1. 

THE RELIABILITY OF THE TEST 

Numerous tests with this device on concrete of 
various proportions and with various sizes and types of 
ageregate indicate that it will truly measure the relative 
consistency of the mix. In one series of tests, for 
instance, in which gravel graded up to 11% inches in 
size was used in a 1:2:4 mix, the amount of concrete 
retained upon the plate varied from 21 pounds with a 
water-cement ratio of 0.85 to 6 pounds with a water- 
cement ratio of 1.2. In this series of tests which was 
made some months ago a number of batches of 1:2:4 



Fic. 1.—Left—the device with hopper full. 

concrete were made in which the water-cement ratio 
was increased by increments of 0.05. Slump tests, flow 
tests, and tests with the 12-inch plate were made on 
each batch after which the material was cast into 6 by 
12-inch cylinders and tested for compressive strength 
at the age of 28 days. Results of this series of tests are 
shown in Figure 2. Note the striking similarity 
between the curve showing the relation between water- 
cement ratio and crushing strength and the curve for 
water-cement ratio and consistency as determined by 
the plate tester. It will be observed that there is a 
tendency for the amount of concrete retained upon the 
plate to drop off for very dry consistencies in exactly 
the same way as the strength falls off. It occured to the 
authors that if the relationship shown in Figure 2 were 
true throughout the entire range of working consisten- 
cies and for various mixes and types of aggregate that 
the plate test should give directly a very good indica- 
tion of the probable relative strength of the concrete. 
In this particular series the slump test showed up very 
poorly, although it was made strictly in accordance 
with the methods described in the A. 8. T. M. tentative 
standards, except that the mold was removed imme- 
diately after placing the concrete. It will be noted 
that the concrete did not slump at all until a water- 
cement ratio of 1.1 had been reached, corresponding to 
a flow of 160 and a plate test of 9 pounds. Granted 
that this is very unusual, these results nevertheless 
serve to illustrate the uncertainties of the slump test. 
The flow test results in this series were, on the other 
hand, very concordant, showing practically a straight 
Jine relation for a water-cement ratio varying from 0.75 
to 1.2. 

Having in mind the interesting possibilities in the 
way of strength control indicated by this initial series 
of tests, a somewhat more extensive investigation was 
begun for the purpose of determining whether these 
relations held for different types and sizes of aggre- 
gates and different proportions. In this series of 
tests, six different mixes were used: 1:14%:3, 1:2:3, 
1:2:344, 1:2:4, 1:214:5, and a 1:3:6: Three types 
of aggregates—Potomac River gravel, crushed lme- 
stone, and crushed slag—were employed for each 
mix. ‘The gravel and slag were graded from one-fourth 
inch to 14% inches and the limestone from one-fourth 
inch to 1% inches for one lot and one-fourth inch to 

Center—after discharge of a dry concrete. Right—alter discharge of a wet concrete 

2% inches for another lot. The concrete was mixed 
by hand with shovels in 1 cubic foot batches; and 
four 6 by 12 inch compression specimens were made 
from the concrete in each batch. Three consistencies 
were used for each combination—dry, medium and 

“a 8 
Ww 

WwW 
F ta 6 

= 
a0o 
Pk, FA aS 4 

= 

fh 2 

10) 

180 

O° 
=. 160 
Ww Ww 
4 

x 140 
z= 
oS ro) 
Go eet20 

100 

fa) 
WW 32 

ts) 28 

ets 9) ul 
WW 

ie 
Ww 
iS ee 16 
at Q 

i 3 a 
ro} 8 
(om 

0 
x 
| oad 

Sz 4000 

makes 
rw Dy 3000 

Lu © 
z™ 2000bMIx 1:2:4 4 
=wW 
Zz ro] 

3 ~ 1000 
a 
oO 

fe) 

WATER-CEMENT RATIO-W/c 
Fia. 2.—Relation of water-cement ratio and strength and corresponding consistency 

relation as determined by the slump, flow and plate tests 



123 

COARSE AGGREGATES : 

GRAVEL 

LIMESTONE 

SLAG 

MIXES : 

CRUSHING STRENGTH - LBS. SQ. IN. 

WATER- CEMENT RATIO W/C 

Fic. 3.—Relation of crushing strength and water-cement ratio for all compression 
tests, showing comparison with the curve suggested by Abrams and Walker 

wet: and immediately after mixing, the three tests 
for consistency—plate test, flow test, and slump test— 
were made simultaneously on different portions of 
the batch, by different operators, in order to eliminate 
any error due to the time element or to rehandling 
the concrete. Finally, at the conclusion of the first 
series the entire program was repeated, making a 
total of approximately 130 separate batches of concrete 
tested. 

COMPARISON WITH OTHER TESTS 

In order to check the accuracy of the strength- 
water-cement-ratio relation, the results of all the 
compression tests, irrespective of mix, size, or type of 
aggregate were plotted, and are shown in Figure 3, 
together with the curve suggested by Abrams and 
Walker’ as indicating the strength-water-cement- 

ratio relation, The equation of this curve is S=—2——, 
Qu 

in which S equals the crushing strength of the concrete 
in pounds per square inch at 28 days, and z 
(an exponent) is the water-cement ratio. It will be 
seen that the average of all points lie very close to 
the curve except for the very dry mixes, although it 
should be noted that these tests were made at the age 
of 14 instead of 28 days, so that the average of all 
of the points would probably lie somewhat higher 
than is here indicated if they had been made at the 
conventional period. 

To determine the relations between the strength and 
the slump, flow, and plate tests for the different mixes 
and types of aggregate, the results were plotted sep- 
arately on a series of charts which are reproduced as 
Figure 4. It will be observed that the relation between 
strength and consistency as determined by the plate 
test 1s the same, in general, as that shown in Figure 2. 
Furthermore, the points representing consistency of 
concrete made with the different coarse aggregates 
appear with one or two exceptions to lie very much 

5 Structural Materials Research Laboratory, Lewis Institute, Chicago, Ill., Bul. 9, 

2d Ed., April, 1925. 

(Continued on page 136) 
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COMMODITY TRANSPORTATION BY MOTOR TRUCK 
A SUMMARY OF THE RESULTS OF TRANSPORTATION SURVEYS CONDUCTED BY THE 

U. S. BUREAU OF PUBLIC ROADS 

Reported by J. G. McKAY, Chief, Division of Highway Economics 

HE rapid growth of motor-truck transportation 
during the past few years has resulted from five 
principal causes, which are: (1) The relative 

economy of motor-truck transportation with respect 
to transportation by horse-drawn vehicles; (2) the 
development of improved rural highways; (3) the de- 
mands of shippers ie prompt service; (4) the constant 
improvement in the mechanical efficiency of the vehicle; 
and (5) the impetus given to motor-truck transporta- 
tion by the World War. 

Mainly as a result of the operation of these causes 
the registration of trucks in the United States increased 
from 136,000 in 1915 to 2,130,000 in 1924, an increase 
of over 1,400 per cent. Although the truck traffic on 
rural highways has apparently increased at a some- 
what slower rate than the registration, it has already 
attained a volume which makes it a very important part 
of our system of distribution. As an illustration of the 
relative growth of traffic and registration it has been 
found that in Maine motor-truck traffic increased ap- 
proximately 500 per cent from 1916 to 1924, while the 
registration increased approximately 850 per cent. As 
an indication of the magnitude of this modern develop- 
ment it may be noted that the transportation of com- 
modities over the Connecticut highway system during 
the year beginning in September, 1922, reached a total o: 
88,000,000 ton-miles, and that in Cook County, IL, 
during the summer months of 1924 the average daily 
movement was 61,000 net ton-miles. 

The motor trucks used on rural highways are pre- 
dominantly trucks of small capacity. Results of the 
highway transportation surveys in the States of Maine, 
Pennsylvania, and Connecticut, and in Cook County, 
Ill., indicate that trucks of 4 to 21% tons capacity 
constitute from 77.3 per cent in Cook County to 96.8 
per cent in Maine of the total number of trucks oper- 
ating on the rural highways. Trucks of 5 tons capac- 
ity, or greater, constitute from 0.8 per cent in Maine 
to 11.7 per cent in Connecticut of the total number 
found on the rural highways. Near large cities more 
heavy-duty trucks operate on the highways, but the 
truck of large capacity does not travel far from centers 
of population in the movement of goods. 

TRUCK HAULAGE PREDOMINANTLY A LOCAL MOVEMENT IN 
ALL AREAS 

The bulk of the motor-truck movement is local, 
short-haul transportation. There is some variation in 
the length of haul depending upon: (1) The prevailing 
production of the area; (2) shipping distances to 
market; (3) the type of highway improvement; (4) 
the other types of transportation available; and (5) the 
distance between centers of population. The compari- 
son of truck haulage in Connecticut, Maine, California, 
and Cook County, Ill., to be found in Table 1 indicates 
clearly the predominance of the short-haul movement. 

The principal movement of loaded trucks occurs 
within a zone of 29 miles or less in Connecticut, Cali- 
fornia, Maine, and Cook County. In Connecticut 
79.5 per cent, in California 60.7 per cent, in Maine 
80.5 per cent, and in Cook County, Il., 75.8 per cent 
of the loaded trucks move less than 30 miles, while in 

the latter case 55.3 per cent operate less than 20 miles. 
In Connecticut and Maine 47 per cent move less than 
10 miles. Only a small percentage of the truck move- 
ment exceeds 60 miles; in Connecticut 7.9 per cent, 
Maine 6.6 per cent, and in Cook County, Lll., 5.4 per 
cent. 

TasBLe 1.—The percentage of loaded trucks operating various dis- 
tances in several areas 

Percentage Percentage 

oftoaded. | Percentage | Pereentage| ot fouded 
Length of haul (miles) Sbeoett: trucks, trucks, ee , 

eee California, Maine, ee 
cut, 1922- 1999 1 1994 County, 

1923 Ill., 1924 

Per cent Per cent Per cent Per cent 
O20 Sete eee | ee ee 47.7 26.8 47.0 24.3 
Q=10 oe See eee Soe ee 21.3 2202 23. 1 31.0 
710 ay! Bes ie eee pe 6 Oe GE Se Sn tM EE 10. 5 11.7 10. 4 20. 5 
SOR8U Se ete See eS os come 6.9 8.3 6.9 9.4 
40-4025 eee as a ee a ee 2.9 6.5 4.1 6.6 
60-00 Fee ces ae eee ee ee 2.8 6.5 1.9 2.8 
60-000 5 ae eee ea eee 1.3 \ 4.7 { 12 i ee | 
LOFTO Sor ee ce ee aos, See eee ae ae ao) ‘ .8 6 
80-80 ee ashe 32 . Be eee ee eee 5 \ 31 { ws 4 
90-90 Sas ee Ses snes 5 ‘ .5 26 
LOO :andioy ore: 5.5. 22 cee oe ere ae 4.1 1) 3.4 2.8 

1 California data limited to important highways upon which the percentage of 
long-haul trucking is greater than upon all highways in the State. 

A more exact analysis, based on the net tonnage 
hauled in the various mileage zones in Connecticut, 1s 
presented in Table 2. 

TABLE 2.—Percentage of the total net tonnage hauled in Connecti- 
cut by mileage zones 

Mileage zones 

100 | m@ 
0-9 |10-19]20-29 30-39 40-49) 50-59 oe 80-89/90-99) and | a 

| over) 

Per cent of total net tonnage 

1 | 

Products of agri- | | 
Cult Oe | 2.8 | 1.7 | 0.9] 0.5 OFZ 004 OSE OF 2 O50 iO siaiOce oe 

Products of ani- | j | 
ns Ko haeoe Beate ee 209 Wek Miles. Led sO wt 2 4 za el A: 9.4 

Products ofmines} 7.5} 1.4 | .2 2 ler set CL eee Dat OF ae Oi ent aes 9.6 
Products of for- | | | | | 
estes 25 ets Salen Suet One alameda initia 0 ieee On eee. 4.8 

Products of man- 
ufactures-— —-- _- 120.8 |13.2 | 8.6 | 7.1 | 3.0 | 3.6} 1.7 | 2.0 Ok 8a vt.6 69. 0 

Nother 36.3 pasa 21.6 |} 9.0 4,-00) 4.65) 2e2) 2.16 .8 | 1.0] 8.6] 100.0 
if 

Of Connecticut’s total net tonnage, as shown by the 
table, 67.1 is cent is hauled 29 miles or less and 15.2 
per cent is hauled 60 miles or more. Household goods 
constitute a considerable portion of the goods hauled 
long distances in this State. Of the total tonnage, 7.2 
per cent is composed of products of agriculture, 9.4 
per cent products of animals, 9.6 per cent products of 
mines, 4.8 per cent products of forests, and 69.0 per 
cent are manufactured products. Manufactured goods 
are hauled over longer distances than goods of the 
other principal commodity groups, the large per- 
centage reflecting the type of production in the State. 
The movement of products of mines is restricted largely 
to distances less than 10 miles and is primarily a 
movement of sand, gravel, stone and coal. 
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THE MOTOR-TRUCK MOVEMENT LARGELY A DISTRIBUTING SERVICE 

A large percentage of motor-truck transportation is a 
direct distribution of commodities to points of final use. 
In Cook County, Hl., approximately 70 per cent of all 
loaded trucks were poradits be engaged in a service of 
this character. Analyzed according to destination 
25.8 per cent of the loaded trucks were found to be 
hauling to retail establishments, 17.7 per cent to con- 
sumers, 20.8 per cent to construction and repair jobs, 
5.5 per cent to farms, and 30.2 per cent to other destina- 
tions. Of these several groups all but the last men- 
tioned were engaged in a service of direct distribution 
of consumption goods or in delivering goods to the point 
of final use. 

Food products and construction materials are the 
two principal types of commodities hauled by motor 
truck. In Cook County the analysis of commodities 
hauled resulted in the following classification: 

Per cent 
Commodity of net 

tonnage 

LUO TS ee bearer Yo) Lap ha ee Ee ee oe ee eee ee oem 8.0 
Mascellaneous products. of agriculture... ...--......_.- ens 22 lee LL 1.4 
INATINES Chava Seleishaalt sae Se we eee ee ee ee ae Ea ee pee 2 4.8 
CoMOMGAITY: PYOUUCtS.. 22222-80520 c eo ee eae ea SENN Ee SD 4 
EPA PAC kin O- ROUSE PLOCUCtSi a= 2 6 mea ee) eee eee ae teed 
PuScolAneOUsspnOCUctS Ohanimals = S72 eS eee | 2. 4 
ES RKCISy EP OU CS co eet ree Oh. ne EE ee es ere See 1.4 
(CHGS GO Bag ys eel BE 2 AS ESE ey a he ae wi ee ae Se Rey eee 4.9 
BUCO MCONMGO CIOs mee sea Se eee ws. Se et Sig ee A Se ae 75.0 

100. 0 

As will be seen from the foregoing, the principal food 
products make up 25 per cent of the net tonnage. 
Miscellaneous food products, which are not individually 
important but which in the aggregate constitute a 
considerable tonnage, will increase this percentage. 
Approximately 32 per cent of the daily milk supply of 
Eiicacs is brought into the city by motor truck, and 
the greater part of the milk shipped to the city from 
points within a radius of 50 miles is trucked in. 

Jommodities hauled by truck in a given area reflect 
largely the production in the area, the size and distri- 
bution of centers of population and to a limited extent 
the adequacy of the service of other means of trans- 
portation available for the movement of commodities. 

COMMERCIAL TRUCK HAULING KEENLY COMPETITIVE 

The surveys made in the several areas show defi- 
nitely that the bulk of the truck movement consists of 
the transportation of goods in trucks belonging to the 
owner of the goods. The strictly commercial trucker 
hauls but a small percentage of the total tonnage on 
rural highways, and this condition is likely to continue. 

There is keen competition between the commercial 
motor truckers. This has resulted in losses in some 
cases and in a small margin of profit in others, and has 
caused a rapid turnover of the companies. A knowl- 
edge of operating costs is needed to measure the effi- 
ciency of any business, yet the commercial trucking 
companies know very little of their costs. A few of the 
larger ones with the better organization do keep cost 
records, but these records as well as the analysis and 
application of them as a control in management can 
be considerably improved. The creation of a depre- 
ciation fund to replace worn-out equipment is practi- 
cally unknown to the smaller companies. 

55298—25t——2 

There is a distinct field for the commercial trucker; 
but successful operation and reliable service will de- 
pend largely upon: 

1. The keeping of reasonably accurate records of the 
cost of performing service as a guide to operation. 

2. Reasonable regulation to protect responsible oper- 
ators from unfair competition. 

As a result of the application of these two principles 
the following benefits will result: 

1. Analysis of cost records will determine profitable 
and unprofitable business. 

2. Commercial haulage rates can be accurately made. 
3. The most economical type of transportation in 

the various mileage zones can e determined. 
4. The proper operating equipment and size of equip- 

ment can be selected to serve the needs of the com- 
munities. 

5. The business will be made more stable and se- 
cure, which will be of material advantage to users, and 
operators will be able to perform more satisfactory and 
efficient service and earn a fair return on their invest- 
ment. 

CLASSES OF MOTOR TRUCK TRANSPORTATION 

The general field of motor-truck transportation can 
be divided into three major parts: 

1. Local distribution of commodities. 
2. Organized motor truck transportation supple- 

menting existing rail and water service. 
3. Long-haul truck transportation of special com- 

modities. 
Local distribution of commodities.—This class of trans- 

portation constitutes the bulk of the motor-truck ton- 
nage movement. This movement is not strictly com- 
petitive with rail or water service. It consists pri- 
marily of the distribution of goods within cities and 
their suburban areas, and between cities and tributary 
areas. 

There are two distinct types of commodity distribu- 
tion: (1) The distribution of goods having both origin 
and destination within the local area, such as the whole- 
sale to retail movement, retail to consumer, distribu- 
tion of building materials, and the delivery of milk, 
garden truck, fruits and vegetables from rural areas 
to the cities; and (2) the completion by truck of 
the transportation service provided by rail and water 
facilities. 

Local distribution will continue to be the bulk of 
motor-truck transportation and will be handled largely 
by the owners of the goods themselves, a small portion 
by the commercial trucker. In either case efficient dis- 
tribution requires that accurate cost records be main- 
tained. The merchant with an efficient distribution 
system has a distinct advantage in competition; the 
commercial trucker who knows his service costs can 
distinguish between profitable and unprofitable busi- 
ness and raise his profits accordingly. Operating with- 
out knowledge of the cost of doing business he can not 
determine unprofitable business and is usually a mar- 
ginal or submarginal operator. 

A more efficient use of terminal facilities requires 
close coordination of motor-truck transportation with 
rail and water facilities. A well-organized motor truck- 
ing company, operating in cooperation and preferably 
controlled by the major rail carriers in the area, would 
probably be the most efficient operating organization. 
Ownership of the terminal motor trucking company is 
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not essential, but control by the rail and water lines is 
essential to guarantee service and becomes imperative 
if through rates for combined rail, water, and truck 
transportation are established. 

As a major field for the development of motor-truck 
transportation this movement is limited to large 
centers of population, primarily the terminal areas. 

Service supplementary to rail transportation.—Or- 
ganized motor-truck service supplementing existing rail 
transportation offers three types of service. 

1. The extension of freight service into areas without 
rail service. 

2. The substitution of motor-truck service for rail 
service on unprofitable branch rail lines. 

3. The combination of rail and truck service for 
short-haul package freight in terminal areas and on 
congested trunk lines. The development of this serv- 
ice is illustrated by the Pennsylvania and New York 
Central truck haulage of package freight. Prompt 
and rapid service and partial elimination of way-freight 
trains on heavy-traffic sections is largely responsible 
for this development. The factor of increased safety 
of train operation by the partial elimination of the 
package-freight train is a real advantage. 

There is a real service to be performed by extension 
of motor-truck lines into areas without rail facilities. 
In such areas the development of motor-truck lines is 
perhaps the only type of modern transportation capable 
of performing service since it is becoming more difficult 
and hazardous to obtain capital for the extension of 
rail lines into new areas. 

The substitution of motor-truck service for rail 
service on unprofitable branch lines represents economy 
in providing transportation service as a whole. 

The combination truck-and-rail service for short- 
haul package freight on rail trunk lines demands a 
close coordination of service. Haulage of rail package 
freight by motor trucking companies on a contractual 
basis represents the first step in this development. 
If this new type of service is economically sound the 
carrier ultimately should own and operate the motor- 
truck equipment. Until it demonstrates its place in 
the scheme of transportation it is natural for the rail 
lines to shift the risk of ownership of equipment and a 
large share of operating risks to motor trucking com- 
panies. It is to be remembered also that the possibili- 
ties of growth of combined rail-and-truck transporta- 
tion are largely limited to the comparatively few con- 
gested terminal areas and the heavy-traffic rail mileage. 
Its development depends largely upon the legalization 
of through rates to include the motor truck pick-up-and- 
delivery service. 

The competition of motor trucking companies with 
rail lines is not economical, assuming that rail operation 
offers satisfactory service. 

Long-haul transportation of special commodities.— 
This class of service by motor truck is economically 
sound when speed of delivery, or the avoidance of 
special packing and crating are the primary considera- 
tions. It is also justified for the transportation of 
perishable commodities. As for the balance of the 
long-haul movement it is very questionable, assuming 
efficient rail service, that it 1s economically sound, or 
that it is profitable to the motor-trucking company 
specializing in the long-haul field. Maintenance of 

cost records and a fair charge for the right to perform 
this service will determine whether or not this move- 
ment is economically sound. Perhaps the principal 
value of the long-haul trucker as a competitor or 
potential competitor has been to call the attention of 
rail management to the shippers’ need for rapid and 
efficient handling of package freight. 

Regulation of commercial trucking organizations is 
essential because of the disastrous effect of unregulated 
and destructive competition between motor trucking 
companies in a field in which the demand for service 
is relatively inelastic and the supply of service is 
elastic. 

Interstate trucking is largely a local distribution af- 
fected by nearness to State lines. The balance of the 
interstate movement consists of long-distance haulage 
and is a very small part of the total. Regulation of 
interstate motor truck transportation means practically 
the regulation of local trucking and is therefore largely 
a problem of State regulation. 

Jurisdictional disputes concerning the regulation of 
motor trucks and busses operating across State lines 
have already developed between the State agencies re- 
sponsible for the regulation of this new transportation 
business. A national advisory body to adjust prob- 
lems of regulation between the States may be of value. 
It is difficult to visualize the administrative ability 
of a national regulatory body capable of satisfactorily 
handling the multitude of cases that would naturally 
develop if complete control and regulation is vested 
solely in a national agency. If authority to control 
this new transportation agency is vested in a national 
agency, delegation of authority by the national control 
agency to State regulatory agencies, with power to 
make decisions, subject to final review on appeal to 
the national agency would possibly be of real service. 

UNIFORM ROAD SIGNS ADOPTED 

The Joint Board on Interstate Highways meeting in 
Washington, D. C., Aug. 3-4, adopted a system of 
interstate roads and a series of standard danger, caution, 
direction, and informational signs which it will recom- 
mend for use in marking and signing the systems 
selected. 

The system adopted will now be mapped, and as 
promptly as possible a full report will be made to the 
Secretary of Agriculture, by whom the board was 
appointed last February. 

The selected routes will be numbered in accordance 
with a system to be evolved by a subcommittee of the 
board. 

The standard route marker will be a typical United 
States shield painted white, on which will appear in 
black the name of the appropriate State, the initials 
U.S., and the route number. If possible the route 
numbers will be limited to two digits for easy reading, 
and steps will be taken to prevent the use of the 
standard marker for any purpose other than for the 
marking of the selected system of interstate roads. 

Other standard signs for grade crossings, curves, 
steep grades, etc., were adopted and full details as to 
design, character, and size of lettering and color 
worked out. 
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TAR PAPER ON LOESS SUBGRADE LESSENS 
HAIR CRACKS IN CONCRETE PAVEMENT 

By R. W. CRUM, Engineer of Materials and Tests, Iowa State Highway Commission 

AIR cracks developed during the curing period 
H on the first cement concrete pavement laid on 

the loess soil in the western part of the State 
by the Iowa State Highway Commission. This pave- 
ment extended through the hilly country adjacent to 
the flood plain of the Missouri River. The cracks or 
checks were of the kind usually called hair cracks, al- 
though they were generally longer and wider than 
those commonly encountered'in patches on many con- 
crete pavements. They were not surface cracks only. 
On the contrary, they extended through the pavement 
to the bottom of the slab. 

Fic. 1.—Curved formation of hair cracks which is the typical condition when con- 
crete pavement is laid downhill 

Careful investigation of the construction conditions, 
together with some corroborative experiments, in- 
dicated that the cracking occurred when the loess soil 
was dry or slightly moist and most frequently when 
the pavement was being laid downhill. Upon later 
work this cracking was eliminated to some extent by 
thoroughly wetting the subgrade immediately prior to 
pouring the concrete. A much more effective method, 
however, was found to be the placing of a layer of 
tar paper on the subgrade before laying the pavement. 
This tar-paper treatment has been found to be es- 
pecially successful and is now the standard practice 
for concrete pavements to be laid on this type of Iowa 
soil. 

The use of tar paper is not suggested as a cure for 
all hair cracking. Other conditions than the character 
of the soil are doubtless often responsible. Appar- 
ently the tar paper does not decrease the amount of 
transverse and longitudinal cracking which develops 
after the pavement is built and opened to traffic, but 
definite conclusions can not be given concerning this 
pore of the matter because it has not been studied in 
detail. 

DESCRIPTION OF HAIR CRACKING ON FIRST CONCRETE PAVEMENT 

The data in Figure 3 describe the conditions under 
which this first concrete pavement was laid and the 
character of the cracking which developed. The sig- 
nificant conditions upon which the hair cracking de- 
pends may be observed on this typical section of the 
road. The subgrade was uniformly loess soil, hard 

. 

and smooth, which had been lightly sprinkled just be- 
fore the concrete was placed. Two brands of cement 
were used and changed at frequent intervals but this 
had no apparent effect upon the cracking. 

Beginning at station 578 at the right of Figure 3 
and proceeding toward the left, in the order that the 
concrete was placed, it will be noticed that for about 
200 feet a large number of cracks appear and this is 
where the concrete was placed downhill (see fig. 1). 
Across the sag a few cracks may also be seen, but going 
up the other side there is none until the crest is reached. 
From there on, down to the foot of the grade, cracks 
are prevalent, but again across the bottom and up the 
hill on the other side only a few are found. Once 
more, as soon as the crest 1s passed they appear again 
until the close of work on August 20 at about station 
523. 
August 21, being Sunday, no work was done, and on 

August 22 a heavy rain occurred so that when work was 
resumed on August 23 the subgrade was in a thoroughly 
saturated condition. Even though the operation was 
still downgrade, no hair cracks appeared in the concrete 
laid immediately after the ram. But they appear 
again in that which was laid several days later when the 
subgrade had dried’ out. These phenomena were 
repeated several times in the 17 miles of pavement 
placed that year. Only three remedies suggested 
themselves—either the concrete would have to be 
always laid uphill (which, of course, is impracticable) ; 
or the subgrade would have to be saturated; or possibly 
an impervious layer might be placed between the sub- 
grade and the concrete. 

Fic. 2.—Location of the road over the loess formation and the steep angle of repose 
of this type of soil 

CHARACTER OF THE LOESS SOIL 

According to most authorities on lowa geology the 
loess soil was deposited by wind over glacial drift. 
It extends back from the Missouri River for a distance 
of 50 miles or more and forms a mantle so thick that 
few highway cuts are deep enough to penetrate it. 
It is a very finely divided material which is eroded 
rapidly by running water, yet it will stand on a slope 
so steep as to be almost vertical. In recognition of 
these conditions it has become the standard practice 
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PLAN AND PROFILE OF PAVEMENT SHOWING DAILY RUNS AND HAIR CRACKS 

Fia. 3.—Typical section of first concrete pavement laid on loess soil of western Iowa. 

to excavate cuts to a practically vertical slope (fig. 2) 
and to carry surface water over the pavement, which is 
built with a curbed section, rather than in side ditches 
(fig. 4). 

Fic. 4.—Topography of loess soil area and curbed section of concrete pavement 

Typical physical characteristics of thesoil, determined 
by the methods of test described in the April, 1925, issue 
of Pusiic Roaps are as follows: 

Per cent 
[Sand oo: FU ae eee ee 0. 74 

Mechanical analysers. 22 oo4 Sites Uy ese So eee 67. 08 
[Clay EEE ta nN Sees 32. 10 

Moisture equivalent 2 ve ae tee en er ee oe 21.9 
Capillary moisturésu. 5-4 ee. Se ee eee 43. 7 
Lineal shrinkage (by test of 1 by 1 by 10 inch bar) ____- 2. 30 

LABORATORY TESTS INDICATE MOISTURE ABSORPTION AS CAUSE OF 
CRACKING 

Some corroborative studies were made in the labora- 
tory to determine the cause of the hair cracks in the 
pavement laid on the loess soil. The studies were made 
on mortar slabs, 18 inches wide and 2 inches thick, 
the proportions being 1 part cement to 2.17 parts of 
sand by weight. | 

In these experiments the following phenomena were 
noted: 

1. Slabs on dry or damp loess or yellow clay cracked 
badly within three hours after being placed. 

Slabs on saturated clay or loess did not crack. 
Slabs laid on tar paper did not crack. 
Dry mixtures showed much less tendency to crack 

than wet mixtures. 

2 
9 
vo. 
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PRESENT IOWA PRACTICE 

In view of the foregoing observations, on the next 
contract the contractor was given the option of using 

Hair cracking is most prevalent on portion of the pavement laid downhill 

tar paper or thoroughly wetting the subgrade for the 
length of one day’s run ahead of the mixer. He chose 
the additional wetting, and there was decided improve- 
ment, although numerous hair cracks still developed. 
This method required a great deal of water, and when 
the subgrade was soaked enough to insure against the 
cracking it was really too muddy for the trucks to 
operate properly. 

On later contracts the tar paper has been required 
and the troublesome hair cracks have been practically 
eliminated. On 14 miles completed in 1924 in a loca- 
tion similar in every way to that shown in Figure 3 
only two small patches of cracks have been noted, and 
it is known definitely in one of these cases that the tar 
paper was omitted. 

HIGHWAY RESEARCH BOARD TO REPORT ON 
REINFORCED CONCRETE ROADS 

A report presented at a recent meeting of the execu- 
tive committee of the Highway Research Board by 
C. A. Hogentogler, chairman of the special investiga- 
tion of the economic value of steel reinforcement in 
concrete roads, shows that inspections have been com- 
pleted on 375 miles of plain and reinforced concrete 
roads, varying in age from 1 to 10 years, and con- 
taining approximately 300 comparisons of slabs with 
and without steel which were subjected to the same 
influencing conditions. These roads are located in 
Massachusetts, Connecticut, New York, New Jersey, 
Pennsylvania, Delaware, Maryland, Virginia, North 
Carolina, Georgia, and Ohio. The States still listed 
for inspection are Michigan, Illinois, Missouri, Wis- 
consin, Lowa, Utah, Washington, California, Texas, 
and Mississippi. 

It is thus assured that a sufficient number of direct 
comparisons will be made to warrant drawing definite 
conclusions regarding the effect of steel as influenced 
by age, design, traffic, climate, and subgrade, as well 
as by the type, weight, and placement of the reinforce- 
ment itself. Maintenance costs of both plain and 
reinforced concrete roads have also been secured on a 
large mileage. These costs are in such detail as to 
show how the maintenance is influenced by any desired 
variable. 

The final report on this investigation will be one of 
the most complete studies of concrete roads ever under- 
taken. It will be presented at the fifth annual meeting 
of the Highway Research Board to be held in Washing- 
ton, D. C., on December 3 and 4, 1925. 
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BialoeNh SlATUS (ORME 1RUCK TIRE TESTS OF 
THE BUREAU OF PUBLIC ROADS 

A PRELIMINARY REPORT 

BY THE DIVISION OF TESTS, U.S. BUREAU OF PUBLIC ROADS 

Reported by E. B. SMITH, Engineer of Tests 

URING the past two years the Bureau of Public 
Roads has been carrying on a series of tests to 
determine the relative cushioning properties of 

solid rubber, cushion, and pneumatic truck tires. This 
information is of vital interest to truck manufacturers 
because it may suggest a method for reducing the force 
of the shocks transmitted to the mechanism and thereby 
lengthen the life of the truck. The truck user is also 
benefited by any improvement which tends to decrease 
the annual operating costs of the truck. Truck manu- 
facturers and can representing only a small 
fraction of the population, are not the only beneficiaries, 
since the tests also provide data relative to the de- 
structive effect of the different types of tires on the 
road surfaces which are built at the expense of the 
public. 

WHEN AND BY WHOM TESTS WERE INITIATED 

The tests were initiated about two years ago by rep- 
resentatives of the Bureau of Public Roads in con- 
ference with representatives of the various tire and 
truck manufacturers. A cooperative committee was 
chosen to prepare a preliminary outline of a series of 
tests which would furnish useful information relative 
to tires, trucks, and road surfaces. This cooperative 
committee represented the Bureau of Public Roads, 
the Society of Automotive Engineers, and the Rubber 
Association of America. The rather extensive series 
of tests which were outlined included the use of dif- 
ferent trucks, most of the representative tires of dif- 
ferent types and sizes (necessitating several hundred 
tire changes), and the constant employment of 8 to 10 
men. It was expected that the series would extend 
over a period of more than three years. 

The Bureau of Public Roads is conducting these 
tests at the Arlington Experiment Station, near 
Washington, D. C., and is providing all the personnel, 
testing facilities, apparatus, and instruments. The 
other cooperating agencies are furnishing all the tires, 
extra wheels, and trucks. After the tests were begun 
many unforeseen duplications were eliminated and the 
time of the investigation was considerably reduced. 
Present estimates indicate that this series of tests, 
which has been in progress less than two years, will be 
completed probably next fall, at least in so far as the 
experimental work is concerned. 

n stating the facts to be determined by these investi- 
gations no one object can be selected as the most 
important. The principal factors involved are of 
course the cushioning qualities of various types of tires 
and the relative impact they deliver to road surfaces. 
However, these primary factors are influenced by varia- 
tions in the sprung and unsprung loads, the speed, the 
temperature, the condition and kind of tire, and the 
roughness of the road surface. These variations neces- 
sitate principally tests under impact conditinos, but 
for fick tire a static-load test is alsomade. In securing 
the data sufficient information is also obtained to 

determine the force delivered to road surfaces by both 
impact and static loads. It is possible that a careful 
compilation of the data will reveal a short and accurate 
test for classifying tires. 

Although these tests are not finished, some of the 
preliminary indications have been already of real 
service to the automotive industry and improvements 
have resulted. Furthermore, the series is developing 
information which will be of value in the formulation 
of traffic rules and regulations. 

TREND OF RESULTS 

At this time it is not proper to publish any of the 
detailed numerical data which have been obtained, 
although it should be of interest, in a general way, to 
indicate the trend of the results. 

It is found that the magnitude of the deceleration of 
a truck wheel may be as high as 2,500 feet per second, 
as in the case of a badly worn tire. In some cases this 
may produce an impact force equivalent to 15 times 
the static load. This, however, is a very extreme con- 
dition rarely found in actual practice. It corresponds 
to a truck carrying a load of 5 tons and with little or 
no rubber on the steel wheel rim. 

Wide tires give higher impact forces than narrow 
tires for the same load. This does not mean that 
narrow tires should be used in preference to wide tires 
in order to prevent the destruction of road surfaces, 
On the contrary, tires should not be reduced in width 
beyond a load of 800 pounds per inch of width for wide 
tires and 600 pounds per inch of width for smaller tires 
(less than 5 inches in width) on account of the possi- 
bility of causing ruts in rock and asphalt roads and the 
further possibility of reducing the mileage service of 
the tire. 

The vertical thickness of rubber available for cush- 
ioning in solid and cushion tires is a very important 
factor. An ordinarily worn tire may deliver an im- 
pact blow as great as seven times the static load of the 
same tire. 

An unevenly worn or damaged tire may easily 
produce a force equivalent to that of a very rough road 
both in the impact the road surface will be subjected 
to and the equal and opposite shocks which will be 
transmitted to the truck. 

On smooth pavements it is self-evident that the 
cushioning qualities of tires and the impact forces 
developed by traffic are of small value and consequence 
and not capable of being measured. Only on rough 
and wavy pavements do these qualities and force fac- 
tors become of sufficient magnitude to be measured. 

BRIEF DESCRIPTION OF IMPACT TESTS 

The impact test consists in operating a_ truck 
equipped with test tires over representative sections 
of smooth concrete and rough granite-block roads, 
and over a series of artificial obstructions securely 
anchored to another section of smooth concrete road. 



130 

These artificial obstructions consist of inclined planes, 
rectangular and rounded blocks of varying heights. 
The impact is determined both on striking these 
obstructions and at the instant the wheel hits the 
ground on the first rebound. Sufficient variations 
in speed are made to determine a reliable curve and 
the truck load is varied from a condition of emptiness 
to such an amount that the tires will be overloaded 
50 per cent. The determination of the total impact 
force is made by measuring the deceleration of a rear 
wheel and the deflection of the corresponding truck 
spring at the instant of impact. 

The deceleration of the rear wheel is measured by 
a specially designed accélerometer. This instrument is 
mounted on the side of the truck body, although it 
obtains its motion through a rigid vertical rod extending 
down and connecting to the hub cap. The connection 
to the hub cap is made by means of a specially con- 
structed, tight-fitting universal ball bearing. The 
deceleration is measured with this accelerometer by 
virtue of a small weight supported on a calibrated 
spring. A record is made on the moving paper tape 
by means of a pencil attached to the decelerometer 
weight. The vertical height of the record indicates 
the deceleration according to a scale, which depends 
upon the spring used under the accelerometer weight; 
and the cushioning qualities of the tire under test are 
indicated by the vertical height of the record. The 
horizontal scale of the record represents the position 
on the road. In this way the acceleration of the 
truck wheel may be accurately and definitely located 
on the record for any position on the road surface. 
On this same paper tape a record is also made by 
means of a special attachment between the rear axle 
and the body showing the deflection of the truck 
spring at any instant. Before testing, all truck 
springs are removed, cleaned, and greased, and are 
kept in this condition by being covered with a canvas 
boot. These springs are carefully calibrated for load 
and deflection under a testing machine. The total 
force delivered to the road surface is then the impact 
as determined from the deceleration and mass of the 
rear wheel (unsprung weight) plus the sprung weight 
as determined by the position of the truck spring at 
the same instant. 

RELATION OF IMPACT TO STATIC LOADS 

Each tire was subjected to a static-load test in a test- 
ing machine in which the load and deflection were 
recorded for several conditions of loading up to about 
500 per cent overload and tire imprints or areas of 
contact were obtained. Although there is sometimes 
an indication of a relation between static and impact 
tests, a definite relation has not yet been established 
which can be applied to all tires for the purpose of pre- 
dicting from the results of the static tests what the 
action will be under different conditions of impact. 

The cushioning quality of a tire is measured by 
means of the accelerometer and has a direct relation 
to the deceleration resulting when the tire strikes the 
road surface with a given velocity. Undoubtedly the 
tire which offers the best cushioning qualities is one 
which will give the lowest deceleration value under 
the condition of impact. In other words, the tire 
which will cause the wheel to come to rest (in its verti- 
cal motion) in a greater distance will have a smaller 
deceleration value and consequently better cushioning 
qualities. These cushioning qualities of the different 

tires are dependent not only upon their inherent char- 
acteristics, but also to some extent on the character of 
the obstruction which they may strike. The horizontal 
speed with which the truck wheel strikes an obstruc- 
tion or irregularity in the road surface and the load 
which it carries are also influencing factors. The cush- 
ioning quality of any particular tire is affected also to 
some extent by the tire temperature. 

The cushioning quality of the tires as influenced by 
the tire temperature was carefully determined by 
mounting the tire on a truck wheel and placing it in a 
special impact machine wherein the tire was raised 
and dropped in a vertical position from different 
heights. The resulting deceleration was measured with 
an accelerometer. The temperatures were obtained by 
means of a water bath and electric heating units. The 
tire temperature was measured by means of thermo- 
couples thrust into the body of the rubber composition, 
the temperature being varied from about 30° F. to 
210° F. The results of these tests showed that the 
cushioning qualities were greater for hot tires than for 
cold tires and that the variation of cushioning with 
respect to the temperature was rectilinear. 

CHARACTER OF ROAD SURFACES 

The road runs of these truck-tire tests were always 
over the same selected stretches of different types of 
roads and, as far as possible, the truck wheels always 
followed the same line on the pavement. This resulted 
in a very good comparison. The two principal types 
of road surface used were a reasonably smooth concrete 
and a fairly rough granite (Belgian) block pavement. 
At the beginning of the tests a bituminous concrete 
road section was also used, but it was discovered in a 
short time that this changed in surface roughness to 
such an extent that successive comparisons could not 
be depended upon, and it was therefore eliminated. 

The different types and sizes of trucks used in this 
series of tests included a 2-ton worm-drive Mack, a 
3-ton Autocar, a 1-ton Ford with special gear reduction, 
a standard 5-ton class B Army truck, and a 6-wheel 
type 5-ton Army truck. These trucks all had addi- 
tional wheel equipment whereby most of them could be 
equipped with solid, cushion, or pneumatic tires. The 
speed of operation varied from about 3 miles an hour 
to the maximum of which each particular truck was 
capable under the test conditions. None of the trucks 
exceeded a speed of 30 miles an hour. 

ACTIVITY IN HIGHWAY RESEARCH 

Figures which show the interest of highway builders 
in research as a means of solving highway problems 
are given in a list of highway research projects recently 
compiled by the Highway Research Board. 

According to the list there are under way at the 
eee time 479 active projects, 205 of which are 
eing conducted by the various State highway depart- 

ments and the United States Bureau of Public Roads, 
184 by universities, and 90 by municipalities, counties, 
and industrial organizations. 

These researches are suggesting more economical 
methods of design and are pointing the way to better 
methods of construction, according to A. N. Johnson, 
chairman of the Highway Research Board. a7 ior 

iene A 
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A DEFORMATION TEST FOR ASPHALTIC MIXTURES 
BY THE DIVISION OF TESTS, U. S. BUREAU OF PUBLIC ROADS 

Reported by H. M. MILBURN, Engineer of Tests 

first considerations is to produce a pavement which 
will retain its stability under high summer temper- 

atures. Designers have been guided by past experience 
with the various classes of mixtures in producing 

a satisfactory pavement. 
There are no laboratory tests 
in general use for testing 
an actual specimen of the 
roposed mixture and it is 

felt that there is need for 
such a test. 

The Bureau of Public 
Roads has developed a test, 
making use of new appa- 
ratus which determines the 
effect of varying the percent- 
age of asphalt in a mixture 
by subjecting compressed 
specimens to a constant 
load at a constant tempera- 
ture for a definite time and 
measuring the deformation. 

le the design of asphaltic paving mixtures one of the 

DESCRIPTION OF THE MACHINE 

The deformation machine, 
shown in Figure 1, consists 
of the frame of a Vicat 
machine supporting a cylin- 
drical rod in a vertical posi- 
tion. A cup for holding shot 
is attached to the upper 
end of the rod, the lower 
end being fitted into a cylin- 
drical shoe 1 inch in height 
by 1% inches in diameter. 
Sufficient shot are placed 
in the cup so that the weight 
of the shot, cup, rod, and 

shoe is 5 kilograms. The decrease in height of the 
specimen is obtained by the use of an Ames dial reading 
to 0.001 of an inch attached to the frame, the foot of 
the Ames dial resting on a metal strip fastened to the 
rod of the machine. The size of the specimens tested 
is 1 inch in height by 114 inches in diameter. The 
machine is about 8 inches wide and 22 inches high. 
The deformation results given in this paper were 
obtained with this machine. Recently the machine 
has been redesigned in order to make it more compact, 
but in principle it is the same as the machine just 
described. This new machine, shown in Figure 2, 
differs from the former machine primarily in that two 
vertical parallel rods act as guides and the cup con- 
taining the shot is replaced by a rectangular weight. 
The machine is about 7% inches wide and 12 inches 
high. 

Fic. 1.—Apparatus used in making 
deformation tests 

PREPARATION OF SPECIMENS 
_In the preparation of the specimens four different 

asphalts were used. Mixtures of each asphalt and a 
mineral aggregate consisting of 88 parts by weight of 
an asphalt sand and 12 parts by weight of a mineral 
filler were made. In three series of specimens the 
bitumen content was varied from 8 to 15 per cent by 
weight and in one series from 2 to 15 per cent, in each 
case the increments being 1 per cent. The mechanical 
analysis of the mineral aggregates used in the three 
series containing 8 to 15 per cent of bitumen and that 
used in the series containing 2 to 15 per cent of bitumen 
are given in columns (a) and (b), respectively, of the 
following table: 

| 

(a) (b) 

| Per cent | Per cent 
Passing a 14-inch screen and retained on a No. 10 sieve_________ 0.7 0.3 
Passing a No. 10 sieve and retained on a No. 20 sieve___________| 6.0 6.9 
Passing a No. 20 sieve and retained on a No. 30 sieve___..______ 8.7 9.8 
Passing a No. 30 sieve and retained on a No. 40 sieve__...______ 11.9 10.3 
Passing a No. 40 sieve and retained on a No. 50 sieve___..______ 10.2 17.2 
Passing a No. 50 sieve and retained on a No. 80sieve___..._____ 2001 23.4 
Passing a No. 80 sieve and retained on a No. 100 sieve__..._____ 7.8 7.0 
Passing a No. 100 sieve and retained on a No. 200 sieve____.____ 12.3 10. 0 

ZOOISIOVO: Sess Stark toh beh ee SE eT | 17.6 15. 1 Passing a No. 

In the preparation of the mixtures the asphalts and 
mineral aggregates were heated separately to a tem- 
perature of 300° to 325° F. and then thoroughly mixed 
in the proportions desired by hand, using a trowel or 
large spatula. In the making of the specimens a 
hollow steel mold 21% inches 
in diameter and 3 inches 
in height was used. The 
diameter of the hole in the 
mold is 114 inches. The 
mold, which had been _ pre- 
viously heated, was placed 
on a metal plate resting on 
the base of an Olsen testing 
machine and filled with an 
amount of the mixture suffi- 
cient to form a specimen 
substantially 1 inch in 
height. A cylindrical steel 
plunger 3% inches long 
and 1%% inches in diameter 
was then placed in the mold 
and pressure applied until 
the beam balanced at 2,000 
pounds, using high speed. 
Then the balance weight was 
set at 10,000 pounds and 
the pressure applied at low speed until the beam just 
balanced. The pressure was then released and the 
s 
t 

Fic. 2.—Improved design of appa- 
ratus to be used in future tests 

ecimen removed from the mold. The removal of 
1e Specimen was effected by placing the mold on a 

metal tube of sufficient height and diameter to allow 
free passage}from the mold and forcing the specimen 
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out by applying pressure to the plunger. The specific 
eravities of the specimens were determined by the 
displac ement method. 

While in these four series a pressure of 10,000 
pounds was used exclusively, the pressure that was 
originally tried was 20,000 pounds as this pressure had 
previously been used with another mineral aggregate 
and specimens whose specific gravities seemed reason- 
able ate obtained. (Results embodied in Progress 
Report of a Subcommittee of the Committee on Tests, 
A. A. S. H. QO. for 1921.) In the present series, however, 
when the 20,000-pound pressure was tried, specific 
gravities which appeared abnormally high were 
obtained with specimens of low bitumen content. 
Furthermore, the specific gravities in general decreased 
from a maximum with § per cent of bitumen to a 
wea with 15 per cent of bitumen, and analyses 
f the specimens with 8 per cent bitumen showed the 

mine at aggregate to contain 27.9 per cent of material 
passing the 200-mesh sieve, whereas. the original 
mineral aggregate contained only 17.5 per cent. This 
increase in very fine material indicates that with this 
pressure of 20,000 pounds crushing of the mineral 
aggregate had occurred. It has been a matter of 
record! for many years that the voids in asand decrease 
continuously to a certain point with the increase of 
mineral filler. It can be assumed, therefore, that the 
increase in fine material in the specimen had decreased 
the voids, resulting in high Spec ific gravities. 

1 The Modern Asphalt Pavement, by Clifford Righamlaet, 2d paition, p. 82. 
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TESTING SPECIMENS FOR DEFORMATION 

The deformation machine was placed in an oven 
and heat so applied that a temperature of 60° C. was 
registered by a thermometer embedded in a specimen 
on the base of the machine. The specimen to be 
tested was kept in the oven for one hour. The load 
was then applied and the deformation of the specimen 
was obtained by noting the original reading of the 
Ames dial and the reading at the end of two hours, 
the apparatus remaining in the oven at constant 
temperature. In general, two specimens from each 
mix were tested. The deformations of specimens 
which collapsed during the test are desmanren as total 
and no attempt was made to measure the deformation 
of such specimens. 

DISCUSSION OF RESULTS 

Figures 3, 4, 5, and 6 give the results of the four series 
of deformation tests with corresponding specific grav- 
ities of the specimens and the calculated specific 
eravity on the assumption of a voidless mixture. The 
difference between these two specific gravities indicates 
the amount of voids in the specimen. In Figure 3 
the deformations decrease from that of the specimen 
containing the 15 per cent of bitumen to and including 
that of the specimen containing 10 per cent of bitumen; 
ee an increase occurs for the specimen containing 
9 per cent of bitumen with a subsequent decrease for 
the 8 per cent specimen. Figure 4 shows that the 
deformation decreases from the 15 and 14 per cent 



133 

| 

COMPUTED SPECIFIC GRAVITIES 
OF VOIDLESS MIXTURES 
~ RGR: 

Co 
re 
>> 
to 
“ 240 
> 

& 
= 
x 230 

2) 
— 

& 220 
oo. 
WY 

2.10 

2.00 

1.95 | 15% TOTAL 
” 1 DEFORMATION 
pu ee () 

ae | | | DEFORMATION AT 60°C. 

Sos L2zToTa BLL { 
$ : DEFORMATION Tai re 

Bee Omi 29040596) 7 8-9 10 9213. 1415 
Qa 

PER CENT BITUMEN 

Fic. 5.—Results of series of tests on mixtures with asphalt I, having a penetration 
36 

specimens to the 11 per cent one, inclusive, and then 
increases up to and including the 9 per cent specimen, 
with a subsequent decrease for the 8 per cent specimen. 
Figure 5 shows that the deformation decreases from the 
15 per cent specimen to and including the 10 per cent 
specimen. An increase in deformation then occurs up 
to and including the 8 per cent specimen, a decrease 
then occurring with subsequent increase resulting in 
total deformation with the 2 per cent specimen. These 
results appear to indicate that there are two fields of 
comparatively low deformations, one field embracing 
specimens of high specific gravities and the other field 
embracing specimens of very low specific gravities. 
In a correlation of specific gravity determinations with 
deformation determinations for the purpose of ascer- 
taining the proper amount of bitumen to use with a 
given mineral aggregate, the field of deformations 
embraced in the field of high specific gravities should 
be the mixtures to be given greatest consideration. 

The deformations shown in Figure 6 decrease from 
a maximum for the 15 per cent specimen down to and 
including the specimen of lowest bitumen content. 
Consequently, to determine the best percentage of 
bitumen to use it would be necessary to correlate the 
results of the deformation tests with other physical 
tests, and it is believed that specific gravity results 
should be given considerable weight. 

The specific gravities given in Figures 3, 4, 5, and 
6 all show the same general characteristics, 1. e., they 
all increase in general up to a maximum and then de- 
crease. As no voidless specimens were obtained, the 
specific gravities in no instance are as great as the cal- 
culated specific gravities of the voidless mixtures. It 

is of interest to note that in no series does the maxi- 
mum specific gravity represent a specimen containing 
the minimum percentage of voids, the specimen of 
lowest voids in each series being a specimen with lower 
specific gravity than the maximum. 

CONCLUSIONS 

Results seem to indicate: 
(a) That the effect at high temperatures of varying 

the proportions of an asphalt and a mineral aggregate 
of the type used in the wearing course of a sheet as- 
phalt pavement can be ascertained by subjecting com- 
pressed specimens of the mixture to a constant static 
load at a constant temperature for a definite time. 

(b) That by a correlation of the specific gravity re- 
sults of the compressed specimens with the deformation 
results data are obtained relative to the proper pro- 
portions to use of a given asphalt and a given mineral 
aggregate in the design of asphalt mixtures of the type 
used in the wearing course of a sheet asphalt pave- 
ment. It is realized, however, that a deformation 
test at a high temperature may not necessarily indi- 
cate the proper proportioning of the mixture in order 
that it may best withstand low temperatures. Under 
such conditions it seems necessary to develop physical 
tests for mixtures at a low temperature for correla- 
tion with specific gravity and deformation results. 
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COLORS AND FORMS OF TRAFFIC SIGNALS 
CODE PROPOSED BY SECTIONAL COMMITTEE OF THE AMERICAN ENGINEERING STANDARDS 

COMMITTEE 

code of colors and forms for traffic signals for 
highways and vehicles submitted for approval 

to members of the sectional committee on code for 
traffic signals of the American Engineering Standards 
Committee. 

The draft, which will probably be approved by the 
sectional committee, is as follows: 

Chie: following is the text of a revised draft of the 

REVISED DRAFT OF CODE OF COLORS AND FORMS FOR TRAFFIC 
SIGNALS FOR HIGHWAYS AND VEHICLES 

SecTION 1. PuRPOosE AND Scopp 

Rule 10. Purpose. 

The purpose of this code is to provide a standard of 
colors and methods, as applied to highway traffic and 
vehicles, which will promote uniform usage and thus 
decrease the likelihood of accidents, and conserve 
human life and himb. The JOHNS of apogee signs, 
glasses, or pigments as complying with the specifica- 
tions herein contained should be based upon tests made 
by competent and disinterested organizations having 
proper facilities and recognized standing, with final 
appeal to the United States Bureau of Standards. 

Notrr.—To secure the uniform application of this code, en- 
forcing officers are urged to consult the committee which formu7 
lated it (or the American Engineering Standards Committee, 29 
West Thirty-ninth Street, New York City) regarding matters 
of interpretation or items of dispute. . 

Rule 11. Scope. 

This code is intended to cover the use of luminous 
and nonluminous signs and signals in connection with 
highway traffic, including moving and flashing signals, 
the use of lights, semaphores, and other signaling de- 
vices on vehicles. 

SECTION 2. VrEHICLE LIGHTS AND SIGNALS 

Rule 20. Headlights. 

(a) Headlights shall be white, amber, yellow, or any 
intermediate hue. If electric headlights are used, they 
shall conform to the rules governing the approval of 
electric headlighting devices for motor vehicles, of the 
Tluminating Engineering Society (tentative standard 
of the A. B.S. C., D2). 

(b) No red or green lights shall be displayed upon 
any vehicle so as to be visible from a point directly in 
front of it. 

Rule 21. Tail lights. 

Tail lights shall be red, as seen from the rear. 

Norr.—Red has been adopted on account of its present 
universal use for this purpose. This use is not considered consist- 
ent with the general standardization of colors, and if a change 
is made in any jurisdiction, yellow is recommended. 

Rule 22. Warning signal lights. 

(a) Light signals displayed on a vehicle to indicate 
the driver’s intention to reduce speed or change direc- 
tion should be yellow. They shall not be red or green. 
_ (b) Nonluminous mechanical signals displayed to 
indicate the driver’s intention to reduce speed or change 
direction shall consist of a semaphore which can be 
projected from the left side of the vehicle. It is recom- 

mended that the position of the semaphore when pro- 
jected be limited to the horizontal. 

Rule 23. Marker lights. 

Marker lights to indicate the dimension limits of 
bodies or loads should be located as near the upper left 
front corner as possible and should be yellow and 
visible from the front and rear. 

RIGHT TURN RIGHT CURVE RIGHT REVERSE CURVE 

LEFT TURN LEFT CURVE LEFT REVERSE CURVE 

ROAD INTERSECTION | ROAD INTERSECTION | ROAD INTERSECTION |ROAD INTERSECTION 
DEAD END FULL LEFT RIGHT 

UNDER PASS 

Fic. 1.—Symbols recommended by the sectional committee of the American En- 
gineering Standards Committee 

ROAD INTERSECTION FIVE POINT RAILROAD CROSSING 

Section 3. Highway TraArric SIGNALS—GENERAL 

Rule 30. Significance of colors. 

(a) Red shall be used as an indication to stop and 
for other purposes where required by law. 

Notrse.—The use of red is proper as an indication to stop and 
to then proceed if conditions are favorable, as, for example, 
when “stop” and “‘proceed”’ regulations are in effect 

(6) Yellow shall be used as an indication to exercise 
caution. 

Norre.—Yellow is appropriate when caution is to be exercised 
without stopping, as for partial street obstruction, so as to 
reserve red for a stop signal. 

(c) Green shall be used as an indication to proceed. 

Rule 31. Significance of form. 

Where definite forms of luminous or nonluminous 
signs or signals are used either alone or in combination 

_ 
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with colors to give the indications specified in Rule 30, 
the following will apply: 
_(a) Stop shall be indicated by having the greatest 

dimension horizontal, as with a horizontal semaphore 
or string of lights. 

Notrt.—Where the word STOP is used to direct traffic, it 
should be in red letters arranged horizontally. 

(6) Caution shall be indicated by having the great- 
est dimension at an angle of 45° with the hori- 
zontal when an inclined semaphore or string of lights 
is used. 

ae ey signs complying with Rule 33 may be 
used. 

_(c) Proceed shall be indicated by having the greatest 
dimension vertical, as with a vertical semaphore or 
string of lights. 

Note.— Where the word GO is used to direct traffic, it should 
be in green letters arranged vertically. 

Rule 32. Significance of flashing. 

Flashing luminous signals shall conform to the use 
of colors prescribed in Rule 380. 

_ Rule 33. Cautionary signs for drivers. 

(a) Highway signs and signals of a cautionary 
nature for the notice of drivers shall have letters and 
symbols black on a yellow background or yellow upon 
a black background. 

Norr.—It is recommended that all cautionary signs have a 
background of one distinctive shape, and that such shape be 
reserved for this purpose. 

(6) For signs to be read from vehicles in motion 
symbols are recommended in place of, or supplementary 
to, words. 

Notr.—When both symbols and words are used, symbols 
should be given greater prominence. 

(©) When symbols are used, those illustrated in 
Figure 1 are recommended for the situation indicated. 
Other or special symbols should be such as not to be 
confused with these. 

Note.—The symbol for the five-point road intersection is to 
be varied to fit each specific case. 

Rule 34. Location of signs. 

(a) Traffic signs shall be erected with the top not 
more than 8 feet above the surface of the roadway. 

(b) Traffic signs shall be erected at the outer edge of 
the shoulder area and on right-hand side of roadway 
where practicable. 

Rule 35. Cautionary signs for pedestrians. 

Signs addressed to pedestrians shall consist of blue 
letters upon a white background. 

Srction 4. SIGNALS AT RAILROAD GRADE CROSSINGS 
] 

Rule 40. Aspect. 

An electrically or mechanically operated signal used 
for the protection of highway traffic at railroad cross- 
ings shall present toward the highway when indicating 
the approach of a train the appearance of a horizontally 
swinging red light and (or) disk. 

Notrr.—This covers the use of so-called wigwags and of 
alternately flashing red lights, and the use of these devices should 
be restricted to the purpose of indicating the approach of a train. 

Rule 41. Location. 

The railroad standard highway crossing sign and the 
signal shall be mounted on the same post. 

Rule 42. Operating time. 

Automatic signal devices for indicating the approach 
of trains shall be so arranged as to indicate for not less 
than 20 seconds before the arrival at the crossing of the 
fastest train operated on the track. Local conditions 
such as three or more tracks, bad approaches, etc., 
should be allowed for by increasing the operating time, 
bearing in mind that too long an operation by slow 
trains is undesirable. 

Rule 43. Flashing light type. 

(a) Height—The lamps should preferably be not 
less than 6 feet nor more than 9 feet above the surface 
of the highway. 

(b) Width.—The two lamps shall be mounted hori- 
zontally 2 feet 6 inches centers. 
_(c) Flashes—tLights shall flash alternately. The 

number of flashes of each light per minute shall be 
30 minimum, 45 maximum. 

(d) Hoods. Lamp units shall be properly hooded. 
(e) Range-—When lamps are operated at normal 

voltage, the range, on tangent, shall be at least 300 
feet on a clear day, with a bright sun at or near the 
zenith. 

(f) Spread.—The beam spread shall be not less than 
3° each side of the axial beam under normal conditions. 
This beam spread is interpreted to refer to the point 
at the angle mentioned where the intensity of the host 
is 50 per cent of the axial beam under normal condi- 
tions. 

(g) Lenses or roundels—The size shall be 5% inches 
minimum, 83 inches maximum. 

Rule 44. Wigwag type. 

(a) Length of stroke is the length of chord which 
subtends the arc, determined by the center of the disk 
in its extreme positions, and shall be 2 feet 6 inches. 

(b) Disk.—The disk shall be 20 inches in diameter. 
Its field shall be white with a black circumferential 
border 1 inch wide. The horizontal and vertical diame- 
ters shall be shown by black lines 214% inches wide. 
A red lens or roundel should be placed at the center in 
front of the lamp. 

(c) Number of cycles—Movement from one extreme 
to the other and back constitutes a cycle. The number 
of cycles per minute shall be 30 minimum and 45 maxi- 
mum. 

(d) The lamp, with which the disk shall be equipped 
shall be lighted when the disk is swinging. 

Rule 45. Approach signal. 

Advance warning signals which indicate approach 
to a railroad crossing, and not the actual approach of 
a train, shall conform to the provisions of Section 3, 
Rule 30. 

Srection 5. SPECIFICATIONS FOR COLORS 

Rule 50. Definition of Colors. 

Red, yellow, green, or blue as used in this code are 
intended to mean: 

(a) The colors resulting from the transmission of 
the proper light through the proper glasses and having 
the characteristics described in Rules 51 and 52. 
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(b) The colors resulting from the reflection of white 
light from the proper pigments and having the charac- 
teristics described in Rule 53. 

Norn.—For a definition of white light, reference is made to the 
report of the Colorimetry Committee of the Optical Society of 
America, 1920-21 (Journal of the Optical Society of America and 
Review Scientific Inst. 6, p. 663; 1922). Substantially, it ts 
average sunlight at noon at latitude of Washington. 

Rule 51. Qualitative definition of colors for luminous signals. 

(a) Reds—The spectrum of red shall contain both 
red and orange but not more than a trace of yellow 
and no green, blue, or violet. The most desirable 
hue is entirely free from yellow which means that the 
glass does not transmit the yellow light from a sodium 
flame. 

(b) Yellow.—The spectrum of yellow shall contain 
red, yellow, and green, with but little blue and no 
violet. The most desirable hue is entirely free from 
blue and might be designated a light amber. 

(c) Green.—The spectrum of green shall contain 
yellow, green, blue, and violet, with only a trace of 
red and orange. This hue is known as ‘admiralty 
green”? and has a bluish tint when observed by day- 
heht. 

Rule 52. Quantitative definition of colors for luminous signals. 

The colors red, yellow, and green shall have the fol- 
lowing characteristics: 

Integral transmis- 
| Dominant wave length Purity sion of glass 

Millimicrons Per cent Per cent 
Reda s: | Notlessitthan 624-22. 2222" 2-0. | Not less than 100__| Not less than 10. 
Yellow..--| Not less than 592 nor more | Not less than 97.--| Not less than 24. 

| than 600. 
Green-..-. | Not less than 496 nor more | Not less than 45.--| Not less than 11. 

| than 536. | 
| 

| | 
} 

These values are determined by the transmission of 
light from a source at the color temperature of 2.360° K 
(practically that of the acetylene flame or present type 
of vacuum tungsten lamp at normal voltage) through 
the respective glasses. They are based upon spectral 
transmission measurements and upon computations 
carried out in accordance with the methods and data 
described in the Colorimetry Report of the Optical 
Society of America. 

Norre.—The light and dark limits of the glasses on which the 
above values are based have the following relative transmissions 
on the scale of the American Railway Association. 

Light limit Dark limit 

Redo. Se eA eS eee ee 300 150 
Yellows: 322 0 2 es eee 200 100 
Green, & ka 27 ee eee See 250 100 

Rule 53. Quantitative definition of colors for nonluminous signs. 

The colors red, yellow, green, and blue shall have the 
following characteristics: 

Integral reflection Dominant wave length Purity of pigment 

Millimicrons | Per cent Per cent 
Red eee NotJess than'608_ 2205 ° sens Not less than 60___| Not less than 8. 
Yellow---- Be less than 580 nor more | Not less than 80_.-| Not less than 35. 

than 588. | 

Green_.-.-| Not less than 524 nor more | Not less than 30_--| Not less than 8. 
than 552. 

-| Not less than 466 nor more | Not less than 10_--| Not less than 4. 
than 474. | 

Blue_.-- 

These values are determined by the reflection of 
white light from the respective pigments. They are 
based upon spectral reflection measurements under 
conditions of diffuse illumination and upon computa- 
tions carried out in accordance with the methods and 
data described in the Colorimetry Report of the Op- 
tical Society of America. 

(Continued from page 123) 

closer together than in the case of either the slump or 
flow test, indicating that determinations of consistency 
by this method are more independent of the type of 
ageregate than in the case of either of the other methods. 
In view of the fact that the compressive strength of the 
concrete appears also, in general, to be independent of 
the type of aggregate, this would appear to be an 
advantage. It will be noted also that the slope of the 
average curve for consistency as determined by the 
plate test appears to parallel in general the curve show- 
ing the relation between water-cement ratio and 
strength, It will be seen, for instance, that for the 
leaner mixes, such as 1:24%:5 and 1:8:6, the 
curves are much flatter than in the case of the richer 
mixes. The 1:2:3 mix shows the steepest slope and 
likewise the greatest range in consistency which is to be 
expected in view of the high plasticity or workability 
of a mix of this nature. 

Observing the results of the flow and slump tests, we 
find that the points representing the various types of 
aggregates dre much more widely separated. In the 
slump test, for instance, it will be observed that for a 
given water-cement ratio the points representing the 
tests with the gravel aggregate lie in general consider- 
ably higher than in the case of either the stone or slag 
concrete, while the stone in general is next and the slag 
lowest. These results are in accord with general 
experience with this test as a measure of consistency. 
The slump test appears likewise to be much more 
erratic for leaner mixes than for the richer mixes. This 
is also borne out by experience. The flow test results 
are fairly concordant for each type of aggregate. They, 
however, show the same general separation by groups 
as is indicated in the slump test. 

Yor the purpose of checking the value of this device 
as a method of field control, a series of tests was run in 
connection with a concrete paving project. On this 
project rather poorly graded crushed Heston was 
being used as coarse aggregate, with a consequent 
tendency toward segregation whenever too much water 
was used. By the use of this device it was possible to 
control the mix so that a considerably drier consistency 
was obtained with consequent freedom from segrega- 
tion, besides undoubted increase in strength. 

The authors feel that enough work has been done with 
the plate device to warrant its presentation as a pos- 
sible method of field control of the consistency of con- 
crete. Hixtreme accuracy is not claimed. In no case 
is it possible to check closer than one or two pounds on 
the plate. However, the data which have been 
obtained indicate that this is sufficiently accurate for 
all practical purposes. The fact that the test gives 
practically the same results irrespective of the type of 
aggregate would appear to be a point in its favor, as 
would also the fact that, for a given mix, it appears to 
be a direct measure of the crushing strength of the 
concrete. 

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