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ABSTRACT

This thesis contains a summary of data regarding
engineering characteristics of the subsoils on the
University of Manitoba Campus, together with such ex-
planatory material as appears necesséry for a general
understanding of subsoil conditions on the Campus, The
records of 52 test borings and many hundreds soil tests
of various types are assembled and summarized in the
quantitative terminology of modern soil mechanics.

The result of the study shows that the soil profile
at the‘University of Manitéba Campus conforms generally
to the typical Lake Agassiz deposit in the Winnipeg Area,
The subsoils for the most part consist of a series of
glacial clays of medium to stiff consistencies for thick-
ness of about 50 feet underlain by 10 feet of glacial
till on limestone bedrock,

The study also indicated under what condition it is
practical to support light to medium weight structures on

spread footings subject to certain precautions, Heavier



(xiv)

buildings and those structures where very little settle-
ment or heave can be tolerated, were shown to be more
appropriately supported on deep foundations, for example
friction piles, and end-bearing piles or caissohs resting
on "hardpan" or bedrock, Furthermore, to make.cgrtain of
successful design of any engineering structures on the
Campus, precautions must be taken against the possible
detrimental effects of soil volume change, frost heave,

high percentage of harmful sulphates, and severe seepage

which may occur in some locations.



CHAPTER I

INTRODUCTION

For at least nearly a hundred years, the local
engineers have been exploring the subsoil of the'Winnipeg
area to obtain information for the design and construc-
tion of engineering works in the area. In 1937, ﬁhe
Committee on Foundations in Winnipeg recommended ﬁhat
research work on foundation problems both in the field
and laboratory be carried out. The establishment of the
Committee on Foundation in 1937 in Winnipeg marked the
16cal transition period from traditional methods of des-
cribing the subsoil by physical outlooks to those now
accepted as more suitable and scientific approaches. The
advances in the‘concepts of soil mechanics and foundation
engineering over the last sixty years are reflected in the
design of foundations on the Campus.

1.1 Objective

This thesis examines subsoil conditions at the

University of Manitoba Campus, with the primary objective

to collect relavant data pertaining to design and con-



struction of foundations and related engineering struc-
tures on the Campus. A more limited aim of this thesis
is to compile and correlate data on the local soil pro-

perties in sufficient detail for use for new construction,

1.2 ScoEe‘

In order to accomplish the above mentioned purposes,
a total of 52 test boring records and many hundreds soil
tests of various types were assembled and summarized in the
quantitative terminology of modern soil mechanics. The re-
sults are expressed in the form of test ho;e logs (Appendix A)
and cross-sections (Figure 1.2, 1.3, and 1.,4)., This information
is supplemented by a statement of the geological origin and
summary of the properties of the subsoils,

In addition, foundation plans of some existing build-
ings on the Campus were studied with particular reference
to each type of foundation used, including spread footings,
friction piles, end-bearing piles, and caissons., Analysis
of performance of selected foundations of each design were

made using the data gathered by the author., Other related

areas of foundation problems were also considered, such as



basement floor upheaval due to soil swelling, frost heave,
corrosion of metallic pipes, and attack on concrete by the

chemical reaction of soluble sulphates,

1.3 Soil Profile

The University of Manitoba Campus, Figure (1.1), is
built on the bed of the old glacial Lake Agassiz. ‘Based on
the test hole logs data, and typical cross-sectionsvas shown
in Figures (1.2), (1.3), and (1.4), the thickness of the clay
strata between the surface grade and limestone bedrock is
about 50 feet. These subsoil strata are divided into typical

lavers as follows:

(a) Roughly two feet of organic top soil .
(b) Four feet or so of brown silty clay,

(c) Tan silt which varies in thickness from a
few inches to three or four feet .

(qa) Approximateiy twenty feet of dense brown clay
(e) Some twenty-six feet of dense grey clay ,
(f) Five to ten feet of glacial till.
(g) Ordovician limestone bedrock .
The typical soil profiles on the Campus are shown

in Figures (1.2),(1.3),and (1.4).
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CHAPTER II

GEOLOGY OF THE WINNIPEG AREA

An understanding of the geological history of Mani-
toba provides a useful insight to the foundation condi-
tions on the University of Manitoba Campus. The geology
of the Winnipeg area has been studied and reported by:
Upham,39 Klassen,21 Cherry,lo Elson,14 and Davies. '3 Only
those features that have had an apparent significant in-

fluence in creating the present Winnipeg subsoils will

: be discussed here.

2.1 Bedrock

Greater Winnipeg lies in the Lake Agassiz basin which
is known locally as the Red River Valley. This whole
region rests upon the Prngambrian granitic rock or the
Canadian Shield, which out-crops and marks the limit of
bedrock to the north aﬁd the east., To the west of the
Shield lies a series of low gradient Paleozoic and younger

sedimentary rock formation dipping westward., At the site

of Greater Winnipeg itself, the underlying bedrock consists



chiefly of Ordovician limestone. The present Winnipeg
subsoils, which consists of thick layers of clay and silty
clay, and about ten feet of till, occurred as a result of
Pleistocene glaciation which in turn created, in its

closing stage, the glacial Lake Agassiz and its deposits.

2.2 Pleistocene Geology of Manitoba

Elson14 states that only the advance and retreat

of the Wisconsin glacier of the most recent ice age has
left deposits in sufficient quantity to affect foundation
design in the Winnipeg Area. The flow of the Wisconsin
glacier in Manitoba Area was southward as marked by the
directions of striation on bedrock, drumlins, and boulder
trains., As the ice sheet advanced, it smoothed the bedrock
as well as adding shale and clay to the stones and rock-
flour, and when the ice melted the glacial drift was left
in a deposit of mixed,»confused mass of clay, sand, gravel,
and boulders, which is called till., Since the deposits

of a glacier are determined largely by the material picked
up in the vicinity, those in the Winnipeg Area are composed

primarily of silt, sand, rockflour, gravel, and boulders, the
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derivatives of the Precambrian granite of the Canadian
Shield and the Ordovician limestone outcroped near Win-
nipeg. As the Wisconsin glacier retreated northward and
eastward, the meltwater from the glacier became impounded
and formed the glacial Lake Agassiz between the high
ground to the south and the ice to the nérth. Rivers
also flowed into Lake Agassiz and resulted in the deposi-

tion of silts and clays.

2,3 History of Lake Agassiz

Lake Agassiz occupied the basin of the Red River
and a wide region to the north., The earliest outlet was
south-eastward through the Minnesota River Valley into
the Mississippi. Deglaciation opened lower outlets across
Ontario and Lake Superior and drained the Lake. Re-advance
of glacier blocked those outlets and recreated the Lake,
which was later drained and recreated a second time in
a similar manner, The Lake grew to great size and ulti-
mately disappeared as a result of drainage through newly
opened northern outlets into the Hudson Bay,'the last of

which was the Nelson River systenmn,
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2.4 Origin of the Winnipeg Subsoils

The formation of Lake Agassiz enabled fluvial and
lacustrine materials to be deposited over the glacial tilil,
which resulted in local smoothing of the Lake®'s bed, On
the site of the University of Manitoba Campus the'thick-
ness of the fine grained lacustrine matérial is ébout fifty
feet. In order of increasing depth, the material éonsists
of four distinguishable layers: the brown silty clay, the
tan gilt, the brown clay and the grey clay. The origin of
each individual stratum mentioned will be discussed in the
following paragraphs. A few feet of organic topsoil and
some £ill, which sometimes cover the surface, are not dig-
cussed because these materials are generally rémoved before
any construction, hence having no significant bearing on
foundation designs.

The part of the Red River basin that contains deep
water lake sediments is about 300 miles long from north to
south, and 30 to 60 miles wide, with the north part the
ﬁidest. Maximum water depths ranged from less than 200

feet south of Fargo to about 700 feet near Winnipeg. Lake
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Agassiz received appreciable sediment from land areas,

particularly to the west.

The grey and brown varved clays: During the high water

level phases of Lake Agassiz, in a long episode of abun-
dant sediment, the thin laminated grey clay and later the
brown clay were deposited, The wave action eroded the
ice~laid deposits along the shorelines, removed the finer
material, transported and redeposited itin the Lake bottom,
As the deposits increased in thickness, stratification
occurred, and the clays were interbedded with thin layers
of rockflour and silt or very fine sand. This episode of
deposition took a long time, from about 13,000 to 9,000 B.P,.,
as reflected by the thickness of the clay strata. The
papery laminae of the clay structure suggest a remote

ice margin and deep water during the entire period of depos-

ition of the clays.

The tan silt: The “tan silt" bed occurs in many arxeas of

Greater Winnipeg. The deposition of the silt represent
an event of relatively short duration when there was an

influx of sediment coarser than clay size into the northern
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Red River basin,

Elson14 interprets that possibly a lowering of the
Lake level at the close of Lake Agassiz phase III by a few
tens of feet caused incision by rivers and erosion along
the newly exposed shores by active wave action., Later the

Lake level rose and the silt unit was deposited.

The brown silty clay: These deposits overlying the tan

silt are of more recent origin and suggest deposition in a
period of rapid change when Lake Agassiz was being drained.
The brown silty clay is quite variable both in its occurrance
and degree of lamination.

Stratification and lamination of the clays in Lake
Agassiz basin can be attributed to the summer and winter
flows of the rivers which drained into the Lake, During the
summer, flow of maximum discharge carried the heavier mat-
erial into the Lake depositing silt layers. While in win-
ter, flows of lesser discharge carried the lighter, finer
material, and the water body was calm allowing clays to

be deposited.



CHAPTER III

SIGNIFICANT SOIL PROPERTIES

In this chapter, the pertinent physical properties
of the subsoil materials at the University of Manitoba
Campus are described. To achieve this goal, the boring
records done previously for site investigations were col-
lgcted. A total of 52 test hole logs were examined and
the information completely summarized as shown in Appen-
dix A, Location of test holes are shown in Figure (1.1).
Several hundreds of field and laboratory tests on undis-
turbed samples were also examined and summarized. Because
of their lacustrine and fluvial origins, the Winnipeg soils
are predominately clays and silty clays. For foundation
purposes, the most significant properﬁies are shear strength
and compressibility. These and claésifcation properties of
the various subsoils found on the University of Manitoba
Campus were studied and correlated. In so doing it was found
that some values of the unconfined compressive strength were
very low. This may be attributed to either the disturbance

on the sample or the inaccuracy of the hand penetrometer
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being used on some tests. The significant properties of
the subsoils are considered in order of increasing depth

as follows:

3,1 Brown Silty Clay

Table (3.1) summarizes the properties of the brown
silty clay. This stratum is generally found immediately
below the organic top soil., It is generally first encoun-
tered at a depth of 2 feet and occurs usually as approxi-
mately a 5 feet thick layer, In its normal state, brown
silty clay is stiff, fine grained, and practically imper-
vious. It dries slowly, but in the process of dehydration
it cracks and shrinks to considerable degree and becomes
pervious. If allowed to dry and then subsequenﬁly wetted,
it will swell. Ground supported floors heave under this
action. Several inches of differential heave of floors
in the UMSU Building occurred as a result of this cause
~following the 1950 flood,

The average unconfined compressive strength, based
on 16 tests, was 2,250 pounds per square foot ranging from

high and low values of 4,630 pounds per square foot and
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Table 3.1 Brown 3ilty Clay

Range
Depth of top of stratum (ft) 0-7
Depth of bottom of stratum (ft) 2-15
Moisture content (%) 21-45
Unit weight (1b/cu £t) 115-129
Degree of saturation (%) 93-100

Unconfined compressive strength 700-4630

(1b/sq ft)
Plastic limit (%) 15-30
Liquid limit (%) 35-84

Plasticity index (%) 20-54

Average

33.3

121

98

2250

22,2

62,2

40

No.of
Tests

38

22

16
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700 pounds per square foot respectively. The very low
value of 700 pounds per square foot probably represents
damaged or disturbed samples. Otherwise low strength
values generally occur near the bottom of the layer prob-
ably reflecting the higher water contents.

The average degree of saturation was 98 percent,

The majority of the tests revealed complete saturation,

but some of the tests had values as low as 93 percent,

The lower values correspond to samples obtained at shal-
lower depths. The high degree of saturation shown from
tests at different times confirms the belief that this
material is usually completely saturated and thus the angle
of internal friction in terms of total stress may be taken
as being negligible.

The results of four tests yielded an average value
of the liquid limit of 62.2 percent., The average plastic
limit and plasticity index were 22.2 and 40 percent respec-
tively, On the basis of these limits, the brown silty clay
has medium compressibility and plasticity, low permeability,
and medium to high volume changes with changing moisture

contenﬁ.
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3.2 Tan Silt

The tan silt is generally located immediately below
the brown silty clay. It varies in thickness from a few
inches to four or five feet., Twelve to eighteen inches is
a fair average, but in some localities the material is not
found at all., Table (3.2) summarizes the properties of the
tan silt.

Because of the shallow depth involved, it is the usual
practice not to build foundations in this silt. Worthy of
note is its greater pérmeability in relation to that of clay,
Seepage at shallow depth from the silt was shown by a‘number
of the test holes and is probably seasonally affected,

Based on its Atterberg limits, the tan silt is Classified
as a soil which is frost-heave susceptible material,unsuitable
below roadways or to support foundations subject to freezing,
Its occurance is responsible for damage on many of the Campus

roads, following the thaw each spring,

3.3 Brown Clay

Table (3.3) summarizes the properties of the brown

clay stratum. The brown clay is generally laminated with
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Table 3.2 Tan Silt

Range Average ggégg
Depth of top of stratum (ft) 1-8 4,4 22
Depth of bottom of stratum (ft) 3-11 7.2 22
Moisture content (% 21-50 35 2
Unit weight (1b/cu ft) - } - -
Degree of saturation (%) ' - - -
Unconfined compressive strength 800-1750 1275 2

(1b/cu ﬁt)

Plastic limit (%) ' 19-20 - 19,5 2
Liquid limit (%) 24-25 24,5 2

Plasticity index (s8) - 5 2
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Table 3,3 Brown Clay

Range Average ggégg
Depth of top of stratum (£t) 0-14 6.5. 52
Depth of bottom of stratum (£t) 8-35 26.1 : 52
Moisture content (%) 20-70 48,2 151
Unit weight (1b/cu ft) 104-118 109 17
Degree of saturation (%) 93-100 99 19
Unconfined compreSsive strength 500-3920 1674 105

(1b/cu ft)

Plastic limit (%) 25-40 32 8
Ligquid limit (%) _ 62-110 83 8

Plasticity index (%) 37-80 55 8
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layers of silty or sandy material from which light seepage
sometimes occurs, and usually contains a fair amount of gyp-
sum pockets, Grain size analyses show that about 80 per-
cent of the material consists of clay sizes and the remain-
der silt., The clay is somewhat over—consolidated; highly
plastic, slightly fissured, highly impermeable and almost
fully saturated. It generally lies below the tan éilt but
where the silt does not occur, it lies below the bréwn silty
clay stratum, It is generally encountered first about 6,5
feet below the ground surface, but has been found on the
surface in some localities and as deep as 14 feet in others.
Generally, the layer has a thickness of approximately 20
feet,

The brown clay ranges in consistency from soft to
stiff as indicated by the unconfined compressive strengths
ranging from 500 and 3,920 pounds per square foot, -On the
basis of 105 tests, the average unconfined compressive
strength was 1,674 pounds per square foot, which indicated
that the material is generally of medium consistency. A

study of the boring records shows that there is no definite
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variation in strength of the brown clay with depth except
that higher strength values occur near the top surface of
the layer,

The high average value of 90 percent for the degree
of saturation indicates that the material is usually found
in a saturated condition for which the undrained angle of
internal friction is negligible.,

The Atterberg limits indicate that the brown clay is
highly plastic, highly compressible, practically impervious
and subject to large volume changes with accompanying changes

in moisture content,

3.4 Grey Clay

Table (3.4) summarizes the properties of the grey
clay. The clay is distinctly laminated with many thin layers
of silt spaced between thicker layer of clay. The grey clay
is softer and siltier than the overlying brown clay. It gen-
erally has numerous calcareous silt pockets and contains lime-
stone gravel at the greater depths. The material has been
found as shallow as 8 feet and as deep as 35 feet and is gen-

erally first encountered at a depth of 23 feet, The thickness
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Tabhle 3.4 Grey Clay

Range Average ggégg
Depth of top of stratum (ft) 8-35 23.3 52
Depth of bottom of stratum (ft)  36-55 49,4 48
Moisture content (%) 21-80 51,8 187
Unit weight (1b/cu ft) | 102-127 111 28
Degree of saturation (%) ' 96-100 99,3 28
Unconfined compressive strength 300-5180 1442 118

(1b/cu ft)

Plastic limit (%) 25-32 27.8 9
Liguid limit ($%) 56-110 76,7 9

Plasticity index (%) 29-80 48,7 9
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of the layer is usually about 26 feet,

Based on 188 tests, the average unconfined compres-
sive strength was 1,442 pounds per square foot which cor-
responds to a medium consistency. The consistency had a
range from very stiff to soft. As in the case of the over-
lying brown clay, there is again no difinite variation in
the unconfined compressive strength with depth.

The grey clay is always found completely saturated
as indicated by an average degree of saturation of 99,3
percent, This factor generally permits the undrained angle
of internal friction to be assumed equal to zero when design-
ing foundations.

Its Atterberg limits indicate a material of high
plasticity and compressibility, very low permeability, and
one that is subject to large volume changes with moisture
changes. These properties, which are similar to those of
the brown clay, are generally undesirable for satisfactory
foundationé. However, since this material generally lies
below the depth of seasonal moisture variation, excessive

volume changes generally do not occur, and hence where
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foundations have been rationally designed and conservative-

ly loaded their performances will, in general, be satisfac-
tory.

3,5 Glacial Till and Bedrock

Table (3.5) summarizes the properties of the glacial
till. Beneath the clays are found glacial deposits of rock-
flour, silt, sands, and gravel, The upper portion, deposited
as the glacier receded, is sandy material containing a fairly
large percentage of ground-up limestone and some boulders.
Seepage from the till often occurs in sufficient volume to
cause trouble. The bottom of this material is the 1limit to
which a boring can be carried by the augers commonly used
for drilling cast-in-place piles or caissons., The lower por-
tion of the glacial till, sometimes described locally as hard-
pan, is believed to have been acted upon by the full weight
of the glacier. It is, therefore, highly consolidated and
very dense, This material contains a high percentage of
crushed limestone and boulders, It can be excavated with a
pick only with considerable difficulty and has about the

hardness and consistency of a poor quality concrete., When
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Table 3.5 Glacial Till

Depth of top of stratum (ft)

Depth of bottom of stratum (ft)

Moisture content (%)

Unit weight (1b/cu ft)

Degrce of saturation (%)

Unconfined compressive strength
(1b/cu ft)

Plastic limit (%)

Liquid limit (%)

Plasticity index (%)

Range

36-55

45-58

10-70

110-143

500-1610

Average

49,1°

54,1

23.4
127
100

1020

No., of
Tests

45

45

21
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exposed and in contact with water, it disintegrates readily,
The total thickness of the glacial till is about 5 feet but
the value varies considerably from place to place, This
stratum is generally encountered at the depth of about 50
feet below the ground surface.

As a general rule the Ordovician limestone bedrock
is encountered immediately below hardpan, as indicated by
many test holes on the Campus, Sometimes a layer of water
bearing sand, gravel, and decomposed limestone is found.
This may provide a heavy flow of water under pressure which
in turn may make impossible the use of cast-in-place piles
in augered holes, Mindess27 reported that this difficulty
was experienced at the Rust Research Building where the
former design using cast-in-place caissons had to be aban-

doned in favour of driven end-bearing piles,

3.6 Consolidation Characteristics of the Clays

The consolidation characteristics of the soils on
the Campus were considered separately from the other pro-
perties. This was necessary since very few consolidation

tests had been performed on Campus soils and recourse had
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to be made to results from other sites in the Winnipeg Area,

However, a few well performed test results on block
samples were available for the tan silt and the brown clay
sampled from the Education Building. These are shown in
Figures (3.1), (3.2), and (3.3).

Consolidation curves representing the consolidation
characteristics of typical Winnipeg Clays are also included,
(Figure 3.4 and 3.5). It must be noted here that these
tests were performed on soils from outside the University
of Manitoba Campus, from the site of the Searle Grain Elevator
which lies 1.5 miles east of Greater Winnipeg on the Trans-
Canada Highway. Because of the common geological history
of the Winnipeg clays discussed in Chapter II, it cannot be
far wrong to presume that the discrepancy between these values
and those of the clays on the Campus is small, Summaries of
the typical consolidation test results for clays in Winnipeg

Area are shown in Table (3.6) and (3.7).
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Table 3.6 Typical Consolidation Test Results - Greater

. . . 2
Winnipeq, Searle Orain Flevator.
’

Depth Natural Compressive Swelling Preconsolidation
(£t) Voiq Index Pressure Pressure
Ratio (tsf) (tsf)
9 1.88 1.10 0.68 3.1
14 1.71 0.62 0.46 4,6
19 1,79 0.90 0.74 4,2
24 1.73 0.78 0.52 3.6
29 1,79 0,98 0.52 3,2
34 1.72 1.10 0.66 3.0
39 1.83 1.24 0.48 3.1
44 1.92 1,44 0,72 3.0
a9 1,88 1.40 0.68 3.1

54 1.58 1,02 0.56 3.0
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Table 3.7 Typical Consoclidation Test Results - Greater

Winnipeg,Transcona Grain Elevator,

Depth Natural Compressive Swelling Preconsolidation
(1) YOS maex P Presouce
11 1.58 0.63 0.50 2.9
16 1.61 0.75 0.60 5.0
21 1,41 0.66 0.58 4,1
25 1.36 0.54 _ 1.02 4.9
30 1.33 0.45 0.71 4,0

35 1.12 0.28 0.28 3.5



CHAPTER 1V

THEORY AND DESIGN OF SHALLOW FOOTINGS

4,1 Historical Background

On the University of Manitoba Campus, those build-
ings built prior to 1914, such as the Administration
ﬁuilding, Tache Hall,'and the Geology Building were all
supported on spread footings. The major buildings.cf the
later years, however, have made use of deep foundation
typés such as piles, pier or c;issons; while the smaller
or lighter structures still made use of the shallow spread
footingé as dictated by economy., Table (4,1) gives the

types of foundations used in existing buildings on the

Campus,

4,2 Bearing Capacity

The term bearing capacity of a soil is the ability
of the soil to carry a load without failure within the
soil mass and also denotes a loading intensity which the
s0il can sustain without such deformation as would result
in settlement damaging to the structure. Prior to Terzaghi's

work, the design of shallow foundations was mainly empirical



Table 4.1

- 35 -

Types of Foundation Being Used in Existing Buildings on the Campus

Date Type of Foundation
Name of Building of Pile Caisson
Spread
Fric- End or
Construc.] Ftg. . . Pier
tion Bearing

Administration Building 1911 X
Agriculture Engineering Building X
Agricultural & Agric. Science Building X
Allen Building (Physics) 1959
Animal Sciences Building 1960 X
Animal Science Equipment Shed X
Architecture Building 1958 X
Armes Building (Science Lectures) X
Barber Shop & Beauty Parlour X
Beef & Cattle Barn X
Buller Biological Laboratories 1931 X
Canada Department of Agriculture

Research Station X

Garages & Storage X

Green-house X

Phytotion & Service X

Rust Research Annex X

Volatile Storage X

Forestry Research 1959 X

Receiving Station X
Constable's Residence X
Cyclotron X
Dairy Barn X
Diary Science Bullding X




Table 4,1 Continued
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Type of Foundation

Date
Name of Building of Pile Caisson
Spread ‘_ or
Construc. Ftg. Fric End ]
tion, Bearing| Pier

Education Building 1961 X
Elizabeth Dafoe Library 1952 X

Library Addition 1962 X
Engineering Building X

Engineering Addition (North Wing) 1947 X

Engineering Addition (South Wing) X

Engineering Addition 1966 X
Farm Residences X
Feed Mill
Fetherstonhaugh High Voltage Laboratory 1955 X
Fletcher Argue Lecture Theatre 1965 X
Fletcher Argue Building (Arts) 1965 X
Food Science Building

] Fur & Game Research Station X

Geology Core Storage Building X
Geology Building X
Home Economic Building X

Home Economic Addition
Hut "J" (Environmental Studies) X
Implement Shed X
Isbister Building (Commerce) 1960 X
Mary Speechly Hall (Women's Residence) 1962 X
Music Building X
N. E. Multi-purpose Buillding 1971 X




Table 4.1 Continued
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Type of Foundation
Date
e Pile Caisson
Name of Building of Spread or
Construc.| Ftg. Fric- End
tion Bearing] Pier

01d Animal Science Building X
Parker Building (Chemistry) X
Pembina Hall 1962 X
Pharmacy Building 1961 X
Plant Science Garages & Stores X
Poultry Building X
Power House X

New Smoke Stack X

Cooling Addition X
President's House X
Robson Hall (Law) 1968 X
Rifle Range X
Rink X
St. Andrew's College 1961
St. John's College & Residence 1957 X
St. Paul's College & Residence 1957 X
School of Art 1964 X
School of Music 1964 X
Sheep Barn X
Soil Science Equipment Shed X
Stock Judging Pavilion X
Swimming Pool & Athlete Centre X
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Type of Foundation
Date
Pile Caisson
Name of Building of Spread
Construc Fg. Fric- End or
tion Bearing Pier
Swine Barns X
Tache Hall (Men's Residence) X
Tier Building (Arts) 1930
University Centre 1970 X
UMSU Gymnesium X
University College & Residence 1963 X
Vice-President's Residence X
Zoo-Psychology Building (Duff Roblin) 1969 X
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and it was based largely on allowable bearing pressures

for various soil types. From their data of construction,
there is no question that the older buildings were designed
on this basis., In foundation design, the designer may get
the bearing capacity value of the soil applicable to the
soil type at the site of construction either from the local
building code, or by calculating the ultimate bearing capa-
city using one of the many bearing capacity theories,

4,2.,a Bearing Capacity from Building Codes

The first building code for the City of Winnipeg was
passed as early as 1875, Later, By —»Law 16187 was passed
on June 16, 1947. An excerpt of this by law, dealing with
permissible loads on foundations, is presented in Table (4.2),
Bearing values are associated with a soil identification
based on colour, "dryness or wetness", and generally not
on the pertinent properties of strength and compressibility,
A rather strange distinction is made between industrial or
commercial buildings, and those for human habitation, A
higher safety factor was required for the latter., Undoubt-

edly many of the older buildings on the Campus were designed
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Table 4.2 Permissible Load for Foundation Footings and Sub-

structures. (City of Winnipeg Building By-Law, 1947)

A B
(tsf) (tsf)
Blue Clay with no underlying strata
of yellow or brown Clay 2 1.5
Mixed Clay - Moderately dry 1 0.75
Soft wet Clay or Silt 0.5 0.38
Notes: Column A 1is for industrial and commercial buildings.

Column B 1is for buildings for human habitation.
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on the basis of the 1947 Building Code, or the prior expe-
rience which led to the fecrmulation of the Code,

The City of Winnipeg Building code of 1965, was model-
led after the National Building Code of Canada. As can be
seen from Table (4.3), which summarizes the allowable soil
pressures for foundation design. The identification of the
so0il type is more precise, and the pertinent property of
strength is more realistically considered in terms of density
for granular soils, and in terms of softness, stiffness, etc.
for cohesive soils.‘ In Keeping with technical advances, the
1965 Building Code also permits bearing capacities to be
based on soil mechanics investigations, including both field
and laboratory testing. Newer buildings on campus have
employed these modern provisions of the Code, and based

bearing values on what can be theoretically justified,

4,2,b Bearing Capacity based on Theoretical Analysis
In recent years, several similar theories have

been developed for obtaining the ultimate bearing capa-

city of soils., They include those by: Terzaghi,36 Meyerhof,24

Hansen,l6 Feda,15 Lee,22 Balla,l and Hu.zo These theories
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Table 4.3 Allowable Soil Pressure to Use in Foundation Designs.

(City of Winnipeg Building Code-1965)

Type and Condition g::ifﬁg
of Soil or Rock Pressure |
(psf)
Cohesionless Soils
Dense sand, dense sand-and-gravel 6,000
Cohesive Soil
Firm silt 1,000
Soft silt 500
Stiff clay 3,000
Firm clay 2,000
Soft clay 1,000
Hard till ér Hardpan ‘ 15,000
Limestone Bedrock
Sound , 60, 000
Soft or Shattered 20,000

Definitions of words used in Table (4.3)

Cohesive Soil:
"stiff" is a soil difficult to indent with the thumb;

with difficulty it can be remoulded by hand.
"firm" is a soil that can be indented by moderate thumb pressure.
"soft" is a soil that can be penetrated several inches with

the thumb,
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make various assumptions concerning the shape of the failure
surface in the soil, and the roughness etc., of the base of
the foundation. Factors to account for the depth of foot-
ing, shape of footing, and inclination of loads are introduced
where applicable., Due to the fact that the General Bearing
Capacity Equation proposed by Hansen incorporates more general
loading conditions, shape and size of footing; the method
will be used for analysing soil bearing value in the subse-
quent chapter,

According to Hansen, the ultimate soil pressure may

be taken as:

du1e = CNC . c i }Dqusqd i ZJBN} } (4.1)
where: Qi = ultimate soil bearing pressure,
c = cohesion of soil,
7] = angle of internal friction of soil,
D = depth of footing below adjacent ground surface
B = least lateral dimension of footing,
3 = unit weight of soil,
sc,sq,s‘;r = shape factors,
dc’dq’df = depth factors,

ic’iq’ik = inclination of load factors,
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Equation (4.1) written in terms of net pressure for

saturated clay under undrained loading reduces to:

9uit net ~ CNcscdclc: ‘ (4.1.a)
The bearing capacity factors are:
N, = tan®(45 + §)(e* 7 (4.2)
Nc = (Nq - l)cot @ (4, 3)
N& = 1.8 (Nq - 1l)tan @ (approx.) (4.4)

The typical values of these bearing capacity factors
are given in Table (4.4)

For a footing eccentrically 1oaaed, according to the
concept of useful width, the approach is to apply the reduc-
tion factor to the computed ultimate bearing capacity. The
ultimate bearing capacity is computed by Equation (4.1) as
before, and then multiplied by a reduction’factor from

Figure (4.1).

LO s e e et e A ogpme e o = i .
i i B V
0.8 ~Cohesive Soi € e

R ' ‘ !

! |
0.6 ' i ]

Granulay Soil T N " T,
i qux. I I — -
0.4 I 1
0.2 i B I
| |
o | .
@) O.l 0.2 .3 O [o2) 3
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Figure 4.1 Reduction TFactors For Eccentric lLoading
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Table 4.4 Bearing Capacity Factors N. Nq, and N", (after Hansen)
9 N Ny Ny
0° 5.14 1.00 0.0
5 6.48 1.57 0.09
10 8.34 2.47 0.47
15 10.97 3.9 1.42
20 14.83 6.40 3.54
25 20.72 10.66 8.11
30 30.14 18.40 18.08
35 46.13 33.29 40.69
40 46.13 64.18 95.41
45 138.89 134.85 240.85
50 266.89 318.96 681.84




Table 4.5 Approximate values of the shape, depth, and inclination

factors.
Shape factors 8 8 ' s
P c q ¥
Shaﬁe of base
Continuous strip 1.00 1.00. 1.00
Rectangle 1+ 0.2B/L 1+ 0.28/L 1 - 0.4B/L
Square 1.3 1.2 0:8
Circle . 1.3 1.2 0.6"

3

Limitation B« L

* Use B = diameter.

Inclination factors i i i
c q ¥

__H _ 1.5H 2

LTS8 1-% ‘ ™4

Limitation Hg V tan d + cBL
where tants = coefficient of friction between focting base and soil

c = cohesion between footing and soil

L = length of footing parallel to H
Depth factors d¢ dq dk
) 0.35D 0.35D :
1+*~—B- 1+T 1.00
_{?c for p  25°
Take dg =110  for ¢ = 0o
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Hence  qui¢ = dqupe (Ry) (4.5)

Where: = reduced bearing pressure due

q
ult to eccentricity,

9yt = ultimate soil bearing pressure,

RI = reduction factor,

4,3 Settlements

In addition to ensuring adequate safety factor, found-
ations cannot be permitted to undergo excessive total and
differential settlement. The term settlement is used to des-
cribe the vertical displacement of the base of a structure,
Although the causes of settlement are many and varied and may
include the effects due to static loads, moving loads, changes
in moisture content and the effects of undermining; the major
cause of settlement, however, comes from static or compres-
sive loading such as those imposed by the weight of a struc-
ture. The settlement caused by loading may be divided into
two kinds: firstly, immediate settlement which is a combina-
tion of elastic compression and plastic deformation and occurs
without change in volume or water content: secondly, settle-
ment due to consolidation which is the result of the decrease

in the volume of the loaded soil caused by the gradual expul-
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sion of water from the voids., 1In clay soils consolidation
settlement usually develops very slowly but may attain con-
siderable magnitude in course of time. If the clay is sat-

urated the settlement may be computed from Equation (4.6)

below:
S = :—L—?—f—}-{g—- log EQELA;E (4.6)
o o
where: S = consolidation settlement,
Cc = compression index,
H = thickness of stratum,
e, = void ratio of soil,
Py = overburden pressure,
le = change in effective pressure.

For clay soils, settlement calculated by Equation
(4.6) seems to include both immediate and consolidation
components of settlement. Skempton and Peck35 showed that
the discrepancy between the ﬁeasured and calculated values
of settlement in undrained condition of clay soils is in

the neighbourhood of 9 percent., This indicates that the

magnitude of settlement, as computed from consolidation
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theory, normally provides a satisfactory answer for the
total expected settlement,

It has been found that when the soil is heavily
preconsolidated, the settlement which will occur is so
small that settlement analysis is rarely of practical in-
terest, If the soil is slightly preconsolidated,‘it is
found out that the magnitude of settlement computed‘by
Equation (4,6) is theoretically higher than would the
actual value due to the neglecting of the effects of pre-
consolidation, and due to the fact that the compressive
index,cc, used came from the virgin compressive branch of
the consolidation curve., A more realistic value of settle-
ment may be computed by using the preconsolidaﬁion pressure
rather than the existing overburden pressure. Thus Equa~

tion (4.6) becomes:

S : A
S = I+e, . e (4,7)

In this case,Ae is the change in void ratio between initial

and final pressures taking into account preconsolidation

and obtained directly from the curves.
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The settlement of spread footings resting on clay
increases roughly in direct proportion to the base width,
and depends to a considerable extent on the net pressure
under the foundation. This pressure can be reduced by
excavation and the construction of basements.,

The removal of soil tends to produce heave at the
bottom of an excavation. In the case of clays, the con-
solidation component of heaving is a slow process and can
continue long after the completion of the structure, Found-
ations supported on the baée of the excavation tend to move
downward under the effect of pressure increase from the
footings, but upward under the effect of pressure reduction
from the excavation. The net effect is a desirable reduc-

tion of settlement.

4,4 Conventional Design Method

The design of foundations consists of determining
the elevation, size, shape, and structural details of the
foundation structure. These aspects of foundation design
are given in detail in standard textbooks on the found-

ation engineering and are therefore not included in this
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Use in this thesis has been made of the concept

of net loads or pressures as distinguished from total

loads or pressures, in determining the size of footings,

This practice has been advocated by more recent authors

such as Peck, Hansen and Thornburn.29

In calculating the net load on a foundation, the

equivalent weight of soil of the volume occupied by the

foundation members below ad jacent ground surface is sub-

tracted from the total of dead and 1live loads,

where:

wvhere:

The total load, Qi is given by:

_ 4,8
Qt = Qd+Ql ( )
Qqy = dead load on foundation including weight
of foundation,
Ql = 1live load on foundation,

The net load, Qn’ is given by:

Qn = Qt - Qv (4.9)

Qv. = equivalent weight of soil of volume
occupied by the foundation members
below adjacent ground surface,
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Total and net pressures are obtained by dividing the respec-
tive loads by the base area of the foundations,

qt = (4.8.8.)

d, = (4.9.a)

S
o] ot

where: A = base area of footing.
In the case of a concrete spread footing as shown in Figure (4,2),

it can be readily shown that Equation (4.9.a), can be approxim-

ated by:
. Column Load
9, = A *t (Jeone, - 4 (4.10)
] Column Load
/1/"\\‘\///0\///\‘:";" praANS vyzacuwy/d Where: t = thickness of footing,
Jbonc = unit weight of concrete,
¥ = unit weight of soil.

q .
IR ‘f b 1*"Footing Area = A

Figure 4.2 Net Bearing Pressure under footing

The concept of net pressure is also applied to the theoretical
ultimate bearing capacity. A term Asz is subtracted from
the ultimate bearing capacity to give the net ultimate bear-
ing value., This value is then divided by a safety factor to

give an allowable net pressure.
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The determination of the net allowable pressure is
a most critical step in the design process., The allow-
able so0il pressures used in design should satisfy the two
requirements that the factor of safety against soil failure
should be adequate and the settlement produced by‘the load
should be within tolerable limits., The factor of‘safety
against the breaking of a footing through clay depénds on
the shearing resistance of the clay. In the undraiﬁed con-
dition, the clay behaves as if "@" were equal to zero and
as if the cohesion "¢" were approximately equal to one-half
the‘unconfined compressive strength of fairly undisturbed
samples,

A primary requirement is that the base of the found-
ation should be located below the depth to which the soil is
subject to seasonal volume changes caused by alternate wet-
ting and drying. Baracos and Bozozuk5 reported that signif-
icant seasonal soil moisture changes to a depth of 10 to 12
feet have been observed in Winnipeg. Withdrawal of water
from the ground by the roots of trees has also been respon-

sible for detrimental differential settlement, The base of
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Table 4.6 Safety Factor According to Soil Conditions

and Types of Loading (After Skempton)33

Conditions Safety factor

Temporary structure where some risk

of a bearing failure can be tolerated 1.5

Where there is a large component of

live load that is unlikely to develop 2.0

Where there is reasonably accurate soil

and loading information 2.5

Where soil conditions are not well

established 2.5

Where there are questionable conditions 4.0
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the foundation should also be located below the depth to
which soil may be weakened by cavities produced by borrow-
ing animals, In regions of cold weather the foundations

of the outside columns or walls should be located below the
level to which frost may cause a perceptible heave. The
choice of the appropriate depth of foundations may depend

on a number of other considerations, such as the basemet
depth required to reduce the net pressure on the base of

the footing, and limitations of depth due to high ground
water level, the presence of rock, and the location of ad ja-

cent foundations,



CHAPTER V

ANALYSES OF TYPICAL SPREAD FOOTING DESIGNS

5.1 Method of Analysis

Buildings where spread footings have been used
on the Campus were examined, Selected for specific analy-
sis were the Administration Building representing older
nonreinforced concrete spread footings, and the Elizabeth
Dafoe Library representing more modern reinforced concrete
spread footings., In each of these cases, a typical foot-
ing was checked for the net pressure acting on the base
of the footing, and the theoretical net bearing capacity
based on the soil conditions prevailing at the site. The
foundation loads were calculated according to the 1965
Winnipeg Building Code. Timber Design Handbook,9 and Steel
Construction Handbook,8 were used to supply the unit weight
of materials, The safety factor with respect to the net
bearing capacity was determined. In addition, consolidation
test data were examined with regard to possible settlement

or heave,
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5.2 Spread Footing Bearing Capacity and Settlement Analyses

(Administration Building)

The Administration Building was built in 1911 to ac-
commodate the Agricultural College, It is a four-story mason-
ry structure, 58 by 197 feet in plan, and 63 feet high., The
structure was founded on a combination of bearing wall foot-
ings and individual spread footings. The elevation of each
foundation is 10 feet below surface grade excluding 4 feet
of £ill east and west of the building., The massive outside
walls, the thickness of which ranges from 16 inches at the
top two floors to 32 inches in the basement, is supported on
a continuous footings of 7 feeﬁ 8 inches wide. The concrete
floor slabs were supported by steel beams, the ends of which
were assumed to extend 6 inches into the wall measured from
the inner face, and which were assumed to be simply supported,
With these assumptions, the net foundation load acting on the
representative 15 feet strip of the continuous wall footing
under a column at point A (see Figure 5.1), was found to be
373 kips, (Table 5,1). The point of application of the resul-

tant of foundation loads was found to be approximately at the
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Figure 5.1 Administration Building: Foundation Plan



Table 5.1 Calculation of Typical Load for Administration

Building

Tributary
D. L. L. L.
Unit Welght Area Ki Ki
or Length (Kips) (Kips)
Roof: Dead Loads
Clay tile 14.0 psf 180.0 sq.ft. 2.52
1" sheathing . 2.5 psf 180.0 sq.ft. 0.45
2"x 6" Purlins @ 16" 0.C. 1.7 psf 180.0 sq.ft. 0.31
Longitudinal Truss 100.0 plf 15.0 ft. 1.50
16" Brick wall 148.0 psf 45.0 sq.ft. 6.66
8" Concrete slab 96.0 psf 195.0 sq.ft. 18.70
Steel Beams Y 160.0 plf 11.0 fe. 1.76
Steel Beam X 31.5 plf 7.5 ft. 0.24
Roof: Live Load (snow load) 36.0 psf 165.0 sq.ft. 5.74
Concrete Slab:
(1st, 2nd, 3rd Floor) 96.0 psf 339.0 sq.ft. 32.50
Basement 10.3 psf 75.0 sq.ft. 0.77
Steel Beams: (total)
(1st, 2nd, 3rd floor) - - 6.00
Basement - - 1.45
Ceiling:
(1st, 2nd 3rd floor, basement 8.0 psf 452.0 sq.ft. 3.61
Flooring: (linoleum)
(lst, 2nd, 3rd floor) 1.1 psf 339.0 sq.ft. 0.37
Wall:
(2nd, 3rd floor) 148.0 psf 420.0 sq.ft. 62.00
(st floor) 259.0 psf 210.0 sq.ft. 54.50
Bascment 296.0 psf 195.0 sq.ft. 57.60
Sub-basement 296.0 psf 105.0 sq.ft. 31.00
Floor Live Loads:
(2nd, 3rd, floor) 50.0 psf 226.0 sq.ft, 11.30
(lst. floor) 60.0 psf 113.0 sq.frt. 6.78
Basement 100.0 psf 75.0 sq.ft. 7.50
Footing: 42.0 pcf 225.0 cu.ft. 10.7
Soil: 108.0 pcf 450.0 ‘cu.ft. 48.6
Total D. L, 341.24 .
L. L. 1,52

Bl
1N

Note: Unit Weight of Materials

from: Timber Construction Manual,

1963,
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centroid of the footing.

Considering the foundation as a 7 feet 8 inches by
15 feet strip footing, under the column at point A, the net
soil pressure was found to be 3,230 pounds éer square foot,
This value is higher than the allowable value of the design
pressure for stiff clay given by the 1965 Winnipeg Building
Code, which is 3,000 pounds per square foot, From Equation
(4.1.a) the ultimate bearing capacity was computed to be
4,520 pounds per square foot using a soil cohesion value of
800 pounds per square foot, for the medium stiff clay at 10
to 20 foot depth from nearby Test Holes 12, 13, and 32. Thus,
the safety factor against soil.shear failure was found to be
1.40 which is rather low.

From the results of the bearing capacity analysis,
one should-expect the Administration Building to settle
heavily as the design pressure used is higher than 3,000
pounds per square foot allowed by the Code. However, the
structure has survived without serious settlement problems,
One probable reason for this may be due to its design as a

rigid structure which tends to minimize the detrimental
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settlement by redistributing high load concentrations.
Under-design in those days, however, was not unique to

the Administration Building alone. Peck30 reported that
the average soil pressure used in designing fhe old Board
of Trade Building in Chicago was 3.34 tons per square foot,
and in 5 years after construction the structure had settled
differentially more than 5 inches. The structure, however,
continued to perform well for 45 years until it was demo-
lished in 1928,

In order to learn about the settlement pattern of
the Administration Building, settlement calculations were
made for points A, B, and C (see Figure 5.1), selected to
represent 1§cations of the approximately maximum and mini-
mum settlements.

The complicated footing plan of the Administration
Building made necessary a simplified method of determining
stresses under the footings. Peck and Uyanik30 suggest a
method where bearing wall and individual footings are re-
pPlaced by circular footings of equivalent area, and the

same centroidal position. Stress increases at various
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depths under the center of the circular footing may be
found using the Bousinesq Theory. Tabulated influence
number values, Table (5.2), as given by Newmark simplify
the calculation. Peck and Uyanik claim that the error
arising from this simplification is small and can be con-
sidered negligible, and for these reasons the method was
adopted.

Once the net vertical stress increases under each
footing at various depth had been determined, the settle-~
ment of each soil layer under each point considered was
readily determined using Equation (4.6). For accurate com-
putations, the true soil properties under each footing at
each depth must be used. Unfortunately such déta are not
at present obtainable for every building site on the Campus.
Therefore, for approximate settlement computations, the soil
property from similar sites and soil conditions was employed,
In this particular case test values reported by Baracos (see
Table 3.7) were used assuming similarity in property of the
Lake Agassiz clay in the Winnipeg Area as previously dis-

cussed in Chapter III. The settlement calculations are given
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Table 5.2 Influence numbers for stress °q® under the
centre of a circular footing due to uniform

vertical load intensity of 'qo'

I r/z I r/z
0.0000 0.0000 0.5000 0.7664
0.0200 0.1164 0.5200 0.7945
0.0400 0.1661 0.5400 0.8235
0.0600 0.2052 0.5600 0.8536
0.0800 0.2391 0.5800 0.8849
0.1000 0.2698 0.6000 0.9176
0.1200 0.2983 0.6200 0.9519
0. 1400 0.3252 0.6400 0.9880
0.1600 0.3511 0.6600 1.0261
0.1800 0.3761 0.6800 1.0666
0. 2000 0.4005 0.7000 1.1097
0.2200 0.4245 0.7200 1.1561
0.2400 0.4481 0.7400 1,2062
0.2600 0.4715 0.7600 1.2607
0.2800 0.4948 0.7800 1.3207
0.3000 0.5181 0.8000 1.3871
0.3200 0.5415 0.8200 1.4618
0.3400 0.5650 0.8400 1.5470
0.3600 0.5887 0.8600 1.6460
0.3800 0.6127 0.8800 1.7637
0.4000 0.6370 0.9000 1.9084
0.4200 0.6617 0.9200 2.0944
0.4400 0.6870 0.9400 2.3506
0.4600 0.7128 0.9600 2.7479
0.4800 0.7392 0.9800 3.5460

a = 1aq4

where: I influence number,
¥ = radius of circular footing,

2z = depth under centre of footing
where g is to be evaluated,
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The summary of results of settlement cal-

culations for the Administration Building is shown in Table

(5.3),

In the settlement column, method 1 and method 2

represent settlement values computed by Equation (4,6) and

Equation (4.7) respectively,

Table 5.3 Calculated Settlements for the Administration

Building
Pressure (psf) at depth indicated (ft) Settlement (in)
Point
12 16 20 24 28 Method 1{ Method 2
A 2560 1590 690 160 -98 11.2 2.6
B 2610 2040 1202 626 250 14.2 3.2
C 2770 1407 570 246 54 11.2 2.5

5.3 Spread Footing Bearing Capacity and Settlement Analyses

ing with basement, 118 feet by 184 feet in plan.

(Elizabeth Dafoe Library)

The main part of the Library is a two-storey build-

The remain-

der of the structure is one-storey comprising of the main

entrance, browsing area, and offices.

The whole structure
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was founded on reinforced concrete spread footings, at
elevation 14 feet below grade, The footing plan is shown

in Figure (5.2)., A square footing (L-5) in the browsing
area was analyzed to establish the value of the design soil
pressure. This is a square footing of 7 by 7 feeg, designed
to support the interior loads in the browsing areé. This
part of the Library under analysis consists of only a first
floor and basement, The loads on the basement floor are
transmitted directly to the ground and for this reason do
not appear in the calculation for foundation loads,

The tributary area was found to be 324 square feet,
from which a careful estimate was made of the net load sup-
ported by this particular footing, the magnituée of which
was 118.7 kips, (see Table 5,4), The design soil pressure
calculated from the above mentioned value of net load and
the footing area of 49 square feet was 2420 pounds per square
foot,

For saturated clay under undrained condition, the
net ultimate bearing capacity is given by:

cN s d i (4.1.a)

uit.net = c”cYcte

where the various symbols are as previously defined,
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Table 5.4 Calculation of Typical Foundation Load

for Elizabeth Dafoe Library

Tributary
Unit Weight Area Dj L. Lj L.
or Length (Kips) (Kips)
Concrete Slab:
Roof 63.6 psf 324.0 sq.ft. 22.20
Main Floor 106.0 psf 324.0 sq.ft. 34.40
Column:
Main Floor 150.0 pcf 31.0 cu.ft. 4.70
Basement 150.0 pcf 20.3 cu.ft, 3.10
Footing: 42,0 pef 93.7 cu.ft, 3.96
Roofing:
3" asphalt 2.5 psf 324.0 sq.ft. 0.80
Roof Insulation:
2" cork board 1.0 psf 324.0 sq.ft. 0.32
Flooring: -
(3/16" asphalt floor tile)
Main Floor 2.0 psf 324.0 sq.ft. 0.65
Partition:
%" plywood 0.75 psf 240.0 sq.ft. 0.18
4" hollow clay tile 18.0 psf 240.0 sq.ft. 4.32
Live Loads:
Snhow load 36.0 psf 324.0 sq.ft. 11.66
Main Floor 100.0 psf 324.0 sq.ft. 32.40
Total D. L. 74.63
L. L. 44 .06

Note: Unit Weight of Materials

from: Timber Construction Manual, 1963,




- 68 -

The ultimate net bearing capacity computed by
Equation (4.1.a), incorporating the shape and depth factors,
was found to be 7,500 pounds per square foot, The cohesion
of brown clay at 14 foot depth was taken to be 750 pounds
per square foot, at one-half of the unconfined coﬁpressive
strength of the clay shown in the nearby Test Holé 23, De-
tails of calculations are compiled in Appendix C. |

For the purpose of settlement estimate, footings L-5,
P-12, and E-5 were analyzed. These were selected to repre-
sent the points of approximately minimum, average, and maxi-
'mum settlements respectively. Soil pressure under each of
these footings was assumed to be the same as the soil pres-
sure previously found under footing L-5, which!is 2420 pounds
per square foot. The stress increases due to foundation load
were then computed, assuming the seat of settlement to extend
below the base of the footing equal to the "significant depth",
vhich is the depth within which the load on the footing alters
the state of stress in the soil enough to produce a percep-
tible contribution to the settlement. The compressible clay

deposit was subdivided into three layers of 4 feet thick,
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Again, for approximate settlement computations, soil proper-
ties given in Table (3.7) were employed. Then the vertical
stress increase at mid-depth of each of the soil layers under
the footing was computed using Newmark®s influence chart.

To establish the maximum and the minimum values of
settlements, the consolidation settlement was estimated both
on the basis'of Equation (4,6) and Equation (4.,7). The com-
puted stresses and settlements are given in Table (5.5). 1In
the settlement column, method 1 and method 2 represent settle-~
ment values computed by Equation (4.6) and Equation (4.7) res-

pectively,

Table 5.5
Calculated Settlements for the Elizabeth Dafoe Library

Pressure (psf) at depth indicated (ft) Settlement (in)
Point
16 20 24 Method 1 Method 2
L-5 1764 443 122 5.5 1.5
P-12 2102 656 332 7.0 1.9
E-5 1944 1036 583 7.7 2.1

Note: Depth in feet below surface grade



CHAPTER VI

THEORY AND DESIGN OF DEEP FOUNDATIONS

6.1 Introduction

Caissons and piles form the two main categories
under the general heading of deep foundations. A caisson
is a slender cylindrical body of masonary that transfers
a load through a poor stratum onto a better one, A pile
is essentially a very slender caisson that transfers a
load either through its lower end onto a firm stratum or
else through side friction onto the surrounding soil. The
first case is generally referred to as end-bearing piles
and the second case friction piles. The pile system may,
howvever, utilize both end-bearing and friction components
to carry the imposed load. As both caissons and piles
have been utilized at the University of Manitoba, both
foundation types are considered.

Since piles and caissons serve the same purposes,
to transfer the weight of a structure onto a firm stratum

covered by soft and compressible soil, no sharp distinction
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can be made between the two. Cast-in-place piles installed
in drill holes might preferably be considered caissons of
small diameter. On the other hand drilled in caissons made
by driving a heavy steel pipe with a cutting shoe down to
bedrock might be called end-bearing piles. The principal
difference between caissons and piles lies in the method of
installation and size, Caissons are usually large enough
to permit a man to work inside during construction.

The relative merits of caissons in comparison with piles
depend not only on economic but also on several technical
factors., These include the influence of the method of con-
struction on the load that can be assigned to the foundation,
and the influence of the soil and water conditions on the
ease or difficulty of construction and on the integrity of

the completed foundation.

6.2 The Modified Engineering News Formula

Despite the misleading results dynamic pile formulas
can give, especially when piles are driven in cohesive soils;g

they still are considered of qualified value for estimating
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the capacity of piles driven in cohesionless soils.,
Although these pile formulas are numerous, their general
approaches are the same. They equate the work performed
by the driving hammer +to the work required to increase
the penetration of the pile against the resistance of
the soii plus energy lost. If energy losses can’be ac-
counted for, there is at least a theoretical possibility
of estimating the dynamic resistance, Rd’ from the average
penetration, S, of the pile under the last few blows of
the hammer, provided the weight, wr, of the ram and the
height of fall, H, are known.

- The modified Engineering News formula derived from
the same principle discussed above except that a constant,
C, is introduced. The quantity C is regarded as an add-
itional penetration of the point of the pile that would
have occurred if there»were no cnergy losses, and is approx-
imately equal to 1.0 inch for piles driven by a drop hammer
and 0.1 inch for pile driven by a steam hammer., Due to the
realization of many theoretical shortcomings of this approach,

the reduction factor designed to account for the over esti-
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mated power rating is also incorporated. The modified
Engineering News formula, incorporating a safety factor

of 6,0, takes the form:

2,,
° ) 2En.wr+e'\p (6.1)
a S + 0.1 ' ' '
W_ + W
r p
where: Ry = computed design capacity (1b),
En = manufacturer's maximum rated energy (ft-1b),
S = set or final penetration per blow (inch),
e = coefficient of restitution,
wr = weight of hammer ram (1b),
wp = weight of pile (1b).

Note: The coefficient of restitution value fanges
from 0.6 for steel on steel to 0.25 for hammer
striking on the head of a wood plle or a wood

cushion block.

6.3 Estimating Pile Canacity bv Static Methods

Formulas for determing the 1oad capacity of piles
using static methods may be expressed by the following

basic equation:
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Qe = Q, + Qg (6.2)
where: Qult = ultimate pile capacity,
Qp = load carried in point bearing,
Qg = load carried by friction along,

perimeter of pile.
The load Qs carried along the perimeter of the pile

can be obtained from:

Qg = (Gjtan g+ c ) A_ (6.3)
ar

and: 6h = Koa,z (6,4)
where: ﬂa = angle of friction between pile and soil,

C, = average soil adhesion

Ay = circumferential area of pile shaft

g, = average lateral pressuré along the pile shaft,

&
Ko = coefficient of lateral to vertical earth
pressure,
2 = depth,
d» = effective unit weight of soil.

For the special case of saturated cohesionless soils
in undrained loading where the angle of internal friction
can be considered to be zero, Equation (6,3) simplifies to;

QS = c, AS (6.3.a)
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Equation (6,3.a) applies to support obtained from the

brown and grey clays on the Campus., Several considerations

govern the choice of the value of c, to use, Broms7 suggests

the following relationship:

c = o4 C | (6.5)
where: o = an empirical coefficient,
¢ = cohesion of soil, and equals % of the

unconfined compression of the soil.

Meyerhof and Murdock26 found that the adhesion in-

Creases with increasing shear strength, and is about 80% of
the shear strength adjacent to the concrete, and may be
weakened by the effect of softening due to increase in water
content in the clay adjacent to the pile, Their findings

for London Clay are shown in Table (6.1), Meyerhof and
Murdock also state that the lowest possible strength of the
clay is that measured after it has been allowed to soften
fully under zero load. With short bored piles where the clay
likely to be heavily fissured, the adhesion may be taken as
0.3 ¢, and should be neglected in the zone of seasonal shrin-

kage, According to the 1965 Winnipeg Building Code, the
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Table 6,1 Effect of Softening on Adhesion
(After Meyerhof & Murdock)

Water Increase 1in Shear Strength Relative Adhesion

Content Water Content (psf) Strength Original

Strength
28 ' 0 E 3,300 1.00 0.80
28.5 0.5 2,900 0.88 0.70
29 1 2,550 0.77 0.62
30 2 2,000 0.61 0.48
31 3 1,640 .0.50 0.40
32 4 1,320 0.40 0.32
33 5 1,050 0,32 0.26
34 6 850 0.26 0.21
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frictional support of cohesive soils must be neglected
for a depth of at least 5 feet below basement, or 10 feet
below adjacent ground level whichever is greater. Accord-

ing to Skepmton34

with deeper piles for heavy foundations
the shaft adhesion may attain values in the regioﬁ of 0.6 ¢
under favourable condition., But an adhesion of tﬁis magni-
tude should be adopted only after checking by pilelloading
tests and, in any case, it is unwise to use values exceed-
ing 2,000 pbunds per square foot, Values of pile adhesion
or skin'friction in lieu of other data, based on studies

on pile loading tests by Tomlinson,38 are shown in Table
(6.2), .

41

However, investigations by Yaipukdee, on fric-

tion value for cast-in-place concrete piles in Winnipeg

clay usiﬁg direct shear tests, indicate that the friction
value between the clay and the pile is increased due to

the effect of cementing action of the coﬁcrete, consequently
the strength of the soil surrounding the pile is also in-~

creased, The strength, however, decrcased with increasing

distance from the pile. A a distance of about 0.25 inches
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Table 6.2 Ultimate Valucs of Skin Friction on Piles Embedded in

Cohesive Soils (After Tomlinson)38

Unconfined Compressive

Ultimate Skin Friction

Material of Pile Strength of Clay between Pile and Clay
(tons/ftz) (lbs/ftz)

Concrete 0 - 0.75 0 - 700
0.75 - 1.5 700 - 1000

and '
1.5 - 3.0 1000 - 1300

Timbe; over 3.0 1300
0 - 0.75 0.- 700
0.75 - 1.5 700 - 1000

Steel
1.5 - 3.0

over 3.0

1000 - 1200

1200
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from the pile, its value is approximately equal to the
natural shearing strength of the clay for the same moisture
content. The values of skin friction between the medium
stiff clays and concrete piles in relation to the moisture
content and the distance of shear plane from the pile are
given in Table (6.3)., The value of o to use for éampus soils
requires engineering judgment., A value of 0,8 was considered
reasonable,

For the special case of cohesionless soils, Equation

(6,3) simplifies to:

0 = Sagﬁtan ﬂa) Al (6.3.b)

The value of K, to find S 4y Fanges from 0,5 to 4,0 de-

pending on the kind of pile, steel, concrete, or wood; and
the relative density of the soil., For driven piles the
value of KO depends on the volume per unit length of pile,
and for small displacements the value approaches the lateral
earth pressure in the at-rest case. The basic problem for
estimating the load carried by friction is to arrive at the
correct lateral pressure coefficient for cohesionless soils,

or a resonable skin friction value for cohesive soils, These
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Table 6,3 Values of c s C §, and @ for Clay-mortar

Interface (after Yaipukdee)

Distance Moisture Content Ca or ¢ . Angle & or 9
T-inch. % psf. degree
0 50 1080 8.0
" 54 1000 8.0
" 58 | 940 8.0
" 64 840 8.5
1/10 50 690 7.5
" ‘ 54 600 | 8.0
" 58 520 - 8.0
" 64 | 460 8;5
1/4 50 560 7.0

" 54 490 7.0
" 58 415 7.5
" 64 : 315 7.8

Note: T is the distance between pile and shear plane
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values, however, can be derived at only through a consider-
able amount of engineering judgment as well as access to
sufficient soil property data,

Because of the limited occurrence of cohesionless
soils on the Campus, to the relatively thin thickness of
glacial till that would give frictional support, Equation
(6.3.b) is not required.

With regard to the end-bearing support, Qp of the
piles, these may be found from modified forms of the general

bearing capacity equations., Broms7 gives:

o, = [Ken, + KON, + K, De(Ng = 1)] A (6.6)
where: ‘ Kc = shape factor for cohesion,
Kg = shape factor for depth,
Kq = shape factor surcharge,
D = diameter,

and the other terms as previously defined.

For circular piles Kos K

T and Kq may be taken as

1.3, 0.6, and 1.0 respectively.

For the case of the saturated clay in undrained
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loading, Equation (6.6) simplifies to:

Qp = K, ©N,. (6.6.a)
Skempton33 suggest for this case a further simplifi-
cation;
- 9 Cc » * [}
Qp (6.6.b)

For the case of cohesionless soils, Equation (6,6)
reduces to:
= . D N. -
Qp [K&JD P KA/Df (Nq 1)] Ap) (6.6.C)
wvhich for round pile section:
- D -
0, = [0.643F N+gp. (v, - 1] a (6.6.d)
and for square pile section:

o = [0.4313 Ny + yDp (N - 1)] a (6.6.e)

P P

The value 0.4 for K& is suggested by Broms7 and

. 36
Terzaghi.

The values of the bearing capacity factors Nc’ Nq,
and N, for different angles of internal friction @ after

Terzaghi36 are given in Figure (6.1). For cohesionless

soils where only the N values of the standard penetration
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test may be known, the angle of internal friction can be
obtained from the curves in Figure (6.2) which shows the
approximate relationship between N an & as advocated by
Peck, Hanson, and Thornburn.29
InveStigations by Meyerhof25 have indicated that

the bearing capacity of footings, the point reistance,
and skin friction of piles in cohesionless soils can fre-
quently be determined most conveniently from the results
of standard penetration tests made on the site. These
empirical relationships between the ultimate values of

point resistance, skin friction, and the N values of pen-

etration tests are given below:

Qp = [2.5 to 4.0 N] Ap ton per sq.ft. (6.7)

where: N = number of blows, standard penetration
at and below the pile tip.

o, = [0.02 n] A ton per sq.ft. (6.8)

where: N = average number of blows, standard penetra-
tion along length of pile.
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6.4 Net Bearing Capacity of Pile Groups

Terzaghi and Peck37 state that a group of friction

piles may fail as units by breaking into the ground before
the load per pile becomes equal to "safe design load“,
Hence, the computation of the safe design load muét be sup-
plemented by a computation of the ultimate beariné capacity
of the entire group. If the pile and the soil between the
piles, sink as a unit, the ultimate bearing capacity of the

rectangular pile group is given with sufficient accuracy by:

Qg = qq BL + Lp (2B + 2L) s (6,9)
where: Qg = ultimate capacity of pile group,
aq = ultimate bearing capacity per upit area,
BL = Dbase area of pile group,
Lp = effective length of piles, excluding depth
of possible soil shrinkage,
s = average shearing resistance of soil,

= h tan F + ¢
awy
According to Chellis,23 computations based on
Equation (6.9) has shown that a base failure can hardly

occur unless the pile group consist of a large number of
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friction piles embedded in silt or soft cléy. In this case
the overlapping zones of pressure around each pile are de-
veloped hence the reduction in the bearing capacity value
of the pile group is required. The reduction in value per
pile depends on the size and shape of the pile group and

the size, spacing, and length of the piles.

6.5 Settlement of Pile Groups

Under certain conditions, friction piles can settle
excessively and an estimate of settlement should be made.

The settlement of a pile group is larger than the
setilement of a single pile, Investigations have indicated
that the larger the group, the deeper the stress penetrates
the strata. For routine settlement calculations of pile
groups the method presented by Peck, Hanson, and Thornburn29
may be employed., Figure (6.3) shows how the stress distri-
bution below the pile is obtained.

The stresses in the soil underlying a group of piles
are not readily evaluated for several reasons such as; the un-
known distribution of friction effects along the pile, the

overlap of stress from adjacent piles, and the influence of
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pile driving. Therefore, it has been the usual practice
to simplify the stress computations and to assume that the

pile cap is sufficiently rigid so that settlement is uniform,

Ld _J ground surface
. — — — v

I Zone of Sojl|Shrinkage

'

t
—

— e e e kL

Effective
L Length
P o Pile
[ j: '_":_‘_“_":_‘___*_—_'__—_'J Elevation of
l Fictitious Footing
2 H=1L/3
p/

‘Figure 6.3 Simplified Computation of Soil Stresses
Beneath a Pile Group

e

For friction piles, the load is placed on a ficti-
tious rigid footing located a Lp/3 from the bottom of the
piles, with Lp as in Figure (6.3). The spread-out of load
is taken as either 2:1 or 30 degree measured from the verti-

cal. The analysis in Appendix D uses the spread-out of 30
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degree for the ease of numerical calculations., Except

for fhe simplified load spread assumption, the settlement
computations for the fictitious footing are made in the
same way as for the spread footings discussed in Chapter
IV, The soil is divided into convenient strata'bélow the
footing, and the compression of each stratum compﬁted using
Equations (4,6) or (4,7). The settlement of the pi;e clus-
ter is taken as the same of the compressing of the stratum

below the fictitious footing,



CHAPTER VII

ANALYSES OF DEEP FOUNDATION TYPES

This chapter deals with analyses of the foundation
types which have been used to support the newer and larger
buildings built recently on the Campus, and which 'include
friction piles, end-bearing piles, and caissons. The found-
ation of the Education Building Addition 1968 was selected
to represent the cast-in-place friction piles and caissons,
whereas the foundation of the University Centre was selected

to represent the precast, driven, end~-bearing piles.

7,1 Analyses of Selected Friction Piles

The foundations of the Education Building Addition,
consist of both caissons, supported on limestone bedrock,
and cast-in-place concrete friction piles in stiff to moder-
ately stiff clay. In this section Pile Foundations 1, and
2, (see Figure 7.1), consisting of cast-in-place friction
piles will be analysed.

Column Load B-3 is supported on a cluster of three

16 inch diameter by 30 feet cast~in-place, concrete friction
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piles. The analysis was made considering first individual
actibn of the piles, and then the group action., For settle-
ment calculations only settlement of the pile group was
computed because the group settlement is alwvays larger than
the settlement of a single pile,

The ultimate bearing capacity per pile was calculated
as shown in Appendix D using Equations (6.2), (6.3.a), and
(6.6.b)with appropriate substitution of coefficients,

The accuracy of computation of the bearing capacity
of friction piles in clay depends on tﬁé validity of the c
values used., In this case a cohesion of 1110 pounds per
square foot was used, taken to be one-half of the average
unconfined compressive strength of the brown clay given in
Test Hole 15, the one previously done and located closest
to the Education Building, A safe skin friction value of
300 pounds #er square foot was obtained, This same skin
friction value is also given by the Winnipeg Building Code
for the maximum design capacity of a concrete friction pile)

(Code - Section 4,2,2,10),
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The ultimate bearing capacity of the individual
fricﬁion pile in clay can easily be calculated using
Equation (6.2), The skin friction resistance calculated
from Equation (6.,3.a) is 88.8 kips. The end-bearing capaci-
ty calculated from Equation (6.6.b) is 14 kips. 'ﬁence the
resulting total ultimate load is 102.8 kips per pile. With
a total of three piles in the group, the ultimate bearing
capacity of the group, taking pile effective length to be
24 feet, is 308 kips. The actual column load carried by
the footing is 40 kips, therefore, a safety factor of 7.7
was attained,

The ultimate bearing capacity of the piles for
group action was also computed, using the perimeter and
end-bearing areas of the pile group., The ultimate bearing
capacity of the pile group was found to be 377 kips. With
the actual column load of 40 kips, the factor of safety is
approximately 9.4, Therefore, for Pile Foundation 1, the
piles acting individually govern and the safety factor is

the lower 7.7 value,
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Using the methodloutlined in Section (6.5), the
settlement of Pile Foundation 1 was calculated, Some
question arises as to what unit weight of the so0il to use in
Equation (4.6) applied to the settlement calculation, The
submerged unit weight is normally used when the soil is
found below the water table, However adjacent Test Hole
15 did not establish any definite water table, The:e is
also a distinct possibility as suggested by the preconsolid-
ation pressures that the water table may have been at con-
siderable depth during past times, For these reasons Po
was taken as the existing overburden pressure based on the
total unit weight of the soil.

Referriﬂg to Figure (7.2) for settlemeﬁt computa-~
tions, the soil under the‘"fictitious footing” was sub-
divided into two layers of 11 feet each. The stress in-
Creases due to the column load at the mid points of these
strata, point I and II, were then computed and were found
to be 0.32 and 0.07 tons per square foot respectively, The
total consolidation settlement at each point was then com—

puted using Equation (4.7) with the change in void ratio
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between initial and final pressures read off directly from
the éppropriate consolidation curves in Figure (3.5). The
settlement values of points I and II were then added up to
give the resulting total consolidation settlement of 1,42
incheé.

Pile Foundation 2, in Figure (7.1) is supﬁorted by
a cast-in-place concrete friction pile of 16 incheé in dia-
meter by 25 feet long. Assuming the zone of soil shrinkage
to extend 6 feet below the basement level, the effective
pile length is 19 feet, The pile cérries a total column
load of 14 kips, and supports a 5 inches thick, concrete
basement slab,

The soil profile from Test Hole 15, (Aﬁpendix A)
was again assumed for this footing, The soil subdivisions
and properties are shown in Figure (7.3). The ultimate bear-
ing capacity of the pile was computed to be 85 kips, With
the actual column load of 14 kips, the safety factor against
a bearing capacity failure is 6.1. The total settlement based
on the consolidation of the 21 feet thickness of clay between
the fictitious footing and the top of the till, was found to

be 0,92 inches,



- 97 -

. .1 %15
0 yvrmwOriginal G.S. e -
' 2‘ “n Top Soil
( 7T Qm. ¢=to7 pef
¢ \ ‘:
10 ——-mmmm o — \\\ i
: \\ “rn Brown Clay
J——A = 1.4 sq.ft, N o~ § =108 pcf.
@ \ N\ ! - 4,= 2220 pst
1 - 1Equivalent Load R i
29" [IH 15,0 st SR L
AL I 7 -
32,5 e ZFLN ~ 7] ¢ = mpef
' A7= 22 sq.ft. Vo €= 172
36 e e e .._./L____ S N / z .
t .
391 5" '—'—'-"-——-‘-—"/i--‘-.-—-%;.I__._._..__ Q'\‘ //’ -g C—rey G}: 11t N
. /,AII= 143 sq.ft. { / . Clay e, = 1.8%
43 - ——— — ..,/ : \\ T / v L .
/ : ; ;
¢ & ¢ . -
46,5 L . Hr o N ] § = 1o pef
‘ / Z;III— 367 sq.ft U &= 1az
50 L = °°f sd.tt. N L/ : L
- ‘ ".S;;f;*
"u‘.c): |
. Scale .
10 ft
i

Figure 7.3 Soil Sub-division Under Pile Foundation 2



- 98 -

Detailed numerical analyses for Pile Foundations

1l and 2 are given in Appendix D.

7.2 Analyses of Selected End-Bearing Piles

The foundations of the University Centre which
rested onend-bearing concrete piles driven to refusal in
hardpan were examined. To analyse the capacity of these
piles, four typical piles in the south-east section of the
building were selected. The location and other data per-
taining to these footings are shown in Figure (7.4)., The
foundation plan of the University Centre is on a 24 feet
by 24 feet grid with intermediate piles or footings for
light column loads on a 12 feet by 12 feet grid. The actual
column loads carried by these piles, range from the maximum
load per pile of 160 kips.supported by Pile 719, to the
minimum of 30 kips on Pile 766,

For each pile size, the load-carrying capacity was
analysed using the dynamic pile formula to compute the safe
design load, and the bearing-capacity theory to compute the
ultimate capacity. For the dynamic method the modified Eng-

ineering News formula was used, and the design load per pile
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was computed by:

2
W+ e™W
- 2 En r p
R 5501 (6,1)

a S o1 wr + wp

To compute the safe design load, R the various

q’
terms used in Equation (6.1) above is obtained from the con-
tractor's pile driving data (Table 7.1), and the weight of
pile, wp, can be easily calculated from the pile cross-
sectional area and length assuming the bulk weight of con-
crete to be 150 pounds per cubic foot., The coefficient of
restitution, e, for hammer striking on a wood cushion block,
was taken as 0,25, It sﬁould be noted, however, that the
safe design load computed by Equation (6.1) has already in-
corporated a safety factor of 6,0 according to the theory,
Alternatively, the safe design loads for end-bearing
concrete piles may be obtéined from the values given in the
1965 Winnipeg Building Code, Section (4.2,2,11), Under
ideal conditions, where piles are driven to refusal in hard-
pan with hammers having sufficient energy to produce the
desired results, the maximum design loadings for 12, 14 and
16 inch hexzagonal, precast, prestressed, concrete piles may

be taken as 100, 140, and 180 kips respectively.,



Table 7.1 Pile Driving Data for Piles 607, 719, 720, and 766

(University Centre)

Blows of hammer/pile penetration inches

. Pile Size of Pile Elev. of Length Net Tip Cut-—off Penetr'
Footi Tip of |Cut-off | Length last
ooting NO. Length Butt ) ’ of Elev, Evlev, *
g P Pile Pile Pile | Blous
M- 10,5 607 45° 14" 14 751, 7 7.3 42,3 706.7 749,0 8/ g"
L.5-9 719 - 450 16" 16" 753,7 3.1 41,7 708, 7 750. 6 12/%’"
N-9 720 450 12" 12 753.5 4.9 40,1 708, 5 748.6 5/.37."
L-10 766 50¢ 10" Sq 10" sq  759.0 16,1 43,9 709,0 753,0 3/%"
*

0T -
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As it is generally believed that pile driving
formﬁlas do not usually yield satisfactory results, the
ultimate carrying capacity of the piles was, therefore,
checked using the static method of analysis.. In this
method the soil ultimate net bearing capacity was computed
using Equations (6.6.d)and(6.6.e)for hexagonal and square
piles respectively, Equation (6.6.d) however, applies only
in the case of circular piles, but for approximate proce-
dure, however, it was used for computing the ultimate cap-
acity of hexagonal piles.

Since the pile was driven to refusal in the glacial
till, a knowledge of the properties of the till is essential
to the accurate assessment of the ultimate bearing capacity,
But, unfortunately, such data are scarce on the Campus at
present. On examining the log of test-holes made on the
site by the contractor{ the till was described as light
grey putty of medium dense consistancy. Heavy seepage was
also encountered in many of the test holes when the boring
had reached the till stratum., The typical composition of

the till is a mixture of clay, silt, sand, gravel and occas-
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ional boulders, This infers a soil having both "cohesion"
and "angle of internal friction", However, adequate cohe-
sion "c" values were not available for the till, and very
conservatively the value was neglected, Becaﬁse of the
great percentage of granular soils, and the fact that stan-
dard penetration test values of the dense till are very
high, with a full one foot of penetration often being im-
possible, The angle of internal friction of the till was
therefore assumed to be 44° (corresponding to N = 70) from
Figure (6.2). The unit weight of till was taken to be 143
pounds per cubic foot and the average unit weight of the
clays overlying the till stratum was calculated to be 118
pounds per cubic foot, based on ocne test from Test Hole 9,

The bearing capacity factors Nc’ N, , and Nq for
g = 44° were taken from Table I in Vogel's Thesis 28 to be
151, 252, and 147 respectively,

From the above values the net ultimate bearing cap-
acity was computed, The value was then multiplied by the

cross-sectional area of the pile point to get the ultimate
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carrying capacity per pile. A safety factor of 2.5 was
then applied to get the safe design loading for each pile
size, A summary of the computed safe design loadings for

Piles 719, 607, 720 and 766 are shown on Table (7.2).

7.3 Analyses of Selected Drilled Caissons

Caisson 1 of the Education Building 1968 addition
(Figure 7.1) was selected to represent caisson or pier
foundations, This caisson has a shaft of 28 inches in dia-
meter and is belled out to 32 inches in diameter at the
base, resting on sound limestone bedrock, The caisson
carries a colum load of 313 kips, The detailed numerical
calculations for this caisson are shown in Appendix F,

Caissons commonly serve to transfer the weight of
a structure onto a firm stratum or sound bedrock covered
by soft and compressible soil, Practically the entire load
on a caisson is ultimately carried only by its base. Hence,
the allowable load on caissons surrounded by relative com-
pressible soil should not include any allowance for skin

friction, Once the bearing capacity per unit of area of



Table 7.2 Summary of Computed Safe Design Loads and Actual Loads
for Selected End-Bearing Piles, (University Centre)

Cross-~ . Actual Theoretical Safe Design Loading
Pile Pile Perimeter | Sectional | Net Pile Set Column From Pile Driving [From Bearing Capacity Allowable
No. Size (ft) Area Length in/blow Load Formula Theory 1 Max.Design
(5q.£t) (fr) (Kips) Load | s.F. Load S. F. Load*
i
o
%719 16" HEX 4,0 1.13 41,9 0,07 160 15% 6.0 157 2.5 180 o
‘ I
607 14" HEX 3.5 0.88 42,3 0.11 109 94 6.0 123 2,5 140
%720 12" HEX 3.0 0.64 40,1 0.18 35 81 6.0 85 2.5 100
#766 10" x 10" 3,3 0.70 43,9 0.21 30 67 6.0 102 2.5 75

* From Winnipeg Building Code
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the stratum supporting the base is known, the ultimate or
allowable carrying capacity of a caisson may be expressed
by Equation (6,.,6.d),

The safe bearing capacity of sound 1imestoﬁ9 bedrock
in the Winnipeg Area is given as 60 kips per square foot
in the 1965 Winnipeg Building Code, Section 4.2.2.1.(2),.

Using the above bearing value for sound limestone
bedrock with a bearing area at the base of the caisson of
5.6 square feet, the safe carrying load for Caisson 1 was
computed to be 334 kips., Since the actual column load
carried is 313 kips, the design is considered safe accord-

ing to the Building Code.



CHAPTER VIII

DISCUSSION AND CONCLUSION

The design of foundations cannot be made in an
intelligent and satisfactory manner unless the designer
has at least a reasonably accurate conception of the
physical properties of the soils involved,

Soil conditions over the Campus were found to be
quite uniform., The basic soil strata encountered subject
to minor local variation are: organic top soil, brown
silty clay, tan silt, brown clay, grey clay, pale brown
glacial till or "hardpan", and limestone bedrock, Physical
properties of these has been discussed in detail in Chapter
I1T,

A difficult problem encountered in the design of
foundations on the Campus arises from the possible severe
shrinking and swelling that accompany drying and wetting
of the clays. It is evident from experience on the Campus
that swelling and shrinking clays introduce foundation

movements that so far can only be predicted on basis of
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experience, These clays can be indentified by their high
bPlasticity index and liquid limit in the neighbourhood of
50 and 80 percent respectively, From these studies it
may be inferred that foundations constructed duripg dry
period are subject to heaving in subsequent wet periods,
and those constructed during wet periods will unéergo set-
tlement in subsequent dry weather. Swelling pressures of
about one ton per square foot are commonly shown during
consolidation tests on undisturbed samples, For this rea-
S0n  any ground supported floors should be reinforced
concrete, and should be structurally independent of walls
or columns, If floor movement cannot be tolerated, then
a structural floor not in contact with the soil would be
required, Thié make necessary the use of a crawl sSpace
under such floors, The crawl space must not extend to the
depth where water bearing silt layers are encountered,
Winnipeg soils are subject to the rigours of low
winter temperatures. Frozen ground is, therefore, expe-
rienced to some degree every winter. When soil and ground

water conditions are right, frost heave occurs. It should
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be noted that the silt is frost-heave susceptible material.
The heaving of roadway surfaces and of shallow foundations
supported on the silt stratum is usual., Because of this,
the removal of the silt to a depth of at least four feet
below finished grades is recommended for roadways and park-
ing lots., The protecting against heaving of foundations
is generally being met by placing foundations below the depth
of frost penetration. As a result of this fouhdation loca-
tion, frost action has become a relative minor problem in
féundation design on the Campus,

For the varved brown clay, sulphate tests usually
show very high sulphate contents, sometimes exceeding 12000
parts per million which is in sufficient concentration to be
detrimental to concrete made of ordinary Portland cement,
For this reason it is recommended that all concrete in con-
tact with the soil eﬁploy sulphate~resistant cement, On the
Campus of the University of Manitoba, damages to water-mains
has been caused by ground movements and sulphate attacks,
Soluble sulphates in the soil caused rapid corrosion of cast-

iron pipe which,once weakened, fails in flexure as a result
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of seasonal soil movement,

Some elementary but very essential factors are
now considered. The following paragraphs discuss briefly
recommendations concerning foundation design and construc-
tion of the various foundation types being used on the

Campus based on examinations of the buildings,

(a) Spread Footings: This type of foundation may

successfully be supported on clay below the depth of sea-
sonal soil moisture changes. The University of Manitoba
has several buildings, such as: the Adminisﬁration Build-
ing, Agricultural Science Building, and Tache Hall; where
massive masonary or reinforced concrete footings are sup-
ported at leaét twelve feet below surface grade, Although
some of these buildings are at least fifty years old, they
are noteworthy for the absence of differential settlements,
They are particularly successful where the basement floor
are of a structural design, and a crawl space has been pro-
vided below the floor to avoid contact between soil and
floor. It should be noted that this crawl space should be
at least 4 to 6 inches deep to avoid eventual heave affect-~

ing the floor.
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Analyses of the Elizabeth Dafoe Library footings
showved a bearing value of 2500 pounds per square foot on
the brown to grey brown silty clay giving a safety factor
of about 3. A comparison of the test hole logs on the
Campus indicates that bearing values of 2000 pounds per
square foot could generally be employed on the br;wn clay,
and the higher values only if justified by actual test
borings and laboratory tests.

Spread footings are not recommended in areas where
several feet of new £ill is required, because the recently
Placed £ill will cause settlement of the entire area which
could affect the structures. Also spread footings are not
recommended for heavy buildings near the river‘bank, because
of the obvious problem of long-term settlements of the struc-
ture, and because they impose additional loads on the river
bank, reducing the factor of safety against sliding, The
River and Streams Act also requires that structures be lo-
cated no closer to the river than 150 feet measured from

the summer water‘*s edge,
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Settlement analyses for selected footings of
Administration Building and Elizabeth Dafoe Library
indicated a wide range of values when computed by method
1 and 2, as shown in Table (5.3) and (5.5). This dis-
crepancy in settlement values may be accounted for by the
fact that values computed by method 2 consider the effect
of preconsolidation while those computed using method 1
do not, This confirms the belief that for preconsolidated
soils, the settlement which will occur is usﬁélly small
that settlement analysis is rarely of practical interest,

Deep foundations generally do not suffer from effects
of seasonal moisture changes, The result of b?ing below
this depth is that the foundations are not affected by
shrinking and swelling of the soils, If foundations are
founded on the "hardpan", high end-bearing value of 15 kips
per square foot can be used and hence the foundations can
support larger loads. If the foundations are founded in
the brown clay or the grey clay, the question of adequate

bearing capacity and tolerable settlement must be answered,
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With foundations in these materials settleﬁent can be
appreciable but are generally smaller than the settlements
that would be encountered if the foundation was at a shal-
lower depth,

(b) Friction Piles: For medium to lightly loaded

structures, cast-in-place augered friction piles may be

used providing they do not extend into ﬁhe deeper seepage
zone, These piles may employ an allowable fri;tion value

of 300 pounds per square foot which will give a safety factor
of.at least 2 to 3. Also for friction piles, the support in
the upper 6 to 8 feet of the clays should be neglected be-
cause of possible soil shrinkage which makes such support
gnreliable. It should be noted also that the Winnipeg Code
requires that the frictional support of cohesive soils be
ignored for a depth of at least 5 feet below the basement
level or 10 feet below adjacent ground surface whichever is
deeper,

(c) Driven, End-Bearing Piles: Because of heavy

seepage which is encountered in many localities on the

+
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Campus, the most satisfactory foundations for all but the
lightest structures on the Campus are driven precast piles
end-bearing on "hardpan" or bedrock., Driven piles are con-
sidered more practical than cast-in-place augered piles, as
these avoid the seepage problem that would otherwise be en-
countered, Op the other hand, cast-in-place augered piles
are quicker and less costly to install if heavy seepage does
not occur,

The bearing capacity of driven precast, concrete
piles, depends almost entirely on the capacity of the mate-
rial upon which the point finds its bearing, and on the de-
gree to vwhich the point of the pile has a satisfactory seat
on the bearing material. Locally according to the Winnipeg
Building Code, loads of 100, 140 and 180 kip may be used
for 12, 14, and 16 inch precast, prestressed, hexagonal
pPiles respectively,

The danger of damage to the pile because of the
possibility of eccentric support between the tip of the
pile and bedrock or hardpan is more critical to the Build-

ing in the case of a single pile. It is, therefore,



- 115 -

recommended that large loads should be carried by clusters
of piles., On the Campus, however, the danger from eccen-
tric contact or partial éontact is probably not too severe
because of the relatively horizontal surface of the bedrock,

Experience showed that the driving of a pile in a
cluster tends to lift previously driven, nearby ﬁiles. It
is therefore recommended that, after each clusterlof piles
is driven, all piles in the cluster be re-driven to ensure
that they are firmly seated on "hardpan" or bedrock,

(d) caissons: For buildings which will support very
heavy loads, it is necessary to design for minimum total
and differential settlements, This can be best achieved
by using caissons supported on or into the bédrock if seep-
age can be readily controlled, A bearing value of 60 Kips
per square foot is recommended for caissons drill into
sound white limestone bedrock and through any fractured
zone near the top of limestone, In cases of some but
not too severe seepage, a combination of the use of steel
liners plus pumping may overcome the seepage difficulties on

the Campus so that caissons will be successfully installed,
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In concluding, it is hoped that the findings of
this thesis will provide insight into the investigations
of soil conditions and foundation problems on the Univer—
sity of Manitoba Campus. The author would recoﬁmend that
future work include more consolidation tests, eSpecially
on samples from the deeper clays for which very little
consolidatién data are available, The drilling of more
test borings beyond the central core of the Campus is
required to ensure that the soil profiles follow the same
general trends as shown in this study. In much of the
central core, sufficient data now exists for most design
purposes, except that water conditions, because of their
Seasonal and other fluctuations, cannot be predicted

without boring just prior to commencing construction,
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LOCATION _ARTS -ISBISTER ‘ LOCATION _AUTS-ISBISTER
' —BUILDING. —BUILDING
D-EE‘%g %% MOISTURE DESCRIPTION DEPTH </, MOISTURE DESCRIPTION
0 ‘0 20 4060 80 100 E(’L)E:V'O 20 40 60 80100
GEEVE TE30 |7/ TOP 30l
v ToP o | N HIGHLY PLASTIC |
/ CLAY & GRAVEL FLL \ }
ami 1, ]:q\,:zoooEPO\"""”‘ CLAY
i ) SATURATED TAN sILT AN NUGEETY STIFF
! \ / H” . TAN CLAYEY SILT
——@- ~Iq|.;=|500 10 \ - P-l\'—— S N B b Iqu = l756
HIGHLY PLASTIC | '
MOTTLED BROWN CLAY > HIGHLY PLASTIC
AN * W50 STIFF W21 MOTTLED
N SILT POCKETS AN EROVIN-GREY CLAY
7 . '/
20 20N [t [[av-zzso STIFF
\ I%:zsoo | \ I%: 2250
3¢ / 4| 30 \ gl
i/ P‘: - —-—)L Lqu: V750
/ Iqu 2 {230 / \ 4 Qu = 1500
HIGHLY PLASTIC 4 HIGHLY PLASTIC
7 (:E Y Y R /1 GREY C!_AY
¥ R o M. Sn1ee 4 SILT POCKETS
,/, I qQu= R0 Iq\,:rooo
/ | ¢
=/ Sgny
A i"/ .,(”/ =Y X 4od b Iqu - 1000
v j GLACIAL TILL R
e 1A GLACIAL TILL
AUGER Rt—:r—‘usAL_L 56 Jan
5074 ; SHATTERED
LIMESTONE BEDROCK
o
N

HOLE ADVANCED BY_16 POWEP AUGER
LOGGED BY DATE
REFERENCE FROM REPORT_PRFEPARFD FOR
WATSMAN ROSS BEANKSTEIN BY RIPLEY

HOLE ADVANCED BY__FL!GHT AUGER
LOGGED BY. DATE ® “T. S

REFERENCE FROM REPORT PREPARLD FOR
WAISMAN RO BLANKSTEIN. RY RIPL Y

KIOHN LEONOFT

KLOHN | EONGE T




LOG OF TEST HOLE NO. _25

COORDINATES ___ D—+

LOCATION ENGINFERING
' — BUILDING

LOG OF TEST HOLE NO. _26
COORDINATES _D-%
LOCATION ENGINEERING

- BUIL DING

DEPTH o, MmoiSTURE
ELEV.

0 0 20 4060 80100

DESCRIPTION

DEPTH o, MOISTURE
E(leV' 0 20 40 60 80100

DESCRIPTION

TEHRIMN

NS F]l ;
N b

762.5

AN

S

R ORGANIC CLAY
N t — ;Tqu.azabo
. T | 9u = 1500 5
I r 10 T '
Nk -] au=1s00 J—-1 - | Qu=1500
. HIGHLY PLASTIC N HOSHLY PLACTIC
N, ’ -
N X MOTTLED MOTTLED
AN Jow=1500 AN I%: 1500
N = [ N I , B >
~ BRCUVH-SREY CLAY \ SHOVWN-GREY CLAY
’)O/ \ - ST]FF - X ST‘FF
2 ) 20 :
k dy = 1200 \'— -

[ Gy = 2000

I Qu = 2000

[
te %

- I Qy <2000
HIGHLY PLASTIC
GREY ZULAY

R

30

iQI.:: 150 ] Iqu—- 1000
ST POCKETS i TIC
/ CHIGHLY  PLASTIC
i STIFF / -
A0 = A0 / GREY TLAY
R o) / - dy = 1100 LS - A
SILT POCKETS
//
' - e STIFS TO MED.STIFF
Qv =loco - ‘[ Ju = {000
L ye L
/ Qg = 1300 :
' A, N S R D T S ¥ I /
siel e - STo} NI N I
o ¥ LA AT
7.5 ¥
5 o ~ S, AUGER REFUSAL ~—
v - "\/ A R
o
5701~
g gl
§ LiNY 1 DNY RPEDROCK
253

HOLE ADVANCED BY_DIAMOND DRILL
LOGGED BY DATE NOV. 26 / o5

REFERENCE EROM REPORT PREPARED FOR
GREUMN BUANE STEIN RUGHELL BY RIPLEY

HOLE ADVANCED BY_I6 POWER Al tR
LOGGED BY
REFERENCE IFROM RIEPORT PREPARLD FOR
GRCFMBILANKSIEIN PUSSELL BY RIPL Y

F:OHN LEONOFF

FLOUM LEONOFFE




LOG OF TEST HOLE NO. _27

28

LOG OF TEST HOLE NO.

COORDINATES ___ D -4 COORDINATES _0 -+
LOCATION MG INEERING LOCATION 0 OINFERING
: ~BUILDING ~BUIEDING
9—5—-’%’/1 %, MOISTURE DESCRIPTION DEPTH o, MOISTURE DESCRIPTION
% 0 20 40 60 80 100 %EV'O‘ZO 40 60 80100 ‘
T65 reeNe
: Em FILL :1 ORGEAMIC CLAY
i: RROWH ORGANIC QLAY NE [ NUGGETY STIFF
q,-\ DO cop g , L —
] ! STHFF Ll \ o e
\ B ——TAN SILT
IK o / -
__’.O \ b ) f qQu = 150D . ]O E qU—l]OO
N HIGHLY PLASTIC HIGHLY PLASTIC
[ =500 MOTTLED [avza00 MOTTLED
- ZROWN-GREY CLAY © BROVWN-GREY CLAY
2d,> l w STIFF ;il. L T STIFF
[Qu = 2000 \ Iqu =620
' > ’ I \
o] ; é 30071 14
/ // HIGHLY PLASTIC
, qu = {750 \ IQU 1606 - »
% HIGHLY PLASTIC L . CREY CLAY

, fREY SILT ROCKETS

r’_/ ; 'ﬁ"‘{'—é‘,‘ 1Ql / . CoTiers
/ SHT POCKETS ! R
//' \ SLICVENTIDES T !
/ [QU:,QOO STIFF St 1 [q\,:aoo TILL-LiKE
a MIXED 1IN
/ . WITH CLAY
. i

! s, '

O / 50 ;:"’:/ L v
LR GLATIAL T'L 5.4 25 GLALIAL TILL
e AUGER REFUSAL——S rie-e AUGER REFUSAL —\

HOLE DRY AT COMPLE - WATER ENCOUNTEIRED
TION OF DRILLING AT 48 DEPTH OF DRILLING

HOLE ADVANCED BY_ - . ¢
LOGGED BY R DATE ... ¢ ‘
REFERENCE PROM RUCEORT PREPARED FOR
IR /\H\. RN RUC 0wy RIPLEY

HOLE ADVANCED BY__'= poyirn Alic o
LOGGED BY DATE ' ralis

PR £ !r’)’\\ IRISED) ' -0 ]
S RIPLEY

REFERENCE 1'ROM REPORT

CIREUN PR AT PN Rl

[ OHN LEQMOTF

PLOVM LEONOLE




LOG OF TEST HOLE NO. _29

COORDINATES E—3

Location BULLER BUILDING

LOG OF TEST HOLE No. 90

COORDINATES __ E— 3

LocaTion BULLER BUILDING

Dg—fgvﬂ % MOISTURE DESCRIPTION DEPTH o/, MOISTURE DESCRIPTION
0 ‘0 20 40 €0 80 100 %EY'O 20 40 60 80100
TeT FILL § ORGANIC CLAY R eI L
& L GANIC CLAT
N BV NE \ [au <700 mmowm cone
lqu‘\7§0
\ TAN £ILT | TAN SILT
/ . /
10 || \ qu = 1250 10 N iqu 1500
A HIGHLY PLASTIC \' |7 HIGHLY PLASTIC
ANE BROWN-GREY CLAY BROWN-GREY CLAY
qu = 2000 STIFF \ 4y = 1250
SILT POCKETS
/\ 1N STIFF
/ /
200 1. L N A I 221500
; Pq\_::\?.‘;O \
, I : .
A HIGHLY PLASTIC 4 | 2= 1520
,30’/‘ B GREY CLAY To] /_
/ SILT POCKETS /
L/ STIFF TO MED.STIFF 1 HIGHLY PLASTIC
% [qy= 1300 4 % [%__,Zso GREY CLAY
/ B SILT POCKETS
, 1 STIFF TO MED.STIFF
JrO/ ) - - 401 3 qu=1000 '
/ e L
N S / -
1% "‘f Z . - 1Y) [P T N ¥ S N DO O | N oY
[t ot 18
oN GUACIAL TILL L
S 3 GLACIAL TILL
56I Zj 5.‘;_-/ Of:
7064 AVGER REFUSAL ) 7004 7/’ )
K LIMESTONE BEDROCK
=]
///
,‘/,\

"

HOLE ADVANCED BY_lt_DPoviii A cip

DIAMOTTY DR

HOLE ADVANCED BY

LOGGED BY — DATE AN, v/ LOGGED BY DATE N
REFERENCE 0200 P EPORT PUERALLY FOL REFERENCE 200 pirpop 1 Pl AL Y E O
GRECIL P AT ’-H;s”f" B RIPLEY | CRUE M BLANY ST L oL 37 PILEY
F1OHH l‘ON()H" FoOHl LEGNOFF




LOG OF TEST HOLE NO. _9!

COORDINATES __E-3

Location BULLER BUILDING

LOG OF TEST HOLE NO. _ 92

COORDINATES __E =3 \
LocATioN BULLER SUILDING

ORGANIC CLAY

DEPTH o/ moISTURE DESCRIPTION DEPTH o, MOISTURE DESCRIPTION
ELEV. ELEV.
w0 20 406080100 ] ‘0 20 40 60 80100
782 FiL re2.6] 7 FILL

. au =zooo BROWN CLAY

T ORGAMIC CLAY

N

TAM SILT

N . Iqu = 1500

+——— SEEPAGE SILT
i FROM STRATUM
/ |
1O

HIGHLY PLASTIC
BROWN-GREY CLAY

\ I% = 2000 _ [quueoo STIFF
\ HIGHLY PLASTIC
N BROWN-GREY CLAY |20 | - HIGHLY PLASTIC
—1 1 T B GREY CLAY
\ v SILT POCKETS — i t —_—
STIFF ’ ) Z’TEST HOLE DISCONTINUED
IqU:\OOO WATER SLOUGHING IN
: SILT LAYER AFTER AUGER
\. PULLED.
soNG LW | | of LI Ll
/ I% =500
d HIGHLY PLASTIC
L SILT POCKETS
/ STIFF
'/ *
o lquzvso
Ao  CLAYEY .
SOl / , \ . S0
= SLATAL TiLL ;
b CEEPA G
U (-
55 |
707z

AUGER REFUSAL A

HOLE ADVANCED BY_I6 POV [ At~ th
LOGGED BY____——
REFERENCE L.\

ol i lo L ANE ST e e

REPCPT PREPALY

=Y RIPLEY

DATE Ari. [
Lo

HOLE ADVANCED BY_ - 1" ) ' cyy 70 p-
LOGGED BY DATE S1Ar - /-0
REFERENCE 2 oM REPORT PREPARED IO
VPR B AN T e R RIPLEY

FEOHE LEFONOIE

FoooHN LEONMOFF




LOG OF TEST HOLE NO. _33
COORDINATES __ FE—=3

LocaTioNn DUFF ROBIN
: —BUILDING

LOG OF TEST HOLE NO. _ 34

COORDINATES __F - 3

LOCATION DUFF  ROBIN
—BUILDING

CLAY, SAND, GRAVEL

DEPTH o moiSTURE DESCRIPTION DEPTH o, MOISTURE DESCRIPTION
FDL ‘0 20 40 §0 80 100 %Ev'o 20 40 60 80 100
7624 T61.5 rj”,ziia TOoP 3oL
FiLu

\

L Ax 2z

T 0 BROWN CLAY

\ . % T"«Yu =2250
"

Iquz_\zso ‘

HIGHLY PLASTIC
GREY CLAY
SILT POCKETS
STIFS TO MED.STIFF

ay = 1100

5.
OSSN

e

AN

N
IR N

& ’_C{U:BDO
El 5 CLAYEY

Dl GLACIAL TILL
54 |8

A3

7034 |
i AUGER REFUSAL —

S 1 JQU= 210
il TAN 3T / HIGHLY PLASTIC
|10 \—~ - { a, = 2000 10 Sliag =750
. HIGHLY PLAST!C A BROVN GREY 1L AY
N BROWN-GREY CLAY  SILT POCKETS
Iqu =2000 ST' F-F- | QUj 1400 ‘ i
STIFF
! 7
20 -0

Qu = 1250
HIGHLY PLASTIC
SPRPEY CLAY

[ qu = \&50
SILT POCKETS
/ STIFF

[ qQu =100

’[QU:QOO

TSNS SN 7 S

L
50 e it : [Quzl'ooo o
‘f“, CLAYEY
e SLACIAL TILL
S =

LIMESTONE BEDROCK

A

HOLE ADVANCED BY R A
LOGGED BY —
REFERENCE 120N VIPC T THEPANI) O
RN RE AME O Phd P ¢ RIPLEY

HOLE ADVANCED BY_21AMOD Hit 1
LOGGED BY DATE nr /s

REFERENCE ff,‘f:“,i’,1 L!:‘)(\,f':’ ;_);)I‘;.)‘,\\L,)l") 1‘.'(‘):’,‘
U R ALK TEIN RUS S BY RIPLEY

KLOHILEONOIE

RLOHIL LEOMOIT




LOG OF TEST HOLE NO. 95

COORDINATES __F—3

LOCATION DUFF ROBIN

— BUILDING

LOG OF TEST HOLE NO. _96

COORDINATES __D -2
LOCATION ST PAULS COLLEGE .

DEPTH o/ MoisTURE

U " 0 20406080100

DESCRIPTION

DEPTH o4, MOISTURE
%EV 0 20 40 60 80100

DESCRIPTION

7624, .
T FILL
N BROYIN CLAY
AN
N

- LA

b fqu:zxoo

ot - - -
SAMD, GRAVEL

. : ————————
Ternd N BLACK ORGANIC LOAM —- -
N BROWN SILTY CLAY

N B DROKEN BRICK § oTONE

AN BROWN CLAY

LT - (.-

I L

i‘%:azso
N

HIZHLY PLASTIC
[ o320 1OTTLED
BROVA-REY

LT PCCH

(€2}

-

-120

IQU=\8OO .

! \ _ TAN WY —

§y = 1350

HIGHLY PLASTIC
BROWN-GREY CLAY
SILT POCKETS

Sl

- —f L Q, =2300

HIGHLY PLASTIC
GREY TUAY
8,=1250
SILT POGKETS
:“C'

C T
ST

-+0

AN A

—— : : N

Qu =700
> T
! RS DT D
P 1 H =1 ! [
ry-.2
501
N {)‘{
‘;‘ “HATTAL Ty
e SEACTAL T
S4ls

i

/ ay = 150

GLACIAL TILL

[708.4 \~\
AUGER REFUSAL —

AULER REFUSAL“&

HOLE ADVANCED BY_ 16 POV5p 4 oo p

LOGGED BY____— DATE AR 29 /06

REFERENCE RO REPOR

FPPEPAPED TOR

GRECP B AMR DT E N < 1 2Y RIPLEY

HOLE ADVANCED BY_1 ¢t i o oo
LOGGED BY_ . .\ ___DATE =/
REFERENCE .~

P EPORT FPRUDAE Y e
S HORY LR

FEOUN LEONORT

CURDS O BY
MLBLOCKE A O IATY




COORDINATES

LOG OF TEST HOLE NO.
D-

37

2

lJ}

COLLEGE

LOCATION ST PAL

LOG OF TEST HOLE NO. __ 98

COORDINATES __ D ~2

LOCATION ST PAUL COLLEGE

LOGGED BY__A.1L Mt

DATE 1 2.0/

REFERENCE [ROM

'T)i

POHT _PREPARKED FOR

QE%;‘I\? % MOISTURE DESCRIPTION DEPTH o/, MOISTURE DESCRIPTION
O ___0 20406080100 %‘Ev'o 20 40 60 80100 \
Tede \'\ CBLACK ORGAMIC LOAM - 7626 \ BLACK ORGANIC LOAM :T;\
N FILL = BROWN CLAY | o .
\f 1 —— BLACK SILTY CLAY \\ EROWH CLAY
TAN st TAN SiLT
/ \ / \
MNEEEE ioh | ) .
N HIGHLY PLASTIC
\ BROWN-GREY CIAY
HIGHLY PLASTIC ST POCKETS
BROWN-GREY CLAY Csrier
, SILT POCKETS , .
=EN STIFF =01 N
| . L
, 1
seh VL L 30 1 ] HiGHLY PLASTIC
? / GREY CLAY
‘ Y-} WATER LEVEL
. / AFTER DRILLING
v HiGHLY PLASTIC WAS COMPLETED
1% GPREY CLAY ,/ SILT POCKETS
40 % ~|-- SILT POCKETS 20001 STIFF.
STIFF " |
/ V] NoTE. aouns waren
IR J lﬁ:
s s ELITED Lo 1 bR Loneee
L/ 34770 49'-4 BEPTH
e — ES
54.{. %y GLATTAL TILL o }n\; GLACIAL TiLL
o AUGER REFUSAL :X 7OT.£~;//< LIMETTONME 859007
NOTE. NO WAEE:EPXG{-; ;\\ ’ SHATTERED
4 WATER SEEPAGE
2
HOLE ADVANCED BY L EedT D HOLE ADVANCED BY

LOGGED BY__~n.' ML DATE i,
REFERENCE {0 M DEPCRT PRUPAAED FOD

“\PO IRY lU“" R_CIGHRDTON  RY DAROURY L USTIER CJGURNSOH RY
LOCK # A SOUIATE . MOBLOCK b A OTIATESY




LOG OF TEST HOLE NO. 39 LOG OF TEST HOLE NO. 40

COORDINATES _ D=5 COORDINATES __D—-5

LocatioN CHILLED WATER LOCATION AGRICULTURE UTI-

L
—PLANT | LITIES TUNNEL

DEPTH o MOISTURE DESCRIPTION DEPTH </, MOISTURE DESCRIPTION
E(%'Ev'o 20 40 60 80 100 E,L;EV‘ 0 20 40 60 80100
L B P T ANV
., “— GRANULAR FILL '
\1\ . AN HIGHLY PLASTIC
R HIGHLY PLASTIC N E _ SRoWN cLAYC
™ EROWN CLAY ! demeone
N - / R
IO/ \ !C) \ [ Qu = \75‘0‘
N I HIGHLY PLASTIC
HIGLY PLASTIC . MOTTLED
. qy, = 1500
MOTTLED . )
SROWN GREY cLAY i EROWN-GREY CLAY
, =DV GRET CLA o P  SILT POCKETS
NEEIAN | SILT POCKETS 20 , Q1300 -
STIFF / - STIFF
‘g-qU:.‘SOO
/ : : /
30 - SO
: L Q= 2200
b TQU:IOOO
T OHIGHLY PLASTIC
HISHLY PLASTIC
, - ! i SREY oAy
40 | GREY CLAY “«0 lay=1500
SILT POCKETS i C oLt FOLKETS
STIFF | ! STIFF
% | gu=00C
[ A / = /1. ' i
50 . 20F l | Q=850
i
/‘/ /
ot <3 1 - .
o HOLE TERMINATED — v
aTES e GLACIAL TILL

- ~ [ro7=
s‘ixﬁ*ko“’?;E&YR“TLtf\éTEb ? AUGER REFUSAL N
3G <

2. NO WATER SEEPAGE NoTE

NATER RoSE TO lg FT.
DEUPTH IN MINUTES .

HOLE ADVANCED BY_!& 0wen avare | HOLE ADVANCED BY - povion ALCTR
LOGGED BY__.L. A~ DATE 'L 25/71 | LOGGED BY__J. A. DATE v« ]
REFERENCE 220 B0 PORT FPITPARIED REFERENCE _-CM REPORT porpai i)

’ !
/ S SAL
FOR PEID CPOWTRER  PARTIUE oY | SCRPED CPOW T 1 4 PALT 1 e e

: i

RIPLEY ¥1OHN L EONOLF FIPLOCY RO LEQHICrE




LOG OF TEST HOLE NO. _ 4|

COORDINATES -5

LOCATION _ A~ 1CHLTL

JRE
UTIELITTES T

LOG OF TEST HOLE NO. _42

COORDINATES _ D=5
LOCATION ‘ NS r'{l‘\,'\vf"’. i ’:’ e

ST Ty B
‘Ji't\?i!,m ]

DEPTH o MoISTURE DESCR|PTION
ELEV.
U 0 20 40 60 80 100

DEPTH </, MOISTURE DESCRIPTION
E'J“EV' 0 20 40 GO 80100

T63. ot 4

e GRANUL AR FILL

HieHLY PLASTIC
STIFF

X

N BROVIN CLAY

B Y FILL

N

HISHLY  PLASTIC

]
1S, -] e Iquﬂzso

HIGHLY PLASTIC
BROWN-5REY CLAY
MOTTLED

20

- [ QU = ‘650
SILT POCKETS
STIFF

’ a2, = 1000
BROVI SLAY

STIFF

F

N

I
é()\.

[qu =Z400

HIGHLY PLASTIC
SrREY

CLAY

T -
e La.b = 1200
SILT POCKETS
STIFF

T ] B S

NSNS SN\ T T

j I

Q= 956

I%: oo

MG R
ﬁl"J';;...;

PLASTIC

GREY CLAY

TH.5
NOTES.

Vv HOLE TERMINATED N
CLAY = NO REFUSAL,

2. NO WATER SEEPAGE T
5.5 FT DEPTH.

SILT POCKETS
1™ STIFF

]: lu=\000

GLACIAL TilL

707.9 ' ¥
AUGER REFUSAL —

NOTE.

ENCOUNTERED HIEAVY
YIATER FLOW AT 53 LEPTH,

HOLE ADVANCED BY_ ( 20WEDR Alloen

IR

LOGGED BY JAL I /( e

REFERENCE FROM REPORT DRUIPADRSY

DATE .1'1: ¥

FORCERE CROWTHER B PART e oy

HOLE ADVANCED BY_'% POWER A'LZFR

LOGGED BY___... A, DATE 11 v (-\,;/-;Q
REFERENCE | ~OM REPCRT i i)

PO i) CRONT R DAL e, =

PIPLE

VGG

RO O Lo




LOG OF TEST HOLE NO. _23
COORDINATES __D =5
LOCATION A= 1C1 T

LOG OF TEST HOLE NO.
COORDINATES __ ""5_

LocaTion A1 1T

Lt
a2

IR
DEPTH o MoISTURE
ELEV.
@ 0 20406080100

DESCRIPTION

DEPTH o/, MOISTURE DESCRIPTION
ELEV. 0 20 40 60 80100

T6T At Tk o »
! TOFP 30w ‘:\‘ CvRANULAR FILL —
N HiGHLY PLASTIC 1\ _ ORGANIC CLAY, STIFF
N BROVN CLAY \ [ - :
A N \ qy = 4430 SILTY CLAY
/ N /
1O 7 I
e -b— v b Qu =200 N \
; c ’ ,
_ HIGHLY PLASTIC HIGHLY PLASTIC
NDOW N T oY :
N\ BROWM-GREY CLAY g.-t00 MOTTLED
N SILT POCKETS BRCWHM-GFEY =AY
! TIFE - ) .
X : 3 STIFE ,\m‘/\ SILT POCKETS
S l--o |-} a,=125¢ .
L STIFF
\ ]:QU:HOO
i /\, . /
7 ; [ e
MV_Q.. [ - 'S BN (N IQU=X6CO oA
\ i .
| Immsoo
‘ HioHLY FLASTIC
i LI Bl O hY4 !
, g -'1;‘_-.".,’_. x'J ASTIC / ’ -
- -8 ] Qv =000 f;;_ Y CLAY —= 1/ S BE R B - -
- - 0 ; SILT POCKETS
LT Cr=7s /
; | STIFF
"‘" I: . [
,/ 51 lFl é qu:7SO
L ,, s
V7 . | . sle) of
:,lf 11~ . VEER L neiAL Tl e 1) A eraciaL T —
o 11 - . ¥ . SR JE -
e X T T T
10-2 “hoLE TERMINATED, NO r;;riw 7o AUGER REFUSAL —
NOTE.
Lk oTE
NO SEEPAGE ENMNCOUNTERED NOTE.
AOVE SULS FY DEPTH. ENCOUNTERED HEAVY
WATER FLOW AT SI.5 DEPTH.

POWFE R

DATE ..

HOLE ADVANCED BY_I5
LOGGED BY__J. A.

REFERENCE £ R0M PEPORT PREDARI)
EQR REID CROWTHIG #F PARTHERY BY
RIDLEY ¥ L OOk

AVIRER

! l/ “1/ /-/’(K)

HOLE ADVANCED BY_ = mowsp aAllirpn
LOGGED BY__J. A. DATE 't v /7
REFERENCE o L PORT_PEEPALNY

FOr_ 71D CUOWTHE L AT [ 15

PLEY b f('f“H LEorory




COORDINATES

LOG OF TEST HOLE NoO. _45
-5

LOCATION _AGRICULTURE

UTIHLIATIES

SRR
R ML

UTILITIES

LOG OF TEST HOLE NO. _46
COORDINATES

n-5

LOCATION _ AGRICULTURE

TUMNEL

\\

7 7

[+
[

SILTY CLAY, SOFT

‘ 4, =2000

; Qu =12850

HiGHLY PLASTIC
MOTTLED
BROYM-GREY CLAY
SILT POCKETS

STIFF

]
-~

o

[y
O

- [QU = \ZS(.)

SILT POCKETS

- Iquﬂooo'"gﬂpp

GLAZIAL Tily ———

A

‘a

o1
(N

N,

DEPTH o/ MOISTURE DESCRIPTION DEPTH o/, MOISTURE DESCRIPTION
ELEV. ‘ ELEV.
{} 0 204086080100 0O 20 4060 80K00
7ez.c] wn e - —
we FILL-ORGANIC CLAY N SoFi
et : \ T ORGANIC Cl
N N LQU’;ZOOO = STCWF' AY

HIGHLY PLASTIC
SROWM-AREY CLAY
STIFF

TQU=\ZSO

HIGHLY PLASTIC

[#=1250 GREY CLAY

SILT POCKETS
STIFF

I qu = 1000

J:QU ={000

T GLACIAL TIiLL

Ly

AUGER REFUSAL AN

NOTES.

/
I, AUGER REFUSAL AT 49,3
DEPTH ON BOULDER?

. N0 SBEEPAGE ENCOUNTER
€D ABOVE 44.3 DEPTH,

AUGER REFUSAL =

NOTED

LAUGER REFUBAL AT S50FTY
DEPTH ASSUMED oW
BOULDER.

Z. ENCOUMTERED MEAVY
WATER FLOW @50 DERTH,.

LOGGED BY__.L A

HOLE ADVANCED BY_I© -Cuin Al1arp

DATE 1« /iC

REFERENCE 001 =

CPORT PREPARED

REFERENCE

U BRI

HOLE ADVANCED BY_ " D0 R AUSER
LOGGED BY

DATE 1117 /70

ZEPORT PREPALED

FOW w1 CRCITHER S ARTHE e

PAel Y Gt b

Loy
)it

PRliPLE

G TR o PARTE

SEOITAL




LOG OF TEST HOLE No. _47 LOG OF TEST HOLE NO. _<48

COORDINATES ___E-0 ¢ COORDINATES __~— 3

LOCATION b M N TI-PURPOSE LOCATION L= MULT|-RP =00 0
' BUILDING BJL Ul

PEPTH o/ MOISTURE ~ DESCRIPTION DEPTH o/, MOISTURE DESCRIPTION
ELEV. ELEV.
” 0 20 4060 80100

0 20 406080100
Vi rr A NN

di VI 50
- :
™~ \

AN T : N - BROWI{ CLAY

9 [ Qu=500 N E \ (lu=e5

HIGHLY PLAST]
\\V.
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APPENDTX B

CALCULATION OF FOUNDATION BEARING CAPACITY AND SETTLEMENT

(ADMINISTRATION BUILDING)

I, Bearing Capacity The net ultimate bearing capacity

was computed using Hansen's General Bearing Capaéity Theory
(Equation 4.1),

Total Foundation Loads

From Table (5.1) the net load on the foundation is:

Qt = an + Q1-

H

341.2 + 31,5

b4

373 Kips .

Point of Application of Resultant L.oad

. 4_.‘4[17“1,“,7

Wy = 63.2 kip X, = 38 inch
Wy = 45.1 FY5 - x., = 38
W, = 86,6 2
3 ) Xy = 44
W, =115,6 _
4 rw3x - Xy = 46
WS = 48,6 , = 77

\ Tw"’“ " 5 =

PTNNST7 PR l‘ WAt
- By -
L I
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The individual loads on the foundation are

W, = Roof D.L, + 3% Pir, wWali,

W, = 2" Fir,wa1l + 379 Fir,siab + Steel Beams
+ Flr, & Ceiling D.L.,

Wy = 15t Flr,Wwall + 2"¢ Flr.Slab + Steel Beams
+ Flr, & Ceiling D.L.,

W, = Basement Wall + Footing + 1°% Fir,Siab
+ Steel Beams + Flr, & Ceiling D.L,
+ Basement Flr, D.L,,

Wy = Weight of Soil,

We = Resulting L.L. on all floors.

Therefore,the total load is :
2W = 63,2 + 45.1 + 68.6 + 115.,6 + 48,6 + 31,5

= 373 kips.

By taking moments of the loads about A

E’MA = 0
29 x X = (63,2)(38) + (45,1)(38) +(86.6)(44) + (115.6)(46)
+ (48.6)(77) + (31.5)(33) inch kip
373 X = 2,400 + 1,710 + 3,020 + 5,300 + 3,740 + 1,040

Therefore,the location of the resultant load is :



- 146 -

% _ 17,210
= 373

= 46,1 inches,

That is, the resultant acts approximately through the centroiq

of the footing.

Design Soil Pressure

From the net load on the foundation, the net soil pressure
is:

Net Foundation Load
Footing Area

Net Soil Pressure

373,000
(7.7)(15)

3,230 pst.

Net Ultimate Bearing Capacity
Using the Equation (4.1,a) for cohesive soil:

Qult,net

cN s d. i
cccte

(800)(5.4)(1.1)(1.0)(1,0)

4,520 psf.

Factor of Safety

S. F. = Qult.net
Soil Pressure

L]
-
-
D
o
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1I1. Settlment Settlements at point A, B, and C
(Figure 5.1) were estimated by the approximate method
assuming a circular footing supporting the column load,
and the bases of the footing are at 10 foot depth below

grade,

A, Settlement Calculation at Point A

Using the method of analysis outlined in

Chapter V, the settlement is calculated as follows:

Area of footing = 155 sq.ft.
v e /155
Representative ¥ wvalue = - = 6.05 ft,
: 373 k
Depth (ft) n
L]
Om‘\ ,*111\‘\\111'\\\,',,*‘\\,'/ " .
¢=108 pcf § 7 -8
10' Z Depth
g , i l Below (pO +Ap)
3 |  Footi
o t‘____ﬁl‘—ﬁ% O'ng pst
9 - A YA W NSNS Y ELAR A Yo7 &
12 |- ' e =l.§8 25 ‘} ¢
0 4 C8=O.63 }; 60 . 2 3860
e /
i e =1,61 7 / '
16 1730  ° o
l co=0.75 ?Jiﬂ@_—_—/ 6 3320
¢ - e =1.,41
20 {216 ' o TII o0 ‘
\ ‘i c.=0.66 10 2850
¢ \ —; e =1,30 I\){ é '
24 [2590| ,* © x60
|1 ce=o.sa 7 14 2750
14" :
! s Q - fl
28’ 13020 o1+ 33 0“98‘-»»«-‘“. ——18" 2920
| €_=0.45
oS C ’
(p,,) (4p)
pst psf

Figure B-3 Soil Sub-division Under Footing at Point A
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Stress Increase Due to Footing Loads

Point Depth g = 323071
r/z I

(ft) (psf)
I 2 3.0 0.96 3100
II 6 1.0 0.66 ~ 2130
III 10 0.60 0.33 1230
v 14 0.43 0,22 ©710
A 18 0.33 0.14 452

Where: r representative radius of footing,

z = depth below footing,

q = vertical stress at depth z,

d, = soil pressure at base of footing.
Note: I wvalues are given in Table (5.2)

Stress Decrease Due to Excavation

In plan area, the excavations can be considered to
consist of superimposed rectangles. For calculating the
Stress decrease due to excavation, Newmark's Tables, giving
influence number Iy, for the stress under a rectangular

footing were used,
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Subdivision of Excavation Area into rectangles

for use of Newmark's Tables for Rectangular Footings,

58
Thus the vertical stress decrease is:

Point Depth Io Agz = (1080) I
(£ft) (psf)
I 2 0.501 540
Ix 6 0,501 540
IIT 10 0.5009 540
v 14 0.510 550
v 18 0,511 550

Note: qa = 1,080 psf

overburden pressure at 10 ft depth

il
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Computed Consolidation Settlement

Settlements were computed using two methods, the
first one made use of over-burden pressures and the com-
pressive index in the virgin curve region, and the second

one considered the pre-consolidation effect,

i P_+AP
Method I. AH = 7=~ C_ log —“5— (4,6)
(o] o]
H
Method II, An = I—:—Eg (Ae) (4.7)

Computed Consolidation Settlement for Point A

Point
Method Sum
I 11 IIT v v (in)
IT 1.30 0.74 0.40 0.40 -0.21 2,63

By the same method used for point A, the settlement of points

B and C are obtained,



APPENDIX C

CALCULATION OF FOUNDATION BEARING CAPACITY AND SETTLEMENT

(ELIZABETH DAFOE LIBRARY)

Footing L-5 (see Figure 5.2) was analysed to
establish the design soil pressure. Settlements at foot-
ings L-5, E-5, and P-12 were then computed representing

approximate points of highest and lowest settlement values,

I, Bearing Capacity

Net Foundation Loads

From Table (5.4) the net load on the foundation is:

Q. = Qgn + 9
- 74,6 + 44,1

Design Soil Pressure

Total Foundation Loads

Net So0il Pressure = Footing Area

118,700
49

il

2420 psf.
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Net Ultimate Bearing Capacity

From the Equation (4,1.a) for cohesive soil:

Quit,.net = ¢ N s, de

(800)(5.4)(1.3)(1.5)

7,500 psE.

Factor of Safety

Qult.net
Soil Pressure

}

S, F.

= 7,500

II. Settlement

Settlement under footings L-5 were computed using
Equations (4.6) and (4.7). Because of the more simple
geometry of the building foundation pressures were cal-
culated on the basis of Newmark®s Tables and Charts given
in most standard text books, for example Terzaghi.36 The

results are summarized in Table 5,5.



APPENDIX D

COMPUTED BEARING CAPACITY AND SETTLEMENT

OF SELECTED FRICTION PILES

Pile Foundation 1 (B - 3)

This foundation consists of a cluster of three 16
inch diam, by 30 ft. cast-in-place concrete piles. The
pile spacing is 3 ft. centre to centre and has a trian---

gular pile cap of 10 sq.ft,

1. Individual Action:

Shear strength of clay = = 1110 psf.

2220
2
Since the zone of soil shrinkage is about 6 ft,:

Effective length of pile = 30 - 6
= 24 ft,
: . 16
Surface perimeter ='ﬂYI§) (24)

= 100 sg.ft/pile

Hence from Equations (6.2) and (6.3.a)

Qs/pile = (0.8) (1110) (100)
= 88,8 Kip,
Q = 3 (88,8) = 266 xip.,
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. . T 16,2
Area of pile tip = x CI~)
1.

4 sq.ft/pile

Hence from Equation (6,.6,b)

Qp/pile = 9 (1110) (1.4)
= 14,0 Kkip.

Therefore, the ultimate capacity of the pile group is:

uit = 266 + 42 = 308 Kip.

Total column load is 40 kip, hence:

_ 308 . _
S. F. = 2= = 1,7



- 157 -

2, Group Action:

Group surface perimeter (3) (%%) (24)

L1}

312 sq.ft,

Bearing area of pile cluster:

- ~2~—6-23-\—_3 + 3(0.67 x 3)
= 10 sq.ft,
Qp = (9)(1110)(10) = 100 Kip,
Hence:
Quie = 277 + 100 = 377 Kip.
Therefore

q - 377 =
e r‘. - 4 - 9;4

O
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Settlement

In evaluating the stresses in the soil underlying
a group of friction piles, the load is placed on a ficti-
tious footing at the lower third point of the cffective
pile length, and the spread-out of load is taken at 30°
to the vertical,
1. Computation for values of P, = Z:Jz

From TFigure (7.2)

5(107) = 535 1b per sqg.ft
25(108) = 2,700
3,5(111) = 388
3,623 lb per sqg.ft, = p, at point I
5.5(111) = 610
5,5(106) = 583
= p_ at point IT

4,816 1b per sqg.ft, o
Note: For soil profile see éigure (7.2)
2, Computation for value oflxp:
A simplified method of computation of soil stresses
beneath a pile was used. The area of the fictitious footing

is 10 sq.ft.supporting a column load of 20 tons which gives

the equivalent load of 2,0 tsf.
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Load spread area at 33,5 foot depth:

= 8'672X 10 4 3(0.67 x 10)

= 63 sq.ft.

Hence:

= 0,32 tsf.

mrd
wlo

Ap at pointI= 2,0 x
Load spread area at 44.5 foot depth:

- 20.8 x 24 + 3(0.67 x 24)

- 2
= 298 sq. ft.
Hence:
pr at point II = 2,0 x —%g = 0,07 tsf,

3., Settlement Computations:

The magnitude of total consolidation settlement

is expressed by:

s = —H _  Ae, (4.7)

Where Ae is the change in void ratio between initial
and final pressures and is taken directly from consolida-

tion curves in Figure (3.,1),
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Thus, settlement at point T is

11 x 12
S = m X (0.02)

0.97 inch
Settlement at point TI is
11 x 12

S = m X (0,01) = 0,45 inch

Therefore, the total consolidation settlement

0.97 + 0,45

= 1.42 inches.

Pile Foundation 2 (D,5-2)

The footing is‘supported by a cast-in-place fric-
tion pile of 16" in diameter by 25 ft, long. It carries

the total column load of 14 Kips,

Pile Capacity

1. Load Carried by Friction:
Assumed the zone of soil shrinkage of 6 feet
below basement level.

Effective length

i
[\
w

{

)]

i
Pt
o]
th
T
-

Surface area :7T(l§)(19) = 80 sq.ft,
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Hence:

(0.8)(1110)(80)

0
1l

= 71.0 Kip.

Load Carried by End-bearing:

Area of pile tip = E—(lé)z = 1,4 sq.ft.
4 ‘12
Hence:
Q, = (9)(1110)(1.4)

= 14.0 Kip.

Ultimate Carrying Capacity:
Qaae = % + 0

71 + 14

= 85 Kip.

Since column load is 14 Kips

85

SFe =13

6.1.
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Settlement

The soil conditions under the footing is shown
in Figure (7.3).

1. Computation for Values of p = Zd:z

o

From Figure (7,3)

5(107) = 535 1b per sq.ft,
25(108) = 2,700
2.5(111) = 278
3,513 1b per sq.ft, = p, at point I
7(111) = 777
4,290 1b per sq.ft. = Pg at point II
7(106) 742
5,032 1b per sq.ft, = éo at point IIT

2. Computation for Value of Zﬁp:
The area of the fictitious footing is 1.4 sq.ft,
carrying the equivalent load of 5 ton per sqg.ft. The spread
out of load is assumed to be 30 degree measured from the

vertical.

Load spread area at 32.5 foot depth:

(5.3)2 = 22 sq.ft.

AN
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i
8]

Ap at point T

= 0.32 ton per sq.ft,

Load spread area at 39.5 foot depth:

INE

i
wn

pr at point II

(13.5)% = 143 sq.ft,
bld 1.4 = 0,05 ton per sg.ft
143 : : St

Load spread area at 46,5 foot depth:

= % (21.6)% = 367 sq.et.
le at point III = 5 x %é% = 0.02 ton per sq.ft,

3. Settlement Computations:

X

12

At point I S = 1+ 173 % (0.02) = 0.62 inch,
. . 1 x 12 _ .
At point II S = m X (0.01) = 0.30 inch,

Settlement at point IIT is negligible. The total

consolidation settlement is therefore:

Total settlement

0.62 + 0,30

0,92 inch,



APPENDIX E

COMPUTED CARRYING CAPACITY OF SELECTED END-BEARING PILES

Four typical footings of the University Centre
which rest on precast, concrete end-bearing pile were
analysed for the bearing capacity. The location, size
and colum load of piles 607, 719, 720, and 766 con-

sidered are shown in Figure (7.4).

Pile No. 607

1. General Data:
This is a 14" hexagonal concrete pile with a net

length of 42 feet. The other pertinent physical data are

as follow:
Perimeter 3.5 ft.
Cross~sectional area 0.88 Sq.ft.
Weight 5,550 1b.
Set 0.11 in/blow
Column load carried 109 Kip.

2, Computed Safe Design Load Using Pile Driving Formula:

The modified Engineering News formula, which implies
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a safety factor of 6.0, was used.

2En

L

S + 0.1 W_ +

(6.1)

where the various symbols are as previously defined.

The values of En, W

r

s and S were obtained from the

contractor's pile driving report and were tabulated below:

40,000 x 5,356

0.21 x 10,930

94

Kipo

W W
. En r P S
. P e .

ile No (1b) (1b) (1b) (inch/blow)
¥607 20, 000 5,000 5,930 0.11
#2190 30, 000 5,000 7,640 0.07
#7220 20, 000 5,000 4,320 0.18
#4166 20, 000 5,000 5,250 0.21
Hence:

R. = 2(20,000) . 5,000 + (0.06)(5,930)

a 0.11 x 0.1 5,000 + 5,930
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3, Computed Ultimate Capacity Using Static Method:

For calculating the bearing capacity of end-

bearing piles, the typical bearing-capacity equations
for shallow footings were used, For a circular footing

of radius, r, resting on glacial till:

D
= 0.6 - N -+ D N b l] 6.60d
The values of ¢ andJ/of till were taken from Test

Hole 9 and the value of the internal friction of till was

©

taken as 44° for the reasons given previously in Section (7.2)
The bearing capacity factors after Vogel for £ = a4°

are:

N = 151 N = 252 N = 147,
c ’ ¢ ’ q
Conservatively, cohesion may be neglected in a mat-

erial that has such a high angle of internal friction. Hence

the computed net ultimate bearing capacity is:

1l

q [(0.6)(143-62.4)(I%)(252)+(118—62.4)

(42.3)(147-1)]

p

7.1 + 341

~ 348 Kip per sq.ft,
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The net ultimate load neglecting the weight of

the pile itself, therefore, is:

Qult = 348(0,88) = 306 Kip.

If a factor of safety of 2,5 is chosen, then the
allowable safe design load of the pile is 123 Kips.
The bearing values for piles 719, 720 and 766 were

similarly calculated with appropriate substitution of shape

factors, The results are shown in Table (7.2).



APPENDIX F
COMPUTATTON OF CARRYING CAPACITY OF CAISSON

Caisson 1 (Z-3) of the Education Building (Figure
7.1) was selected and its carrying capacity analysed. The
caisson has a shaft of 28 inch diam. and is belled out to
32 inch diam, at the base,
The load-carrying area is therefore:
w 32,2

Area = Z (—l*é') =

5.6 sq.ft,

Since the caisson rests on the limestone bedrock,
for which the allowable bearing capacity is 60 Kips per
square foot by the Code, Section 4.2.2.1(2); the safe
carrying capécity of the caisson, using Equation (6.9),
is

Qsafe = dg Ap

(60)(5.6)

= 334 {ip
The column load carried is 313 Kips which is less
than 334 Kips, the allowable capacity of the caisson using

the Code value. Hence the design is safe,
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