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According to statements issued by the U S Buieau of Public 
Roads, the admixture of gravel to the top layer of soil was found 
to improve the quality of certain poor subgrades in the State of 
Washington In California similar results have been obtained by 
mixing the top layer with sand or with decomposed granite The 
value of experiences of this kind could be compared with the value 
of the experience, that a certain ointment relieves the pain, if ap­
plied on a sore skin Their usefulness cannot be contested How­
ever, if medical science had not proceeded beyond the point of ac­
cumulating facts of this type, it would be practically on the same level 
as it was two centunes ago The medical progress realized during 
the last centuries essentially consisted in a study of the physiology of 
the s E n , in a careful investigation of the physicochemical processes 
involved in the functions of the healthy skm and of the pathological 
modifications produced by infection I purposely lefer to this medi­
cal fact, because the problems of the dermatologist and of the high­
way engmeer have far more in common than one might expect after 
a superficial examination Both the skin and the top layer of soil 
are the seat of reversible physicochemical processes which are by far 
too complicated to be expressed by mathematical formulae Both the 
skin and the top layer react by structural changes as soon as the ex­
ternal conditions of their existence change, and neither the derma­
tologist nor the highway engineer can possibly plan an appropri­
ate treatment of a pathological degeneration imless he is thoroughly 
famihar with the physiology of the structure he has to deal with 
Our knowledge of the physiology of the skm is elaborate enough to 
fill a two-semester university course In contrast to this the physi­
ology of the subsoil, which is by no means less complicated than that 
of the skm, is completely ignored by the overwhelming majority of 
highway engineers, and the deficiency of subgrades is explained by 
vague terms as insufficient drainage or excessi\e volume change, 
terms whose meaning practically dissolves as soon as we attempt to 
correlate them with physical facts and with the physical conditions 
existing within the soil 

Hence one of the most outstanding problems of road-soil investiga­
tions consists m developing a theory of topsoil behavior, not more 
mathematical, but at the same time not less scientific, than the physi-
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ology of the living skm Without such a theory as a basis, it is use­
less to attempt anything like a systematic subgrade improvement 
Before presenting this problem in its totality, I am obliged to split 
it up into its essential components and to explain the physical nature 
of each one of them individually, frankly pomting out the gaps in 
our knowledge. 

T H E SUBGRADE AS AN E L A S T I C FOUNDATION 

From a purely mechanical point of view and disregarding all the 
possible complications, our problem consists of determining the maxi­
mum stresses in an-elastic, continuous mat, the road surface, support­
ing concentrated loads and supported by a homogeneous, elastic 
medium In applied mechanics this problem is dealt with on the 
assumption that in every point covered by the mat, the soil reaction 
IS equal to the deflection, the ratio 

pressure 
deflection 

being a constant of the subgrade Hence if we plot on a cross section 
of the road the values of s as ordinates, we should obtain a horizontal 
line (Figure 1) This assumption is far from correct The s-line 
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IS a curve, whose shape very probably depends on the character of 
the soil It may even be possible that the s-curve for cohesionless 
soils may be correct in a sense opposite to that of the curve for plastic 
soils It would be very advisable to clear up this point before we in­
vest any amount of time in elaborate stress computations 

The most common complication we are apt to encounter in prac­
tice arises from the fact that the subgrade consists of two superim­
posed layers with different elastic properties, known as subsoil and 
raw soil In case we provide the road surface with a sand or gravel 
base, we have then to deal with three different layers Since the 
width of the road is very considerable compared to the thickness of 
the layers, we ought to have at least a vague conception of the effect 
of the thickness of the individual layers on the elastic behavior of 
the whole system For the time being we have no conception what­
ever Preliminary tests seem to indicate that the compressibility of 
the individual layers decreases rapidly with the ratio between the 
thickness of the layer and the width of the mat 

L A G O F D E F L E C T I O N 

However, assuming that the behavior of a system of superimposed 
strata of elastic material be known, we would not yet be in a position 
to compute stresses which develop in the road surface, for the follow­
ing reasons The theory of elasticity on which any such computation 
I S based presupposes that the external pressure instantaneously pro­
duces the corresponding deflection In contrast to this fundamental 
assumption, the deflection in fact develops gradually, for two essen-
.tially different reasons (a) The time required while the structure 
of the material (i e , the mutual arrangement of the grains) is adapt­
ing itself to the modified stress conditions and (b) the time required 
to force the excess water out of the voids of the soil Both factors 
have been covered by a series of experimental investigations, so that 
the laws which govern the effect of these factors are known with suf­
ficient accuracy The effect of factor (a) is practically independent 
of the volume occupied by the matenal subject to change, while the 
effect of factor (b) increases rapidly with this volume For very 
permeable soils (effective size greater than 01 mm ) factor (a) 
dominates For soils with very low permeability (effective size 
smaller than 0 002 mm ) the time effects are dominated by factor 
(b). For intermediate types of soils both factors may be of equal 
importance In the field of foundation engineering the effect of 
factors (a) and (b) is shown by the fact that buildings continue to 
settle, sometimes for many years, although the bulk of the load re­
mains constant The effect of these factors is still more important 
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lu connection with the behavior of the subgrade of roads, since the 
loads acting on the road surface are without exception temporary in 
character. No proper interpretation of observed phenomena can 
possibly be attempted unless the nature of the two retarding factors 
(a) and (b) is clearly understood 

SEASONAL CHANGES IN T H E U N D I S T U R B E D S U B G R A D E 

The foregoing remarks would cover the mechanical aspect of the 
subgrade problem if the properties of the subgrade were permanent 
In practice, however, these properties change from season to season 
in a most complex manner There is no more resemblance between 
the soil we deal with in the laboratory and the top stratum of the 
soil in the fields than between leather and the skin of the living 
animal, and attempts to reproduce actual soil conditions in the labora­
tory are no more promising than attempts to reproduce the proper­
ties of the living skin by boiling dry leather in soup It is hardly 
an exaggeration to say' that the processes which are going on within 
the soil are as complicated as the physicochemical processes called 
life There is, in addition, the following remarkable relationship 
between the life of the soil and the life of the skin In both cases 
continuous regeneration takes place, as far as substance is concerned, 
while the structure itself is permanent In a study of the origin of 
certain land forms in limestone country we were obliged to conclude 
that the development of these forms was associated with the gradual 
removal of a layer of rock with a thickness from a few feet to more 
than 1,000 feet All the nonsoluble rock constituents passed tem­
porarily through the state called soil Nevertheless the layer of soil 
covering the landscape remained practically unchanged in spite of 
continuous exchange of substance Thus the structure called the 
natural soil represents a highly complex state of eqmlibnum with the 
characteristic property that every process produced by the manifold 
external physical and chemical agencies is practically reversible. No 
such state could possibly be artificially produced in a soils laboratory. 
At the same time it should be remembered that this complex state is 
strictly confined to a layer not more than four or five feet thick 
Whatever is below that depth can be compared to a storage room, the 
material not yet being drawn into the cycle which we may call the 
life of the soil 

The agents acting within the living soil are both of a chemical and 
of a physical nature, the structure being the result of chemical 
changes, dissolving processes, circulation of water and of solutions, 
simple precipitation, flocculation, surface tension and the mechan­
ical activities of living organisms The physical aspects of these 
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processes consist essentially of shrinkage due to evaporation, expan­
sion due to water invading the voids and additional expansion due 
to freezing As a result of experimental studies, combined with a 
physical interpretation of the test results, we know that the volume 
changes associated with the drying and wetting of soils are nothing 
but phenomena of elastic contraction and expansion, the correspond­
ing pressures being produced by the surface tension of the capillary 
water Suppose we have a layer of fine-grained, homogeneous soil, 
surrounded by a rigid ring, the upper surface of the layer being 
horizontal and m contact with the air Due to the difference between 
the vapor pressure of the liqmd and of the water vapor contained in 
the air, the water gradually evaporates and the water content of the 
soil decreases The laws which govern this process are now well 
known The drying process proceeds from the surface of evapora­
tion towards the interior and has precisely the same effect on the dis­
tribution of the water through the soil as though the water were 
forced out of the soil by means of an external pressure The pres­
sure which develops in the soil as a result of the evaporation process 
has been called the capillary pressure Starting at the surface of 
evaporation, the capillary pressure advances towards the mterior of 
the sample, the intensity of the pressure being a maximum at the 
surface of evaporation In very fine-grained soils the maximum 
value of the capillary pressure can be as high as several hundred at­
mospheres In such soils the capillary pressure causes the forma­
tion of a stiff and almost impermeable crust, whose thickness in­
creases with time according to the following laws 

At equal speed of evaporation and equal maximum value of the 
capillary pressure the rate of mcrease of thickness of the crust is 
proportional to the permeabibty of the matenal. For the same ma­
terial the thickness of the crust increases the more rapidly the slower 
the water evaporates Rapid evaporation causes the formation of a 
thin, but very hard, crust, while slow evaporation results in the for­
mation of a thicker, but softer, crust 

Consider now a layer of subsoil which contains the roots of trees 
(Figure 2) In this case each one of the roots represents a cyhn-
dncal surface of evaporation located within the soil Starting at the 
skin of the roots, the capillary pressure invades cylindrical spaces 
surrounding the roots, the diameter of these spaces increasing with 
time The volume changes associated with the pressure cause the 
formation of shrinkage cracks within the soil The character of the 
system of cracks there formed depends essentially on the distnbution 
of the roots throughout the soil and the system itself produces drain­
age conditions within the top soil which are completely different 
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fiom the drainage conditions within the raw soil, even in case the 
raw matenals of both soils are exactly alike 

During a penod of twelve months the soil undergoes the follow­
ing changes In spring, after the snow melts away, topsoil and sub­
soil become almost completely saturated with water At the same 
time the evaporation process starts in on account of the trees starting 
to bud The growth of vegetation is associated with the develop­
ment of capillary pressure in the soil around the roots The cracks 
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which form in the soil as the result of the capillary pressure serve 
both as storages for water and as conduits for draining off the excess 
According to the ratio between the precipitation and the consump­
tion of the water by the trees, the general trend of flow will either 
be from the cracks towards the roots or through the cracks following 
the direction of topographical drainage Late in fall, when evapora­
tion through the roots practically ceases, the average capillary pres­
sure acting in the soil decreases, the soil expands, and, as a conse­
quence, its permeability increases 

Finally, dunng the wintertime the soil, previously saturated with 
water, will freeze While freezing, the volume occupied by the water 
increases by about 10 8 per cent The structural changes produced in 
the soil by the freezing of the capillary water are not yet clearly 
understood It seems that the change in structure of the soil is not 
due merely to the increase in volume of the water, but, in addition. 
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to the action of certain forces of crystallization acting while the water 
is freezing Due to the action of these forces, freezing causes partial 
drainage of the strata located underneath the zone of freezing 
Scanter still is our knowledge concerning the effect of the presence 
of air on the change in volume of the freezing soil The only fact 
we know thus far is, that the freezing process loosens the structure 
and in the spring, when the ice melts, the permeability of the soil 
and the drainage conditions will be very different from what they 
were in the fall Nevertheless, the whole change produced by freez­
ing I S strictly reversible, because the soil has passed through the same 
cycle of freezing and thawing for ages, year after year 

Suppose now, we destroy the forest, thus stopping the current of 
water which flowed year by year through the roots, a, b, c, etc (Fig­
ure 2) into the trees Hence the principal surface of evaporation will 
shift from the surfaces of the roots scattered throughout the soil to­
wards the boundary between subsoil and top soil. Considering the 
fact that the capillary pressure acting within the spaces adjoining the 
surface of evaporation amounts to many atmospheres, the structural 
importance of the change becomes at once evident The conditions 
of th.6 formation of cracks and of cavities have completely changed 
It will take many annual cycles before a new structure develops 
which again reacts to a variation in atmospheric conditions by a re­
versible change, and the drainage conditions in this new subsoil will, 
probably be quite different from what they have been before , 

S T B U O T U R E O F R E S I D U A L SUBSOILS D E R I V E D FROM T H E DIS­
I N T E G R A T I O N O F R O C K S IN S I T U 

The transformation of rock into soil is associated with a change in 
its chemical composition, from the fissures and cracks towards the in­
terior of the matenal The change in chemical composition is as­
sociated with a volume change. As a result of this volume change 
the individual rock fragments, partially or wholly decomposed are 
forced apart and represent, in a state intermediate between rock and 
soil, an accumulation of individual fragments, whose structure cannot 
possibly be reproduced except by repeating the process through which 
it originated. In certain rocks as are, for instance, the granites, or 
the andesites, the structure seems to be almost homogeneous, the voids 
being filled with the products of rock decomposition In others, as 
are certain shales, the structure is sponge like, including big voids, 
whose sides are lined with clay. Experience seems to show that the 
arrangement and the character of the individual rock fragments 
contained in the layer intermediate between rock and soil has a very 
important bearing on the stability of the layer Thus the rapid 
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creep and the spontaneous landslides which are so characteristic for 
certam parts of Pennsylvania and of West Virginia seem to be es­
sentially due not to a certain property of the soil derived from the 
rock decomposition, but due'to the structure resulting from the 
process of decomposition, combined with the presence of an abund­
ant water supply. 

S O I L CONDITIONS B E N E A T H HARD ROAD S U R F A C E S 

I have dealt at some length with the natural soil in order to show 
how numerous are the factors which govern the behavior of a 
soil located near the surface A change in the type of vegetation 
which covers the ground produces a change in the physical proper­
ties of the top layers, although the raw material of the soil remains 
essentially unaltered. We must expect still more radical changes if 
we strip the top soil completely off and replace it by an impermeable 
concrete mat. By doing so, we locally reduce the surface water sup­
ply to zero. We change the conditions of surface evaporation to an 
unknown extent and finally we provide on toth side of the road an 
open ditch or strip, where the subsoil is in direct contact with the air 

As a result of this artificial change, the circulation of water which, 
prior to the construction of the road, chiefly proceeded vertically up­
ward or downward, will be replaced by a circulation chiefly in a hori­
zontal sense, toward the axis of the road or from this axis out­
ward The distribution and the intensity of the capillary pres­
sure produced by evaporation will be utterly different from what it 
was before, which in turn will cause a thorough modification of the 
drainage properties of the soil Last, but not least, a thorough 
change will occur in the temporary and permanent air content of the 
soil The air content of the soil affects both the permeability of the 
soil and the volume change prod\iced by freezing to a very important 
extent From certain observations we suspect that an air content of 
10 or 15 per cent may reduce the volume expansion of the freezing 
soil to a small fraction of what it would be for a saturated soil, 
although the mechanics of this modification are not yet clearly under­
stood The life process of the vegetation plays an important part in 
providing the soil with its gas content Hence, if we strip the top 
soil and replace it by a hard surface, the effect of freezing on the soil 
may change considerably. In brief, the construction of the road 
causes the subsoil to degenerate into something less complicated and 
less highly organic than the original subsoil and it will take several 
years before the functioning of the degenerate subsoil develops into 
a set of seasonal, reversible changes, representing a state of dynamic 
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equilibrium between the structure of the soil and the peiiodical 
changes in the conditions of its existence 

The equihbrium structure will obviously depend on the material 
of which the soil consists But it also will depend on the structui'e 
of the soil before the road was constructed Thus the outcome of the 
piocess may be very diflferent accordmg to whether the road surface 
was established on a subsoil with the delicate and rather spongy 
structure characteristic of soils moulded by the action of roots, on a 
raw soil which for the first time since its formation comes into con­
tact with atmospheric agencies, or on a fill composed of individual 
chunks. It finally will depend on the ratio between precipitation, 
evaporation and run-ofif, which in turn depends on the character of 
the locality and on the permeability of the raw soil Evaporation 
means capillary pressure, secondary stresses and cracking, while satu­
ration means release of pressure and elastic expansion 

M E T H O D S O F R O A D S O I L I N V E S T I G A T I O N 

From the preceding discussion, it is obvious that we cannot pos­
sibly approach the problem of subgrade mvestigation with the crude 
tools used in applied mechanics No fairly reliable computation of 
stresses, bearing capacity and volume change will ever be possible. 
At the same time it will be impossible to take any advantage of our 
experiences made in the line of subgrade improvement, unless we 
get a very clear conception of every one of the physical factors which 
determine the behavior of the subsoil This is precisely the situa­
tion m which the physiologist finds himself when dealing with the 
functions of the living organism and as a consequence our methods 
will be of necessity similar to his We have to split up our problem 
into its components, then reduce each one of the components to its 
simplest physical terms, and finally try to explain the working of 
the whole complex phenomenon as the result of the cooperation of a 
number of individual physical factors 

The first one of the partial problems consists of working out a 
method for descnbing and identifying the matenal of which the soil 
consists The physical effect of seasonal changes depend essentially 
on volume changes produced by wetting and drying Since the in­
tensity of swelling and shrinking and the lag in expansion are de­
termined by the elastic constants of the material, it seems logical to 
base the classification of these materials on their elastic constants, and 
on their permeability, especially since these constants can be de­
termined by a comparatively simple procedure For the raw soil be­
low the limit of possible frost action and of the action of organic 
life, the elastic constants and the coefficient of permeability obtained 
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in the laboratory are practically identical with those of the soil in the 
ground For the subsoil, however, these constants merely serve for 
identifying purposes. They have very little in common with the 
corresponding constants of the soil itself, since these constants for 
the subsoil may vary during the year within very wide hmits The 
technique of the tests is on the point of being brought into standard 
shape 

The next step would consist in a physical investigation of the in­
dividual processes which enter into the life of the subgrade Con­
sidering the rudimentary state of our knowledge and experience the 
principal danger resides in underestimating the number of unknown 
quantities which enter into our equations Due to an erroneous 
conception concerning the number of factors involved in the phe­
nomena relating to soils, most of the investigations which have been 
made thus far are practically worthless In order to get anywhere 
we must exclude every possible disturbing factor and isolate the one 
phenomenon we wish to investigate The questions we should answer 
first are about as follows • 

(a) What is the distribution of pressures acting on a rigid, uni­
formly loaded mat supported by a homogeneous, perfectly cohesion-
less or perfectly plastic medium' 

(b) What is the effect of the air content on the volume change 
produced by the freezing of a wet accumulation of grains' 

(c) What is the rate of evaporation through a concrete mat com­
pared to the rate of evaporation on a free-water surface, exposed to 
the air under precisely the same conditions as the concrete? 

(d) What are the changes in volume and in permeability pro­
duced by a continuous flow of seepage water through a layer of 
crumbled soil? 

The traditional practice in dealing with similar problems was to 
take a soil and to start experimenting However, the material called 
soil already involves so many variables as the shape of the grains, the 
structure, the intensity of the capillary pressure acting at the time 
of the test, etc, that no two experimenters could arrive at similar 
results Hence, in order to answer our fundamental questions we 
should at first not even attempt to experiment with soils We must 
select very much simpler materials which have nothing m common 
with the soils, but the one property we wish to study Thus, in han­
dling the first problem we would select lead, or plasticine From 
cube tests we know that the plasticity of these materials corresponds 
exactly to the plasticity of clay without being associated with those 
properties which cause m tests with clays the lag of compression and 
the gradual increase of the internal fiiction Then, after we have 
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learned about the behavior of the plastic material pure and simple, 
we should proceed to study the complications produced by the hydro-
dynamic stresses, finally equipped with the knowledge thus acquired, 
we would venture to approach a crumbled soil Or when dealing 
with the second problem, we would start out with a study of the freez­
ing of uniform wet sands with a known air content 

The result of these and similar investigations would represent a 
series of well defined fundamental facts, serving as a rational basis 
for the interpretation of the complex phenomena which we face in 
practice In a similar manner the physiololgist has split up the 
functions of the livmg tissue into the phenomena of expansion and 
contraction, of percolation and diflfusion, surface tension and capil­
lary movement, and he has studied every one of these aspects of the 
life of the tissue individually, under the simplest possible physical 
conditions Without knowing about the results of these investiga­
tions he would be utterly incapable to explain any of the complex 
manifestations of the life of his material 

The last step would consist in a study of the properties of the sub-
grade in the field It would be useless to attempt any elaborate stud­
ies of that type before we have mastered the elementary principles 
of our subject, that means before we have a clear conception of the 
fundamental facts For the time being we cannot do any more than 
to sample the subgrades and to correlate the properties of the raw 
matenal with the results of the observations made in the field, as has 
been suggested by Mr C A Hogentogler in his outlines for a condi­
tion survey In making the survey, it will be essential to extend the 
investigations down to the raw soil, and to show on the survey sheets 
a cross-section of the road and of the ditches, a soil profile, the ap­
proximate grade of the ditches, and to state the type of vegetation 
which covers the surface on both sides of the road (cultivated, 
meadow, or forest) In addition to this, it would seem to be very 
promising to make observations concerning the volume change of 
the soil as a whole Due to shrinkage and swelling, and due to 
volume change produced by freezing, the surface of the soil moves 
periodically up and down There is hardly anything that brings 
the combined efifect of the property of the soil, the influence of the 
locality and of the climate more clearly into evidence than the 
amplitude of these periodical oscillations Hence the writer suggests 
the installation in convenient'localities of simple devices, by means 
of which these movements could be measured Such devices should 
consist of two bench marks, one of which should be located at the 
boundary between top soil and subsoil, and the other below the bot­
tom of a three or four foot casing, driven to a depth of four or five 
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feet into the ground The difiFerence in elevation between these 
bench marks should be measured after periods of excessive drought, 
of continuous rainfalls, after periods of frost and after the melting 
of the snow, the error of observation not exceeding one-half of a 
millimeter There could in addition hardly be any simpler and 
more reliable method for securing general information concerning 
the effect of the construction of the road on the character of the 
subgrade than by comparing the relative movement of such bench 
marks established near the center line of a hard-surfaced road with 
the relative movement of a pair of bench marks located on the origi­
nal ground beyond the range of influence of the artificial changes 
produced by constructing the highway 

One of the most interesting, but from a physical point of view 
most difficult, investigations concerns the soil movements of the type 
encountered in West Virginia Since the conditions leading to these 
movements cannot Be reproduced in the laboratory except on a very 
limited scale, the interpretation of the observed facts will require 
first of all to clearly separate all the individual factors involved in the 
phenomenon, with a view to estimating afterwards their relative 
importance 

A R T I F I C I A L I M P R O V E M E N T O F T H E S U B G R A D E 

The last group of problems we have to deal with consists in a study 
of the artificial improvements of the subgrade by means of provid­
ing a permeable sub-base, by the admitxure to the subsoil of foreign 
material and by chemical ingredients It is obvious that no such 
study can be made before we have a very clear conception of all the 
factors on which the behavior of the untreated subgrade depends 
Our present conceptions of the effect of artificial improvements are 
utterly crude and probably altogether erroneous This is particu­
larly true of our conception of their effect on drainage and on frost 
action, as we may learn from the following considerations 

By mixing a cohesive soil with gravel its permeability may eithei 
decrease or increase, depending on the ratio between the two compo­
nents The presence of a layer of sand or gravel between the sub-
grade and the road surface is not likely to increase the speed of evap­
oration, because the air contained in the voids of the porous layer be­
comes saturated with water vapor which in turn stops evaporation 
Side drains such as used m Massachusetts for improving poor sub-
grades could not possibly have any effect, unless the height of the 
capillary nse of the water in the subgrade be smaller than the dif­
ference m elevation between the side drains and the top of the sub-
grade, that means smaller than a few feet In soils even with a very 
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small percentage of clay (particles smaller than 0 002 mm ) the 
capillary rise is very much greater unless the soil is cracked through 
and through In a similar manner our conceptions of the effect of 
the admixture of coarse materials or of clay on the beanng capacity 
and on the compressibility of the subgrade are far from satisfactory 
Thus, considenng the size of the area over which the pressure of a 
wheel IS spread by the stiff road surface, it is very difficult to con­
ceive wherein the advantage of strengthening a top layer of sub-
grade not more than six or eight inches thick would lie The 
stabilization of sand by an admixture of clay cannot possibly be 
effective, unless the clay never has a chance to get soaked to the 
limit of its water-holdmg capacity There seems to exist one method 
only for investigating the effect of our artificial subgrade improve­
ments We must first of all study the effect of the remedial measure 
by observation m the field, then work out a hypothesis concerning 
the physical effect of the improvement, and finally to plan laboratory 
tests for checking whether or not our conception is correct If it 
were found to be erroneous, we should have to work out and to check 
another theory. Thus it| would be very advisable to study in the 
laboratory the process of evaporation and of condensation withm the 
voids of a layer of sand enclosed between wet soil and an imper­
meable cover, or to study the effect of a similar layer on the depth 
to which the frost is apt to penetrate the soil Only with the re­
sults of such systematic tests at our disposal would we ultimately 
be in a position to make intelligent use of the experiences gathered 
by actual practice Until this is the case, we have to continue our 
experimentation in the field and to record our observations as com­
pletely as possible, with a view to utilize the information thus ob­
tained at a later date. 

No large scale experiments have yet been made in the line of im­
proving the subgrade by chemical methods, except by nature itself. 
The stabilizing processes used by nature consist essentially of trans­
forming reversible colloids into irreversible ones (certain types of 
hardpan) and in lining the sides of the voids with incrustations 
(certain types of loess, and clays precipitated from a suspension in 
water saturated with lime) It would certainly be worth while to 
try to imitate some of these processes m the laboratory, but on the 
other hand it would be premature to predict the practical applicabil­
ity of the results thus obtained 

C O N C L U S I O N S 

The relations between the character of the subgrade and the 
traffic resistance of the road are almost as complex as are the 
physiological processes involved m the life of an organism There 
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IS no hope for successfully reducing the problem to a simple prob­
lem of resistance of materials Future progress will depend on our 
success in analyzing individually every one of the many factors 
which determine the behavior of the road, for the purpose of pro­
viding a basis for the correct interpretation of the results of actual 
expel lence in the field Without such an analysis we will never 
be in a position to apply the experience acquired in one section of a 
country to the improvement of our construction methods in another 

The analysis requires the solution of four different types of prob­
lems 

(a) Selecting such characteristic properties of the soil which can 
be easily and reliably determined and which, at the same time would 
be sufficient for identifying the raw material of which the soil con­
sists In principle, this problem is solved What remains to be 
done merely concerns the technique of the procedure 

(b) A study of the physical processes involved in the seasonal 
changes of the subgrade The most difficult part of this investiga­
tion has been successfully accomplished by the discovery of the re­
lation which exists between shrinkage, swelling, lag of expansion, 
coefficient of permeability, surface tension and the elastic properties 
of the soil material The future investigations will consist essentially 
of a series of experimental studies, guided by the knowledge of the 
underlying physical principles which is already available 

(c) Systematic collection of empirical facts concerning the be­
havior of natural and of artificially treated subgrades (Condition 
survey) The essential requirement for the success of a condition 
survey consists of recording all the facts which determine the con­
dition of the road Since our knowledge of the processes involved m 
the breaking up of a road is still incomplete, there is always the 
danger that essential Tacts may be overlooked Hence the program 
for the survey should even include observations concerning such 
factors, which for the time being seem to be of minor importance, as 
the soil profile, the type of vegetation covering the adjoining ground, 
and the like The survey should be associated with observations con­
cerning the periodical (seasonal) movements of the road surface and 
of the adjoining ground 

(d) The last step will consist in an attempt to estimate the rela­
tive importance of the factors which cause the detenoration of the 
roads, such as volume changes due to drying and to freezing, un­
equal compression of the subgrade, lateral flow of the subgrade, 
undercutting of the shoulder by slacking of the soil, etc , to con­
struct a picture of the life of the subgrade, i e, of the periodical 
changes the subgrade undergoes year by year, and finally, to deter­
mine the modifications these changes undergo as a result of differ-
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ent kinds of ai-tificial subgrade improvement In brief, what we 
drive at is not a mechanical theory of road-resistance, such theory 
being inconceivable—but something that we may call a physiology 
of the normal and of the artificially modified subgrade 

The prereqmsite for successful work along such lines already ex­
ists as a result of recent investigations concerning the mechanics of 
soils The chief difficulties which have to be overcome are of a 
psychological rather than of a technical nature They reside in the 
incapacity of most of the professional men to grasp the true nature 
of the problems involved Engineers are trained to deal with mate­
rials with exceedingly simple properties and as a consequence they 
invariably underestimate the complexity of the processes involved in 
soil behavior They speak of a coefficient of internal friction, of per­
meability, of drainage properties, of cohesion and bearing capacity, 
as if these data represented simple and well defined properties of the 
soil They fail to grasp the fact that the soil is not a material but 
an organism, whose properties cannot be understood unless we trace 
them back to their basic physical origin On the other hand, agri­
cultural soil experts are apt to overemphasize the importance of the 
chemical aspects of the phenomena Else they would have realized 
long ago the essentially mechanical character of shrinkage and 
swelling, and they could not have overlooked the periodical appear­
ance and disappearance in the soil of such tremendous, purely 
mechanical forces as are the capillary pressures associated with the 
processes of evaporation. 

Hence one of the most urgent tasks consists of initiating observers 
into what little we know thus far about the physics of soils. 
Eqmpped with this knowledge they will automatically refrain from 
approaching soil problems with conceptions derived from structural 
engineering With observers thus prepared for their work, the solu­
tion of our problem will be merely a question of time. 


