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The Associate Committee on Soil and Snow Mechanics is
one of about thirty special committees which assist the
National Research Council in its work, Formed in 1945
to deal with an urgent wartime problem involving soil and
snow, the Committee is now performing its intended task of
co-ordinating Canadian research studies concerned with the
physical and mechanical properties of the terrain of the
Dominion, It does this through subcommittees on Snow and
Ice, Soil Mechanics, Muskeg, and Permafrost, The Com-
mittee, which consists of about fifteen Canadians ap-
pointed as individuals and not as representatives, each
for a 3-year term, has funds available to it for making
research grants for work in its fields of interest. In-
quiries will be welcomed and should be addressed to: The
Secretary, Associate Committee on Soil and Snow Mechanics,
c¢/o The Division of Building Research, National Research
Council, Ottawa, Canada.
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FOREWORD

This is a record of the Seventh Annual Conference
of active Canadian workers in the field of soll mechanics
which was held in Ottawa on December 10 and 11, 1953. A
1ist of those in attendance is included as Appendix A. The
conference was sponsored by the Associate Cormittee on Soil
and Snow Mechanics of the National Research Council.

The meetings were held at the Bullding Research
Centre of the Montreal Road Laboratories of the National
Research Council. The morning of December 10 was devoted
to a discussion of the Third International Conference on
5011 Mechanics and Foundation Engineering held in
Switzerland, August, 1953, Mr., R.F. Legget acted as
chairman, and discussion was lead by Messrs. W.R. Schriever,
N.D., Lea; G.C. McRostie, and Dr, N.W. McLeod. On the
afternoon of December 10 a suggested Standard on the
Identification and Description of Soils for Engineering
Purposes was discussed, led by Mr. R.F. Legget, followed by
a brlef business meeting. Short papers made up the program
for the morning of December 11 with Dean A.E. Macdonald and
Dean R.M. Hardy acting as chairmen. Other short papers were
Included in the afternoon program with Mr. R. Peterson and
Mr. C.B. Crawford as chairmen.
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SESSION OF DECEMBER 10, 1953

Section I

Introductory Remarks

by R.F. Legget

Mr. Legget welcomed those in attendance on behalf
of the Associate Committee on So0il and Snow Mechanics. For
the first time it was possible to meet in the building of
the Division of Building Research, which had been dedicated
by the Rt. Hon. C.D. Howe on October 23, 1953, He invited
anyone who was interested to tour the building and see work
in fields other than soil mechanics that was in process.

He regretted that Professor I.F. Morrlison of the
University of Alberta was unable to attend becsuse of
illness.,

In announcing the program for the day, the
attention of the conference was invited to an evening meet-
ing at which slides of various features of the Third
International Conference would be shown. The evening
meeting was not part of the formal program of the conference,
and would be a very Informal gathering.

At the chairman's request, Mr. W.R. Schriever,
secretary of the Canadian Section of the Internationsal
Society read a letter of greeting received from
Mr, A, Cummings, Vice-President for North America of the
International Soclety.
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Discussion of the Third International Conference on
301l Mechanics and Foundation Engineering

led by W.R. Schriever, Dr. N.W. McLeod,
N.D. Lea, and G.C. McRostie.

(a) Executive Committee Meetings of International Society

Mr., Schriever and Dr. McLeod had acted as
Canadian delegates at the executive committee meetings of
the International Society. The following summary covers
the items discussed,

(1) The Statutes of the International Society
were considerably revised;

(i1) The finances of the International Society
were in good shape; U.N.E.S.C.0. had granted $500 to the
Society;

(1ii) The official languages were to remain
English and French;

(iv) Membership of the Executive Committee was
limited to National Societles as before and there would be
no change in membership fee;

(v) Pive vice-presidents had been appointed with
a view to facilitating "regional'" conferences, viz.,
Skempton for Europe, Cummings for North America, Vargas for
South America, Hanna for Africa and Hoshino for Asia;

(vi) Professor Taylor of the U.S.A. was
succesded by Mr. Banister of Great Britain as Secretary of
the International Soclety;

(vii) Annual Reports of the National Societies
had been found difficult to distribute especially in
countries with large membership; the Secretary will undertake
the preparation of an annual bulletin which will summarize
all the annual reports and distribute 1t to all members;

(viii) The next International Conference will be
held in Great Britain either in 1957 or 1958;

(ix) During the Conference a subcommittee studied
the subdivision of the field of soil mechanics for the
Conferencel!s technical sessions as there had been seversal
complaints regarding the proper subdivision for the papers;
it was decided to omit the subdivision from the Statutes
and leave the question to the Organizing Committee of the
next Conference;
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{x) Before the Thirad Conference, the Swedish
Wational Committee and the Royal Swedish Geotechnical
Institute had circulated a memorandum proposing that the
International Soclety institute a card index and abstract
service of s0il mechanics literature, together with a new
system of classifying soll mechanics literature; a special
subcommittee set up to study this mattsr, requested the
Royal Swedish Geotechnical Institute to administer the
abstracting service with sach National Society informing the
Royal Swedish Geotechnical Institute of each nationfs contri-
butions. The question of literature classification system
was still under study; proposals had been made to modify the
sections of the universal declmal classification system on
scil mechanics,

Following Mr. Schriever's report on the executive
committee meetings, Dr. McLeod and Messrs. Lea and McRostie
gave accounts of the technical sessions in the following
order:

(b) Report on Sesgsion 1 (Theories and Hypothesis of General
Character)

Session 2 (Laboratory investigations)

Session 6 (Road and Runway Construction)

(c) Report on- Session 3 (Field investigations)

Session 7 (Earth Pressurs)

Visit to Royal Swedish Geotechnical Institute,
Stockholm, Sweden

(A note by Mr. Lea on his visit to the Royal
Swedish Gedtechnical Institute is included as Appendix B.)

(d) Report on Session L (FPoundations of buildings and dams)

Session 8 (Stability of dams and slopes)

General Discussion on Third International Conference

Dr. McLeod reported that in the keynote address at
the Conference;, Dr. Terzaghi had deplored the strictly
theoretical approach to soil mechanics. Since there were so
many variables, an empirical approach must be used in
practice. Hansen of Dsnmark, took the opposite view at the
Conference., Dr. licLeod could not apree with Terzaghil,
because such a viewpoint needs a great deal of experience
for background. In the case of young engineers, it was
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necessary to have a fundamental background, otherwise the
empirical approach could lead to serious mistakes.

Mr. Legget asked Dr. McLeod if there was much dis-
cussion on the bearing capacity of flexible pavements.
Dr. McLeod reported that although the U.S. Corps of
Engineers had not presented a paper on thelr method, they
had taken 1ssue with several points in his paper. They had
criticlzed his approach to the problem of multipie wheel
assemblies on heavy aircraft. Dr, McLeod stated that the
chief difference between his method and that of the U.S.
Corps of Engineers was the use of the soaked C.B.R. value.
Mr. Peterson mentioned that at a recent A.S.C.E. meeting
there had been a discussion on this point. It was suggested
that the difference in traffic intensities between American
and Canadian conditions may be a cause of the difference in
design approach. Dr. McLeod disagreed with this point as
traffic intensities had been considered in his design
approach.

Mr. McT'arlane asked if anyone could give a resune
of the current thinking on the measurement of shear strength.
In reply, Dr. McLeod sugrested that there seemed to be
three schools of thought viz: Casagrande in the United
States, Geuze in the Netherlands, and Skempton in Britain.
Dr. Casagrande considered the rate of 1oad application to be
very important. Tasagrande used the triaxial test to
determine values of cohesion and internal friction. In the
Netherlands, Dr. Geuze preferred a rheological approach in
which the rate of strain is more important then she actual
method of measuring shear strength. Dr. Skempton; on the
other hand, believes that the approach outlined by Hvorslev
in 1936 could be safely applied for the determination of
shear strength. Dr. lMcLeod stated that there had been three
papers on direct shear tests presented at the Conference.

Mr, Bozozuk asked how the Dutch cell test compared
with the triaxial test. Dr. McLeod replied that where the
triaxial test requires several test specimens in order to
obtain the Mohr envelope; the cell test requires only one
specimen., The cell test was developed in the Netherlands
and to date 1ts use has been confined to that country.

Dr. Radforth asked if there had been any discussion
on the transpiration losses of different types of plants;
and if there was a satisfactory method of dealling with the
problem. Dr. McLeod replied that the problem was
recognized with regard to movements in clays. It was also
recognized that different types of trees had different rates
of transpiration.

Regarding nighway research,; Dr. McLeod thought
that there would be some valuable contributions from Germany
in the future. Highway research; which had been disrupted
by the wars, was becoming active once again in Germany.
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On the conference in general, Mr. Schriever
reported that the practice of making consecutive transla-
tions Into the two languages took up a great deal of
time and hence curtailed the discussion. Mr. Lea stated
that the manner in which the discussion was conducted
left much to be desired as half the discussion period
had been taken up by papers which were not on the program.
He suggested that the Canadian Section put forward
written sugpestions to the International Soclety regarding
the conduct of discussiosns at future conferences,
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Section 3

Discussion on Suggested Standards for the Identification
and Description of Soils for Engineering Purposes.

led by R.F. Legget

Before the meeting, everyone who had indicsted he
would be in attendance had recelved a draft copy of the
document, requested by previous meetings, on the above toplc.
Since 1t is not pogsible to include this document in the
proceedings, discussion dealing with specific points has
been omitted. In general discussion, Mr. Legget explained
that the draft under consideration was the result of
suggestions tabled at past conferences, These suggestions
had pointed to the need for a document co-ordinating
existing information, so that soil description could have a
common basis. The document which was distributed attempted
nothing new; it was merely a digest of existing publications.
Its purpose is fourfold:

(i) to provide a basis for the accurate descrip-
tion of sojls in the field;

(11) to provide a basis for the accurate
description of soils in the laboratory;

(1ii) to suggest a means by which s0il types could
be represented on engineering drawings; and

(iv) to select from the many tests available on
soils those which suggest the best method of identifying a
s0il for a partlcular purpose.

The comments received at this session would be
incorporated into a revised draft and again circulated, if
reasonable agreement could be obtained on this draft.

Mr. Lea stated that he was of the opinion that a
Canadian standard should be in agreement with other well
accepted classification systems such as the Unified System
used by the U.S. Bureau of Reclamation and the U.S. Army
Corps of Engineers. The graphlical symbols should parallel
the Unified System exactly because there was such a large
exchange of iInformation between Canada and the United States.

Mr. Lea thought there was no need for the discussion
of laboratory testing. It was necessary only to define terms
in relation to the properties determined in the laboratory.
Such a standard should be short, if possible, printed on both
gides of a single sheet of paper.

Mr. Legget replied that the draft circulated for
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comment had many expianations in it which would not be
included in the final form. It was never intended that it
should be a laboratory manual, much of the section on
laboratory explanetion was devoted to expianation of
principles behind the various laboratory criteria used.
While the Canacdian system should conform closely with the
American Unified System, 1t should conform as well with the
Eritish system; since there was also a large exchange of
Information between Cansada and Great Britsin.

HMr, Wilkins hacd discussed the matter of soil
classifications with cther engineers in the Department of
Transpoert. In general; the Department ¢f Transport would
prefer to use a quantitative system based on Atterberg
linits, prain size, density and water content rather than
guaiitative g01l1 descriptions. The Department of Transport
field engineers had tried estimating these quantities in the
field; and in a short time htecame proficient. ITr. Wilkins
was of the opinion that more sccurate field descriptions
coulid be obtained in this menner,

Dean Macdonalid was of the opinion that it weas
uncesirable tc have a third independent system in use in
Canada and that an effort shoul” be mace to arrive at a
system 1in Canada which would conform in generel with the
American and Eritish systems.

lr. Peterson consicdered the Unified Tystem an
excellent piece of work and that the Cansdian system would
do well to fit in with 1it. He noted that the division
between sand and gravel should be the No. | sieve, as men
working toth with concrete and solls wonld use the same limit
between sand and gravel. Mr. Peterson rezarced the
"Activity Chaert" as being too premature to be included in
such a standard.

Mr. Ripley had not had an opportunity to discuss
the draft with other engineers in British Columbia. He
reported that the B.C. Highway Department had been seeking
to establish a soil classification systern, and was consider-
ing the Public Roads systen.. Mr. Ripley thought; however,
that the Unified System might well be adopted.

Dr. Radforth considered that the definitions of
such words as "identification” and "classification" should
be kept in mind in the discussion. He was of the opinion
there were quite a number of engineers who used the words
without knowing their meaning. This would lead to misunder-
standing. Dr. McLeod sugpested that the use of "classifica-
tion" and "identification" was a problem in semantics, and
thus 4id not consider the problem of definitions as heing
serious,

Dr. Meyerhof thought the difficulty could be
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resolved by referring to the British system as detailed in
the Code of Practice on Site Identifications. Using this
system, soll is first described, then identified, and finally
classified. This, to him, seemed to be the logical order.
Commenting on the adoption of a standard, Dr. Meyerhof
considered that the British system and the Unified System
agreed closely, and we might well adopt either one,

Regarding the incluslon of a section on pedological classifi-
cation, this might be omitted since this system would be for
engineering purposes. Dr. Meyerhof also considered it too
early to adopt the activity chart in such a document; as this
was primarily a research tool, and little experience had

been accumulated in its use.

Dr. Meyerhof could see no advantage in the term
"organic terrain' rather than "peat". Mr. Legget pointed
out that the term "muskeg'" was used a preat deal in Canada;
"organic terrain™ included both muskeg and peat.

Mr. Chapman commented that he considered that when
a g80il is identified, it is in a sense classified. He could
see no objection to the word classification as long as it
was recognized that the limits were arbitrary. Mr. Legget
agreed that we all classify soil but he objected to the term
because a large number of engineers do not recognize the
fact that the class limits are arbitrary.

Regarding the length of the document, Mr. Legget
sugegested that two documents be published. A short one, of
one or two pages if possible; would contain all the
essentials for fleld identification and would be widely
distributed. The longer document would contain all the
necessary explanations as to the reasoning behind what the
short document contains. This suggestion was genersally
approved. In reply to several questions, Mr. Legmet stated
that the short document would be primarily for field
englneers who are not too familiar with soil terminology.
It would not be aimed at soil engineers who have had special
training, and who probably do not need such a guide.

Dr. McLeod then suggested that the document
presented at the conference be published by the Division of
Building Research or the Associate Committee. Regarding
the short document, he suggested that a committee represent-
ing various agencies concerned with soil work be formed.
This committee would prepare the short document and have it
ready to submit to the next conference for approval.

Dr. McLeod moved the following motion, which was
seconded by Dean Hardy.

"Resolved that the following committee be
appointed to work with Mr. Legget and Mr. Eden for the pur-
pose of finalizing one or more brochures covering the
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Jescription, ldentification, and classificastion of sci
that will be of maximum usefulness to the various field
engineering in Canada where soils are used as construction
materials;

Mr. R. Peterson, F.F.R.A., Caskatoon.

Mr. Brownridge, Ontario Department of Highways,
Toronto.

Mr. N.D. Lea, ¥Woundation Engineering Corporation
of Canada, Montreal.

Mr, BE,B. Wilkins, Department ¢f Transport, Ottawa.

Mr, L.J. Chapman, Ontario Research Poundation,
Toronto.

Dr. N.W. Radforth, lMcHaster University,
Hamilton.

Dr. A. Lesahey, Dept. of Agriculture, Ottawa.
Prof. J. Hurtubise;, Ecole Polytechnique, Montreal.

This committee will have the power to add to its
membership if it aprears desirable to do so."
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Section 4

General Buslness

The chalrman explained briefly the activities of
he Associate Comnittee on Soil and Snow sechsnics and
reported that a meeting of the Soil Hechanics Subcoiuaittee
had bzen held 1in September. Lany ol the items to be
discussed originated in the 3Soll lMechanics Subcomiittee
meeting,

(1) Proposal for Subcommittee on Canadian Landslides

The chairman reported that the proposal for this
new subcomiittee originated from the llontreal group. The
original intention was to study the occurrences of flow t;pe
slides wnich occur in the sensitive nmarine clays and
silts 2% the 5t. Mawrence Valley. 4t the twenty-second
meetins of the Associate Commlttee, it was declded thszt the
atudy »f landszlides should eventually lInclu.ie occcurrence in
all purts o) Tanada. 41 filrst the subcomnittee would collesct

"+

any inlinrmtion availanle oo toe slides 1In sustern Tenadua.

embershlp o' the Subcommittee would include:
re Tade T2z, Moun ation of Tarada Enplnecring Coracration
vir. S.0'. Ripley, Yancouver, C.!. Ripley and Assoclates
Dean R.M. Hardy, =Zdmonton, University of ulberta
iir. R. Pete-son, Saskatoon, P.F.R.A.
frol’. h., Baracos, Jinnipeg, University of rlanitoba
Mr. W.A. Trow, Toronto, H.E.P.C. of Untario
Fr. G.C. ricRostie, Ottawa, Consulting Engineer
Prof. J.E. Hurtubise, ilontreal, Ecole Pol technigue
“r. Jo.C0. Chagnon, Juebec, wuebec Str:ams Co.mlssion
br. N.2. tadd, VYttawa Geological Survey of Canada

r. M. 3Bozozuk, MHational 3zsearch Council, vuttawa.

(2) Directory of Cormmercial Drilling Jontracztors

The Chairman stated t.iat i1t had been sugested
that 1t would ne useful to have a dircctory which would list
2ll contractors in Cuanada with equipment and personnel to

obtain samples of soill. ilany requests lor such information
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had come to his attention. As proposed, the directory
would be made up in two sections; (2) contractors with
necessary faclilities to obtain undlstorted samples of the
soil sratum, and (b) contractors in category (a) who also
could supply qualified engineering or geological super-
vision.

The chalrman asked the conference for comments.

Mr., Peterson endorsed the directory and added
that a useful addition would be a directory of laboratories
where soil testing could be conducted.

Mr. Peckover stated that in the Directory of
Cormercial Testing Laboratories, published by the Division
of Building Research, many companies stated that they could
do s2il testing, but they did not have complete facilities
for all engineering soil tests, and therefore qualifications
must be added to the testing section.

Mr. Pugh considered such a directory would be very
useful. Mr. Lea thought that more qualifications should be
added to the cormercial drilling directory. He stated that
it would be possible for any well driller to buy a $50.00
sampler head and thus be listed in the directory.

Dean lMacdonald reported that in Winnipeg, no one
company had the facilities to obtain samples and do the
testing but there were facilities in Winnipeg for carrying
out a complete soil investigation. He asked how the
directory would list such a case.

The chairman thought that 1f those laboratories
which could conduct the essential engineering tests on soils
were included, faclilities 1n any one case would be known.

He then asked if the conference considered a directory of
commercial sampling contractors and laboratories equipped to
do engineering tests on soils would be useful. The general
opinion was that it would be.

(2) Maritime Regional Soil Mechanics Conference

The chairman reported that consideration was beling
given to the noldlng of a regional conference in the
Maritime provinces. This was subject to approval of the
Associate Committee. At the Soil Mechanics Subcommittee
neeting in September, Professor lMcFarlane had been asked to
determine what interest there would be in such a regionsal
conference.

Professor McFarlane had sent out a circular letter
to the Public Works Departman ts of New Prunswick; Nova Scotis,
and Prince Edward Island, to the various federal agencies,
to local branches of the Engineering Institute of Canada and
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to as many contractors and architects &s possible. All
replies had not been received but replies to2 date indicated
that interest was fairly keen. Amherst or Predericton were
suggested as sites in the circular letter and replies
indicated Fredericton would be satisfactory. The University
of New Brunswick would celebrate the centenary of
enginecring in 195, and thus the Universzity could
incorporate the conference as part of those celebrations.
April or ilay were indicated as the most sultable time.
Since 3591l mechanics was a subject not generally known to
most engineers in the Maritimes, the rirst of the two days
should be spent on fundamentals. Replies to the circular
letter indicated that the second day might well be divided
between problems dealing with highway work and deep
foundations,

The conference endorsed the Maritime Reglonal
Conference.

(ly) Visit to Canada of Dr. Skempton and A,W. Johnson

The chalirman reported that Dr. Skempton would be
in North America in May or June and had agreed to pay a
short visit to Canada, An official invitation had been
extended to Dr. Skempton, but 1t appeared that because of
the short time available, his visit would have to be
confined to Central Canada.

Mr. A.W. Johnson, Soils Eagineer of the Highweay
Research Board, may be able to visit Canada again this year.
His first visit included Montreal, Ottawa, and Toronto; his
second, Manitoba,; Saskatchewan, and Alberta. The forth-
coriing visit would be to the eastern part c¢f Canada,

(5) FPublications

In the past all publications of the Associate
Cormittee had been sent automatically to everyone on the
mailing list. The chzirman stated that this had caused a
considerable expense because the mailing list had become so
large. Since some of the publications were not of interest
to everyone on the mailing list, a reply card system,
notifying everyone of the publication, would be initlated.

i The chairman drew the attention of the conference
to Geotechnique, a journal devoted exclusively to Soil
Mechanics. Everyone who was not familiar with it was
invited to examine the coples on display.

(5) Reports of Regional Representatives

(a) The Maritimes: reported by H.W. McFarlane.
There was no organized group in the Maritimes as yet, but
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interest was increasing. Qhe nighway .epartuients of

Prince IZdward lsland and iew Srunswick had taken sgteps to
lve more emphasis to soll echanlics in the design of roads.
fJdr. ricFarlane thought the iHaritime Reglonal Conierence

Wwuld do auch to stixulate interest.

(o) Montrcal - reonorted by .D. Lea

The Montreal ULOUD had eight Jeetlnhs since tne last

onference. the soll wmechnanics jgroup usually et at
luncneonh, and were joined 1in the evenin: meetings vy the
Civil Section of the lHontreal Branch of the Znpineering
Institute. setinges included a uiscassion on "Earth lows
ol 5t. Zhu“’Ha, “uebec," a discussion on anderpinning with
“r. Baward "Th'ie, a discussion on Leda Clays led by br. V.X.
ite tadd, & talk Ly Dr. Armand ager on soil
: { rescurch in rance, 4 discussion on interpretation
of acrial ohotorrashs with Professor Uonald velcher, a dis-
zuzeclinn on bhearing capacity of piles lod by Jr. G.4. Isyzrhof,
and « dlscuszs’on on the ”erd lniernaflﬁ 41 Gonlerence led by
vessts. Lalonde and Lea. .ir. C. Brodsur '1.d been elscted
chalruan ol the group tor 1954,

(c) Uttawa - revorted by Z.B. 'lilkins
Following the Sixth Canadian Conlerence in '/innipeg, the
Ottawa Group held six meetings.e They included talks by
Mr. 3inks on the Trans Canada Highway, :r. Lea on deteruin-
ation ol shear strength of soll, Dr. Lorthwnod on ground
vibrations. The highlight of' the season was the mecting
with ur. Armand lMayer of trance at whi:h over 40 persons
ware present. In October, iiessrs. lcRostle and Schriever
discussed the Third International Conference and in November
the members of the Geological Survey of Canada outlined the
plelstocene geology of the vttawa - 3t. Lawrence Valleys.

(d) Toronto - reported by il. Davis
The Toronto rsroup had held three evening discussions during
the yoar: Mr. row outlined the prohlem of seevnage around
dams; Mr. Jatson discussed the corrosion of underground
services; and Dr. rayer gave a similar talk to Lhdt slven in
Ottawa and ilonireal. iir. davis renorted that as the Toronto
group had trouble in arranging for speaikers with fresh topics
it was considering startln& seminars on various aspects of
soil mechanics.

(e) Prairie Provincss - regorted by Dean iA.E.
ilacdonald
tMmile there were no or.anized :roups in “he Prairie Provinces,
there was activity in soil nechanics. In Alberta, the
Univeorsity of 4Alberta was conducting san zctive research
rogram. In Saskazatchewan, both the University of

Saskatchewan and P.F.4.A. were acbtlve in the Tield. A
refreshar course on concrete and soll wechanics sponsored by
the P.F.R.A. was attended by =about 45 erigineers. In Hanitoba,
the So0il :techanics Laboratory of the Univers ity of Manitoba
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was in full cperation and was asked to 4o considerable
testing from outside agencies, Professor Baracos delivered
two talks on soil mechanics to the Winnipeg and Brandon
Branches of the Engineering Institute.

(f) DBritish Columbia - reported by C.F, Ripley
There was little to report fa the year from the Vancouver
area, During the next few weeks, organizational meetings
ware planned to establish a soil mechanics group in the
Greater Vancouver area in the coming winter., The University
of British Columbia was plannlng to start courses in soil
mechanics. iighlight of the year was the address of
Dr, Armand Mayer to a joint meeting of the B.C. Association
of Professional Engineers and the Vancouver Branch of the
Engineering Institute.
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SESSTON OF DECEMBER 11, 1953

Section 5

Notes on Soil Conditions and Related Engineering
Problems in British Columbila

by C.¥. Ripley

From the point of engineering use, the varistion
in soil types and conditions within EFritish Columbia is wide
as compared to many other sections of Canada. Topography,
climate, and geographical location contribute to this. The
st .o lund gradients, high precipitation, mountain ice caps
and ocean boundary contribute to intense activity of the
geologicel processes of weathering, denudation, transportation
and deposition of socils in the present and recent past.

The groundwater conditions are of particular
importance to the engineer with respect to soil problens.
Two major factors which affect the groundwater conditions
in B.C. are:

i. The high relief and steep land gradients;
ii. The local climatic conditions.

These factors may contribute to artesian and excess pore
water pressure conditions in the subsurface layers which may
act either continuously or which may fluctuate iIn cycles,
The pore water pressures have a definite influence on ths
engineering properties of a soll deposit. Evaluation of thse
long range stability and supporting capacity of the soil
therefore necessitates full consideration of the groundwater

conditions.

For purposes of description of the engineering
properties and use, the various soil types have been grouped
very generally according to their physical characteristics.
The occurrence, engineering properties, and problems
associegted with them are briefly described.

1. Glaciated Deposlts

(a) Occurrence

The deposits referred to in this group are arbi-
trarily restricted to those which have been preconsoli-
dated by the ice pressure during periods of glaciation.
They ars widely distributed throughout the province,
beling one of the most predominant groups. The group
includes deposits of glacial till, and glluvial and
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glacio-fluvial soils wnich have been preconsolidated to
a very dense state.

(b) Properties
- Very nigh density;

~ High unconfined compressive strength - generally
rreater than A0 p.s.i.;

- Low compressibility;

- Pirss consist predominantly of silt, very little
clay;

- Typical glacial till properties:

2

Gradation - gravel sizes - 30% - 50%
Sand sizes - 30% - 50%
Silt sizes - 20% - L0%
Claey sizes - 0% - 104

Plasticity of fines - non-plastic to low
plasticity;

Unit weight wet - 145 1b. per cu. ft.
Unit weight dry - 130 1b. per cu. ft.
Natural water content - 127%

The typical glacial til! is often referred to by con-
tractors 2s hardpan.

{c) Problems

The glaciated deposits provide excellent foundation
support in most instances; natural slopes standing
steeper than 1 to 1 for heights in excess of 100 feet
are relatively common (2 tribute to the strength of the
materiel); resistance of the glacial till deposits to
water erosion and weathering is astounding.

The glzcisl till is well graded from gravel to silt
sizes and is thus an excellent construction material
for impervious and semipervious embankments; high
densities may be obLtained with little compactive effort
provided the water content at compaction 1s suitable.

e material is very sensitive to water content, as
a construction material, due to the silty nature of the
binder; the renge of water content within which 1t may
be handled in the field is very low; with a variation
sf about 5 per cent in water content, the material

-~

changes from an excesasively dry state to an overly wet
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state in which it is unstable under traffic of
construction equipment. This poses a serious problem
for use of the material in compacted fills in the wet
coastal climate belt; figuratively speaking, the soil
becomes too wet for compaction and unstable under
construction traffic if a cloud passes overhead, and
conversely, dries very rapidly if exposed to direct
sunshine.

Gravel and Sand Deposits

(a) Occurrence

Granular deposits in the sand and gravel sizes are
a predominant soil group throughout the province; the
group 1ncludes glacio-fluvial and alluvial deposits
widely distributed in river valleys and coastal regions.

(b) Properties

The materials range in gradation from well-graded
to uniform depending upon the method of deposition and
extent of sorting; they are generally clean and free
of fines; the individual particles are predominantly
angular.

The deposits provide abundant sources of excellent
construction materials for roads, airfields, and
embankment construction; the angularity and freedom
from fines permit use under abnormally wet construction
weather,

Suitability for foundation support varies, dependent
upon the density and other properties of the deposit;
densities ranging from loose to dense have been
encountered; in general, the deposits provide few
problems, either as construction materials or for
foundation support.

Silts, Fine Sands, and Sllty Clays

(a) Occurrence

Extensive beds of silts, fine sands, and silty clays
are encountered in the interior river valleys and lakes
in the arid belt - Kamloops, Kelowna, Penticton
districts and central sections of Fraser and Thompson
River Valleys; the beds have been deeply incised by the
rivers and in the arid belt they stand on high steep
slopes above the present river channels; this group has
been subdivided into formations of thick uniform beds
and of thinly laminated or possibly varved beds.
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Thick uniform beds.
(a) Properties

Loess-1like - reported by R.M. Hardy, Engineering
Journal, Vol. 33, No. 9, Sept. 1950.

Low natural water content - 5 to 109,

Low unit weight - dry - 70 to 80 1b. per cu. ft.
Hiph vertical permeability.

High compressibility.

The material reported by Hardy was predominantly of
the silt sizes; it exhibited low compressibility at its
natural water content but high compressibility when
saturated, even under its own welight.

Somewhat similar properties were obtained for a
deposit of very fine sand encountered near lake level
at Kamloops. However, this material exhibited unusually
high corpressibility at its natural water content and
when saturated possessed the following properties:

D1g - 0.015 to 0.07 rm.
Cosfficient of uniformity - 3 to U

Unit weight - wet - 83 1b. per cu. ft.
dry - 78 1b. per cu. ft.

Natural water content - 6%
Cpecific gravity - 2.75
Compressive index - dry and saturated condition - 0.l.

(b) Problems

Large landslides in arid belt following perlods of
unusually high precipitation;

Spectacular subsidences of foundations for buildings
and irrigation structures on saturation;

The treatment for the silty material appears to be
to prevent penetration of water by protection of
natural cover or by application of an impervious
covering membrane;

For support of foundations on the sandy material
compaction of the sand in place or use of piling
appear to be essential to avoid excessive settle=-
ments.,
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1i. Thinly laminated beds.

The deposits are fairly extensive 1in distribution
throughout the arid belt. They have the appearance of
varved clays and stand on very steep slopes in the incised
river valleys,

(a) Properties

Stiff, low compressibility when dry, stable when
not subjected to excess hydrostatic pressures.

(b) Problems
Stability of slopes and very large landslides
assoclated with periods of unusually high precipitation

and with irrigation of elevated river terraces.

L. 3ensitive Clays

(a) Occurrence

Marine deposits in fjords and river mouths near
and below sea level on the mainland, and on the southern
tip of Vancouver Island near sea level.

() Properties

Normally consolidated except where exposed to
desiccation.

Extra sensitive, senstivity index renge 6 to 12.
Natural water content 10% to 20% above liquid limit.
Liquid 1limits range to 100.

Liquidity index ranges to 2.7.

Unconfined compressive strength 5 to 9 p.s.i.

Consolidation test data =--
Compressive index range 0.3 to 2.6
Breaking point stress exceeds existing overburden
stress by about 0.3 ton per sq. ft,
(c) Problems

Very difficult foundation material; sharp reduction
in strength and high compressibility when '"breaking
point" stress is exceeded.
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Highly Plastic Clay Shales

(a) Occurrence

Generally sedimentary rock formations, often
compaction shales of marine deposition.

srt St. John - PFort Nelson Area - Lower Cretaceous
Fort &t. John Group.

Cariboo District - Mlocene, Fraser River PFormation.
Greater Vancouver area - Kitslilano Group.

Princeton Area.

(b) Properties

Loss of strength and breakdown of soil structure due
to one or all of, shrinkage on drying, swelling on
exposure to water, freegzing, and reduction of overburden
pressure,

High volume change with changes in water content
with accompanied hirh swelling pressures,

(c) Froblems

Stabllity of slopes -~ very large slump blocks in
these materials can be seen In tihie Vancouver, Princeton,
Quesnel and Fort St. John-Fort Nelson area; hummocky
terrain indicating slow creep of the upper weathered
mantle on slopes 9f this materisl is common.

Bridge abutment problems.

Hizhly Organic Soils

(a) Cccurrence

Coastal reglons, river deltas, intermountain
plateaus; extreme northern areas along northwest
highway system; peat bogs; forest floor debrls and
highly organic silts.

(b) Properties

High compressibility.
{(c) Problemns

The wide distribution of these soils creates
difficult foundation problems for support of buildings,

highways, railways, etc. In the developed regions of
the province.



7. Miscellansonus

Brief nention is made of two other types of soil deposits
which are freduently encountsred throughout the province and
which present thelr own peculiar problemu to the engineer -
these are slide debris and tslus.

deposits of sllde debris are rclatively common in
g thr )(hout tiie province; the pgradation and siructure
V&Pj i h ezch deposit; these deposits are commonly
traversed by roads, ralilways, transmission lines and pipe
liness; the general problem associated with them 1s the
stability of slopes.

Deposits of talus aijecent to the wall of mountain slopes
are very cowmmon; they often provide a means of access for
drainage from rock slopes above and into the subsoil. In
this way they contribute to the occurrence of continuous or
fluctuating pore water pressures in previous soil layers
below tne ground surface.

Discussion

The chairman remarked that lir. Ripley had given
an excellent cross-section of the various soil condltlons
in British Columbia, and that his paper showed that no one
provirice had a monopoly on soil provlens.

As an example, Mr. baracos described swelling
clays at Vernon in the upper Okanagan Valley where there
was & low rainfall. A housing development on a side hill
had experienced difficulties caused by swelling soils. OSomne
of the housss were constructed without hasements. As no
drainage had been provided for the crawl space under the
houses, water collected in the crawl space and caused the
clay to swell., In some cases the houses were severely
damaged by the swelling. In the same area, swelling of the
clay had caused many breaks in asbestos cement water mains.
Sand backfill around the water mains had to be used to
overcone tine swelling problemn.

In reply to a question from lir. Peterson,
Mr, Ripley stated that the shales in the Vancouver area were
desiznated by the names Burrard and Kitsilano, but he was
not sure of their periond. In the Cariboo district the
shales were of Miocene age and were Jdesignated as the Fraser
Miver Formation. In the Port gt. John #rea, the shales
were of Lower Jretacsous age and were similar in many
respects to the Plerre and Bearpaw shales of Saskatchewan.
Dean IHardy remarked that the gologists would not agree that
the Wort St. John shales were the same a2s the Bearpaw
shales. lir. Ripley stated that the englneering properties
werc very similar
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Dr. Radforth asked whether the organic materials
which had been submerged were of sedimentary or detrital
origin., Mr. Ripley said that there were sediments in the
Kitimat area; the tidal flats supported a thick growth of
marsh grass. Silt is deposited from the rivers. The coast
line has been subjected to a number of geological
depressions and elevations, which would account for the
buried beds of organic material.

Mr, Torchinsky asked whether the sensitive clays
had been desiccated and what their preconsolidation load
would be, IMr. Ripley replied that in the Victoria area,
the clays had been generally desiccated throughout. The
preconsolidation pressure had not been determined
accurately, but pressures of 16 ton/sq. ft., the capacity of
the testing apparatus, had been attained without determining
the preconsclidation load. Mr. Ripley then described an
example of a clay-filled ravine in Victoria. The clay was
about 100 feet in depth and only the top 10 feet had been
desiccated, but other ravines were completely desiccated.
The variation in conditions was caused partly by the ground
and rock surfaces, and partly by the uplift and submergence
of the coast line.
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Section 6

Research Underwsy in Department of
Civil Engineering, University of Alberta

by R.M. Hardy, Dean of Engineering

Heference has been made at previous meetings to
the program underway at the University of Alberta for the
past six years concerned with the treatment of frost-
susceptible soils with "lignosol" to prevent frost heaving.
One treated location has now been observed over three
winters. Some deterioratlion in the effectiveness of the
treatment was noted during the third winter. This is due
to the fact that the lignosol is water soluble and there-
fore is gradually leached out of the treated zone.

Recent work at Cornell University under a U.S.
Navy Research contract has shown that it 1s possible to
permanently stabilize lignosol by the addition of chromate
salts. An insoluble gel is produced. At present, work is
being carried out on the application of this finding to the
problem of frost heave. OCn a laboratory scale very
gatisfactory results have been secured. The lignosol and
chromate admixture can be mixed with the soil in solution.
The mixture then gradually sets up into a gel. By varying
the percentage of the chromate admixture the setting time
of the gel can be controlled.

Preliminary lsasboratory tests show the lignosol-
chromate gel is equally as effective in preventing frost
heaving as 1is the plain 1ignosol; although it is likely that
the mechanism is quite different. In addition, 1t has a
markesd stabilizing effect on the soil. The addition of the
chromate increases the cost somewhat but this will be more
than offset by the advantages of a permanent treatment.
Effective methods of injecting the chemicals into the soil
still present a major problem. On a laboratory scale it has
been found possible to move chemicals such as lignosol,
calgon, and aerosol through fine-grained soils by the
process of electro-osmosis.

dn interesting effect has also been observed with
flow under combined hydraulic and electro-osmotic heads,
The velocity distribution for liquid flowlng through a pipe
under a hydrostatic pressure is parabolic in form, being
zero at the pipe wall and a maximum at the centre of the
pipe. The velocity distribution across a small opening in
a liquid subjected to an elactro-osmotic head is generally
assumed to be a maximum at the "double layer™" at the surface
between the 1liquid and s0lid phases, and to vary, perhaps
parebolically, across the opening with the minimum velocity
being at the centre of the opening.
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The veriation in velocity across the openings in
both cases 1s considered to be due to the viscosity of the
liquid. On analytical grounds 1t appears possible that a
combination of hydrostatic and electro-osmotic heads would
tend to neutralize the viscosity effect and give a resulting
velocity that would be greater than the sum of the
velocities cf flow with each pressure acting separately.

Laboratory tests have confirmed this reasoning.
Up to twice the velocity of flow has been measured in silty
type soils under combined hydrostatic and electro-osmotic
heads as compared to the sum of the velocitles occurring with
the pressures acting separately.

In the s80il types most highly susceptible to frost
action the flow of liquid is still very slow under either
hydraulic or electro-osmotlic gradients of practical
magnituies, However, the combination of the two presents
some possibilities of practical application in the frost
treatment problem. These are still being investigated and
it 1s planned to try a field installation in the near
future.

Interesting results have also been secured on a
laboratcry scale in stablizing a highly plastic clay soil
by electro-osmotic treatment using iron electrodes. The
soil treated had liquid limits ranging from L5 to 107 and
plasticity indices from 27 to 78. By slectro-osmotic
treatment the moisture content vs. log of strength curve was
shifted considerably towards the greater strength area of
the plot. The shift in the curve represented an increase in
strength of as much as 300 per cent. JSoaking of the samples
indicated that the greater portion of the strength was
retained.

4 field installation has shown the same trend but
to a considerably lesser degree.

To appreciate the potentialities of the process of
electro-osmosis it 1s necessary to understand the difference
between the use of the process in stahilization as distinct
from control of seepage forces. Dr. Leo Casagrande;, now of
Harvard University, 1is the world suthority on the application
of the principles of electro-osmosis to engineering problems.
He has worked both in the fields of seepage control and
stabiligation. However his successfil practical applications
have almost all been a matter of seemage control. This was
the principle used in the recent installation at Flint,
lMichigan, waich 1is presently being so widely reported in the
trade journals.

We recently successfully used the principle of
electro-osmosis in seepage control at Unity, Saskatchewan,
on a mine shaft 7 by 12 feet in cross=-section. The soil
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profile was 16 feet of clay overlying a bed of water bearing
fine sand which in turn was underlain by clay at a depth of
22 feet below the surface at one corner of the shaft and 23}
feet at the opposite corner. The original plan was to
cement grout the sand layer. However, after several weeks
of effort the grouting procelure was abandoned because the
sand was too fine to take the grout. Since the dimensions
of the shaft and sequence of surface works had been decided
upon, assuming the grouting process would be successful,
other conventional methods of handling the problem were
precluded except at considerable expense.

An electro~osmosis installation to control the
seepage forces and eliminate the seepage flow and quicksand
action offered a considerable saving in time and expense as
compared to any other procedure that seemed feasible,
Canvas-wrapped wire-mesh well points were placed on a
spacing of 6 feet around the shaft, placed at an engle of
about a; deprees and extending from the top of the sand
leyer to the underlying clay. These acted as cathodes and
pipe anodes were driven midway between the cathodes.

The installation was powered with two portable
welding units connected in series. This installation
successfully controlled the seepage for a depth of 6 feet.
This permitted the shaft to be carried to the underlying
clay at the shallow corner. The installation was not
successful for the remaining 1) feet at the deepest corner.

In conclusion I wish to corment on the remarks of
the session reporting on the Third International Conference
in Switzerland in which application »f the process of
electro-08mosis was described as an art because the
fundamental nature of the process is not understood.
Admittedly it is highly desirable to acquire a better under-
standing of the fundamental nature of electro-osmosis.
However it is submitted that the same statement 1s equally
applicable to the whole question of the shearing strength of
cohesive soils. Yet numerical shearing strengths of soils
are essential to the analytic approach to the solution of
many practical soll problems in engineering practice.
Similarly the known principles of electro-osmosis have
significant potentiallties in engineering practice. While
there is room for the accumulation of much data that will
permit its rational application to practical problems, it is
submitted that this can proceed without waiting for a
complete understanding of the fundariental nature of the
process.



Discussion

T

Dr. Meyerhof remarked that he had the good fortune
to be on the staff of the Bullding Research Station in
Great Britain when Dr. Leo Casagrande worked there for four
years. Dr. Meyerhof thought that Dr. Casagrande would agree
with Dean Hardy that the fundamental aspects of electro-
osmosis ars not yet fully understood. More research is
needed 1n this fleld by physical chemists. In the mcantime
empirical information from engineering applications should
be collected. Dr. Casagrande had been successful with
applications in Germany, Norway, Great Britain, and now, in
the United States. The maln application of electro-osmosis
had been in controlling seepage forces in silts.

Dr. lMeyerhof reported that electro-osmosis had
been tried on three practical cases in Great Britain, namely:
In the excavation of a silty soil where trouble had arisen,
in the construction of a culvert#), and in the treatment of
an unstable clay slope. The latter two cases Illustrated
that the effect of electro-osmosis is localized around the
electrodes. For this reason, he was not optimistic about
Dean Hardy's attempt to move chemicals a great distance
intc clayey soil by electro-osmosis. Dr. Meyerhof was of
the opinion that the use of laboratory experiments was
limited in practice bvecause the localized effect would not
be evident in the laboratory. Another factor which should
be considered was that of costs. KElectro-osmoslis was an
expensive process.

Dean Hardy agreed with Dr. lMeyerhof that the
greatest, and possibly the only success, of electro-osmosis
had been in controlling seepage forces in silts. Regarding
the shaft mentioned in the paper, electro-osmosis was the
cheapest method under the circumstances. If the soil
conditions had been known beforehand, other methods such as
sheet piling or well points could have been used. But with
the head frame of the shaft already in place;, the other
alternatives were ruled out.

PDean Hardy could not agree with Dr. Meyerhof that
the effect of slectro-osmosis was confined to a local area
around the electrodes. In the field trials, with electrodes
spaced at 15-~fcot centres, samples were taken at the anode,
nidway between the electrodes, and at the cathode. In this
soill, there was a measurable increase in strength in the
samples taken midway between the electrodes, indicating that
in tests conducted by Dean Hardy the effect was not confined
to the soil immediately adjacent to the anode., In silts
there 1s no stabilization effect, but in plastic soils those

#) Graham, J. "The Reconstruction of Culvert No., 146 near
Ayton." Inst. Civil Engrs., Railway Engg., Div. Paper
No. L2, Jan. 1951,
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used in the studles ol the injectlon of chemicals, results
indicate an increase in strength. Regarding the use of
electro-osmosis in the injection of lignosol, it is used in
conjunction with hydraulic pressure to disperse the chemical
in the soil.

Mr, Job, rici'se asked why wire-mesh cathodes were
used instesad of well points. Dean Hardy replied that the
radius of influence of a well point would be too small in
this case as the soil was a fine sand, but its permeability
was relatively low. Dean Hardy had never seen a material
which behavsd quite like the one in question.

Mr, White stated that at a job in Michigan, the
sheet piling around the excavation had been moving. When
electro-osmosis was applied, the movement of the piling
was halted. Mr. White considered this a stabilisation of ths
silt. Dean Hardy replied that the movement was caused by
scepare forces and when this force was controlled the
mov ment stopped. The silt i1tself need not have been stabiliz-
ed. With clays, laboratory experiments indicate a change in
the properties of the soll,
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Section 7

Starility of Dams on Highly Plastic Clays

by R. Peterson, F,.F.R.A., Saskatoon

Tho leaders in the =oll mechanics field have always
empha=sinal the complex nature of clays and the fact that many
problems are not subject to msthematical analysis becauss it
is impossible to completely duplicate field cornditicns in
laboratory tests (1). Of the soils encountered in Western
Canada, the highly plastic clays often appear ito be uniform
and as lalboratory test results can be duplicated 1t is
commonly assumed that stability problems in these materials
can be analysed using laboratory strength tests. However,
experience over the past twelve years indicates that conven-
tlonal methods definitely give results on the unsafe side
when anglied to earth dams on saturated highly plastic clay
foundations. Numerous cases have been encountered where
stability studies for dams located on soft to medium highly
plastic clays have indicated safety factors in excess of 2 cr
3 and where slides throubh both fill and foundation have
occurred subsequent to construction. In these cases the
shear strength had been btased on qulick ftests or half thse 4
unconfined compressive strength. The plasticity characteris-
tics of the foundation solls ranged from a liquid 1limit of
60 at a plasticity index of [0 to a liguid limit of 110 at =&
plasticity index of 80. The water content range was 30 to
60 per cent with the corresponding shear strength 15 psi to
3 psi. The soils can be described as soft to medium with no
visible evidence of stratification.

In most cases fairly complsets s0iil studies were
made previous to construction. However, in view of tlie
importance that these experlences are assuming in present and
future studles, all movements are being reinvestigated end g
thorough analysis will be made of each, In additlon tc the
recovery of chunk samples and 3~inch and S-inch Shelby tube
samples for testing, a vane borer and a Liela unconfined
compression unit are being used to define mocre completely
the strength characteristics,

It would appear that the reasons for the discrepan-
cies between predictlons based on laboratory tests and actual
field behaviour are due to one or morse of the following:

1. Reduced strength under sustained loading or at slow rates
of strain

Casagrande and Wilson (2) have performed what they
describe as "creep tests" and they conclude that if certain
saturated clays are subjected to sustained loading at constant
water content, the strength 1s only a portion of that given
by ordinary unconfined compression tests or guick triaxial
tests. In a creep test the sample is set up in the same manner
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as in an undrained triaxial test with special precautions to insure
a constant water content. An axial stress is then left on the
sample until failure occurs. In the P.F.n.A. laboratory a con-
siderable numnber of samples have been tested in the manner indicated
and it has been found that for sustained loading up to 60 days the
strength may be only one~half that obtalined by quick tests. Nor-
mally when a clay layer 1s loaded and consolidates there is a re-
duction 1In water content and a gain in strength with time. However,
in the case of very thick laysrs the consolidation and strength
gain near the centre of the layer may be negligible for a long
period.s 1In fact the creep tests indicate that there is a reduction
in strength if the water content remains constant. 1t would there-
fore appear that the reduction in strength at constant water con-
tent is oI serious practical significance for thick clay layers.

In a paper by Tan Tjong-Xie (3), various rates of strain were

studied and it was found that for highly plastic clays a decrease

of ninstyfold in the rate of loadling resulted in a decrease of

about 50 per cent in the strength. Terzashi and Peck(ly) state

that 1f the shear stress exceeds aporoximately one-half the maxi-
mum shear strength, creep may go on indefinitely. Tschebotarioff(5)
notes similar bshaviour.

rom the ahove 1t woull appear that creep or movement
may ccecur if this type of soil is stressed beyond 50 per cent of
the maximum shear strength. Field behaviour appears to bear out
the results of laboratory creen tests as cases ars known where
movemrent occurred four vears after construction,

2. neduced strength due to nore nressures zcting on flssures,
stratification »nlanes or partingsg within the clay

The pore pressures mipght be induced by the weight of
the dam or as a result of reservoir oressure. Often the minor
geological(6) details such as fissures or stratification are
difficult to detact even in large dlameter borings or test pits.
It is therefore impossible to evaluate the shear strength and sta-
bility under such condltions by laboratory tests. Aboult the only
practical way 1s to base stability computations on pore pressure
observations while the structure is being built. Terzaghi(7) has
stated that under adverse conditions the strength as determined in
the laboratory may be as high as five times the actual strength
realized in the field because of the fact that it 1s 1Impossible to
duplicate conditions in a laboratory test.

3¢ Progressive failure

The stress-strain characteristics of the foundation
material may not be compatible with the embankment material and
progressive failure may result. Where the foundation is soft and
plastic large strains may occur in the foundation at low stress
and result in rupture of the more brittle f£ill material, In other
words, the strength of the two materials will not be mobilized
together and hence the true factor of safety will be lower than
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the computed factor of safety based on the assumption of complete
mobilization of the shear strength on the failure arc. A case is
known where a dyke of constant height on approximately the same type
of foundation varied in composition from a lean clay placed fairly
dry to a medium plastic clay at a considerably higher water content.
It avpears that the failures through the fi1l1l and foundation have
besn confined mostly to the area where the dyke was composed of the
drier and wmore brittle clays. That is, where the dyke and founda-
tion both zconsist=d of the soft weak matsrial the overall structure
has been more stable than where the dam was constructed of dry,
brittle material znd the foundatinn was soft plastic materisl, This
would apnear tc substantiate the more progressive failure theory.
Tsohebotariof£(5) suggests a method of choosing strength values
which allows for the differsnt stress-strain characteristics of the
dam and foundstion. It 1s also possible that foundation spreading
may have produced a tension fallure in some of the fillse

These experiences are rather disturbing and would seem
to call for a modification of the anproach to stability problems in
highly plastic clays. It would appear that stability evaluation
based on ordinary laboratory =trength tests can only be used as a
rough guide and when this is done, very conservative factors of
safety should be used. It may very well be that with further re-
search on creep tests and stress-~strain characteristics a more
accurate appraisszl will be possible. However, until such time as
this is done it 1s suggested that laboratory tests be sunplemented
by careful field observations, particularly on the important embank-
ments, In the case of minor structures where slides are not sesrlous
the most economical procedure no doubt will be to base the design on
laboratory strengths and general observations of field behaviour,
For the more irportant dams a complete system of piezometers (8,9)
should be utilized to measure pore pressures within the foundation.
In addition, apnaratus should be installed to measure movements in
both the 11l and foundation. These should include vertical move-
ments (9), lateral movements at right angles to the centreline, and
longitudinal wmovements parallel to the centreline (10). It is
thought that a study of these measurements can warn of the develop-
ment of any critical conditions so that the design can be modified
or the rate of construction altered to sulit the unpredictable pore
pressures. In adlition relief wells or sand drains are often use-
ful in dissipating high vpore pressures,

In searching the literature for information regarding
gstability of highly plastic clays it apoeared to the writer that in
some respects the soil mechanics literature may not place the limi-
tations of existing methods in their proper perspective. While
most texts mention briefly the limitations or shortcomings those
readers who are inexperienced may fall to recognize these warnings
and to rely upcn theory, laboratory tests, and a mathematical ap-
proachs In the case of technical papers it would apvear that many
authors are inclined to go into print only when they have been
successful in checking some theory or method. When they have had an
experience that seemed to contradict existing theory and methods
they have perhaps tended to avoid publicity. In addition, of course,
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there is always the natural tendency to conceal difficulties and
falilures., One is reminded of -a statement made by Dr. A. Casagrande
in his closing remarks of a recent paper (11): "A scientific approach
to this subject developed from infancy to a young adult, proud of its
importance, but perhaps too often unaware of its limitations".
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Notes on other P.F.,R.A. Activities

1. Travers Pam - This key structure on the Bow River
Irrigation Project in Southern Alberta, is now being completed.
It is a zonsd earth embankment 140 r't. in height and containing
4,500,000 cu.yd.of fill material which makes it the largest
earth dam in Canada. Extensive test apparatus including plezo-
meters and setllement apparatus is being installed. Of special
interest is the chute spillway. Both ends of this structure
rest on a swelling type shale and the central portion has been
placed on approximately 30 f't. of compacted sand and gravel.
Careful observations are belng taken to detect any movement.

2o Study of highly plastic materials - Inis includes the
study of highly plastic clays and also studies with respect
to clay shales that are of very frequent occurrence in the
West., Laboratory tests involving shrinkage and swelling at
predetermined stresses are being carried out and an atteumpt
is nade to correlate these resulls with measurements of
movenent walch are being taken on s»nillways and structures
located in the shale. This involves precise levelling on
points in the concrete, foundation movement gauges und deep
bench marxs.

30 Sand filters in dams - During the pust year experimental
work has been carried out in the matter of installing thin
pervious filters in the downstream portion oi earth dams to
conserve sand or sand and gravel where it is expensive., A
horizontal filter layer 1s placed on the foundation or embank-
ment and impervious material is pluced over it to the full
width of the section. When the depth has reached 10 or 12 ft
thiis material 1s trenched to the underlying pervious blanket
and the trencn backfilled with sand. The process 1s then
repeated.

4, Deep sand draing - A limited number »f deep sand drains
8 to 12 in. in diameter and to a depth of 100 ft.have been
installed in soft unstable foundatlons using conventional
rotary drills. The ourpose is to relieve pore pressure in
sandy layers of the foundation. Cost $1.50 - 52.00 per foot.

e Sounding methods - Experimental work 1s being carried out
using a vane borer and a cone penetrometer to evaluate strength
of the softer foundation clays.

6. Seepaze control in canals and dugouts - irurther experi-
mental fleld installations have been carried out to investi-
gate materials suitable for lining. The following materials
are being studied: thick compacted 1linin s, thin compacted
linings with cover, loose earth linings, bentonite linin:rs,
covered asphalt meuwbrane, shotcrete, reinforced concrete and
concrete blocks.




7. Unstable Foundations - BRBecause of the soft and difficult
foundation conditions at several dams now under construct! on,
it has been found necessary to resort to stage construction
spreading the embankment construction over 2 to 3 years,

8. Humid Room - A humid room including one area for high
humidity storage and temperature control and another area for
sample prsparations has been construction and is now under
test in our main lacoratory at the University of Saskatchewan.

Ge Permeablility Studies - Field tests have always been
favoured for permeability determinations. Pumping tests have
proved very satisfactory and limited use has been made of drill
hole tests and tests 1In auger holes,
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Discussion

Mr. Torchinsky asked what effect the rates of shear
used in the laboratory had, at present, on the bearing capacity
used in foundation design. :ir. Psterson reoslied that it was
usual to use a safety factor of 2 or 3 in the design of
rfootings, therefore the problem of rate of loading was not as
acute as with case ol the design of earth dams, where the
safety factor was generally 1.5. Also, progressive faillure,
as describad in the paper, does not seesm to be so important
in footinss, as with earth daas.

HMr., Torchinsky then asked if the salety factor should
not be increased from 2 or 3, since 1t is possible that many
foundations are veing designed with a safety factor.of 1. Mr.
Peterson stated that if the safety factor has been used up to
date, there is no reason wnhy it should not be continued. The
theory ol bsaring capacity has been more or less justified by
case records, for instunce the Transcona elevator failure as
described by Peck™. Mr. Baracos reported that the investiga-
tinn of the Transcona failure had been continued. Recent
investigations show that rate of loading was an important factor
in this failure. This would corres»ond to a rapid loading test
in the laboratory. Strength tests were run at a constant rate
of stress at a4 rapid rate. Using the values odbtainzd in this
way, the theoretical bearlng capacity was found to correspond
exactly with liie actual bearing capacity.

In the Winnipcg area, there had becn a number of land-
slips along the river banks. Several had been investigated, and
te results bear out !r. Peterson's remarks. From the analysis
based on labhoratory rcesults, the stability of the banks were 4
or 5 times what Tallure conditions indicated.

Dean lacdonald noted that the soill was badly fissured
along the river banks. In the soring run-off, water enters the
fissures, leading to lubrication. Ille was of the opinion that
factors such as fissuring may have an influence on the bank's
stabllity. Dean Hardy reported that fissures had been the
cause ol some slides in the clay in the Edmonton area.

Dr. ieyerhof asked il in the stability analysis, any
account had been taken of tension cracks, and il any fissures
or stratifications were in evidence in the clays. he thought
that if there were fissures or stratifications, there may have
been a progressive local softening, causing an overall reduc-
tion in strength ot the clays. Iir. Peterson replied that no
account was taken of tension cracks in the failures he had
discussed. He thought tension cracks were assoclated more with
failures of natural banks. Un the point regarding stratifi-
cations, no evidence had been found indicating stratifications,
but this was not conclusive.

3

pxe

Peck, R.B. & Bryant, ¥.G. - "The Bearing - Capacity Failure
of the Transcona Elevator" Géotechnique Vol. 3, 1o, 5, March
1853.
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Migsures had been detected in the clays, but they were
always closed. ilr. Peterson was not sure on the point about
softening.

ir. Trow asked if the author would elaborate on the
method of determining permeabllity from boreholes, mentioned
in the brochure. IMr. Peterson stated that the method {ollowed
was the sarnie as that of the U... Bureau of Reclamation.

The Chalrwan, referring to Dr. :leyerhof's comments,
mentioned that he was of the opinion that fallures 1in varved
clays at Steep Rock wmay have been dus to softening. Also,
the Jestern Association of State Highway Officials road test
in Idaho had several Cailures which were closely examlned.

To daies no change 1n the characteristics of the subgrade
material had been lound wihich would account for the reduction
in strength. Sowme sections of this road had been subjected
to 8500 »asses of heavy vehicles without failure, while other
seetions had railed with less than 100 passes.

Jr. :icLeod reosorted that the lfallures were confined to
the outer € feet of the pavement. Although there was no
apparent chanze in soll propertics, because the rallures were
confined to the osuter 6 feet of paveuent indicated that the
surcharge efiect caused by the pavement may be a factor. To
evaluate thils surcharge effect, paveument would be placed on
the snouldcrs of the road to see 1if' that would prevent fallure.

Dear iiacdonald stated that this type of failure had
occurred in highways in Manitoba, and asked Jr. iicLeod 1if the
failure .iay not have been due to a change in precipitation.
Dr. lcLeod replicd that precipifation could not have been the
cause because the test site was a desert area requiring
irrigation. In reply to a question from Mr. Ripley, Dr.
McLeod stated that the subgrade material was a silt. Great
care had been taken in the preparation ol the subgrade and
compaction had been controlled to a depth of 5 feet,



- 36 -

Section 8

TREZZING IVDEX DATA INFLUTNCING FROST ACTION

by
.8, Wilkins and ¥.C. Dujay

It has frequently been reported that air temperature is
the most inportant ol the many factors affecting soil tempera-

tures. ‘hen considering rost .ctlon, a reliable indication
o' the erfects of climate is the "freezing index" which may
be delined as = .ieasure oI’ the cowmbined duration and magnitude

nf velow freezing air temperatures bised upon a long period of
record. The unit employed to express the inuex is the
"de;sree-day", which represerits one degree of daclination from
a given point (here 32°F) in the mean outdoor temperature for
one day. Thus a mean daily temperature ol 10°F. would be

22 degree days of frost. The degree day 1s »lus when daily
aean temperature is below 32°F. and minus when above. A
cunmulative total of degree days is nlotted against time, and
the freezing inuex deterimined I'or the algebraic difference
between the maxilinum and minimum points on the curve. The
Corps of Engincers U.3. Army (2) describe a "norual freczing
index" which is computed Cor normal air temperatures based
uoson a long period of record, usuvally 10 or more years.

Prinarily, this oroject was undertaken to pnrovide a check
on alrport runway design. The years 1945 to 1950 were initially
chosen to coincide with the runway evaluation progran. Yeather
Ubservation Recorus of the rleteorology Division of the
Departuent ol Trans»nort were employed ~s the source of data,
and freezing indices for some 120 s tations distributed across
Canada were comnuted. A m=an {igure lfor the [ive winters 1945
to 1950 was obtained and plotted on the map. Using these
pnints, contour lines spaced at 500 freezing index were drawn.
In parts of the Northwest Territori:s and northern Quebec,
the contours have been "dashed" to indicate aporoximate loca~
tion only, as a result of the wide spacling or observation
stations. Work is continuing to extend the time period to
ten winters for the statlons uzlready evaluated. Ixcept for
major statinns, the only records of the maximum and minimum
temperature ol each day were avallable. Calculations at a
few stations showed a difference of less than ten per cent
between freezing indices obtained from the mean dally temvera-
ture and the average of the maximum and mininaum temperature
for each day.

Legget & Crawford (1) have compiled a freezing index
frequency curve for the years 1885 to 1950, a period of 65 years
for Ottawa. The mean of the b-ysar period 1945 to 1950 for
Ottawa, according to our data indicated that €6 per cent of
the winters had greater freezing indices during the 5- -year
period. The Corps of Engineers (2) show a curve of combined
thickness of pavement and base required to prevent freezing
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of the subgrade plotted a,;alnst the freezing index. Depths
of frost measured in sewer excavations in Ottawa have been
indicated on this design curve by Legget & Crawford (1).

In conclusion, it 1is hoped this paper will contfibute
towards a [urther understanding of frost action in Cana:va.
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Discussion

Mr. Peckover asied at W at time in the fall the
freezing inuex computations were started, and iI there was
a standard procedure in choosing the time for the start.
Mr, Wilkins replied that the compsutations were started about
the end of Uctober. Above-freezing weather at the beginning
of the wintsr 1n2s not affect the freezing index value since
it is an algebrailc difilerence between the maximwa and mininun
points on the curve. The procedure in the compilation 1is the

Fy

same as that usea by the Corps ol Engineers, U.S. Army.

Inreply toa ~uestion from iir. rlcLaughlin, “r. YWilkins
stated that srort perlods ol thaw were t aken into account in
the computation of the freezing index. Dr. rlcLeod apsreed
that thaw perlods should be considered as in warmn days there
would be less t:ndency for heat to escape from the ground,
wiiich would be reflected in the rate with which the frost line
nenetrates the ground.

Mr. Baracos stated that soll teaperature records
time lag, and thus the frost line could continue to
i the ~round even though the alr temperatures were
T zing. Dr. .eLeod arreed i th Mr. Baracos that there
was a large time lag, but maintained that thaw periods, in
splte o
the frost lin

Mr., Davis revorted that soil temperature measurenents
indicate that the time lag increases greatly with depth. At a
6-inch depth idaily variations 1in air temperature are reflected.

iir. Crawford agreed with Jr. HcLeod that the thawing
periods should be considered in the freezing index. Referring
to the inset in the map, 1f thaw periods were neglected the
freezing index value would be too large and the curve would be
shifted to the left. The time lag is shown by the fact that
the frost line continues to penetrate in May or June,

Mr. Chapran asked if the Freezing Index map had been
coripared with the map of January Temperatures »ublished by
the lMetesorological Service. The author replied that this had
not been done to date, but 1t m.ght provide an interesting
comparisons

Mre. Hdenderson asked if the southern boundary of
permafrost mrallels a certain reezing index line. !r, Wilkins
atated that he had not examined the map from that point of visw.
Hr. Brown stated that he intended to look into the matter in the
permafrost survey belng undertaken by the Jivision of 3Building
Regearch.
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Section 9
PIBLD INVESTIGATION O THE IZARTH FLOW AT RINOUSKI, QULBEC
by
Dr. G.G. Meyerhof

IHTRCDUCTIOVN

une of the main outstanding problems of the
stabllity of hillsides and slopes is large earth flows of sensitive
clays and silts. Some fifty earth {lows of this type have been
recorded, about half of which occurred in Norway (1) and the
rewmainder about equally divided between Sweden (2) and Eastern
Janada (3).

4 comion feature of these earth flows is thelr
retro ressive nature developing after local disturbance at the
toe, Such disturbances may be caused by erosion from a river
cavsing instabllity and sliding ol the soil which, in turn,
propagates slipping movements retrogressively towards the top
of the slope. The soil movements disturb the sensitive clays
or 3ilts to such an extent that they liquefy .and Tlow down the
hill like a viscous liquld on a very small slope.

Site and Geology

An earth flow of this type occurred about two
years ago near Rimouski, Guecbec, on the Rimouski River, a
tributary of the 3t. Lawrence River. The 3t. Lawrence River
Valley 1s well known for the number ol earth flows which have
occurred there. The present slide occurred on the west bank at
2 sharp bend of the Rimouskl River, where the wooded bank drops
fairly steeply from the level plateau at a slope of about one in
four. Immediately to the southegst of the site, an earth flow
took place avout 100 years ago, while immediately to the north-
west, <ome shaley rock lies close to the surface.

The erosion of the River bank had been noticed
for several months previously by eye-witnesses, one of whom had
seen a fairly deep undercutting of the bank. Some of this
eroded material had been deposited in the form of sand bars in
the River at the site; swampy ground existed behind the sand bar
and a whirlpool issald to have existed in front of it.

History of the Slide

The earth flow occurred in two stages: a first slide
which affected about one-third of the present disturbed area, and
a second larger slide, as shown in PFig. 1. The first slide occurr-
ed on August 3, 1951, int he evening. It lasted a few, possibly
five minutes, taking down the steeper wooded area of the site. Some
of the mud blocks were about 15 feet wide and slid into the River
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blocking it for a distance of about 700 to 800 feet. This slide is
said to have been about 40O feet long and 200 feet wide; the width
is about the same as that of the swampy ground at the toe. The
depth of the slide was about 50 feet near the top, where some
springs were discharging.

The second slide took place on August 6, 1951, in the morning,
and lasted for about half an hour. The main soil mass descended
during the first qguarter of an hour and then & smaller quantlty of
material followed, pieces of soil dropping off from the upper
edge during the following few days. The material blocked the
River for about half a mile, overflowed both banks and formed a
lake of about three-quarters of a mile in length upstreamn, flooding
about a dozen houses and interruonting the road and services. The
extent of the affected area is shown in Fig. 1. The debris con-
sisted mainly of silt bleccks covered with numerous trees; the
blocks had a height up to about 25 feet and rested in a very soft
mud which flowed into the kiver with the blocks, The length of
thig second slide wasz about 1,700 feet and its maximum width about
800 feet. The average slope of the affected area, which is about 2%
acres In surface, 1s now about one in eight. About 1 million cubic
yards of soll are ectimated to have been involved in the earth {low.

Site and Soil Conditions (Surmer 1953)

In view of the rough nature of the ground, only an aporoximate
longitudinal section of the earth 'low canr be given, as indicated
in Fig. 2. The upper part shows the slipped soll mass typical of
a retrogrescive rotstional sllide. The centre and 1lowser part of
the area consists of numerous hard silt blocks resting in a soft
matrix of silty clay with a harder upper crust. Since the earth
flow occurred, some of the silt blocks have decomposed by weather-
ing and erosion from rain and water of some springs near the top
of the slides The =slide area, wnich was previously bare of all
vegetation, had meanwhile been partly covered with grass and other
herbage, especially on some sand and gravel heaps between the silt
blocks. The springs had formed several ponds in the flow area. At
the toe of the earth flow, the Rimouskl River has considerably
eroded the silt blocks and undercut some of them. The silt materisgl
originally covering the rock outcrops has been largely washed awzy
into the S8t. Lawrence River.

In general, the sol!l strata consist of loose sand and
gravel overlying about 20 feet of dense clayey silt. The =silt
is underlain by a thick bed of fairly insensitive soft silty clay,
which generally has a shearing strength between one-quarter and
somewhat more than one-half ton per scuare foot, This clay which
has a natural water content of about 30 per cent, plastic limit
of 20 and liquid 1limit of L0 is followed by a dense till on bed-
rock, mainly clay shale. At the top of the =lide, where a falirly
deep borehold was made, a thin layer of very dense clayey silt
with a high artesian water pressure was found, at a depth of
about 20 feet below the surface of the soft clay. At the toe of



the slide, disturbed naterial was found to a depth of about 20
feet and this appears to be the general depth of the slip surlace
below the present ground level, In the undlisturbed soil near the
toe of the slide, a small artesian pressure was observed in
another borehole.

SJauses of the slide

From the evidence obtained in interviews with some
20 eye-witnesses and irom the present site investigation, there
would appear to be no doubt that the earth [low was caused by
erosion of the toe of the bank by the Rimouskl liver causing a
local instability. This caused the i'irst slide, which was probably
retrogressive from the River to the upper edge and left the
adjacent soil mass in an unstable condition. Thus a second slide
took place, which eye-witnesses saw to continue retrogressively for
geveral hours. Stability was not reached until the earth {low
extended over the whole width between the stable shale along the
northwest edge and the clay and silt along the southeast ed;e,
which had slipped some 100 years ago, and had therefore reached
coaparative equilibrium.

The earth Ilow 1s lilely to have been acravatoed
by arteslian groundvaier conditlons which may have caused a quick
condition of the silt immediately after local instability occurred
at the toe of the slide. In addition, the soft clay underlying
the silt has enabled the silt blocks to slide with 1little restraint
for a considerable distance, causing general instability, as
observed by eye-witnesses. A rough stability analysis of the
earth flow using the observed aonproximate slip surface indicates
that the average shearing strength of the silty clay was about one-
half ton per square foot, which 1is »of the same order as that
determined from soll samoles.

The relatively shallow depth and flat slope of the
earth flow are consistent with other observations on this type of
landslide in Quebec and Scandinavia, except that in all these
cases very sensitive (quick) clays wers involved., The present
slide, however, occurred almost exclusively in silt, which 1s very
sensitive to subterranean erosion, as noticed at the River end
and other parts of the ecarth ."low.

Conclusions

The field investigation indicates that the earth
flow at Rimouski was initiated by eroslion of the soll, mainly
sand, gravel and silt, at the toe. This erosion caused a retro-
gresaive slide from the River to the upper edge., The earth [low
has been aggravated by artesian groundwater conditions and
soft clay underlying the silt. <“he observed depth and slope of
the earth low are similar to those found on other carth flows.
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Fig. 1 Aerilal View of Second Slide (August 1951)
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Discussion

In reply to questions from iir. Gadd, the author
satated that the total height of the slope was about 200 feet,
It was not known whether the silt layer and the clay layer were
of the samne geolosical origin. The sllt wasg dense and possessed
a moderate cohesion, and had a high dry strength. The clay in
the slide was soft, relatively insensitive und had a shear
strength of 0.2 to 0.5 ton/sq,ft° Reparding the speed with which
the slide took nlace, IJr. Meyerhof stated that the evidence [ronm
the eye-witnesses was somewhat contradictory. From the evidence
at hand, the [irst slide took place in approximately & minutes.
The sscond slide consisted ol a first rush lasting about half an
hour, then .iaterial continued to drop off the cdges i'or several
hours., 1he actual speceds of the slides may not have been
ailferent, as the observers were startled hy the first slide.

Dr. ilcbeod asked if this type of landslip could be
analysed by thie usual theorics of slide failure. Dr. isyerhof
renlic. that the slide was 2n a geological scale, and due to

r

.

al causes, and hence very dillicult to analyse. In resly to

iIr. Bozozuk asked the authior about the causss of the
artesilan prescsures mentioned 1in the paper.

r. izyerhof replied that the preclse causes of
»ressure were dit'ficult to deteriaine. The investigation took
place two ycars gfter the slide, and hence :wuch of the evidence
had teen obliterated.

In response to Dr. Zadforth, the author stated that
the investication was done on uehalf of the Quebec Streams '
Comnission, with the purpose being to see if 1t would be possible
to predict future landslides of iilg tyne. Iir. Ross asked if the
trees remained upright during the slide. He reported that he had
gseen flow slide areas in the Northwest Territorles where the
treecs resained upright after the slide. or. lieyerhof sald that
the trees were knocked over in this slide.
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Report from the Soil lMechanics Section
Division of Building Research

Ground Temverature Project - C, B, Crawford

The study of ground temwperatures by the Division of
Building Research is following three distinect phases. These are:
literature review, field measurements, and laboratory investigations.
To date a considerable part of the literature has been reviewed and
some field measurements are being made. The laboratory study has
been 1limited to routine classification tests of soils in conjunction
with field nmeasurements,

Ground temperature rcasurements are now being made at
several lociations in Canada by the Division and in co-operation
with other agenclies., These locations include Aishibhik in the Yukon,
Yellowkrife and Hesolute Bay in the Northwest Territories, Uranium
City, Saskatoon, Winnipeg, Labrador, Toronto, and Ottawa. In
Toronto the wnesasurenents are being made in connection with the new
subwaye, In Ottawz; gsoll tewperatures are being observed at three
sites near the lavoratories of the Division. 1In addition to this,
records are being kept of frost depth in every excavation made by the
City rater ‘vorks Department.

The value of the data obtained by the Ottawa Water Works
Department has prompted an extension of this aspect of the study.
Accordingly, arrangements have been made to collect similar infor-
mation at Prince George and Nelson in British Columbia; at Edmcnton,
Ssskatoon, and Yinnipeg on the Prairies; at North Bay, Ottawa,
Montreal, and (uebec City in Ontario and Quebec; and at Fredericten,
Halifax, Charlottetown and St. Johns in the Waritimes. These
thirteen locationa form a nucleus of stations across Canada which
could be extended to account for other climstic variations if the
first attempt is successfule,

In order to simplify the field work, records include
only date, location, depth of frost, soil type, and surface cover
concéitions, It is hoped that these data may be related to air
temperature records to assist in the empirical aporocach to the
prediction of frost penetration,
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Flzet Slab Project = K. N. Burn

The purpose of this study is to arrive at an adequate
and economical design for floating concrete slabs constructed on
swelling soils.

After much consideration, two concrete slabs were de=
signed anc constructed at the hontreal Road site of the National
Research Council. The slabs are 20 feet square and 6 inches
thick throughout with no psrimeter beams nor reinforcing of any
kind, One slab was placed on the ground suface from which
the vegetation and a minimum amount of soil were removed to level
the site; the other was placed on an 18-inch base of well-compacted
crushed stone. The concrete was placed in two 1ifts of 3 inches
and on ton of the first, heating wires were placed.

Edge insulation was provided to a depth of one foot
below the uonner surface of each slab. Later the sloping edges of
the crushed stone base were covered with sand and sodded to help
nrevent loss of heat.

Shelter was provided in the form of prefabricated Army
huts, and the termperature inside the huts is thermostatically con-
trolled at about 70°F. during the heating <eason {(October 1 to

June 1).

Thermocouples buried to a depth of 15 feet below the
surface and at varisus noints beneath the slab, at the perimeter and
outside, record temperatures in the soil from which the advance
and retreat of isotherms are traced. Normally there 1s sufficient
haat loss from the perimetsr of each slab In winter to prevent
freezing ol the adjacent socil.,

Vertical fibre pives 1 1/2 inches in diameter were
placed in each slab so that soll samples could be procured when
desired by reans of auger borings, These pipes are s=aled *ith
petrowax against the loss of meisture, After borings are made,
the holes are back-filled and sealed. Soll water content is de-
termined in the laboratory and water content profiles are plobtted.

Ground movement gauges were also installed beneath each
slab at depths of 2 feet and § feet below grade. These were placed
50 that movement could be traced at a number of points from the
centre of each slab to a few feet beyond the south edge. To com-
pare the movement of the soll beneath and immediately surrounding
sach slab with that of natural ground, a nurber of gauges to in-
dizate movement to a depth of 12 feet 6 inches were installed at
the site. The movements of all gauges are read every two or three
weeks. In addition to this tracing of grcund movement, readings
of elevation are taken periodically over the surface of each slab
at definite pointsa,.
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Groundwater table movement is followed at cobssrvation
wells. The groundwater table varies from the ground surface to
about 9 feet below the surface.

The 501l is a weathered Leda clay, grey-brown in colour,
and highly fis=ured at the surface. Unweathered clay 1s encountered
at 10 to 12 feet. 1In exhibits properties of swelling and shrink=zgs,
and in lMarch, 1972, ice lenses vere discovered a few inches below the
surface. It is belisved that the fissures allow sufficient movement
of moisture through the clay for the build-up of ice lenses.

Briefly, the results of soll tests are:

Natural water content varies almost uniformly with depth from
30 ocr cent at the surface to 80 per cent at 15 feet;

Plastic limit is almost cons tant at 30 »er cent;

Ligquid limits vary fairly uniformly from 60 per cent at the
surface to CO per cent at 15 feet;

Shrinkage limits are fairly constant at about 25 per cent.

Grain-size analyses show that ab-ut 65 per cent of the
301l is of clay size and the remaining 35 per cent of silt and sand
size, tut chiefly in the silt size range.

RBecause of the fissured nature of the c¢lay, much difii-
culty was encountered in trimming samples for comnression and con-
solidation tests. Conseqguently, only a few of these tests were
carried out successfully and the regults are scattered., Further
samples were procured this fall, however, on which these tests
will be conducted.

The results of ground movement gauge readings show that
nearly all of the swelling takes place in the upper twc feet of the
g0ill with the surface change in elevation of the order of 0.2 feet,
and that at a deoth of 2 feet about .01l to .02 feet, Consequently,
the gauges at 2 feet and 5§ feet below grade bansath each slab and at
the perimeters do not show sufficient movement to differentiate bet-
ween seasonal variation and that caused by rain storms,

The readings taken over the surface of each slab, howsver,
show that the edges have definitely been raised with respect to the
centres. There 1s considerable difference here betwesn the two
slabs., The differential movement between the centre and edges of the
slab on the crushed stone base amounts to only about one-quarter of
the movement of the slab placed directly on the soil,

It 1s too early to say whether the design of either slab
is satisfactory, but they have both weathered two complete cycles of
seasonal changeswithout any signs ol breakage.
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Report on Rideau Landslides -~ M. Bozozuk

The drainage of the Rideau Canal each autumn causes con-
siderabvle trouble for the Canal Services Eranch of the Department
of Transvnort in the way of landslides. Over the nast number of
yesrs, several landslivns have occurred in the high Leda clay banks
along the Rideau River between Hog's Back and Black Ranids. One
such slide destroyed two summer cottages.

Using the shearing strength of the soil with other factors
it is vossible to deduce the margin of safety of the bank agesinst
sliding along a circular arc with and without changes in river
level.

In co-operation with the Canal Services, a slop stability
investigation of the Rideau River bank was undertaken at a location
consid=ared to be one of the most critical. Three borings on a line
nerpandicular to the river chammel were made:

Boring No. 1 was taken to bedrock and proved by a
10-foot rock core;

Boring No. 2 was taken to refusal in till at a depth
of 117 feet;

Boring ho. 3, done by hand at the wateris edge, taken to
1li-foot depth;

Undisturbed samples were obtained as often as conditions
permitted using a thin-walled piston sampler.

The borings revealed a non-uniform soil profile with the
layers dipning 12° towards the river. The surface layer was rela-
tively loose silty-sand which contributed nothing to the slope
stability. Fissured brown silty-clay was found beneath this sand;
it,too, ylelded unreliable shear strengths. From here to bedrock
the profile consisted of alternating layers of silty clay, silty
sand, some varved clay, and till, The strength tests were performed
on undisturbed samples.

The Tellenius construction was used in the analysis to find
the most dangerous circle. It was found that the worst conditions
occurred at low water level, with the centre of the sliding circle
approximately above a small revetment wall at the water's edge. An
attempt was made to find the probably failure surface of a slide
which had occurred about a hundred feet away by superimposing the
two profiles,

It is possible that, due to the sloping strata, a failure
surface would not conform to a circle throughout its length. 1t may
be circular near the top, then parallel to the slope of the soil
strata. In lact, trial calculations indicated that the composite
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failure surface would be more critical than a circular surface.

The best solution to this problem was to flatten the
slope and construct a barrier at the toe to stop wave action.
Loading the toe with rock ballast, although stabllizing part of the
slope, actually aggravates the condition as a new, deeper slide may
develop. The rate of river draw-down should also be controlled as
a safety measure.

Moisture Studies - E, Penner

The physical propsrties of soils are largely modified
by the water which is held within its framework. Unfortunately, in
the nast, more emphasis has been placed on the quantity of water in-
volved, than on the force with wvhich it i1s held. The behaviour of
molsture in soils in many aspects is similar to moisture in any
other norous material, although there are many moisture problems
neculiar only to solls. For those of u« who are concerned with soils,
an unusual amount of llterature on other porous material is at our dis-
posal. In many cases there is the need for intelligent interopretation
for subsequent ap»nlication to soils.

The 33ullding Materials Section of thils Division has for
some time been actively engaged in thermally activited diffusion studiss
in porous materials at various moisture tensions. At present the
mechanism of moisture movement is being given considerable attention.
The Soil liechanics Section woisture program, although intended to ewm-
phasize moisture problems peculiar to soils, will represent only a
fracztion of the integrated effort by the Division of Bullding Research
on moisture in materials.

Through these projects it is hoped that we can contribute
to the understanding of this wide field. Very briefly then we must
first study some of the thermodynamic properties of soil molsturs.
Equipment is beir; essembled to study the free-energy moisture-con-
tent relationships of solls from oven dryness to saturation.

Hon-destructive methods of moisture measurement in porous
materials 1s still in a very unsatisfactory state. Two approaches
" are generally recognized, that is, onc can measure the quantity held
or the free energy of the moi<ture. If the free-energy moisture-
content relationship is known, the quantity of water held is also
indirectly measured.

Commercially available suction meters have been obtained
for which electrical-resistance moisture-suction calibrations will
be carried out. If imvrovements in the geometry of the suction
meters prove neceseary some time may be devoted to this asmect. The
most common material used for the blocks is nlaster of paris,
lowever, varicus other materials such as nslon, fiberglas, and norous
ctones gre =21lso used, If it is desired that the molsture content of



the soil be known in addition to the suction force with which water
is held, the suction-force molsturs-content relationship of the
particular soll in which the meter is buried must be established.
All the necessary data are then available for a granhical solution
of moisture content. There are many limitations to this method and
although we sre not ooSimistic as to 1ts usefulness in the field,
claims for considerable accuracy are being made in recent literature
which need substantiation.

An example of' a method which measures quantity of water
is the neutron scattering method. Plans are being made to wmeasurs
molisture in this way 1n connection with the flst slab project.

In aduzition to empirical studles of frost heaving soils,
we expect to be concerned with the more fundamental aspects such
as the mechanics involved when moisture moves into the freezing zone,
ice lensling phenomena, and the effect of various cations. The prob-
lem is recognized as a vary large and complex one. NMany important
contributions have already been made by other institutions,

The “teep Rock Project - V. J. Eden

Thiis 1s a long-term project undertaken by the Division in
its study of northern soils. It deals with varved clays and has the
ultimate objective of determining what role the varved structure plays
in such properties as shear strength, consolidation, and drainage.

The o»portunity for this study arose when Steep Rock Iron
Ilines were developed. To make mining safe and economical, it was
necessary to dralin Steep Rock Lake and remove great quantities of the
lake bottom deposits by hydraulic dredging. The lake bottom denosits
were, for the most part, varved clays. These clays usually have al-
ternate laminations of clayey silt and clay, each about 1/2 inch in
thickness,

The first part of the study, almost completed, was devcted
to a detalled investigation of the variation in physical properties
within the varved couplet, i.e., one dark and one light lamina,

Wiater contents, plasticity, and grein-size tests have been conducted
on individual layers and sublayers on a large number of samples.
liineral analyses have been made on a few samples. A few tests have
been conducted to ascertain the effect the varved structure has on
shear strength.

A paper dealing with this laboratory study i1s currently
under preparation; a sumrary only of the test results is therafore
presented here.

Natural water contentse.= A consistent variation of water
contents was found between the dark and light layers, as might be
expected from the nature of the varved clays., The minirum values
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occurred in the middle of the 1light layers, and the maximum in the
middle of the dark. The natural water content was found to be
almost invariably above the liquid limit, which results in extreme
sensitivity to disturbance. The value of water content in the
light layers ranged from 20 to LO per cent, and in the dark from
60 to 100 per cent.

Plasticity.- Variations in both the liquid and plastic
limits followed closely the variatlions in natural water content.
In terms of plasticity index the following range in values was
f'ound:

light layers -- 3 to §
dark layers -- 35 to 6§

Grain size.- A consistent difference in grain size was
found between the derk and light layers, but there was little
variation within the layers, as had been the case with water con-
tent and plasticity. Clay-sized particles made up from 17 to 35
per cent of the light layers and 65 to 95 per cent of the dark.

Yineral analyses.- The ligcht layers were found to contain
guartz, carbonntes, feldsnar, a little clayv, and a trace of organic
matter, The d:rk lay~rs consisted of qguartz, feldswmar, more clay
(probably montriorillonite), and a little organic matter. This
analysis was made by Wbr. S. A. Forman of the Phrsical and Crystal
Chemistry Section of the Denartment of liines and Technical Surveys
using the differential thermal and X-ray diffraction techniques.

Shear strength.- Ag yet, insufficient results have been
obtained to draw any definite conclusions. The few tests so
far conducted revealed that the orientation of the varves with
resnect to the direction of stress did influence the shear strength.
Maximum shear strengths were ovtained when the varves were oriented
elther pervendicular or parallel to the direction of the mgjor
principal stress. Minimusm values occurred when the varved planes
were Inclined at 30 degrees to the direction of stress, with the
minimum values roughly one-half that of the maximum. Other tests
indicated that the dark layers, in splite of their high water content
and high plasticity, were much stronger than the light layers.

Discussion

Mr. Baracos added to the report given by Ir. Burn by
mentioning the experimental flat slab in Winnipeg which is a joint
project between the Division of Building Research and the University
of llanitoba. Dean lMacdonald asked if any cracks had apneared in
the experimental slabs. Mr. Burn renlled that a hairline crack had
developed in the slab founded directly on the clay, but it was not
considered to affect the slab structure.
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Dean Vacdonald considered the experimental slabgs were
operating under ideal conditions and thought if the slab was sub-
jected to the temnerature variations and the traffic and loading
encountere:d in the home, the crack might prove more serious.

I'r. McRostie asked 1f there were any reasons for the slabs taking
on a digsh shape. It was the reverse of what occurred in arid clirates
where the centre of the slab heaved.

Wr. Baracos revnorted that the centre of the Vinnipeg
slab was higher than the edges.

kr. Schriever stated that the experimental slabs were
constructed at the driest time of year, hence any swelling on
wetting would be greater at the edges than in the middle. If thse
slabs were constructed when the soil was saturated probably the re-
verse would be true.

Mr. McFarlane asked how much difference there was in the
movements of the slabs founded on soil and ;ravel. Mr. Schriever
reported that it was in the order of 1/l; tc 1/2 inch.

Dr. imeyerhof asked 1f any triaxial tests, similar to
the unconfined results, had been conducted on the varved claye. He
suggested that due to tiie silty nature of the light layers, there
may not be so much variation in strength. kkr. mden replied that to
date no triaxial tests had been conducted. bNr. Lea asked how
samples were obtained to measure the various propsrties of ths varves.

Mr. Wden replied that it was very tedious work. Special
tonls had been made to obtain thin slices of th: varved samvles.
Block samples had been used extensively in the testing.

There being no further discussion, the chairman renorted
that, following the set pattern, the next conference would be held
in Ottawa. He would welcome any suggec<tions on the form of future
conferences,

Mr. PBaracos mentioned that before kr. Peterson's talk, a
summary of his talk with references was distributed. {ir. Biracos ¢
sidered this an excellent idea and recommended that it be consider
for all pavers 1in the future. Dr. Radforth supported lir. Baracos!
view, Dr. lleyerhof stated that an agenda distributed in advance of
the conference would be very convenlent., There was general apiroval
of this =suggestion.,

cn-
ed
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APPUIDIX B

TOYES ON VISIT TO E ROYAL SWEDISH GEOTECHNICAL INSTITUTE

; by
N.D. Lea

A little time before the Third International
Conference in Zurich, the Royal Swedish Geotechnical Institute
held two identical two-day conflerences. Dr. liorman ilcLeod
and the writer attsnded the second confercence which was held
in the week preceding the Zurich Confsrence.

un tne I'irst day, « e visited some construction
being carried out by the Department of Public Works in
stocitholm, were aken on a tour of the Stockholm Harbour,
and visited the Laboratory of the Royal Swedish Geotechnical
Institute, un the second day we observed ield demnonstrations
of equlpient described below,

LaBoursTORY

The thing which most impressed me about this
Laboratory was the eirTiciency obtalned by having the
Labaratory equipmnent adapted to cne size and typzs of sawmpls
container and by the use of automatic equipment. A bank of
automatic unconfined compression machines was seen. They are
stress controlled and automatically draw a stress-strain
diagram, with no [urther attention from the operator after
the gample has been installed.

An automatic consolidation machine has been
constructed.,. One of its notable features 1s that on the
displacement-time diacgram, which 1s drawn automatically, the
ordinate 1s the square root of time rather than arithmetic
time.

EQUIPMENT

Equipment seen includes the foil sampler one of
which was demonstrated and described at the Fifth Canadian
S0il Mechanics Conference. It will therefore not now be
described in detail, There have been certain important
developrients, however, since 1951, Considerable work has
been done with rotary drilling in conjunction with the foill
sampler and with this procedure 1t has been possible to
obtain continuous samples of almost all soils. The use of
drilling rluids in connection with a simple manual frame has
also made 1t possible to obtaln samples in sand using this
equ ipment. A& new hzad has besn constructed which has certain
simplified features = the piston, for example, does not
require the continuous holding of the chain,
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A pneumatic piston sampler was seen in which
the sample tube 1is nushed into the ground by alr pressure
acting within the sampler itself. “hen full penstration
is obtained, the alr osressure is able to by-pass the sample
container and activate gshutters, which cut off the sample
at the bottom. When the shutter operation is complete, air
is injected around the shutters, thus eliminating the vacuum
at the bottom of the sample.

£ side intake sand and gravel sampler was examined.
It consists of a circular steel body with a series of closely
spaced holes or chambers drilled from one side. All holes
are covered with a steel shutter while the sampler is driven
into the ground. When the sampler reaches the r equlired depth,
the steel shutter is withdrawn and a feeder and follow-up
plate shutters are driven into the same giroove. The feeder
forces a disturbed sample of soil into the holes in the
sampler body. %hen the sampler is withdrawn, 1t 1s emptied on
to a board and the result is a small continuous ridge of soil
truly representative of the sand and gravel in place. Further
details of this tool are given in Proceedings No. 7 of the
Royal Swedish (Ggotechnical Institute,

A vane tester was developed by the Institute in
1947 to 1950, It has been uescribed in Jetail in Proceedings
No. 2 of' the Royal Swedish Geotecnnical Institute. It has
been discussed at previous Canadian Soil Mechanics Conferences.
It is operated independently of a borehole. The vane retracts
inside a orotective cap while the casing anli vane rod are
driven intc the ground,

Certaln special piezometers have been develope¢ ~f
which the outstanding feature 1s that the equipment for
measuring the pressure is not left permanently in one location,
Yhen it is desired to t ake g reading, a special cap or insert
igs lowered through a pipe to a point a few inches above the
plezometer tip Where it connects by gravity to a valve
comnunicating with the water in the porous stone. The cap or
insert i1s equipped with elither a hydraulic or & sneumatic-elec-
tric system for measuring the water pressure with no material
displacement of water. This device eliminates the Ifrost
problem which 1s serious in other types of plezometers.

Two penetrometers devr1> the Royal Swedish
Geotechnical Institute were examined; thsy give pronmise of
being much more economical than tne dynamic type,

In the pull-type device a toggle bolt to which a
wire rope is fastened is pushed into the ground. 'nen the
wire rope 1s pulled, the tog;le opens out, The r esistance is
measured by a simple manual machine which autcmatically draws
a aepth-resistance dlagram. bkncouraging orogress is being
made 1in correlating the resistance with shear strength.
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The machine 1s very sensitive to sand layers in a soft clay
deposit., The equipment is designed so that it can be carried
on a man's back.

In the rotary venetrometer, the machine 1s operated
by one man who also drives the truck on which it is mounted.
The specd of penetration is up to about 10 feet per minute,

A point resistance depth dliagram is automatically drawn. A
slight revision 1s belng madue 1in the penetrometer so that
point resistance and frictional resistance will both be
auotmaticslly plotted agailnst depth,
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CAL MEMORANDA

Proposed fi=21d soil testing device, August 1945.%

Report classified "restricted”. September 1045

Report clessified "confidential"., tovember 1G4S

Soil survey of the Vshicle Proving Establishment, Ottawa. Oct. 1Q45.%

Method of measuring the significant characteristics of a

SNnow=cover,

G. J. Klein. Nov. 1946,

Report classified "confidential". November 19546

Report classified "restricted".

March 1947

Report classified "confidentisl". June 1947

Proceedings of
Proceedings of the
Procesedings of

Index to

Canadian papers:

Canadian
Union of

Canadian

G.

the

the

1047 Civilian Soil Mechanics Conference. Aug.l9L7 =
Conference on Snow and Ice, 1047. Oct, 19L7
16L& Ccivilien Soil Mechanics Conference. Oct.1949

Proceedings of Rotterdam Soll Mechanics Conference. May 19&9

Rotterdam Soil Mechanics Conference. June 1949

J. Klein. Aoril 1650

papers presented at the Oslo meetings of the International
Geodesy and Geophysics. December 1CL9G

survey of physical characteristics of snow-covers,

Progress report on organic terrsin studies. N.W.,Radforth. April 1G50

Proceedings of the 1949 Civilisn Scil Mechanics Conference. Aug.1950

Method of measuring the significant characteristics of a snow-cover.
J+ Elein, D. C. Pearce, L. ¥, Gold. November 1950

G.

Proceedings of the 1950 Scil Mechanics Conference, April 1951

Snow studies in Germany.

Major M, G. Bekker, Directorate of Vehicle

Development, Department of Naticnal Defence. May 1951

The Canadian snow survey, 19,7-1950., D.C.Pearce,L.W.Gold. Aug. 1951

Annual report ¢f the Canadisn Section cof the International Society of
Soil Mechanics and Foundation Engineering (June 1950 - June 1951)
October 1951

Proceedings of the Fifth Caradisn Soil Mechanics Conference,
Jan. 10 and 11,1952, May 1552
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LIST OF TECHNICAL MEMORANDA (Continued)

A suggested classification of muskeg for the engineer. N.W.Radforth.
May 1652

Soil mechanics papers presented at the Bullding Resesrch Congress
1951, ©November 1952

Annual report of the Canadian Section of the Internstionel Soclety
of Soil Mechanics and Foundation Engineering (June 1951 to
June 1952),., December 1952

Proceedings of the Sixth Canadian Soil Mechanics Conference, Winnipeg,
December 15 and 16, 1952. May 1953

The use of plant material in the recognition of northern organic
terrain characteristics. N. W. Radforth. March 1954

Construction and maintenance of roads over peat. F. E. Dryburgh
and E. R. McKillop. (Reprinted with permission of D.S.I.R.,
Great Britain.) July 1954

Canadian papers presented at the Third Internstional Conference on
Soil Mechanics and Foundation Engineering. July 195i

The International Classification for Snow. (Issued by The Commission
on Snow and Ice of the International Assoclation of Hydrology.)
August 195l

Annual Report of the Canadian Section of the International Soclety
of Soil Mechanics and Foundation Engineering. Jume 1953 to June 1954,

July 195k.



