| hd |

NRC Publications Archive
Archives des publications du CNRC

Principles of foundation design
Legget, R. F.; Crawford, C. B.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de I'éditeur, utilisez le lien
DOl ci-dessous.

Publisher’s version / Version de I'éditeur:
https://doi.org/10.4224/40000888
Canadian Building Digest, 1966-08

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=e690da64-8b5b-40f2-a653-6cb36641738d
https://publications-cnrc.canada.ca/fra/voir/objet/?id=e690da64-8b5b-40f2-a653-6cb36641738d

Access and use of this website and the material on it are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE.

L’accés a ce site Web et I'utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la
premiére page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez
pas a les repérer, communiquez avec nous a PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

 Ld

National Research  Conseil national de C d
Council Canada recherches Canada ana a



CANADIAN

BUILDING DIGEST

DIVISION OF BUILDING RESEARCH e NATIONAL RESEARCH COUNCIL

ANALYZED

CANADA

Principles of Foundation Design

by R. F. Legget and C. B. Crawford

Every structure built by man must be sup-
ported, at least initially, on the surface of the
earth. This simple fact, so obvious that it is
all too often overlooked, gives to the art of
foundation design an importance that is
unique. Since the combination of any particu-
lar structure with the characteristics of the
site on which it has to be founded is seldom
duplicated, there is no convenient set of rules
that can be applied with certainty to every
foundation design. There are naturally rules for
design, but these must always be applied with
discretion and with full appreciation of the
variations that may be present. It is this ever-
necessary exercise of judgement in foundation
work that makes its description as an “art”
rather than a “science” so especially ap-
propriate.

It is the purpose of this Digest to present
a general review of the fundamental principles
that must always govern the design of foun-
dations. Previous Digests have dealt with some
of the more important but detailed aspects of
the subject. Future issues will continue this
exposition and will show how the general prin-
ciples can be applied in the selection of the
type of foundation structure to be used in in-
dividual cases. The detailed design of large
foundations is, naturally, the domain of the
expert, but since the success of any superstruc-
ture is completely dependent upon its foun-
dation, it is clearly not only desirable but really
essential that the designer of the structure to
be supported, be he architect or engineer,
should be familiar with the general principles
governing the design of what is going to carry
his superstructure.
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This is, again, a “statement of the obvious.”
To all who have given thought to the matters
discussed, most of this Digest will appear to
be little more than a succession of such state-
ments. Experience within DBR/NRC has
shown, however, that such attention has not
always been given to foundations. It is not
difficult to understand this neglect, if only be-
cause in almost all cases foundations are well
hidden beneath the surface of the ground.
They are, quite naturally, overlooked as the
glory of a towering or beautiful superstructure
is appreciated. If a foundation performs as it
should, its very success contributes to its
neglect.

The resulting anonymity is well known and
accepted as inevitable by foundation engineers.
It comes up for critical comment only when it
has, as is all too often the case, the effect of
interfering with the allotment of the necessary
funds for the essential preliminary subsurface
investigation that must be made before the de-
sign of any major foundation structure. In very
large buildings, especially those founded upon
poor foundation strata, the cost of the sub-
structure can be an appreciable fraction of the
total cost of the building, even as high as 25
per cent. Even for quite ordinary buildings,
the still appreciable proportion of the total
cost that will be spent for that part beneath
the ground, coupled with the vital importance
of sound foundation design, should dictate no
skimping of expenditure upon the necessary
preliminary work.

Terminology
Terminology in this branch of design is no-
toriously inexact; semantic accuracy has never,
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unfortunately, been a hallmark of engineering.
“The foundation” is the term often used to
describe the structure beneath the surface of
the ground. In fact, this term should be re-
stricted to the structural elements that transfer
the load from the superstructure to the earth.
On the other hand, the material to which the
loads from the structure are transmitted, be it
soil or rock, should properly be called the
foundation bed or stratum. In most cases a
plural term will be more accurate because the
loads are going to be transmitted far below the
material in evidence at the surface.

Transfer of Load

That the earth materials to which the loads
of a structure are transmitted will react to the
stresses imposed upon them is, again, a state-
ment of such obvious logic that some readers
may wonder at its being made. It is, however,
remarkable how many people will just assume
— if asked — that in some undefined way loads
simply “disappear” into the ground. Yet a mo-
ment’s thought will show that at the surface
of contact between structure and ground the
states of stress must be identical, the bearing
pressure exerted by the bridge or building be-
ing exactly equal to the developed bearing
capacity of the foundation bed.

It follows that not only must the ability of
the exposed foundation bed to withstand such
a pressure be known with certainty, but also
the resistance of the ground well beneath the
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surface with equal certainty. The load trans-
mitted from the foundation structure can be
regarded as gradually “spreading itself” in the
ground in all directions. As the distance from
the structure increases, the intensity of stress
steadily decreases, until eventually it becomes
a quite negligible quantity. It is possible to cal-
culate quite accurately the rate at which this
state of stress decreases, if one makes certain
simplifying but justifiable assumptions. This
was first done by the French mathematician
Boussinesq. If what is now kown as the “Bous-
sinesq Equation” is worked out for different
distances beneath a foundation structure, with
the proper assumptions made, a pattern of de-
crease-of-stress is obtained that can readily be
shown by means of a diagram (Figure 1).

It is not surprising that this is known as
the “Bulb of Pressure” diagram, this being an
obvious description of its shape. It illustrates
the distribution of stresses in the ground re-
sulting from two loads of equal magnitude but
different width. In each case the large bulb
shows the location in the ground where the
increase in vertical stress is equal to 1/10 of
the pressure applied at the surface. The pic-
ture the diagram provides — one that should
be visualized whenever a foundation design is
being considered — is vital for a full appreci-
ation of what may properly be called the phi-
losophy of foundation design. To many readers
it will be familiar. (It has even been used in
an earlier Digest.) It is, however, one of those
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Figure 1 Lines of equal vertical stress caused by surface loads.
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simple pictures that can never be seen too
often, provided only that it does not become
so familiar that it is neglected.

Similar bulbs can be drawn for any other
percentage of the unit load upon the foun-
dation bed. They will increase in size as the
distance from the structure increases, and with
increase in size will indicate a steadily decreas-
ing intensity of stress. Beneath the centre of
a structure in the supporting strata the inten-
sity of stress in the material of the ground de-
creases rapidly at first and then more slowly.
Not until a depth of about twice the width of
the foundation structure has been reached,
however, will the increase of stress in the
ground from the load transmitted to it by the
structure be reduced to 1/10 of the applied
pressure.

Philosophy of Design

It is the purpose of the foundation design
to ensure that loads from the structure and any
earth fills associated with it are transmitted
safely to the ground in such a way that the
finished structure will perform as intended.
This means not only that the foundation beds
will not fail when the full load comes upon
them, but also that the settlement of the struc-
ture (and almost all structures settle to some
degree) will not be excessive and be as calcu-
lated in advance so that the necessary pre-
cautions can be taken in superstructure design.

A common error in design is the failure to
take into account the loads added to the
ground by even small earth fills on the site.
Two or 3 feet of £ill may equal the weight of
the structure and serious settlement may be
caused by the combined load.

The loads to be transmitted to the foun-
dation beds must be known with reasonable
accuracy in advance of design. Equally im-
portant, also in advance of design, is the ne-
cessity for knowing the exact character of the
supporting foundation beds to a depth of at
least twice the width of the anticipated foun-
dation structure, and preferably deeper than
this. When both loads and foundation bed
characteristics are known, it is the task of the
foundation engineer not only to devise a foun-
dation that will give the desired result but also
one that can be constructed safely and eco-
nomically. These are the determining factors in
the choice usually available among various

tvpes of foundations, a choice that will be dis-
cussed in the next Digest.

Subswrface Investigation

Reference to the Bulb of Pressure diagram
will make clear at a glance why subsurface in-
vestigation is so fundamental a part of foun-
dation design. If soil or rock is to be subjected
to appreciable stress from a load imposed on
an overlying surface, it is essential that its na-
ture be known. CBD 29 deals with the methods
that can be used for such investigations. They
are, in general, relatively simple and relatively
inexpensive. To be fully effective they must be
carried out by expert operators, of whom there
are many throughout Canada. Equally im-
portant is the necessity for expert supervision
by personnel trained in such work. No two
sites are ever the same and the unexpected has
always to be anticipated. A three-dimensional
viewpoint has to be applied to the interpre-
tation of all results obtained from a “one-
dimensional” borehole. And a full appreciation
of Geology, with special reference to the par-
ticular site, is a basic requirement.

Unless the designing architect or engineer
is fully aware of the importance to his super-
structure design of the information about the
site conditions to be obtained in this way and
gives it proper recognition in the design pro-
cess, the work may not receive the attention it
deserves. And incorrect subsurface information
can be much worse than no information at all.
“Messing about with mud” (as one has heard
it described) at an undeveloped site, using un-
usual-looking equipment — some of it working
unseen beneath the surface — may seem to
have little to do with the aesthetic delight of
designing a slender roof structure. Both, how-
ever, are essential parts of the design process
and of equal importance.

It might be thought that such attention to
subsurface conditions is of importance only for
large structures. It is just as important, though
much easier to obtain, with the smallest struc-
ture. Quite recently, the writers learned of a
small residential development where all the
pleasant houses had to be vacated for some
weeks because they had been built on filled
ground. Subsurface conditions had not been
investigated, and it happened that the fill con-
tained organic material that led to the forma-
tion of methane gas. When this seeped into
the basements, it quickly created a very real
danger.
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This is just another of the hazards that can
develop from building on filled ground with-
out adequate subsurface investigation. A less
serious, but equally inconvenient situation,
arose in a new housing development on an old
garbage dump. In this case putrified ground
water penetrated foundation walls, giving off
a sickening odour in the house as it evaporated.

Some of the more remarkable cases of foun-
dation movements of light structures occur as
a result of seasonal volume changes in the sub-
soil. These may be caused by drying and
shrinking due to vegetation, to swelling of cer-
tain clay minerals following excessive wetting,
or to heaving by freezing or settlement by
thawing. Freezing and thawing must be con-
sidered a hazard both during and after con-
struction.

For large buildings or small, therefore, sub-
surface conditions must be known with certain-
ty in advance of design.

Groundwater

As all who have ever looked at an exca-
vation will know, subsurface conditions can
vary greatly in relatively short distances. Es-
pecially is this true in Canada, so much of the
area of which is now covered with glacial de-
posits. There is, however, a still further com-
plication in the art of foundation design: water
is usually present beneath the ground surface
whenever the ground consists of soil. (Water
can be present in solid rock also, but rarely
in a way that causes foundation problems.)
Groundwater is the name given to subsurface
water, a name that may conceal the fact that
almost all such water has come to its present
position by seeping into the ground from the
surface. It is, therefore, almost always in a
dynamic state and is not stagnant. It is proba-
bly moving laterally, though slowly. It will al-
most certainly vary in level throughout the
twelve months of the year. Not only may it
complicate the design process, but it will cer-

tainly affect construction methods if its level
is interfered with by the building operation.
So important is groundwater in foundation
work that it will be the subject of a separate
future Digest.

Building Regulations

The skeptical reader may think that the
emphasis in this Digest is misplaced, because
local building regulations — and the National
Building Code of Canada — give all the infor-
mation necessary for foundation design; and
that all one has to do is follow the require-
ments of such documents. A careful reading of
the Code or local building by-laws, however,
should show that such views are not profes-
sionnally tenable. Even for the smallest build-
ings, simple tests, knowledge of site conditions,
or accurate knowledge of foundation practice
on an adjacent site is required. For all but such
small buildings, the approach herein recom-
mended is implicit in all good Codes. Regu-
lations are mainly for the guidance of local
building officials — giving them authority to
insist on the proper approach to design rather
than providing a guide to easy design.

Conclusion

The design of a foundation is an integral part
of the design of a structure. Less interesting
to the architect or structural engineer than his
normal work of designing superstructures, it is
of equal importance and is essential to the suc-
cess of the total design. Neglect of a proper
approach to foundation design, or foolish limi-
tation of funds for necessary subsurface explo-
ration, can lead to disaster. It will almost cer-
tainly lead to that extra cost for the completed
structure that redounds so adversely on the
public appreciation of the design professions.
Details of the design can and should be left
to the expert. All architects and all structural
engineers should, however, have a general
knowledge of the fundamentals of foundation
design if their confidence in the entire project
is to be complete.
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