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Nous allons maintenant ouvrir la discussion de la sixi€éme
session. La discussion portera sur les routes, autostrades et
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aérodromes, et, plus particuliérement, sur les revétements
rigides et flexibles et les fondations. Huit orateurs se sont in-
scrits; je les prie d’étre aussi brefs que possible afin de donner
a d’autres membres la chance de prendre la parole a la fin de
la séance. Je donne maintenant la parole au Rapporteur géné-
ral, M. Buchanan.

The chairman declares the session open and gives the subjects to
be discussed. He requests the speakers to be as brief as possible.
The chairman then calls on the General Reporter.

The General Reporter

Since our last Conference in 1948, developments in the sub-
jects of roads, airfields, and their foundations have been notable
by comparison with the other fields of interest reviewed. This
contrast is due to the fact that the total, intensity, and fre-
quency of the loads currently being applied to road and air-
field foundations and pavements have increased many times.
In the associated fields of our profession these important fac-
tors have remained somewhat static.

A general lack of appreciation of the trends has been re-
cognized in the profession and is confirmed by the limited
contributions to this Conference. The cause of this lack of
attention, as voiced in the General Report, was confirmed by
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a number of contributors at the Conference as being due either
to the rapidity with which the trend has developed or to the
fact that the profession has been too busy trying to meet the
demands to permit reporting of its efforts.

The basic airfield problem has been altered by three im-
portant trends in transportation also. The first trend has been
a great increase in the use of this means for the movement of
people and commodities, resulting in an increase in air traffic
and the frequency of demand for airfields. The second trend
is in the weights of commercial airplanes which have increased
from 15 to 35 tons to an upper limit of 70 tons, with a still
greater limit already looming on the horizon. The third trend
is in the increase of the unit loading, from 60 to 70 psi to a new
range of nearly 200 psi, whilst a still further range is being
pioneered by the laboratory plans with an upper limit of the
order of 250 to 300 Ibs./sq.in. The shock of trends enumerated
has not, it is thought, been fully appreciated by the profession
to-day. This lack of appreciation may be attributed to the
possibility that many airfields now in use by commercial traffic
were originally planned or designed for World War II traffic.
When improved and reinforced they have been satisfactory for
the heavier planes to day, but not for the foreseeable future.
The Military Engineer is already face to face with the problems
created by the planes of to-morrow, but the civil engineer, in
general, has not experienced the trends enough to appreciate
the importance of them. The published and unpublished con-
tributions to this conference indicated that an awakening to the
needs for knowledge in these fields is beginning to take place,
for attention is being given to the fundamental factors, namely
the measurement of the new stresses and strains and their dis-
tribution in soils and soillike masses, as well as to the pavements
themselves. Means are reported for mobilizing the potential
strength of the materials which we must use, as well as obser-
vations of the permanence of such strengths, built-in moisture
contents and densities are influenced by the related factors,
such as frost, climates and drainings. Means for minimizing
the variations of moisture in the materials of highly stressed
zones have been tried and reported. The advantages of using
the statistical method of analysis of data are indicated. Most
valuable knowledge has been made available to the profession
by the contributions to this conference. We have much more
to do, for the changes in our problems are rapid, and will con-
tinue for some time to come.

Le Rapporteur général rappelle le rapide développement du trafic
routier et aérien. L’accroissement du trafic, I’augmentation des
charges et des pressions des pneus exigent une haute capacité des
routes et surtout des pistes. Les problémes que I’ingénieur rencontre
sont: la mesure des efforts et des contraintes nouveaux et leur répar-
tition dans les sols de fondations et les revétements, I’étude de I’in-
fluence exercée par le sol et notamment sa teneur en eau et le dimen-
sionnement des pistes. Les communications présentées a cette session
indiquent que ces questions suscitent un vif intérét, cependant il reste
encore un long chemin 4 parcourir pour atteindre des solutions satis-
faisantes.

Mr. M. Peleg

The problem of determining the thickness of road founda-
tions on heavy soils has a special aspect in Israel, owing to the
characteristic features of the climate, i.e. the sharp division of
the year into two periods: the rainy period lasting about four
months (November—February) when the main rainfall occurs
(500-600 mm, i.e. 20-24 inches) during 50-60 rainy days, and
the dry period almost without any drop of rain.
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The bearing capacity of the heavy soils decreases during the
rainy period, and in order to overcome this, a layer of granular
material (sand or the like) is spread as subbase under the sub-
grade. The thickness of this layer can be determined to a cer-
tain degree of safety by C.B.R. tests. The troubles begin in
summer. The soil dries out, contracts and cracks appear reach-
ing 2-3 cm in width. Part of the subbase material sinks into
the cracks and consequently holes and cracks appear on the
surface of the formation through which, if not repaired in
time, water will permeate under the road during the next
winter and the action is repeated and increased. To prevent
this occurrence the subbase is often made of material which
contains pieces of a size bigger even than 5-6 cm, e.g. quarry-
waste or the material called in Israel * Hisria> which is a pro-
duct of natural disintegration and weathering of basalt rocks.

These materials on one hand have good draining properties
and the capillary rise of water in them is not more than in
sand; on the other hand they have good cementation properties
and even when cracks appear in the subgrade they still are able
to support the foundation and the traffic. Itis desirable to test
the cementation properties of the materials used as subbase,
especially as sometimes these materials are also used for low-
cost roads with no foundation above them at all (at least for
a certain period). The Cementation Test as invented by Page
would be of great help in this respect.

La répartition du climat israélien en deux périodes trés marquées
de pluie et de sécheresse entraine une forte diminution de la force
portante des sols argileux pendant la période de pluie. Pour y re-
médier on étalait une couche de sable sur le sol de fondation des
routes, mais de larges fissures apparaissant dans I’argile au cours
de la période de sécheresse, le sable s’y perdait et ’eau s’y infiltrait.
On emploie aujourd’hui des détritus de carriére, ou un matériel plus
grossier appelé «hisria». On obtient ainsi un excellent drainage et
une bonne cimentation.

Mr. R. Mitchell

It is the increase in traffic and wheel loads, to which Prof.
Buchanan refers, which has kept me, as a professional pave-
ment designer, too busy to do more than record my obser-
vations of failures in Central Africa. In the last five or six
years, wheel loads must have doubled, and traffic counts in-
creased tenfold in Southern Rhodesia, and the resulting
pressure of work has prohibited research into road failures and,
more important, the development of a mathematically rational
design.

Our flexible pavement design is based on a modification of
the C.B.R., where samples are compacted to different densities,
at optimum moisture content, and soaked for four days, on
the Group Index, and on our own classification system. On
the question of the validity of soaking, I have no doubts—all
failures examined showed moisture contents, at the centres of
bases beneath black tops, to be between optimum and complete
saturation. Admittedly, the moisture content is lower near the
shoulders—as often evidenced by longitudinal cracking—but
this cannot affect the design. Whilst accepting that unfailed
sections probably did not meet this moisture condition, I can-
not agree that, at reasonable survey and design costs, it would
be possible to deduce lower ultimate moisture contents and to
reduce the design cover over such sections, at least on low-cost
roads.

Again, with some gravels, I have found the conventional
four-day soaking from top and bottom to be inadequate, due
to the formation of a relatively impermeable layer in top and



bottom of the sample. This has been overcome by perforating
the sides of the moulds. One andesite schist sub-base, which
gave a soaked C.B.R. of about 25, failed under construction
traffic. Retesting in the perforated mould reduced the C.B.R.
to about 5, agreeing with road performance.

One unique type of failure has been experienced over granitic
soils. The formation comprises a slightly plastic, well graded,
quartz sand on the surface, with plasticity increasing with
depth, due to deposition of a leached feldspar, to PI’s of 25
at 2-10 ft. depths. With four days’ soaking at the compacted
field density of 95% Mod. A.A.S.H.O., the C.B.R. was about
40-6" of gravel base, and surface treatment was thus employed.
This construction lasted, without deformation, for up to four
years. Then several miles out of two hundred failed in a few
hours, the density returning to the original 75%.

The failure was caused by a perched water table, following
heavy rains, and it seems apparent that the subgrade air voids
became filled, and thus traffic stresses were transferred from
the soil to the water phase, almost all bearing capacity being
lost.

I have, as yet, found no practical design test in which these
field conditions can be reproduced, i.e. where a well graded
sand, normally considered as a strong subgrade, can be shown
to have little strength, and a suitable design cover given. Until
I have discovered such a test, I must be content to design pave-
ments over such soils by means of classifying samples with my
past experience, and a close study of the local geological form-
ation. Geology has, in my opinion, been too often neglected,
and offers, in my case, a warning which soil mechanics has
failed to do. It must advance side by side with any strength
test method, as the tool of the materials engineer.

L’auteur rappelle que le trafic routier en Rhodésie du Sud a dé-
cuplé au cours des cing derniéres années. Pendant cette période le
programme des travaux était trop chargé pour permettre des re-
cherches approfondies sur les causes des dommages routiers. On se
contente de faire des mesures a I’aide d’une méthode C.B.R. modifiée
et Pattention se concentre sur la saturation des échantillons. Un
exemple tiré de la pratique montre que d’autres méthodes d’investi-
gation sont nécessaire. Les méthodes géologiques sont souvent négli-
gées bien que dans plusieurs cas elles fournissent des résultats plus
concluants que les méthodes de mécanique des sols.

M. R. Peltier

Le calcul de I’épaisseur optimum a donner aux revétements
de routes ou d’aérodromes est, comme I’a indiqué a juste titre
M. le Rapporteur général, un des problémes essentiels qui se
posent a I’ingénieur routier. Quelques articles intéressants ont
été présentés a ce sujet au présent congrés. Mais ils sont peu
nombreux, et 'on peut craindre que beaucoup d’ingénieurs et
de chercheurs compétents a ce sujet aient pensé que cette ques-
tion relevait bien davantage du Congrés de la Route que du
Congrés de la Mécanique des Sols.

En effet, au dernier Congrés de la Route 4 Lisbonne, en
1951, un assez grand nombre de rapports avaient abordé ce
sujet, d’'une fagon plus détaillée qu’au présent Congrés. Et je
sais que dans plusieurs pays, des progrés importants ont été
faits sur ces questions, mais ces progreés n’ont pas fait I’objet
de communications.

Dans ces conditions il me paraitrait prudent de ne pas cher-
cher a tirer des conclusions générales des quelques rapports
présentés, et de ne pas considérer que le présent Congrés peut
faire le point actuel de la question.

Je voudrais toutefois ici donner mon avis sur cette question
du «dimensionnement» des revétements. Je le ferai trés rapide-

ment, car je compte le faire d’'une fagon beaucoup plus com-
pléte au cours de la conférence que je dois prononcer sur ce
sujet a Lausanne. .

A mon avis, il faut distinguer nettement les revétements
rigides et les revétements souples. Pour les premiers, la ques-
tion est plus avancée; grace aux progres de nos connaissances
sur le comportement exact du sol sous les dalles et grace aussi
aux progres de nos méthodes de calcul, on semble étre sur le
point de passer de la phase empirique, ou semi-empirique,
comme la célébre formule de Westergaard, a une phase plus
rationnelle d’un calcul basé sur des hypothéses de base vérifiées
expérimentalement.

Pour les revétements souples, nous sommes beaucoup plus
en retard. Et je crois qu’il faut avoir le courage de reconnaitre
que nous ne savons pas grand chose du comportement exact
des sols sous les revétements souples, et qu’en tout cas, tout ce
que nous connaissons a ce sujet est bien insuffisant pour justi-
fier une méthode de calcul. D’ailleurs, les méthodes actuelles
de dimensionnement des revétements souples, notamment la
méthode des indices de groupe et méme, malgré ses apparences,
la méthode C.B.R. sont toutes deux entiérement empiriques.
Pendant de longues années encore, il faudra, 3 mon avis, s’en
tenir encore a des méthodes empiriques de ce type. Mais quel-
ques progrés sensibles pourraient &tre faits a ce sujet, en ras-
semblant et en coordonnant I’expérience des divers pays sur ces
questions.

Il est enfin un dernier point, qui m’est cher, et sur lequel je
ne suis pas d’accord avec M. le Rapporteur général, c’est celui
qui concerne la gélivité des sols. Je considére bien que la régle
de M. Casagrande a ce sujet, régle toute empirique, a été jus-
qu’ici, et devra étre pendant quelques années encore, d’une
grande utilité pratique pour les ingénieurs. Mais cette régle,
comme toutes les régles empiriques d’ailleurs, n’est valable
que dans un domaine assez limité de climat et méme de sol.
J’ai connu des cas ou elle aurait conduit 4 des déboires; j’en
connais de plus nombreux encore ol elle a conduit a des dé-
penses inutiles.

De toutes fagons, il est beaucoup plus intéressant pour I'in-
génieur d’avoir une explication théorique du phénomeéne, ce
qui lui permet souvent d’orienter ses travaux dans le meilleur
sens et vers le moindre prix. C’est dans cet esprit que j’ai pré-
senté au Congrés une tentative d’explication théorique de la
gélivité des sols, et je suis persuadé que c’est dans cette voie
qu’il faut continuer les recherches.

The determination of the maximum strength of the bearing course
of roads and runways is one of the main problems with which road
engineers are faced. This problem was discussed at greater length
at the Conference on Road Engineering held in Lisbon in 1951 than
at this conference. Therefore the author thinks it advisable not to
draw general conclusions from the few papers submitted on this
subject.

It is the author’s belief that in dimensioning, strict distinction
should be drawn between roads with rigid and with flexible pave-
ment. In designing the former type we have reached a stage beyond
the empirical phase and we have at our disposal a somewhat precise
base for calculation. The criteria for dimensioning the bearing course
of flexible pavements are all empirical ones and it will take time till
we are in a position to proceed by calculation.

The author also refers to Casagrande’s method of determining
liability to frost damage which is also an entirely empirical method.
In many cases the application of this method has lead to unnecessary
expenditure. It would be highly desirable for engineers to have at
their disposal a theoretical explanation of the frost problem. This
would enable them to carry out work in a more rational way and at
lower cost.
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Mr. D. J. Maclean

I should like to contribute a few remarks to the discussion
on problems of pavement design, based on our experiences at
the Road Research Laboratory in Great Britain. Prof. Buch-
anan, in his General Report, suggests that wheel loads and tyre
pressures of road vehicles have increased greatly in recent
years. In Great Britain, we have observed increases in the
volume of traffic, but we are not satisfied that the traffic has
necessarily become more destructive, since vehicle design has
also changed, particularly in the disposition of the loads on
the wheels. This aspect of the problem of pavement design
must be clarified by thorough investigation of the factors which
have changed, and of their effect on the performance of road
structures. On the other hand, the introduction of aircraft with
large wheel loads and with tyre pressures up to 300 1bs./sq.in.
poses serious problems which are being actively studied in
Great Britain, by means of accelerated traffic tests. These
problems are considered in a paper by Mr. P. J. M. Robinson
and myself, entitled “Soil Stabilisation and its Application to
Airfield Construction” which was presented to the Institution
of Civil Engineers in London, in March of this year.

On the question of pavement design, we feel that too much
effort has been devoted to the development of new methods,
involving new ways of measuring the strength of the soil, while
the basic problems of estimating the critical soil condition and
of classifying the traffic have been neglected. The estimation
of the critical soil condition requires a knowledge of the
highest moisture content the soil will reach after the pavement
has been constructed. We have investigated the methods de-
scribed by Loxton, McNicholl and Williams (Proceedings 1953,
vol. II, p. 112), and although we use the ratio of natural mois-
ture content to plastic limit in making rough estimates of the
probable maximum moisture content of the soil under the road,
we are convinced that the degree of precision required for pave-
ment design is most likely to result from more fundamental
approaches, such as that described by Croney and Coleman
Proceedings 1953, vol. II, p. 13) for British climatic conditions.
Road pavements are subjected to a wide range of wheel loads
at different frequencies of application, so that the structural
design of pavements cannot be based on any single wheel load.
It is therefore important that a rational method of classifying
traffic should be developed, which takes account of the dif-
ferent magnitudes and frequencies of application of load, and
also of the transverse distribution of wheels across the pave-
ment.

In Great Britain, we consider that the construction of special
experimental sections on public roads is an essential part of
studying pavement design problems. This policy has led to a
realistic approach to the problems and has already produced
much useful information. As regards flexible pavements, for
instance, it has been shown that dense impervious surfacings
contribute much more to the overall strength of pavements
than pervious open-textured surfacings.

As regards concrete pavements, we feel that the construction
of experimental sections is especially desirable and the approach
most likely to lead to useful advances in knowledge. Ex-
perience in Great Britain tends to show that non-uniform
movements of the subgrade, due to changes in moisture con-
tent and state of compaction of the soil after the road is built,
have a far greater effect on the behaviour of concrete road slabs
than differences in subgrade strength. Although the effect of
repeated loading is important, as pointed out by Prof. Buch-
anan, it is only one of the factors contributing to non-uniform
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support. We therefore consider that, provided it is recognised
that some soils are more likely to undergo non-uniform move-
ments than others, the thickness of concrete pavements should
be based, at present, primarily on the intensity of traffic and
should not be related to soil type. Our experience in Great
Britain makes us doubt whether allowances can yet be reliably
made, in the design of concrete roads, for differences in soil
type, as revealed by their strength characteristics.

Finally I should like to associate myself with the remarks of
Mr. Peltier that the papers presented to this session cannot be
regarded as being representative of progress in this field.

L’auteur est d’avis qu’on doit faire une étude plus approfondie
de l’effet du trafic avant qu’on puisse établir son influence sur la
tenue des chaussées. Dans les pistes d'atterrissage et d’envol le poids
par roue aussi bien que la pression des pneus, qui vont croissant,
jouent un role prépondérant. Ces questions font actuellement ’objet
d’études par MM. P. I. M. Robinson et D.J. Maclean: **Soil stabili-
sation and its application to airfield construction”, Institution of
Civil Engineers, March 1953.

L’auteur estime que dans le calcul de I’épaisseur & donner a la
route on consacre trop d’efforts au développement d’une méthode
nouvelle pour la détermination de la portance. Les points impor-
tants sur lesquels devraient porter les recherches sont les conditions
critiques des sols et une méthode rationnelle de classification du
trafic. En cette matiére la connaissance de la teneur en eau maximale
du sol sous la route est importante (voir Comptes Rendus 1953,
vol. I, p. 112).

Les autres points sur lesquels I’auteur estime que 1’on devrait con-
centrer la recherche sont I'intensité et les charges du trafic et leur
répartition a travers la chaussée. Des essais faits en Grande Bretagne
ont montré que les revétements imperméables flexibles offrent une
répartition de la portance plus favorable que les revétements per-
meéables. Pour les revétements rigides I’'intensité du trafic est de plus
grande importance que le type du sous-sol.

Mr. G. Plantema

In connection with the General Reporter’s remarks on my
paper (Proceedings 1953, vol. I, p. 289), I should like to give
some supplementary results. In this paper I gave the results
of soil pressure measurements taken during loading tests which
were carried out on steel plates of various diameters, i.e. 37.5 cm,
65 cm, 75 cm and 98 cm.
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Soil pressure cells were placed at a depth of 80 cm in a layer
of compacted sand, with a thickness of 1 m. The subsoil con-
sisted of a 4 m silty, fine sand layer, underlain by 5 m of clay
with peat. The loading tests were carried out as described in
my paper. The pressure exerted on the various plates ranged
up to about 7 kg/cm?. After the loading tests had been carried
out on the compacted sand, a 15 cm layer of furnace slag and a
13 cm layer of crushed stone were placed on the sand. Again
loading tests were made, and after that we replaced this con-
struction by a Telford base (Fig. 1).

The results of the measurements by means of the soil pressure
cells show that the layer of slags and crushed stone reduced
by 40% the pressures which were previously measured in the
sandlayer alone. On the other hand, the Telford base reduced
these pressures by only 15%. So we get a great difference in the
stress distributing capacity of the two types of construction, the
first acting as one coherent layer, the other as large stones each
acting independently. Comparing these constructions, we can
say that the Telford base produces pressures about 40% higher
in the underlying sand (Fig. 2).

L’auteur ajoute quelques résultats complémentaires & son mémoire
(Comptes Rendus 1953, vol. 11, p. 289). 1l compare les tensions me-
surées a I'aide de cellules électriques dans trois matériaux de cons-
truction: sable, plaques de scories de hauts fourneaux, pierre broyée
et pierre broyée avec hérisson. Les tensions enregistrées dans les
plaques de scories et la pierre broyée sont de 40% inférieures aux
tensions mesurées dans le sable; la réduction avec hérisson s’éleve
a 15% seulement.

M. G. Moraldi

Je viens d’entendre les deux opinions contradictoires ex-
primées par M. Plantema, Hollande, et par M. Moniz, Portugal,
au sujet des fondations en hérissons.

Si I’on admet que dans les deux cas la fondation en hérissons
a été construite selon les régles de I’art, je crois que ces résul-
tats contradictoires peuvent s’expliquer par la qualité de la
pierre employée. Avec des pierres dures, qui se coingent diffi-
cilement entre elles, il y a lieu de redouter une transmission
colonnaire des charges, comme I’a trouvé M. Plantema, et I'en-
foncement des hérissons dans le sol, tandis qu’avec des pierres
tendres, qui se coingent facilement et méme se brisent sous le
rouleau compresseur, la répartition des charges est bien meil-
leure, et une telle fondation se compare favorablement avec
celle en gravier compacté. C’est du moins ce que j’ai pu cons-
tater par des éssais de charge avec plaques sur des échantillons
de grandeur naturelle de ces deux types de fondations repo-
sant sur un sol sablonneux; I’'un étant construit en gravier tout
venant, I'autre en hérissons de tuf volcanique, pierre tendre
qui abonde dans les environs de Rome.

Ce type de fondation, pour donner de bons résultats, doit
€tre construit avec soin, en interposant une couche de sable
entre les hérissons et un sol argileux pour éviter toute possi-
bilité de remontée de I’argile. Je crois que pour la fondation
de chaussées dans des régions ol la pierre abonde et ol la main-
d’euvre est disponible il peut étre économiquement adopte.

The author comments on some remarks made by Messrs. Planterma
and Moniz on the Telford base. He thinks that the contradictory
results found can be explained by the different quality of rock used.
He found, testing with bearing plates, that Telford bases using soft
rocks, which during compaction break and bind well together, are
able to spread the load much better than bases using hard rocks,
and compare favourably with the load-spreading capacity of sand-
gravel bases.
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Therefore this type of base can be adopted in countries where
manual labour is cheap and stone plentiful.

Mr. Charles R. Foster?)

The paper by Messrs. R. A. Brzesowsky and C. Van der Veen
(Proceedings 1953, vol. II, p. 97) contains very interesting in-
formation on wheel load, traffic behavior, total thickness, and
in-place C.B.R., which are the elements needed for a com-
parison of the C.B.R. method of design.

An inspection of the C.B.R. design curves shows that a small
change in C.B.R. in the lower values results in a relatively large
change in thickness and for this reason the C.B.R. method is
termed ‘‘sensitive” in this region of soil strengths. However,
in extensive accelerated traffic-testing at the Waterways Ex-
periment Station, Corps of Engineers, Vicksburg, Mississippi,
it has been observed that variations in traffic behavior of a
uniform section of pavement are consistently accompanied by
variations in the C.B.R.; therefore, this sensitivity exists in
nature and must be accounted for in the procedures. In making
correlations between load, thickness, and C.B.R. it is necessary
to take into consideration all factors because of this sensitivity.

The authors contend that the C.B.R. to be used for design
should be 2.5%; this statement is based on the fact that the
C.B.R. shows no change with decrease in voids volume from
48 to 44% on Fig. 4. However, on Fig. 3, the voids volume
under the runway is definitely less than in the field area, with
the peak occurrence in the group from 40 to 42.5% voids
volume. If the distribution of the voids volume for the runway
construction is plotted on Fig. 4, it will be seen that the peak
occurrence falls in an area where the C.B.R. values of the clayey
subsoil tend to be higher than the selected value of 2.5%. Cor-
relations with traffic behavior should be based on the in-place
C.B.R. of the specific area being subjected to traffic.

Statements made in the preceeding paragraph are not in-
tended to reflect on the selection of the C.B.R. of 2.5% as the
value for future design. Designs for reconstruction or exten-
sions should be based on the in-place C.B.R. values provided

1) Engineer, Chief of Flexible Pavement Branch, Soils Division, Water-
ways Experiment Station, Corps of Engineers, Vicksburg, Mississippi,
U.S.A.
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the in-place values are made on subgrades that were con-
structed in the same manner as contemplated for the future
construction, and provided the subgrade has been in place long
enough for moisture conditions to become adjusted. Under
these circumstances, the in-place C.B.R. is considered more
reliable than the laboratory test.

Consideration of the war-time section, sub A, where the base
is a mixed in-place concrete, as a flexible pavement is not be-
lieved warranted. It is noted that the ultimate bearing re-
sistance as measured by the plate-bearing test for this section,
which is only 30 to 35 cm thick, is the same as for the prewar
section, sub B, which is 80 cm thick. Also, the behavior under
traffic has been comparable to the prewar section, sub B. It is
believed that the wartime section exhibits sufficient flexural
strength that it should be evaluated as a rigid pavement. Com-
putations made using overlay procedures developed by the
Corps of Engineers (not presented here because of the length
of this discussion) indicate the wartime section would be en-
tirely adequate for the traffic applied if the concrete had flexural
strengths of even as much as 350 psi. This section is not con-
sidered further in this discussion.

It is believed that the factor of 2.9 used to convert single-
wheel loads to airplane weights appears too high. This factor
would indicate that each main Ianding gear carries about 34.5%
of the gross load, leaving the nose wheel to carry the remaining
31% of the weight. It is our understanding that for the average
tricycle-type landing gear, each main gear carries about 45%
of the gross load and the nose wheel the remaining 10%. Corps
of Engineers practice is to increase the gear load by 2.2 to ob-
tain the gross airplane load.

It is believed that comparison of the evaluations by the
various methods with the ultimate bearing resistance as meas-
ured in the plate-bearing test, as is done in Table 1, is mis-
leading. Statements made in the paper under conclusions in-
dicate that the prewar section, sub B (80 cm total thickness of
subbase, base, and pavement) was loaded to the maximum
loads possible where it was being subjected to taxiway traffic.
This section could not be considered adequate for a 100-ton
aircraft (78 tons based on a 2.2 factor) even as a runway sec-
tion. It would seem more reasonable to make the comparisons
on the basis of the heaviest planes that used the field, as the
actual carrying capacity does not appear to be much above
these loads, particularly for the prewar section, sub B. The
major traffic of heavy planes was with the DC-6 and Constel-
lation-type planes. Records available to the Waterways Ex-
periment Station indicate that the maximum gross load of the
DC-6 is 93,000 lbs. and the Constellation 107,000 1bs., but it
is understood that the DC-6 loading has been increased to
about 107,000 1bs. On this basis, it appears that the loading
to which the field has been subjected could be rated at about
50 tons.

Since 1946, the Corps of Engineers has developed methods
for resolving the single-wheel design curves into curves for
multiple wheels.!) Also, curves have been developed for
operational categories other than capacity. The diagram
shows design curves for aircraft equipped with twin wheels
spaced from 28 to 32 in. c—¢ where the tire pressure does not
exceed 100 psi (Fig. 6). These curves are applicable to the
DC-6 and the Constellation-type aircraft. Curves are shown
for emergency, minimum, full, and capacity operational cate-

Yy Foster, C. R., and Boyd, W. K. (1950): Symposium, Development
of C.B.R. Flexible Pavement Design Methods for Airfields, Paper No. 10,
Design Curves for Very Heavy Multiple-wheel Assemblies, Trans. ASCE,
Vol. 115.
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gories. Traffic and life expectancy for the categories are as
follows:

Category Pavement Life Coverages*)
Capacity More than 10 years 5000
Full 2 years 2000
Minimum 6 months 700
Emergency 2 weeks 40

* A coverage is defined as one application of a tire over the entire
width of the traffic lane.

Methods of converting cycles of traffic movement to cover-
ages have been given previously.?) The traffic imposed on the
runway in the prewar section, sub B, and the postwar section,
sub C, would result in about 1200 and 1000 coverages, respec-
tively, over the central third, laterally of the runway. In the case
of the taxiway prewar section, sub B, information is needed
regarding the location of the taxiway. If the taxiway is situated
so that the plane operates on the taxiway during both the take-
off and the landing portion of the movement, then the number
of coverages will be about 2000; but if the taxiway is near one
end of the runway, the number of coverages will be only about
1000. The following table shows evaluations for minimum
(700 coverages) and full (2000 coverages) operational categories.
The evaluations are given for the taxiways and ends of the run-
ways (1000 ft.) and for the interior portion of the runways.
These are based on a subgrade C.B.R. of 2.5% and thicknesses
of 80 cm (31.4 in.) and 100 cm (39.3 in.) for sections B and C,
respectively.

Gross Load of Plane in Tons
. B—Prewar Section C—Postwar Section
Operational
Category
Taxiways | Interior Taxiways Interior
and Ends of and Ends of
of Runway| Runway |of Runway| Runway
Minimum
(700 coverages) 48 57 68 76
Full
(2000 coverages) 32 37 44 52

Interpolation can be made of the above data to obtain
evaluations for 1000 to 1200 coverages if the logarithm of the
coverages is used. By this type of interpolation the evaluation
by the C.B.R. method for the traffic that was experienced on
the prewar section, sub B, would be about 42 tons for the taxi-
ways and ends of the runways and about 50 tons for the interior
of the runway, as compared to the 50-ton loadings actually
applied to the field. Since a slight amount of distress occurred
on the taxiway portion of the prewar section, it is believed that
the comparison between the behaviour and the evaluation ob-
tained by the C.B.R. method is fairly reasonable. The com-
parison might be even better if the in-place C.B.R. for the
specific area was used. A C.B.R. of 3.5% would give almost
perfect agreement for the taxiways and ends of the runways.
The evaluation by the C.B.R. method shows the postwar sec-
tion, sub B, as more than adequate for the traffic applied.

%) Foster, C. R. (1950): Symposium, Development of C.B.R. Flexible
Pavement Design Methods for Airfields, Paper No. 9, Design Curves for
Single-wheel Loads, Trans. ASCE, Vol. 115.



Since no distress in this pavement was indicated by the authors,
there is no disagreement between the C.B.R. procedures and
traffic behavior in this case.

On the basis of this analysis, it is believed that conclusions
2b, 2d, and 456 should be modified to state that the C.B.R.
method gives load evaluations which are in reasonable agree-
ment with the traffic behavior if (a) the in-place C.B.R. is used,
(b) consideration is given to the effect of the multiple-wheel
systems, and (¢) consideration is given to the volume of traffic
the field has sustained.

L’auteur analyse le mémoire de MM. Brzesowsky et van der Veen
et en déduit que les conclusions sur les essais C.B.R. auxquelles les
auteurs arrivent (voir 2b, 2d et 4b, Comptes Rendus 1953, vol. II,
p- 97) devraient étre modifiées comme suit: la méthode C.B.R. donne
une évaluation des charges en bonne concordance avec les charges
du trafic, a condition que les points suivants soient pris en consi-
dération:

a) valeurs C.B.R. mesurées sur place;
b) influence exercée par le poids des roues jumelées;
¢) volume de la circulation sur la piste.

M. J. Canto Moniz

Je voudrais faire une petite remarque sur lintervention de
M. Plantema. Je ne comprends pas bien son résultat relatif
a la répartition des pressions sur le sol au moyen du hérisson,
et je pense que son résultat est une conséquence de la méthode
d’exécution du hérisson. En effet, nous avons obtenu de trés
bons résultats au Portugal, et je crois également en Espagne,

Fig. 3 Deux différentes méthodes
d’exécuter le hérisson
Two Different Methods of
Constructing the Telford Base

avec ’emploi des hérissons. Si nous construisons le hérisson
comme je le montre a la Fig. 3a, il est évident que nous aurons
une pression sur le sol beaucoup inférieure a celle que nous
aurions, si nous suivions la technique indiquée par la Fig. 3b,
C’est-a-dire, celle qui a été mentionnée par M. Plantema. Je
sais qu’il y a 1a un probléme économique. Une exécution
soignée est peut-&tre plus facile a réaliser au Portugal et en
Espagne, ou la main-d’ceuvre est meilleur marché mais, & mon
avis, les avantages découlant d’une répartition beaucoup plus
favorable des pressions, auxquels on arrive en utilisant le héris-
son classique ne sont pas négligeables, malgré le colit plus
élevée.

The author thinks that the unfavorable pressure distribution re-
sults mentioned by Mr. Plantema are due to an unsuitable formation
of the Telford base (Fig. 3b). In Portugal and in Spain where
manual labour is cheaper, the Telford base is constructed in a way
which gives substantially better results (Fig. 3a).

Prof. A. Casagrande

Stimulated by the preceeding discussions, I should like to
present a few comments on the question of frost action.
The first is regarding the frost criterion. In various cases, I
have come across widely differing conclusions which were
drawn from field observations, and I should like to point out
how misleading such observations can be, and how difficult
to interpret. I have seen how in one year a frost-susceptible
layer caused only little frost heaving, for the simple reason

that frost penetration was very fast; in another year, in the
same place and with other variables the same, the same layer
of soil may show very substantial frost heaving and damage
to the pavement, due to slow frost penetration through the
critical soil layer. In order to establish whether a material is
frost-susceptible or not, we have to apply very slow frost
penetration, and for that purpose a laboratory test is really
much more suitable than field observations. However, even
the laboratory test can be misleading if it is based purely on
the measurement of the frost heaving. Heaving caused by slow
frost penetration is a satisfactory measure only for non-plastic
soils, such as silts, silty sands and silty gravels. When we deal
with a clay, then there is very little frost heaving, practically
none, because the ice layers which are growing are deriving
the water from the adjacent clay. Therefore there is no trouble
due to heaving, but there may be trouble due to the loss of
bearing capacity during the thawing period. The loss of bear-
ing capacity in a clay subjected to freezing may be more serious
than in a silty granular soil. E.g., when a silty sand is overlain by
a well draining clean base course, the excess water may drain
away very quickly, with little loss of bearing capacity. In a clay
the loss of bearing capacity may be much more serious.

L’auteur désire commenter quelques points concernant la question
de la gélivité. Les observations sur place sont souvent trompeuses car
il arrive qu’on ne constate aucun soulévement dans un sol gélif au
cours de I’hiver lorsque le sol a été soumis a une action rapide du gel.
Par contre on constatera des soulévements sensibles dans le méme
sol lorsque celui-ci a été soumis lentement a I’action du gel. Pour
cette raison les essais en chambre frigorifique sont plus concluants.
Cependant ils peuvent conduire a des résultats erronés si l’estima-
tion est basée uniquement sur la mesure des soulévements.

Dans des sols limoneux réputés gélifs on voit se former des len-
tilles dues a la congélation, qui ne causent aucun soulévement, ou
des soulévements négligeables, mais qui, lors du dégel, occasionnent
une perte considérable de la portance. D’autre part, dans des sols
sableux I’eau excédante s’écoule beaucoup plus rapidement lors du
dégel et n’entraine qu’une perte de portance légére.

Dr. N. W. Mcleod

I had not intended to take part in this morning’s discussion.
However, after listening to the comments prepared by Mr.
C. R. Foster of the U.S. Corps of Engineers, and presented by
Mr. Turnbull, concerning my own paper in the Proceedings,
I would like to make a few remarks in reply.

It is probably more or less inevitable that the differences of
opinion between the Corps of Engineers and the Canadian
Department of Transport concerning flexible pavement design
would find expression at meetings such as this. Controversies
of this kind can serve a very useful purpose, because they tend
to make each side dig deeper for facts to support its own point
of view. Consequently, I welcome the discussion that has just
been presented by Mr. Turnbull.

I had not known about Mr. Foster’s discussion of my paper
until like yourselves I listened to Mr. Turnbull’s presentation
a few minutes ago. There was not time to make a note of every
point brought up by Mr. Foster. However, I wrote down se-
veral to which I would like to reply.

Mr. Foster takes exception to the manner in which calculated
values of runway bearing capacity are compared with actually
measured values, which our paper in the Proceedings has shown
to be in good agreement. Corresponding load test data on sub-
grades and on various thicknesses of base course had to be used
to evaluate the base course constant K in our flexible pavement
design equation, T = Klog (P/S). The base course constant K
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Fig. 4 In-place versus Soaked C.B.R. Values for Subgrades
Relation entre les valeurs C.B.R. sur place et les valeurs & satu-
ration pour infrastructure

represents an inverse measure of the supporting value of the
base course per unit thickness, and its value varies directly with
the size of the contact area of the applied load. Load test data
have indicated that with all other conditions being equal, the
value of K may vary somewhat from test location to test lo-
cation on the same airport, and from project to project, even
for the same class of base course material; that is, the sup-
porting value of any given base course material per unit thick-
ness is not entirely constant. This may be largely due to dif-
ferences in the degree of compaction. It has been necessary,
therefore, to establish (by means of the load test data) conser-
vative values for K for practical flexible pavement design.
Otherwise, serious underdesign might occasionally occur. The
principal purpose of Figs. 5 to 11 in our paper in the Proceed-
ings was to demonstrate that the values of K recommended
elsewhere for our design equation, T = K log (P/S), do not
result in underdesign, nor do they result in serious overdesign.
The comparison of calculated versus actual measured values
of runway bearing capacity shown in Figs. 5 to 11 indicates
that for the 25 airports tested in Canada up to the time our
paper was written, in no case would underdesign have occurred,
although in one case the design equation would have led to an
overdesign of 30% because of the necessity for using conser-
vative values for K. Fig. 11 demonstrates that the recom-
mended value of K = 65 for a 30-inch plate would have re-
sulted in only 10% overdesign as an overall average for a large
number of airports. This is negligible on the basis of the pre-
sent status of knowledge of flexible pavement design. Figs. 5
to 11 illustrate remarkably good agreement between measured
values of runway strength and those calculated by means of
the design equation 7 = K log (P/S).
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The procedure employed in our paper to compare measured
with calculated values of runway bearing capacity is quite
common in every field of science where certain variables can
only be evaluated by means of experimental data. For ex-
ample, the constant representing the acceleration due to gravity
can only be evaluated experimentally. The determination of
the constant representing the speed of light is another. Con-
sequently, I do not see what valid objection Mr. Foster can
have to the method we have employed to compare measured
with calculated values of runway strength, and I would be glad
to have him suggest some other method for this purpose.

He has stated that in our paper we have offered no method
for establishing the quality of the base course material to be
used. No reference to this particular item could be made in
our paper, because the Organizing Committee required that
all papers be brief. We believe that there are three basic
criteria for the design of flexible pavements for either airports
or highways. First, there must be sufficient thickness of base
course and bituminous surface to protect the subgrade from
failure under the anticipated wheel loads and tire pressures.
Second, the base course and bituminous surfacing materials
themselves must have sufficient shearing resistance to with-
stand the shearing stresses of the applied loads. This has be-
come very important with the increasing tire pressures of jet
aircraft, which now exceed 300 lbs./sq.in. Third, each layer
of the flexible pavement structure must have sufficient stability
to resist being squeezed out between the pressure transmitted
through layers above and the reaction provided by the layers
below. A good example of failure under squeezing is some-
times provided by the bituminous pavement itself. It may fail
by being squeezed out between tires and the base course be-
neath. We have considered each of these three criteria for
flexible pavement design in papers presented at annual meetings
of the Highway Research Board, Association of Asphalt
Paving Technologists, and American Society for Testing Ma-
terials, and they can be easily located in the Proceedings of
these organizations by any one who is interested. Since all
papers for this meeting had to be short, we were able to in-
clude only some previously unpublished information concern-
ing the first of the flexible pavement criteria referred to,
namely, the minimum thickness of base and surface required
to prevent subgrade failure.

Concerning the realtionship between actual traffic on Ca-
nadian airports and our equation of design, 7 = K log (P/S),
we would like to point out that this has also been covered in
previous publications already referred to. Observations at the
several hundred airports built in Canada during the past fifteen
years or so indicate that our method of design is in conservative
agreement with runway performance under actual traffic, and
may even represent overdesign for capacity operations. The
Department of Transport’s design equation, T = K log (P/.S),
was first established in 1946 on the basis of hundreds of plate
bearing tests on actual runways that had been in service for
a number of years and had, therefore, probably reached equi-
librium moisture and density conditions. Since that time, this
equation has been used to establish the flexible pavement
thickness requirements for runway construction costing many
tens of millions of dollars.

While Mr. Foster endeavours to create the impression that
the difference between the flexible pavement design require-
ments of the U.S. Corps of Engineers and the Canadian De-
partment of Transport are due entirely to differences in the
intensity of traffic to be carried, this is not the case, as the data
about to be presented will prove. It will be shown that the



differences in the flexible pavement thickness requirements of
these two organizations are due to the Corps of Engineers’
insistence that design be based upon the C.B.R. ratings of sub-
grade samples that have been completely immersed in water
for four days. The Canadian Department of Transport, on the
other hand, employs a plate bearing method under conditions
equivalent to those specified for in-place C.B.R. values of sub-
grade strength. It will be shown that for Canadian airports at
least, the Corps of Engineers’ insistence that soaked subgrade
C.B.R. values must be employed for design requires on the
average about 70% greater flexible pavement thickness than
would be the case if their designs were based upon in-place
subgrade C.B.R. ratings.

In Fig. 4 five hundred and forty corresponding in-place and
soaked C.B.R. values are compared for clay or clay loam sub-
grades under flexible pavements at 15 representative Canadian
airports. With one or two exceptions, the paved runways at
these airports had been in service from several to twelve years
at the time these C.B.R. tests were made. Fig. 4 indicates that
the ratio of in-place to soaked C.B.R. values ranges from a low
of about 0.75 for a few samples to over 10, also for a small
number of samples, with the bulk of the data lying between
these two ratios. It is quite clear from Fig. 4 that the ratio of
in-place to soaked C.B.R. ratings cannot be expressed as a
single overall representative value insofar as Canadian con-
ditions are concerned.

Fig. 4 illustrates the overall relationship between in-place
and soaked subgrade C.B.R. values regardless of the geogra-
phical location of the airports in Canada. From the very nature
of these tests some scattering of data is to be expected. Con-
sequently, for design purposes, it is probably of more value
to compare the average of the in-place C.B.R. values versus
the average of the soaked C.B.R. ratings at each of a number
of individual airports. This comparison is made in Table 1 for
fifteen representative Canadian airports with clay or clay loam
subgrades for which the values of the ratios of average in-place

Table 1 Comparison of Average In-Place versus Average Soaked
C.B.R. Values for Subgrades under Paved Runways that
have been in Service for at least several years, for 15 repre-
sentative Canadian Airports

, Average Average Ratioof In-Place
Airport | 1 Place C.B.R. | Soaked C.B.R. |toSoakedC.B.R.
A 14.2 4.20 3.38
B 12.8 4.60 2.77
C 6.0 2.20 2.73
D 10.9 4.70 2.32
E 6.9 3.10 2.23
F 17.3 7.80 2.22
G 8.7 3.90 2.23
H 5.5 2.70 2.03
I 5.6 2.80 2.00
J 10.0 5.30 1.89
K 6.8 3.90 1.74
L 11.5 7.10 1.62
M 4.1 2.60 1.58
N 4.7 3.20 1.47
o] 2.5 2.10 1.18
Overall
Average
(540 Sub-
grade
Samples) 8.7 39 2.2

Table 2 Comparison of U.S. Corps of Engineers’ Flexible Pave-
ment Thickness Requirements for Runways based upon
Corresponding Average In-Place and Average Soaked
Subgrade C.B.R. Values for Six Representative Canadian
Airports
Single Wheel Load: 30,000 lbs.

Tire Inflation Pressure: 100 lbs./sq.in.

¢ S E
c =i
orps 2L .g
Average . of Engineers’ KNS
C.B.R. Ratio of Thickness <8 &
Ratings In-Place|  Requirements ﬁ S o
Airport o in inches Ty §
Soaked : :‘.%
C.B.R. g. § S
Soaked | In-Place ?;k;d ]'Egm};e %E:
ICAS]
A 42 14.2 3.38 25 11 227
B 4.6 12.8 2.77 24 12 200
D 4.7 10.9 2.32 24 13 184
J 5.3 10.0 1.89 22 14 157
L 7.1 11.5 1.62 18 13 138
N 32 4.7 1.47 30 24 125
Overall
Average
(700 Sub-
grade
Samples) 3.9 8.7 2.2 27 16 168

versus average soaked C.B.R. ratings range from the lowest to
the highest observed so far.

Since some of the data in Table 1 are classified, the airports
have not been identified by name, but they extend completely
across Canada from the Atlantic to the Pacific Coasts.

Table 1 shows that the ratios of average in-place to average
soaked C.B.R. values for the subgrades under the pavements
at 15 representative Canadian airports vary from a low of 1.18
for Airport O to a high of 3.38 for Airport A. The runways
at Airport A had been paved for 12 years at the time the
measurement of in-place and soaked C.B.R. values for the
underlying clay loam subgrade was made. There is little doubt,
therefore, that its high ratio of 3.38 for average in-place versus
average soaked C.B.R. ratings represents equilibrium condi-
tions of subgrade moisture and density. It is of further interest
that Airport A is located in an area of relatively high rainfall.

For these fifteen airports, Table 1 indicates that the overall
average ratio of average in-place C.B.R. (8.7) to average soaked
C.B.R. (3.9) is 2.2. Nevertheless, both Table 1 and Fig. 4
emphasize that no overall single value can be selected to re-
present the average ratio of in-place to soaked C.B.R. ratings
for every airport, since the value of this average ratio varies
widely with the conditions at each individual airport.

The U.S. Corps of Engineers normally specifies that flexible
pavement thickness requirements must be based upon the
C.B.R. ratings of soaked subgrade samples. That this require-
ment can often lead to very costly overdesign is demonstrated
by Table 2. The entire flexible pavement thickness data shown
in Table 2 were taken from the curve for a single wheel load
of 30,000 lbs. at 100 psi tire pressure contained in the Corps
of Engineers’ design chart published in the July, 1951, revision
of their engineering manual. A single wheel load of 30,000 1bs.
was selected, since higher airplane wheel loadings are usually
placed on dual wheels at the present time. The Corps of
Engineers’ thickness requirements for corresponding in-place
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Table 3 Comparison of Department of Transport’s Flexible Pave-
ment Thickness Requirements for Runways for Six Repre-
sentative Canadian Airports based upon Plate Bearing
Values, versus Those of the Corps of Engineers based upon
Both Soaked and In-Place C.B.R. Values

Single Wheel Load: 30,000 1bs.
Tire Inflation Pressure: 100 lbs./sq.in.

Corps Depart-
Average . of Engineers’ ment of
C.B.R. Ratio of Thickness Trans-
i Ratings In-Place Requirements P ‘?"
Airport to in inches Thick-
Soaked ness
C.B.R. Require-
Soaked | In-Place SgaBk;d Ig-.;l-t;;e ) rr;zents
ininches
A 4.2 14.2 3.38 25 11 9)*
B 4.6 12.8 2.77 24 12 9)*
D 4.7 10.9 2.32 24 13 11
J 53 10.0 1.89 22 14 i2
L 7.1 11.5 1.62 18 13 10
N 3.2 4.7 1.47 30 24 22
Overall
Average
(700 Sub-
grade
Samples) 39 8.7 2.2 27 16 14
* Minimum thickness permitted.

and soaked C.B.R. ratings are listed in Table 2 for six repre-
sentative Canadian airports taken from Table 1, and for the
overall average values for in-place (9.1) and soaked C.B.R. (3.9)
ratings for the 540 comparisons previously referred to. The
six airports A, B, D, J, K, and N were selected to represent
the entire range from high to low ratios of average in-place
versus average soaked C.B.R. values. In making this selection,
it was necessary to take only airports for which the average
soaked subgrade C.B.R. value was not less than 3, since the
Corps of Engineers’ curves do not extend below a C.B.R.
rating of 3.

It should be emphasized again that all of the thickness re-
quirements shown in Table 2 have been read to the nearest
inch from the Corps of Engineers’ own design chart. The
thickness values shown have been corrected for the 10% re-
duction in thickness specified by the Corps of Engineers for
the central portion of runways.

Table 2 demonstrates that even when using the Corps of
Engineers own design curves, flexible pavement thickness re-
quirements for these six representative Canadian airports
would have been overdesigned by from about 25 to about
125%, if their design had been based upon soaked C.B.R.
ratings for the subgrade, instead of the actually measured in-
place C.B.R. values. On the basis of the overall average soaked
and in-place C.B.R. ratings for 540 subgrade samples, the
use of soaked C.B.R. values would have resulted in flexible
pavement thicknesses that were about 709% greater than neces-
sary. Overdesign of this magnitude would have cost Canadian
taxpayers many tens of millions of dollars for unnecessary
construction materials and operations for the several hundred
airports built in Canada during the past twelve years or so, if
the Corps of Engineers’ method of design had been adopted
instead of the Department of Transport’s own method which
was fortunately employed.

The Department of Transport’s method of design is based
upon plate bearing values. At all airports where these plate
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bearing tests have been made on the subgrade under paved
runways, in-place C.B.R. and soaked C.B.R. ratings of the
subgrade have also been determined. While no relationship
appears to exist between soaked C.B.R. ratings and plate bear-
ing values, it has been found that there is a reasonably good
correlation between plate bearing values and in-place C.B.R.
ratings. This is illustrated indirectly in Fig. | of our paper,
where subgrade strengths are shown in terms of in-place C.B.R.
and plate bearing values. Consequently, on the basis of Fig. 1,
Table 2, and the Department of Transport’s design equation
T = K log (P/S), a direct comparison can be made between
Corps of Engineers’ flexible pavement thickness requirements,
based upon both soaked and in-place C.B.R. subgrade ratings
for airports A, B, D, J, L, and N, and those of the Department
of Transport based upon corresponding plate bearing values.
This comparison is made in Table 3 for a runway required to
support a single wheel load of 30,000 lbs., and a tire inflation
pressure of 100 1bs./sq.in.

It can be easily calculated from the data of Table 3 that the
Corps of Engineers’ flexible pavement thickness requirements
based upon soaked subgrade values are from 35 to 180%
greater than those of the Department of Transport for the
six representative Canadian airports listed. On the other hand,
Table 3 also shows that the thicknesses indicated for these six
airports by the Department of Transport’s method are only
slightly less than would be required by the Corps of Engineers,
if the latter’s design were based upon in-place C.B.R. values.

Consequently, regardless of the various comments made by
Mr. Foster, Table 3 demonstrates quite conclusively that the
large differences in flexible pavement thickness requirements
between the methods of the Department of Transport and the
Corps of Engineers are due to the insistence of the latter organi-
zation on using soaked subgrade C.B.R. values; that is, the
C.B.R. ratings of subgrade samples after they have been com-
pletely immersed in water for four days. Insofar as Canadian
conditions are concerned, therefore, Table 3 indicates very
clearly that if the Corps of Engineers would employ in-place
rather than soaked subgrade C.B.R. ratings, the design methods
of the Department of Transport and the Corps of Engineers
would give flexible pavement thickness requirements that were
not too far apart.

L’auteur se référe tout d’abord & sa méthode de calcul (T =
k log P/S) pour I’épaisseur & donner aux routes et aux pistes d’at-
terrissage, dans laquelle «k» est intentionnellement conservatif.
Répondant aux remarques critiques avancées par M. Foster sur la
portance calculée et la portance obtenue dans des essais de charge
(voir Comptes Rendus 1953, vol. I, p. 122, Fig. 5-11) 'auteur est
d’avis qu’il s’agit 1a d’une méthode employée dans toutes les sciences.

L’auteur donne ensuite quelques indications complémentaires sur
les qualités requises pour les couches de fondation, indications qu’il
a déja publiées antérieurement.

Le «Canadian Department of Transport» base le calcul de I’épais-
seur & donner aux pistes d’atterrissage sur des essais de charge au
moyen de plaques, qui ont montré une bonne concordance avec les
valeurs obtenues dans des essais C.B.R. exécutés sur place. Grice
a cette méthode I’épaisseur des pistes est quelque peu réduite et,
partant, plus économique que les pistes construites par le Corps of
Engineers, qui sont calculées sur la base des valeurs C,B.R.sur échan-
tillons trempés (voir Fig. 4 et Tableaux 1-3).

Mr. G. Moraldi

Referring to Mr. Brzesowsky's and Mr. van der Veen’s paper
(Proceedings 1953, vol. II, p. 97), I wish to state that the con-
clusions regarding the C.B.R. method of design are in good
agreement with those reached at the Soil Laboratory of the



Air Ministry in Rome. Our experience has shown us that when
dealing with subgrades having a low bearing capacity, the
soaked laboratory C.B.R. method of design often leads to an
overconservative thickness of pavement. We have reached this
conclusion in comparing different methods, and studying the
performance of existing pavements.

If we examine the methods for flexible pavement design that
are at our disposal, and which are universally known because
they are based on a vast experimental background, we see that
besides the C.B.R. method, only two others can be taken into
consideration, namely the plate bearing test method and the
U.S. Civil Aeronautics Administration method, better known
as C.A.A. method (see Airport Paving, 1948).

The first of these cannot be widely adopted as a design basis
because it implies the use of a very cumbersome apparatus,
not easily transportable, the construction of full-scale pave-
ment samples, and a testing procedure requiring much time;
all of which are not always available especially when designing
military airports. The C.A.A. method, on the contrary, is very
quick since it is based on the determination of the physical
properties of the subgrade (Atterberg limits and sieve analysis),
but it has the disadvantage of not showing tangibly how the
subgrade actually behaves when saturated, and therefore may
lead to a substantial under-design.

If we compare the pavement thickness calculated by means
of the C.B.R. and the C.A.A. methods for different subgrades,
we notice that each C.A.A. soil group corresponds to a definite
C.B.R. but if the C.B.R. of the soil is lower, the C.B.R. method
gives a pavement thickness in excess. To account for these
facts we always design using both methods, and correct the
results obtained with one method in the light of the results
obtained with the other.

Our final decision is based upon such factors as natural soil
moisture, the probability of the subgrade becoming saturated,
the expansion measured when carrying out laboratory tests,
etc.

We perfectly realize that this is not a flawless procedure, but
we think that at the present it would not be safe nor economical
to rely entirely on one method only.

When possible we also carry out load bearing tests with
plates of different diameter, following the procedure outlined
by the “Committee for Flexible Pavement Design’ of the
Highway Research Board 1943, and apply a particular method
of interpretation of these tests devised by Prof. Maresca of
the University of Rome (Maresca, 1952); with the only dif-
ference that for the runways we consider 100 repetitions of load
at 5 mm deflection instead of 10 as proposed by the Committee,
since this value seems to be a just compromise between 10 and
the 1,000 repetitions adopted by the British Air Ministry.

Incidentally in this respect I would like to point out the
necessity of proceeding to a careful study of the number of
loadings to be expected on a runway in relationship to the
number of operating cycles.

In concluding I wish to mention again what our General
Reporter states at the end of his report, i.e. “the need of more
fundamental critical examination of the currently applied
theories of design for both rigid and flexible pavements’. My
former discussion can only emphasize how vital and urgent for
the designer of airport pavements such an examination is, as
the differences existing at present between various design
methods can be quite misleading.
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L’auteur, de méme que MM. Brzesowsky et van der Veen (Comptes
Rendus 1953, vol. II, p. 97) a constaté que dans le cas de sols mous,
I’essai C.B.R. en laboratoire sur matériau imbibé d’eau conduit sou-
vent a un surdimensionnement de I’épaisseur de la piste.

En général le Ministere Italien de I’Air calcule ’épaisseur a donner
aux pistes sur la double base d’essais C.B.R. et suivant la méthode
C.A.A. (Civil Aeronautics Administration).

Les dimensions définitives sont obtenues sur la base d’une com-
paraison des résultats obtenus par les deux méthodes en tenant
également compte de la teneur en eau, de la possibilité de saturation
et de I’expansion du sol.

On a recours occasionnellement a des essais de charge conformes
a la méthode proposée par le «Committee for Flexible Pavements
Design» (1943); en ce cas le nombre des répétitions n’est pas 10,
ainsi que recommandé, mais 100. Le calcul d’interprétation de ces
essais est fait d’aprés Maresca (1952).

Mr. W. J. Turnbull

As Dr. McLeod has said, we have had some friendly dis-
cussions and arguments for quite some time. In connection
with the last point he made, the Corps of Engineers has had
an investigation under way for several years on moisture
accumulation under pavements. The collection of this type of
information requires considerable time and we are not pre-
pared at this time to state any definite conclusions. However,
indications are that in a good many instances the subgrades do
saturate; consequently, a saturated test condition as represented
by the four-day soaking period is not conservative. In other
instances, particularly where water table and climate are favor-
able, the amount of moisture found in the subgrade material
has varied considerably, but represents degrees of saturation
less than that of the four-day soaking test; in these instances,
the Corps of Engineers’ moisture design requirement has been
conservative. The Engineering Manual, however, makes pro-
vision for the exception of the four-day soaking test for those
pavements where soil conditions and water table are proved
to be favorable. After a few more years of study, arrival at
a logical basis for moisture adjustment in test specimens will
be accomplished.

In connection with pavement design, it is desired to make
two other points. In all our discussions of pavement design,
one feature has not been given adequate consideration and
probably is the cause of material basic differences in the various
flexible pavement design methods. This feature is the amount
of operational traffic which is assumed in the design and
which is generally designated as capacity or ultimate operation.
The question is, what is meant by capacity operation in the
various design methods; do all methods imply the same
amount of traffic? I suspect that if this question is examined
thorougly, a material difference will be found to exist in the
definition of capacity operation of the various organizations
and among people that have developed design procedures.
I believe that the Corps of Engineers, primarily because of the
military aspect, designs for a capacity operation that involves
more traffic than any other organization designing airfield
pavements.

The second point I would like to make is this; that we, as
designers, sometimes are inclined to lose sight of more critical
situations than our design problems. I personally feel that
there are many, or I should say several, methods of design of
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flexible pavements which can be considered reasonably satis-
factory. Often, however, the construction procedures can very
materially modify detrimentally the designs specified by the
engineer. I think that we, as engineers absorbed in the design
of pavements, should interest ourselves much more in the
construction phases and endeavour to see to as great an extent
as possible that the construction follows the plans and specifi-
cations.

L’auteur signale que les recherches entreprises par le Corps of
Engineers sur accumulation d’eau au-dessous des pistes ont permis
d’arriver aux conclusions suivantes: dans certains cas on enregistre
la saturation du sol, tandis que dans d’autres ’humidité reste infé-
rieure 2 la saturation. Ces deux cas sont prévus dans le «Engineering
Manual».

La discussion sur les différentes méthodes de calcul pour déter-
miner I’épaisseur a donner aux pistes a été soulevée par les notions
de «capacité de trafic» ou «trafic maximum». Cette notion devrait
étre définie avec précision au cours d’investigations plus approfon-
dies. Il est certain que le Corps of Engineers établit ses calculs en
vue de satisfaire 4 des exigences militaires, c’est-a-dire 4 des exigences
maxima.

Finalement V’auteur exprime le veeu de voir les auteurs des plans
s’intéresser également a la phase de construction, car il arrive que des
conditions critiques se présentent qui exigent une modification des
plans.

Mr. O. J. Porter

I will not keep you here long with my remarks but I would
like to make one or two comments. This has been a very inter-
esting session. If I had had the opportunity and the time to
study all the discussions and papers submitted to this Con-
ference, I would have liked very much to have submitted some
written discussion. As it is, I will confine my remarks to a few
brief points that seem rather important to me on this subject.

First, may I comment briefly on Dr. McLeod’s discussion.
I think it is well to clarify here that the C.B.R. curves, as used
for design, are correlated and based on in-place conditions.
The design curves have been checked by traffic tests and per-
formance of runways and roadways for the actual in-place
strength of the material and not necessarily the strength that
you may measure in the laboratory after four days of soaking.
The problem in any case, regardless of the test used for meas-
uring the fundamental strength of the subgrade, is, first, what
condition of density and of moisture will be produced on con-
struction and maintained under the climatic conditions of a
given locality.

It is quite obvious from the discussions here that we have
to consider a wide range of climate and soils, which accounts
for the large differences of opinion. In England, Mr. Maclean
said, they preferred to place the soil at its natural moisture
content. On the other hand, Mr. Mitchell from Southern
Rhodesia explained that the climate there is comparable in
some respects to that of California where the soil probably has
a natural moisture content after six or eight months of dry
weather, which is almost as dry as you can get if in a low
temperature oven in the laboratory. On the other hand, the
natural moisture content will go up to 30% or 40% in the
wet season. So, a soil’s natural moisture content, under some
climatic conditions, ranges with the seasons, from very dry
to very plastic. The problem then will be with the dry soil
in many localities to determine how wet will it become, and
we then find that Mr. Mitchell concludes from values developed
on his road program that even a four day’s soaking was not
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severe enough for certain special types of soil. Furthermore,
he found that the sands liquefy and fail abruptly under traffic
in wet weather even though a static laboratory test showed
adequate strength in some cases. I assume that these strengths
would be shown also by a triaxial test on the same type sand at
the same moisture and density. In connection with this lique-
fication, I would like to point out that we have had this ex-
perience in numerous cases. One classical example was at the
Santa Maria Airbase. A blow sand had been highly stable on
highways where it was highly compacted under traffic for forty
years. Yet, in building the roads and runways within the camp,
most of the roads failed within one winter because the sand had
not been densified on the roads of this war construction work,
to near 100% of modified A.A.S.H.O. density which is necessary
to prevent liquification. Traffic causes a great reduction in
strength of loose sandy soils when saturated.

I was particularly impressed by the paper by Messrs.
Brzesowsky and van der Veen (Proceedings 1953, vol. II, p. 97),
because in 1948 I saw some of the construction at this air-
port near Amsterdam. It is a very interesting paper and one
which deserves further study. I hope the author, Mr. van der
Veen, can give us further information on what his correlation
would be if he took the in-place strength of 4 or 5 instead of
the 2-4 C.B.R. which he used, based on the laboratory undis-
turbed samples. Next, I think that his paper would be further
enhanced in value if he considered the subject on the basis of
current criteria for dual wheels rather than single wheels used
in the 1946 criteria. The Modern Engineering Manual of the
Corps of Engineers for a number of years has given a con-
siderably lower thickness or greater pavement capacity for dual
wheels, such as the traffic of Constellations and DC-6’s which
the existing pavement has been subjected to.

I think that the paper by Messrs. Loxton, McNicholl and
H. C. William (Proceedings 1953, vol. II, p. 112) from Australia
is also very interesting. It again leads to that problem of how
wet do our subgrades become. The ratios published in this
paper show that the soil generally is rather wet in relation to
the plastic limit. The next step in this study would be of interest
if we also considered the field moisture content in relation to
the moisture in C.B.R. test and also in relation to the moisture
content for saturation at the in-place density found.

As a final comment, I think the degree of saturation in the
soaked C.B.R. test has been very often misunderstood. When
we soak a sample for four days, it seldom takes up moisture
content to equal more than 75% to 90% of saturation for that
density and it is, of course, entirely different in strength at that
value when highly compacted than it would be in a loose state
at the same condition of saturation.

L’auteur souligne que les courbes C.B.R. correspondent aux con-
ditions sur place et non pas aux conditions en laboratoire et qu’elles
sont corroborées par les résultats des essais de trafic. Il fait remar-
quer, se basant sur des exemples, combien les conditions climatiques
et la composition des sols varient, et attribue a ces variations les
divergences entre les diverses théories sur la construction des pistes.
L’auteur trouve qu’il serait désirable que MM. Brzesowsky et van der
Veen exécutent des essais avec roues jumelées. Pour les roues jume-
lées le «Modern Engineering Manual of the Corps of Engineers»
autorise, pour un avion du méme poids, une épaisseur de piste infé-
rieure A celle calculée pour roues uniques.

L’auteur recommande 38 MM. H. T. Loxton, M. D. McNicholl et
H. C. Williams (Comptes Rendus 1953, vol.II, p. 112) d’établir
d’une part un rapport entre la teneur en eau naturelle et I’humidité
au cours des essais C.B.R. et, de I’autre, le rapport entre la teneur
en eau naturelle et la teneur en eau a saturation correspondant a la
densité apparente séche déterminée sur le terrain.



The General Reporter

The papers and the informal remarks at the discussion this
morning have been very much appreciated. This has been a
very interesting meeting. I only wish that we had more time
to continue the discussions. From the past two conferences, I
have found that the informal discussions were most worth-
while, with all due respect to those who prepared statements.
I think, when we speak informally and directly, as the thoughts
occur to us, we really exchange thoughts, and that is quite
wholesome. It thank you, Gentlemen, for your active partici-
pation during this morning.

La discussion qui vient de prendre fin m’a beaucoup intéressé par
son manque de formalité. Je crois que c’est 12 un type de discussion
profitable, et, avec tout le respect que je dois a ceux qui ont préparé
soigneusement leurs exposés, je crois néanmoins que cette fagon non
formelle d’échanger nos idées nous donne vraiment le contact dont
nous avons besoin.

M. H. Cambefort

Comme le fait remarquer M. Plantema (Comptes Rendus
1953, vol. I, p. 279), la mesure des déformations horizontales
du sous-sol peut étre dans certains cas extrémement intéres-
sante. La seule petite difficulté qui existe pour réaliser ces
mesures se trouve dans le tubage du forage qui doit permettre
a celui-ci de rester ouvert tout en suivant les déformations
du sol.

L’intérét de ces mesures ne nous a pas échappé et dés 1946,
nous avons fait breveter un revétement de forage permettant
de les réaliser (brevet francais n° 922.919 du 16 janvier 1946).
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Les déformations du tube souple sont mesurées au moyen d’un
clinomeétre fabriqué par la Société TELEMAC et semblable a
celui décrit par M. Plantema. La seule différence provient du
remplacement des strain-gauges par des cordes sonores insen-
sibles a I’humidité.

Nous avons utilisé ce dispositif sur de nombreux chantiers,
surtout pour I’étude des glissements de terrains. La figure ci-
jointe montre, a titre d’exemple, les déformations prises par
un tel tube disposé dans un glissement de terrain au Héivre.
La position de la surface de rupture est nettement indiquée par
les grandes déformations du forage (Fig. 5).

The author draws attention to an apparatus for measuring the
horizontal deformations in boreholes which was invented in 1946

and which has been patented. This apparatus is very similar to that
described by Mr. Plantema (Proceedings 1953, vol. I, p. 279). In a
separate partition of the apparatus a clinometer with a vibrating-
wire gauge has been fitted into. The deformation measurements
taken by means of this apparatus in slides are of particular interest
(see Fig. 5).

Dr. C. L. Dhawan?)

Research work in problems connected with roads, runways
and airports construction and their maintenance are in pro-
gress in most of the countries. In drawing up the specifications,
greater stress has been laid on plastic limit, liquid limit, plas-
ticity index, and mechanical analysis of the material. P. Rap
and J. Mizroch (“Effect of the chemical properties of soil fines
on the performance of soil aggregate mixtures.”” Public Roads,
Vol. 21, No. 10, March 1940) brought the attention of the
workers to the role played by the chemical properties on the
road performance.

Work carried out by us in the Punjab (India) confirmed the
findings of P. Rap and the following specifications have been
proposed under the existing mineralogical and metereological
conditions.

Sr. Values for soil samples

No. Kind of test representing good road
performance

1. Dust ratio No specification

2. Liquid limit 30

3. Plasticity index 10

4, Clay content 15

5. Cohesion 20 Ibs./sq.in.

6. Degree of alkalisation 30

7. Base-exchange capacity 7

The nature of the exchangeable ion exerts a great influence
on the soil stabilisation. The enormous increase in the cohesion
of sodium soils on drying suggests some problems of practical
importance. It is obvious that if sodium ions could be intro-
duced in a soil and if such a soil could be prevented from ab-
sorbing moisture after drying, its mechanical strength could
be increased considerably. Any of the following methods may
be adopted:

Addition of some oily or other similar material.

Addition of cement.

Heating the soil to a temperature beyond which the hygro-
scopicity is permanently and considerably reduced, and the
absorption of moisture prevented.

The second problem which merits attention of the workers
in semi-arid and arid zones is the disintegrating effect of sodium-
sulphate. Special precautions have to be taken either to destroy
it chemically or prevent its movement mechanically by inter-
posing a carpet of sand.

Summing up the above discussion it may be concluded that
workers in every country should try to investigate the specifi-
cations of their soils with special reference to the type and
nature of soils present in that locality, the climatic elements
of the place and the materials available locally for stabilisation.

1) Physical Chemist, Irrigation and Power Research Institute, Amritsar,
India.

193



L’auteur indique les valeurs géotechniques prises en considération
au Punjab pour la construction d’une bonne infrastructure des rou-
tes. Vu les avantages offerts par la cohésion des sols sodiques a ’état
sec, I’auteur estime nécessaire d’ajouter du natrium dans les sols dans
la composition desquels ces ions font défaut et de diminuer I’absorp-
tion de ’eau par addition d’huile, ou de ciment, ou en portant les
sols 4 une certaine température. On peut éviter I'influence désinté-
grante du sulfate de natrium en I’éliminant chimiquement ou par la
construction d’un tapis de sable.

Mr. Ch. R. Foster?) (presented by Mr. W. J. Turnbull)

This discussion is limited to the first part of Dr. McLeod's
paper (Proceedings 1953, vol. II, p. 122) which deals with
flexible pavement design for single- and multiple-wheel landing
gear.

In his paper Dr. McLeod apparently does not take account of
the fact that modern aircraft tires are operated at variable tire
pressures to give a constant rolling radius. For example, the
tires on the B-36 aircraft are inflated to give a contact area of

1) Engineer, Chief of Flexible Pavement Branch, Soils Division, Water-
ways Experiment Station, Corps of Engineers, Vicksburg, Mississippi,
U.S.A.

267 sq.in. regardless of load, which results in a constant rolling
radius; as a consequence, the tire pressure varies from about
145 1bs./sq.in. to about 180 Ibs./sq.in. depending on the load.
The method of converting single-wheel design curves into de-
sign curves for multiple wheels can be easily used for a con-
dition such as this where the tire pressure varies; in fact,
current Corps of Engineers design curves for dual wheels
spaced at 37.5 ins. centres and for twin-tandem wheels spaced
at 31 by 60 ins. centres are based on a changing tire pressure
(Fig. 6).

Dr. McLeod’s system of design provides no method of
evaluating the base course. Many pavements are adequate for
reasonably heavy loads at low tire pressures but can fail under
lightly loaded high-tire-pressure aircraft because of overstress
in the base course. Any evaluation of load-carrying capacity
must consider both conditions.

Dr. McLeod’s computations to show the verification of the
design equation are interesting. His Fig. 11 shows reasonably
good comparison between the measured supporting value and
the calculated supporting value. When it is considered that
similar, and in some instances it appears the same, data were
used to derive the design equation, it is not surprising that they
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NOTES: CAPACITY OPERATIONAL CURVE IS FOR ZONE OF INTERIOR. FULL,
MINIMUM AND EMERGENCY OPERATIONAL CURVES ARE FOR

THEATER OF OPERATIONS.

CURVES ARE FOR TAXIWAYS, APRONS AND ENDS OF RUNWAYS,

THICKNESS REQUIREMENTS FOR ZONE OF INTERIOR MAY BE
REDUCED BY i0 °% FOR INTERIOR OF RUNWAYS, THOSE FOR THEATER

OF QPERATIONS BY 20°%.

THE LOAD ON ONE LANDING GEAR SHALL BE CONSIDERED AS

45°, OF THE GROSS LOAD OF THE PLANE.
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Fig. 6 C.B.R. Design Curves for Dual Wheels
100 Psi, 28 Tons at 32 in. Centres
Courbes C.B.R. pour roues jumelées
100 Psi 28 tons 32 inches entre axes =
81.3 cm



show the good correlation when the supporting load is back-
fisured. One point should be made very clear; it is that the
term ‘““measured supporting value” is not the load the pave-
ment has been proved capable of sustaining. It is merely the
load on a 30-in. plate that will produce 0.5-in. settlement in
10 repetitions. The true proof of the reliability of Dr. McLeod’s
design method rests in a comparison between the calculated
load-carrying capacity and the actual airplane loads the pave-
ment can sustain. Dr. McLeod has presented very little of this
type of information, far too little in our opinion to warrant a
conclusion that the design procedures are as accurate as might
be inferred from his Fig. 11.

L’auteur se référe au mémoire de M. MacLeod (Comptes Rendus
1953, vol. I, p. 122). 1l estime que, dans cet article M. MacLeod
a omis de considérer le fait que la pression des pneus des avions
modemnes est variée de telle sorte que, 4 n’importe quelle charge,
correspond la méme surface de contact entre le poeu et la piste. Pour
cette raison les courbes pour charge sur roue unique dessinées par
le «Corps of Engineers» peuvent étre appliquées aux charges sur
roues jumelées. Vu que les variations de la pression des pneus n’ont
pas été prises en considération dans les courbes dessinées par M.
MacLeod, une surpression de linfrastructure pourrait en résuiter.

La comparaison établie par M. MacLeod entre la portance cal-
culée et mesurée induit en erreur, car elle est fondée sur des essais
de charge brefs et répétés, et non pas sur des essais avec des avions.
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