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IDEAS AND CURRENT PROBLEMS IN PAVEMENT DESIGN

By

F. N. Hveems

In arranging for thig program, Professor Monismith saig
that he would like to have me present ideas on pavement design
and discuss current problems, In trying to think orf what T
should say, T naturally tried to come forth with an idea orp
two, but I am afraig that the ideas have become somewhat over-
whelmed and obscured by the problems, So it seemed that I
might turn the title around a little and first describe the
Problems as they seem to be much more numerous than are ldeas
at the present time, Ideas for bavement design can only be
éxercised within a rather "narrow corral,™ that 1s to say there
are fences and barriers in all directions, First, you are
confined to a very limited number of materials, Another barrier
limits you to types of construction and use of construction
equipment that is capable of high rates of production. Thirdly,
the entire project must be carried through from beginning to end
in the shortest possible time,

Current problems in pavement design are probably the same

problems that have always existed and basically seem to have

three parts:

#Materials and Research Engineer, California Division orf Highways
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a, The demands of traffile,

b, The limitations of the
existing soll and foundation,

¢c. The cost of the pavement,
Remove any one of these as an important consideration and the
problem becomes relatively simple. Naturally, the magnitude
or importance of each varles with the time and place,

The word stone is synonymous with permanence and endursnce
and the propertles of solls and rock particles do not change
very much so that for all practical purposes the englneer today
must build roads over the same materials that made up the
earth's surface in the days of Nabopolassar or Appius Claudius.
Also there has been surprisingly little change in the type of
materials used to form pavements and bases as the Babylonians
used asphalt as a cementing agent and the Romans had hydraulie
cements not vastly inferior to those in use today. The thing
which has changed greatly of course is the trafflc and this
change has been in the total number of vehicles, axle loads,
contact pressures and speed, On the favorable slide, we no
longer have to be concerned wlith steel tired vehicles and the
deep grooves worn by chariot wheels in the pavement stone on the
streets in Pompeill Indicate that this factor could constitute a
serious problem, However, there are problems enough and the
principal one is the increase In the number and weight of
vehicle wheel loads on both highways and airports,

The high speeds characterlstic of modern traffic make pave-
ment smoothness of greater importance than formerly and this

problem has become especlally acute within the last year or so
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with respect to the effect on military planes that must land and
take off at high speeds., The bouncing or "porpoising" at high
landing and take off speeds subjects both the plane mechanism
and the pilot to very severe stresses, Good engineering demands
that highway pavements should also be as smooth as possible,
both out of consideration for the vehicle and the driver and in
order to minimize the effects of surging loads on the pavement,

In its simplest terms, the problem facing a highway engineer
or pavement designer today is how to meet the ever increasing
demands of traffic while being limited to the same old materials.
It is perhaps a comment on the relatively static nature of
progress in pavement design to note that the $20,000,000 test
road in Tllinois contains no novel type or varlety of pavement
that has not been in use for at least 20 years. Most of the
- construction that will be tried on this most "modern" and greatest

of test tracks isg no different than that In use 50 or 75 years
. ago.

Cost considerations are, of courss, one of the major de-
terrents to the use of anything but sand, gravel or crushed stone
with or without the two common cementing agents of portland
cement or asphalt, But certainly it is time that we were giving
more attention to new concepts; if not in the basic materials at
least to the deslign and structural arrangements,

Highways today are the result of the cooperative efforts of

g virtually unlimited mumber of people, First, all roads are

built to satisfy public demand and the actual work is divided

Pt
among many jndividuals in the relatively large highway departments;

- whether city, county, state or federal, It must also be recognized
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. that this division of responsibility and its accompanying
division of interest has some interesting and important effects
on the final outcome. The fact that engineers plan the roads
and contractors build them has its effect upon types and methods,
The fact that within the englneering organizations different
individuals specialize in planning, design, construction and
maintenance, (to say notﬁing of the higher sciences involved in
materials evaluation) means that each engineer consciously or
unconsciously feels a more or less limited responsibility., If
8 single individual had the authority, the ability and the time
to develop the plans, prepare the design, carry out the con-
gtruction and still be responsible for the overall sconomy and
performance, it is quite probable that certain phases of pave~
ment construction might be handled a little differently,
assuming, of course, that he knew enough about all of the
problems to select the best compromise.

While it is true that highways and pavements are built of
materials, 1t is, of course, not true that all materials are
equally suitable, This naturally leads to the question of what
are the essential properties and before one can sselect proper-
ties of materials for a particular purpose 1t is necessary to
know what properties the final structure or facility should
possess, One can, of coursge, stipulate that paving materilals
mist be durable and that they should be economical, et cetera,
but these generalities do not mean very much e xcept 1In a
gpecific context and in relation to other things, For example,
: water is a fairly durable substance - at least 1t has been

around for a long time and i1s hard to get rid of, It is also
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. cheap enough and generally avallable except in Southern
California, Diamonds, too, are durable ~ and scarce but in spite
of high cost are found to be economical for some purposes., 8o
we have to narrow these things down to the question of the condi-
tions under which we operate. Paving materials must be reason-
ably durable under the effects of traffic and under variations

in climatic exposure. It seems unlikely that any material will
ever take the place of stone fragments for pavement construction
but there could well be some improvement in the cementing agents
used,

Among other peculiarities, engineers are people who rely
much on formulas and the pavement design fleld has not been
neglected, In 1945, the Highway Research Board published a 1ist
of some 22 formulas, none of which have been found to be com-
pletely satisfactory, In 1948, we tried our hand at this popular
pastime and added one more formula which was adopted by the
California Highway Department in 1949, I believe that this was
the first attempt to inelude the effects of load repetition and
to introduce factors allowing for the strength of the various
types of pavement., The formula has worked well but accumulating
experience indicates that adjustments are necessary to bring the
design into better accord with actual performance., The exist-
ing formula appears to be quite satisfactory for the Intermediate
ranges of traffic but has tended to give very little margin of
safety for roads carrying the heaviest axle loads and the old
method of calculating equivalent wheel load has led to some
extravagant thicknesses for lightly traveled frontage roads,

etc, Essentlally then, the improvements that seem to be indi-
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cated involve a different evaluation of traffic and a reduction
in the allowance for the slab strength of pavements in order to
provide a greater factor of safety.

Essentially, this and the original formula are based on the
theory that the princlpal mechanism of pavement performance
rests on the surcharge effect which means that the weight of the
pavement slab and its slab strength or diaphragm effect both
tend to restrain the upward movement of the subgrade around the
area immediately beneath the wheel load, In line with this
concept, the unit weight of the pavement and base structure is
an important consideration, and the slab strength or tenslle
strength of the structure must also be evaluated.(l)

Tt may be worthwhile at this point to go back a bit and
review the history of pavement "design" and note the conflict-
1ng ideas and confusion which has long existed over what
constitutes a "poor" material or a "good" material, The Romans
employed large blocks of stone surfaced with finer materlals
that were tightly cemented and 1n later years Telford was an
advocate of similar heavy stone, but the modern ideas of road
surfacing composition undoubtedly began with John Loudon McAdam,
McAdam was strongly opposed to the incorporation of soil
materials with the road stone but he differed from his prede-
cessors in favoring a small maximum size of aggregate, 1In
fact, he was very emphatic in his recommendation that no stone
particle larger than about one inch should be included 1In the
road surfacing, In spite of this intelligent understanding
and strong admonitions on the part of McAdam, today his name

1s virtually synonymous with highway bases or surfaces con-
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taining large coarse stone,

In the early days of sclentific road econstruction in this
country, Doctor C. M. Strahan of the University of Georgia(u)
discovered that some of the local red clays formed excellent
cementing materials when mixed with the local gravel, He
emphasized the idea that he was constructing "road slabs" of
natural materials, This concept of a road slab has a strong
appeal to engineers sccustomed to thinking in terms of
structural design, It came to be the fashlion to introduce
what was called "binder soil®™ and all through the years up to
19,0 it was falrly universal practice to mix soll binders with
gravel in order to produce & tightly bound base, During the
earlier years when most of the road improvement consisted of
gubstituting gravel surfaces for mud; a tightly bound up gravel

¥ was much more satisfactory and pleasant to drive over than a
layer of loose material, However, this introduction of
"geientific road puilding® led to some widespread and expensive
failures. With the advent of dustless road surfaces it was an
evolutionary step to place bituminous surfaces on these old
gravel roads and it was a natural thought on the part of most
engineers that if the gravel had been adequate to carry graffic
directly it should logilcally form an excellent base when pro-=
tected by a new bl tuminous Surfaceo(z) This would be called &
"oommon gense® conclusion, Like many other assumptions, this
one has proved bvo be very much in error. In 1937, the Bureau

. of Public Roads felt that granular base failures had become 8O
acute on a nation wlde basis that they sent a team of lecturers

’ through all the states to expound on Some of the principles of
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road construction, C. A, Hogentogler, at that time, made the
statement that i1n the southeastern Atlantic coast states alone
the cost of repairs and reconstruction totaled not less than
$l,,000,000,00 caused solely by too much clay in the gravel bases.
$l,,000,000,00 was a lot more money in those days than today and
unfortunately the failures were not confined to the BEastern
seaboard, It would be impossible to say what the cost has been
but the total for the United States alone must be enormous,
The long established hablt of introducing binder materials
to cement up gravel road surfaces carried over into the con-
struction of gravel bases, For example, even the enlightened
State of California had a type of base construction of which they
were rather proud known as slurry base, Here the gravel and soll
binder was carefully proportioned and mixed in a central plant
¥ and hauled to the road where it was gspread and flush rolled.
Construction engineers were wont to brag about these bases as

- they represented a sort of mud concrete, and when exposed to the
wind and sun baked hard and almost seemed to need no surfacing
"as anyone could see that they were as hard as concrete,” The
erop of failures that developed in this state kept the Malintenance
Department busy for many years.

I think it well to emphasize, however, that the wldespread
practice of adding soil fines to good gravel or crushed stone
was not necessarlly a case where "no one knew any better.”

A friend of mine who was with the Army Engineers dquring
World War I was assigned the job of keeping some of the French
roads open for military traffic, Road malntenance in France,

as in most of Europe, wWas handled by hand patching of the holes
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with broken stone and the stone was broken by hand and tamped into
the road by hand, When the American engineer proposed to speed
up maintenance by blading in materials from the roadside the very
thought was met with horror on the part of the French road engil-
neer who had learned through many years that clay or mud must be
exeluded from the road metal,

If engineers had been concentrating upon the real properties
of materials rather than upon appearances they would have dis-
covered long ago that granular bases or gravel road surfaces
derive their ability to support loads from the friction between
the particles, and as wet clay is a very effective lubricant it
should not have been too dlfficult to figure out that clay would
destroy the stability., Even though wet clay does supply some
cohesion, the cohesive forces are relatively low compared to
M the reslistance developed by interparticle friction. These
properties can only be evaluated by test but experience has shown
that even test results can be misleading if they are measuring
the wrong property or over-smphasizing a property. With the
adoption of the galifornla Bearing Value Test in 1930 many of
these erroneous notions appeared to be confirmed because the
test is quite responsive to cohegive properties, and its use led
to undue emphasls upon the values of soll binders. This test
was also responsible for the rejection of many sources of clean
granular materials which have actually given an excellent per-

formance 1in bases or subbases, However, clean granular

materials that lack cohesion have one gepious drawback - they

83

present difficult problems for construction operations, and 1t

is usually necessary to employ some special technique in order

ClibPD WA RS- —



http://www.fastio.com/

-10=

to traverse such materials with construction equipment, It has
been demonstrated in many areas that clean sands and gravels can
be used and that pavements can be constructed over them, Never-
theless, contractors nearly always object to working on such
materials and this viewpoint wins the ready sympathy of the
average construction engineer, As a result, there is an almost
universal tendency to employ gradations or add fine materials
which will cement up on the road under watering and rolling
operations, Such combinations are the least troublesome to
handle and they give the best appearance and are the least

annoying to travel over durlng construction coperatlions,

This brings up a very pertinent peoint which should be more
widely recognized; namely that the reputation of most materials
and methodsderives almost entirely from perforance during con-
struction, In other words, if the construction men like 1t, it
is good, But if it causes them trouble, it 1s not good - it is
terrible - it is worthless! Therefore, to a large extent,
reputations of materials and methods are based on convenlence
and ease of handling and not upon ultimate quality and per-
formance, While it may seem that this question of ideas and
viewpoints of individual engineers is a little outside a dis-
cussion of pavement design practlces, nevertheless, most young
engineers, even though college graduates, continue thelir edu-
cation and gain "experience" by absorbing opinlons and copying
attitudes from the older men in the particular field, The

problem is further confused by terminology, and an example

which came to my attention recently indlcates the cross purposes

and confusion that may exist. On a large test road project, it

I el
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was proposed to use a layer of coarse sand as a subbase,
Stabilometer tests indicated that the sand had a relatively high
R~-value, not far below that of the crushed stone base, It was
coneluded that it would be desirable to have a sand of lower
quality in order that the experimental road would have a clearly
defined three layered system, Tests by the CBR method on the
pit run sand showed that the "Bearing Ratio" would be markedly
increased by adding clay or would be lowered by removing the
clay in the pit material, As a result the sand was washed,
whereupon 1t presented a serious construction problem, Fven
though thoroughly rolled and compacted to 100% of standard AASHO
density, it would still be rutted and displaced by the passage
of a single vehicle, During a conference to declde upon ways
and means of proceeding, the construction engineers argued that
) the sand should be "stabilized" by the addition of a soil
binder so that they could work on 1%; whereas, R-value tests
made with the Stabilometer show that the stability of most
granular materials would be reduced by adding such a binder,
while at the same time, as mentioned above, CBR values would be
markedly increased, Thus the addition of clay increases one
property and diminishes another, and 1t pecomes a very pertinent
question to decide what is important and what is less essential,
If left to their own devices, construction engineers would
invarisbly add some sort of soil material to cement up a gravel
or clean sand so that 1% would stay in place under construction
equipment, would hold stakes for side forms, et cetera., AS
stated above experience has shown that such mlxtures, when

properly compacted and dried out even moderately from direct
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. exposure to the wind and sun, present a very favorable appearance
and the construction engineer may be excused for thinking that
he has constructed a superior base, and there would, of course,
be nothing wrong 1f the cementing agent did not becomse plastic
and revert to a lubricant when wet,

The above statements and reference to Chart, Fig, 1, indl-
cate that appearances can be misleading and also the same may
be said of test data, Note that the CBR test indicates that
when a clean granular material is contaminated with clay the
values Increase whereas when the same mixtures are tested in
the Stabilometer the stability decreases, The purpose for per-
forming any test 1s to predict the value of the material in
actual performance., Obviously, such contradictory test values
cannot both correlate with performance and it 1is equally obvious
that the two tests are not measuring the same thing. In shorst,
there are many propertiss of Individual materials and thelr
combinatlions, Some of these properties are important for one
thing and some for another, It ls, of course, necessary to
recognize construction problems and it is essentlal that 1t be
feagible to build any engineering structure but constructlion
convenience and preference should not be allowed to dominate
the consgiderations of service performance and permanence, The
designer should have in mind a 1list of the properties of
materials which he might consider using and then he must know
what properties are important or essential for a completed
project,

In 19h8, a design formula was suggested which attempted

to provide numerical factors and relatlive values for the
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important properties or various elements that influence the

structural design of pavements, The original formula is as

follows:

p=x (P-a logr) (P,/Py - 0.10)
o

Where T = Thickness of cover (Base and Pavement in inches)

K = .0175 for best correlation but without any
factor of safety., For design purposes 1t 1s
suggested that K = ,02

Py, = transmitted horizontal pressure in the
Stabilometer test (#/sq.in.)
Py = applied vertical pressure in the Jtabilometer
test (typically 160#/sq.in,)
P = effective tire pressure (#/sq.in.)
a = effective tire area (=q.in,)
r = number of load repetitlons
¢ = tensile strength of the cover material as

measured by the Cohesiometer in gms. per sq, in,
{approximately = Modulus of Rupture X 45.L)

The values assigned to the different factors were based
upon the available evidence and primarily rested upon the data
from a test track that had been subjected to a limited amount
of traffic. The evidence supporting the varying relationships
was by no means equally valid, For example, the data indicated
clearly that the thickness needed to be increased with the
repetition of load and suggested that it should vary directly
in proportion to the log of the repetitions, It was clearly
evident that the slab strength of the pavement was a factor as
was also the total load and the tire pressure on the pavement,
While there were not enough variables in the original data to
clearly indicate the influence of all of these factors never-

- theless, the formula has been used for several years with con-

giderable success,
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It was hoped that there would be an opportunity to test the
validity against additional controlled data furnished by the
WASHO test track, It was a considerable disappointment, however,
to find that there were insufficient points to clearly establish
the relationship between pavement thickness and repetition of
load, However, so far as could be determined the performance on
the WASHO test track was in good agreement with the predictions
of the formula where the two-inch asphaltic bpavement was employed.
However, the sections covered with four inches of pavement per-
formed much better than would have been predicted by the formula,
This suggests, of course, that the allowance for slab strength
of the heavier surface was too low., However, we were reluctant
to make a change based on the limited evidence as there was con-
siderable question whether this higher slab strength would be a
permanent and dependable asset. Nevertheless, we did not
question that the formula needed revision but the sevidence from
general state highway performance indicates the need for greater
factors of safety rather than less. Hence, we now propose to
reduce the design assumptions for the slab strength of the pave-
ment components, These slab strengths have been based upon
cohesiometer test values, and the effects of multi-layered
systems were calculated from a formula which now appears to be
of somewhat dubious value, In lleu of these calculations, we
are proposing to substitute a table of coheslometer values which
willl be arbitrarlly assigned to the more common types and com-

binations of bagse and surface layers, (See Table I). It must

be emphaslzed that the establishment of any such table can only

rest upon assumptions of the values which can be achleved in
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. actual construction, We do not assume that these relationships
are necessarily correct or completely consistent, and they may
be further revised at the completion of studies that are now
under way.

In addition to introducing a greater factor of safety in
the assumptions for pavement slab strength, 1t is evident that
an adjustment is needed in the evaluatlion of traffic, Calcu-
lations for any engineering structure obviously require an esti-
mate of the loads which the structure must sustain, In the case
of pavements, the problem is compllcated by the fact that
traffic loads are dynamic and complex in thelr effects,

The gross load of the vehicle is an obvlous factor but as
it is transmitted to the pavement through the axles and wheels
the individual wheel or axle load becomes a better unit, but
the damage varies with the number of times the wheel loads pass
over the road, It is also evident that the effects of wheel
loads are influenced or modified by the size of tire, number of
tires on the wheel, the inflation pressure and the space be-
tween the axles. In addition, trucks vary in load, number of
axles and in speed, and the pavement designer is faced with the
problem of resolving all of these variables into a single number
to express the magnitude and gumiation of forces that the pave-
ment must resist. In view of the difficulty and cost of
determining the actual axle loads by weighing all or a sample
of the truck traffic, we have adopted the expedient of de-
ducing a traffic index number from the traffic census, This
approach is based on statistical analysis that indicates the

average axle load that is characteristic of each of the common
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types of commercial vehicles, By this means, the traffic index
is computed from traffic census data by multiplying the number of
vehicles in the different axle groups by a constant., Constants
of this type have been used for a number of years by the
California Division of Highways but need to be brought up to date
from time to time as traffic patterns change, The following
table gives the constants which are now proposed for use in the

immediate future,

Axle Group Congtant
2 axle 330
3 axle 1070
| axle 2%60
5 axle 11620
6 axle 3040

Further studies of the behavior of pavements including those

on test tracks suggest that the best correlation with the data

indicates that the thickness is proportional to the EWLO°11.

The traffic index is & simple expression equal to 1,35 (EWL)O'll.
Therefore, the revised formula is as follows:
(T.I.) (90-R)
A
Thickness of the pavement

structure in inches

constant 011
Traffic Index - 1,35 EWLY°—",
Resistance Value of the
underlying soil or layer

Unit Cohesiometer Value {to be
taken from table of values)

T =K

Q M ®/ M
i il

Chart, Flgure 2, shows some examples of the difference in
pavement thickness which will result from the new formula com-
pared to the old, It will be noted that these changes result
from a different evaluation of trafflc and a lesser allowance
for the slab strength of pavement surface and base,

This formula will provide a greater factor of safety but

Clib-RDB.

m=tas

H-O-E-61


http://www.fastio.com/

-17-

- it will not guasrantee elimination of all sources of trouble, It
is still necessary that the actual work meet at least the minimum
qualities assumed in the design, and adding additional thickness
of pavement is no guarantee of success unless the quality is
positively and uniformly maintained,

After the designer has declded upon the type of materials
and the thickness of layers necessary, 1t is then the job of the
specification writers to define preclsely and explicitly just
what is required and expected of the contractor, While the
successful bidder is, of course, agreelng to carry out the work
as set forth In the plans and specifications, in actual practice
the responsibllity for seeing that this is done rests with the
resident engineer, It 1s at this point that many problems arise,
Up to the time when the contractor begins work the project has
been largely a matter of conversation and paper work but once
he begins to move and place materials the die 1s cast, There
are certain limitatlons to the ability of contractors and con-
struction equipment, There 1is a natural and proper tendency on
the part of designers to aim at the most economical job., For
example, they may select an adequate design consisting of a
cement treated base surfaced with an asphaltic pavement but for
reasons of economy the specifications may permit the contractor
to employ road mlxing of the base material, This step immedl-

ately introduces a considerable element of uncertalnty as the

control of road mixing operations is a very difficult matter.

Results may vary with the type of equipment used, with the

experience of the contractor's crew and the engineering

inspector on the job, what may appear to be economy in con-
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- struction may well turn out to lead to costly maintenance and
repalr to say nothing of the embarrassment in having a project
show distress within a year or two after completion, There-
fore, in the design of any structure, while it 1is necessary to
understand the mechanics of materials and the pPrinciples in-
volved, 1t 1s equally essential to recognize the limitations
of the materials and construction methods,

Since very ancient times, men have constructed durable and
satisfactory engineering structures, The thing that dis-
tinguishes modern practices from the ancient is the gradual
shift from the status of an art to that of a sclence, While in
the long run the scientific method may be expected to win out
and achleve a higher degree of success than can be expected
from skill and personal experience alone, nevertheless a certain
humility is becoming to those advocating scientific methods,
There is a good deal of evidence to prove that theoretical con-
cepts have turned out very badly and have led to some costly
repairs, especially in the highway field. Emphasis on strength
of conerete and concern over stresses and strains have done
little to improve the performance of portland cement concrete
pavements, Emphasis on the tTheory of elasticlty while ignor-
ing the equally valid theory of plasticity and the rheologlcal

properties of materials has tended to leave many blind spots

in engineering concepts., As a result of academic training and

general conditioning, engineers instlinctively think in terms
of "strength™ and will all too easily accept any measurement

which is alleged to reflect the strength of an individual

member or of a structure, Figures representing the breaking
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strength of a steel cable or the load required to crush a con-
crete cylinder are regarded all too complacently as significant
indices of strength and the average engineer feels better about
such things if they are expressed in pounds Per sqguare inch,
Nevertheless, materials have properties that are not adequately
reflected by simple tests of this type. The loagd carrying
capacity of pavements may be markedly influenced by viscous
elements and the performance be markedly affected by speed of
traffic and temperature, Traffic loads are moving loads and the
concepts of structural design based upon relatively sustained or
static conditlons are not realistically applicable to pavement
problems,

For example, engineers who have a background or training in
structural design are prone to think of a pavement section as a
sort of beam and with the first evidence of weakness or Iinade-
guacy the natural trend is to increase the thickness or strength
of the beam, This concept 1s not necessarily completely wrong
but it is necessary to recognize that in the case of pavement
the actual beam may be many feet in depth, Deflection tests,
for example, have shown that solls are compressed and rebound
with each passing load up to a depth of 20 feet or more. In
this scale then the average pavement is only a thin layer or a
more or less brittle crust on the upper surface of the "beam,"
Any pavement slab having less than the strength of a bridge
deck 1s unable to sustain loads except through the assistance
of the supporting layers beneath, If the underlying soll yields

under the loads then the pavement slab may be bent or stressed

beyond its capacity and even though not broken with a single
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load may develop fatigue fallures under repetition of load, O0b-
viously, however, the pressures generated by wheel loads are
dissipated with depth, This is not quite the same as saying
that the pavement or base "spreads" the load as there appears to
be an actual tendency to focus or concentrate the load at certailn
depths or zones beneath the pavement surface, The amount of
pressure existing at different levels beneath the pavement
surface will vary with the total wheel load, with the tire area,
the slab strength of the pavement, and with the depth., Flgure
3a shows typical lines of failure in a conerete cylinder broken
under direct compression, Figure 3b shows similar cone shaped
surfaces of failure in a plaster of Paris specimen., Figure 3c
is a specimen of soil, Pigure La is a photograph showing this
cone shaped element developed in a mass of cohesionless sand,
Figure ub illustrates the type of movement that takes place in
a bituminous pavements; in a gravel base or a soil under a suf-
fieciently heavy load to cause deformation, In other words, the
effect of applying a load over a limited area on a bed of granular
material is to force a cone shaped mass of the material downward
displacing the adjacent material laterally and upward.,

It has been observed, for example, that timber piles offer
about the same resistance to driving whether blunt or pointed,
the reason being that the blunt plle acquires a sort of point

from the soill material 1tself. In the more stable soils and

granular materials, the shape of this cone approximates uS degrees,

However, the shape of this element varies wlth the quallty of the

material, becoming flatter and more shallow in the more plastic

lubricated soils, This flattening of the cone continues as the
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R s0lls become less stable untll 1t disappears entirely when a liquid
state 1s reached,

It has long been known that there is a falling off 1n unit
pressure with depth beneath the surface and these curves have
been plotted many times from plate bearing tests, If the depth
beneath the surface is plotted in proportion to the radius of the
area under load, very similar curves may be developed irrespective
of the actual load area, There 1s a good deal of data to show
therefore that pressures at some point beneath the surface under
vehicle wheel loads may be greater than at the surface of the
pavement and the existence of this cone shaped mass seems to offer
a ready explanation for this concentration of load, For example,
Dr. Krynine showed that pressures had been measured as high as
230 percent of the surface pressure, Fig, 5.(3) Figure 6 1s a
sketch showing three different load areas representing a typlcal
touring car, truck and airplane and the corresponding cone at a
45 degree angle illustrating the varlation in depth below the
surfece at which the point of maximum pressure will occur.

It is obvlous, therefore, that the need for internal
stability or resistance to deformation 1s greatest at the Mpoint
of the cone™ which varies in depth according to the load area.
What is less well realized is that the need for stability
diminishes above this point until we reach the actual surfacs
of the road, at which point a thin layer of liquid will support
the wheel loads, Figure 7 is a graph showing the minlmum
stabllity that would be reqguired at different depths below the

surface., These diagrams have only 1imited practical value as

there would be little justification for actually constructing a

Gl HRe RS TTOTEOT


http://www.fastio.com/

-22~

pavement in a large number of thin layers beginning with a low
stability layer two or three feet below the surface, gradually
improving the quality up to the critical zone and then reducing
the stability up to the actual surface of the pavement., Never-
theless, such a dlstribution of stabllity or resistance values
should enable a pavement to withstand traffic loads provided
all wheels were approxlmately the same size and carrying very
similar loads., This picture of the non-uniform distribution of
pressure does explain why stability is of little importance in
very thin asphalt surface treatments and why heavy asphalt
pavements must be more stable than thin ones, and most important
of all it illustrates what has been observed in actual practice
that the quality or stability of a base course must often be

higher than that of the actual surfacing.,

T have no illusions that I have explained all of the factors
and relationships which bear upon the performance of a pavement
structure., If I have, it has been inadvertent on my part., 1In
any event, I hope that I may have demonstrated that the problem
is complex and it seems apparent that an ultimate solution will
only be reached by measuring real properties and not imaginary
oneg., It seems most likely that ultimate success will come
through the use of the inductive method based on actual measure-
e approach based

ments and experiments and not upon the deductlv

. . + n
on mathematical concepts and assumed "principles,
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