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Golder Associates

CONSULTING GEOTECHNICAL ENGINEERS

October 1, 1976

Ministry of Transportation and
Communications

S0il Mechanics Section

1201 Wilson Avenue

DOWNSVIEW, Ontario .

M3M 1J8

ATTENTION: Mr. K.G. Selby, P.Eng.
Supervising Engineer

RE: EMBANKMENT RECONSTRUCTION
HIGHWAY #12
VICTORIA HARBOUR, ONTARIO

Dear Sirs:

This supplementary report summarizes the results of
laboratory tests carried out on samples of the subsoils at
the above site, (refer to Figure 1 for Key Plan). The pro-
gress of the ongoing reconstruction program is reviewed and
preliminary recommendations for future construction proce-

dures given.

SUBSURFACE CONDITIONS

The results of the recently completed laboratory testing
program confirm our earlier interpretation of the subsurface
conditions at the site* and provide additional information on
the engineering properties of the various subsoil strata.

The results of laboratory tests are summarized on the attached

*refer to Golder Associates report no. 761175, dated August,

1976.
H. Q. GOLDER & ASSOCIATES L1D. + 3151 WHARTON WAY, MISSIGSSAUGA (TORONTO), ONTARIO, CANADA « LAX 2B6 ¢ TEL (A16) 615 0094
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Record of Borehole sheets and on Figures 3 to 11, inclusive.
The inferred subsoil stratigraphy across the site is shown

on the stratigraphic sections on Figure 2.

CONSTRUCTION PROGRESS REVIEW

Reconstruction of the embankment fill began on July 26,
1976 in accordance with the recommendations outlined in
Golder Associates report no. 761175, dated August, 1976.
Progress has been reported weekly by our on-site supervisor
in the form of weekly memoranda. The following is a brief
summary of the general construction procedures and progress
to date.

(i) The embankment fill was lowered to about elevation
663 prior to reconstruction.

(ii) A 2 cu.yd. dragline was used to excavate the north
key trench starting in the northwest corner of the
site.

(1iii) Because of the presence of boulders in the fill and
instability of the excavation side slopes, a back-
hoe was used to excavate the original embankment
fill ahead of the dragline operations. To avoid
instability on the embankment side of the excava-
tion, fill was removed to within about 20 ft. of
the embankment centreline.

(iv) Following completion of subexcavation and during
backfilling of each section of key trench on the
northern side of the embankment, the dragline was
used to subexcavate for the south key trench.

This procedure of advancing both key trenches
simultaneously, avoided standby time for equipment
and has been adopted throughout the reconstruction
work.

(v) A survey of the settlement of backfill placed in
sections II and III in the north key trench indi-
cated that the backfill material was relatively
stable.
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(vi)

(vii)

(viii)

Following an initially slow start up period, pro-
gress was satisfactory and by about the end of
August, the north and south key trenches had been
completed to about stations 432+20. However, heavy
rainstorms at about this time had caused a signifi-
cant rise in water levels in the excavations
causing local instabilities within the backfill
which required repair. Considerable effort was
also required to maintain haul roads after periods
of heavy precipitation. These factors resulted in less
productivity throughout most of September. A pump
was employed to control the water level in excava-
tions in the latter part of September.

When the key trench backfill had progressed a suf-
ficient distance from the west end of the valley,
good quality original embankment fill was placed
outside the key trenches ajdacent to the backfill
to act as stabilizing berms for the completed em-
bankment. Poor quality fill was wasted.

The removal of fill ahead of the key trench subex-
cavation by the backhoe is now essentially complete.
Both the north and south key trenches have been
backfilled to about station 431+50. The dragline
is currently subexcavating the next section of the
south key trench to about station 431+10.

Because the lower till surface slopes upward towards

the east side of the valley (section C-C, Figure 2), it is
anticipated that the excavation and backfilling of the south
key trench should proceed relatively quickly. Subexcavation
and backfilling of the north key trench is between 50 and 75
per cent complete. Depending on weather conditions and
satisfactory operation of equipment, it is currently esti-
mated that construction of the embankment to about elevation

660 can be completed within 2 to 4 weeks.

FUTURE CONSTRUCTION PROCEDURES

It is

understood that some 110,000 cu.yd. of £fill will

be available from lowering the road grade in the approach

cuts to the embankment section. It is currently estimated
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that about 30,000 cu;yd. of £fill will be required as backfill
in the key trenches and general raising of the embankment to
about elevation 660. Raising the embankment to final design
height (including surcharge) will require an additional
30,000 cu.yd., leaving about 50,000 cu.yd. for berm construc-
tion. Preliminary estimates indicate that this quantity of
material will be sufficient for construction of 50 ft. wide

berms along both sides of the embankment.

When the key trenches have been completed, the embank-
ment f£ill and outer stabilizing berms should be raised sim-
ultaneously. The final dimensions of the outer berms will
depend on the quantity of fill which is not required for
embankment construction as discussed above. Because of
their beneficial effect with respect to final embankment
stability, the final width of berms need not be restricted
and can be as much as 50 ft. or 100 ft.; however, the final

berm elevation should be at about mid-height of the final

- embankment slope.

The embankment £fill should be surcharged for a minimum
period of 6 months. This procedure will minimize long term
settlement of the completed embankment and reduce future
maintenance costs. It is essential that an embankment fail-
ure does not result due to surcharging operations and, at
this time, it is recommended that a maximum of 3 to 4 ft. of
surcharge (above final proposed grade) be employed. The
performance of the surcharged embankment should be monitored
by observing the settlement of the embankment £fill and pore-
water pressure dissipation within the foundation subsoils.
The settlement of the surcharged embankment due to consoli-
dation of the 20 to 30 ft. thick soft foundation soils will

vary across the site and could be as much as 1 to 3 ft.

Golder Associates
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Settlement within the softened till deposits should occur
relatively quickly. However, the rate of consolidation of
the sensitive clay deposit will be considerably slower and
will result in long term settlement of the embankment. The
magnitude of long term settlement will depend to a large
extent on the thickness of this material and on the degree
to which it -has been displaced during the recent construc-
tion operations. ‘ .
Because of the magnitude of anticipated settlements,
it will be necessary to widen the proposed embankment pro-
file to ensure the design road allowance is achieved. Thus
the width of the surcharged zone should be not less than the
design road allowance. It is considered that this can be
carried out by a modest steepening of the embankment side
slope as opposed to widening the embankment for its full
height. Following the surcharge period, excess fill should
be removed and placed in the berm areas. Because cof the
settlements which are anticipatedduring surcharging opera-
tions, it will not be possible to pave the embankment sec-
tion of the roadway until the spring of 1977 at the earliest,

when the performance of the embankment has been assessed.

The stability of the surcharged embankment and the
estimated settlement of the embankment given above must be
assessed in relation to the actual subsurface conditions
following the key trench construction, and in particular,
the final berm profile to ensure stability of the interim
surcharged embankment must be defined. To effect this
definition, additional information on the strength and
compressibility characteristics of the subsoils underlying
the embankment and in particular the thickness of the soft
sensitive clayey deposit is required. It 1is suggested

that an investigation program consisting of 2 sampled
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boreholes with accompanying vane tests be carried out, the
borings being located along the centreline of both the north
and south key trench and along the centreline of the completed
embankment. The boreholes should be put down before the em—l

bankment is raised above elevation 670.

We trust that the information contained in this report
is sufficient for your present reguirements. If you have
any questions regarding the results of laboratbry tests or
the recommendations for future construction procedures,

please call us.

Yours truly,

H.Q. GOLDER & ASSOCIATES LTD.

THA Lok

J,H.A. Crooks, P.Eng.

JHAC:VM:hs
761175

Encl: Reéord of Borehole Sheets
Figures 1 to 11, inclusive

” Golder Associates
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LIST OF ABBREVIATIONS

The abbreviations commonly employed on each “Record of Borehole,” on the figures and in the text

of the report, are as follows:

I. SAMPLE TYPES

AS auger sample

CS chunk sample

DO drive open

DS Denison type sample
ES foil sample

RC rock core

ST slotted tube

TO thin-walled, open
TP thin-walled, piston
WS wash sample

II. PENETRATION RESISTANCES

Dynamic Penetration Resistance: The number
of blows by a 140-pound hammer dropped 30
inches required to drive a 2-inch diameter,
60 degree cone one foot, where the cone is
attached to ‘A’ size drill rods hnd casing is not
used.

Standard Penetration Resistance, N: The num-
ber of blows by a 140-pound hammer dropped
30 inches required to drive a 2-inch drive open
sampler one foot.

WH sampler advanced by static weight—
weight, hammer

PH sampler advanced by pressure-—pressure,
hydraulic

PM sampler advanced by pressure—pressure,
manual

NoTESs:

I1I. SOIL DESCRIPTION

(@) Cohesionless Soils
Relative Density N, blows/ft.

Very loose Oto 4
Loose 4 to 10
Compact 10 to 30
Dense 30 to 50
Very dense over 50

(b) Cohesive Soils

Consistency Cu, 1b./5q. ft.
Very soft Less than 250
Soft 250 to 500
Firm 500 to 1,000
Stiff 1,000 to 2,000
Very stiff 2,000 to 4,000
Hard over 4,000

IV. SOIL TESTS

C  consolidation test

H  hydrometer analysis

M  sieve analysis

MH combined analysis, sieve and hydrometer!
0 undrained triaxial?

R consolidated undrained triaxial?

S drained triaxial

U  unconfined compression

V' field vane test

1Combined analyses when 5 to 95 per cent of the material passes the No. 200 sieve.

2Undrained triaxial tests in which pore pressures are measured are shown as @ or K.

Golder Associates
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LIST OF SYMBOLS

I. GENERAL

* = 3.1416

e = base of natural logarithms 2.7183

log, a or In a, natural logarithm of a

logye @ or log @, logarithm of ¢ to base 10

mMRESTT

time

acceleration due to gravity
volume

weight

moment

factor of safety

II. STRESS AND STRAIN

®

|9 9

L]

€zy

«

N Q

pore pressure

normal stress

normal effective stress (¢ is also used)
shear stress

linear strain

shear strain

Poisson's ratio (u is also used)

modulus of linear deformation (Young's

modulus)
modulus of shear deformation
modulus of compressibility
coefficient of viscosity

I1I. SOIL PROPERTIES
(a) Unit weighi

unit weight of soil (bulk density)

unit weight of solid particles

unit weight of water

unit dry weight of soil (dry density)

unit weight of submerged soil

specific gravity of solid particles G, =7v,/7v,
void ratio

porosity

water content

degree of saturation

(b) Consistency

wy
Wp
Ip
Wg
I,

Ic

€max

€min

D,

liquid limit

plastic limit

plasticity index

shrinkage limit

liquidity index = (w — wp)/Ip
consistency index = (w, — w)/Ip

void ratio in loosest state

void ratio in densest state

relative density = (€mas — €)/(Cmaz — €am)

(c) Permeability

'N.a.s.emw

hydraulic head or potential
rate of discharge

velocity of flow

hydraulic gradient

coefficient of permeability
seepage force per unit volume

(d) Consolidation (one-dimensional)

M,

coefficient of volume change

= —Aef(14+e)Ad’
compression index = —Ae/ A logo o’
coefficient of consolidation
time factor = ct/d® (d, drainage path)
degree of consolidation

(e) Shear sirength

Sy

shear strength
effective cohesion

intercept in terms of effective
effective angle of } stress
shearing resist- |7, = ¢’ + o' tan ¢’

ance, or friction )

apparent cohesion*

apparent angle of [in terms of total stress
shearing resist- |7, = ¢, + o tan ¢,
ance, or friction

/
coefficient of friction

sensitivity

*For the case of a saturated cohesive soil, ¢5 = 0 and the undrained shear strength 7, = ¢, is taken
as half the undrained compressive strength.

Golder Associates
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STA. 13435, 7'k € RECORD OF BOREHOLE 1
LOCATION  See Figure 2 * BORING DATE JUNE 15,1976 DATUM  GEODETIC
SAMPLER HAMMER WEIGHT 140 LB., DROP 30 IN. PENETRATION TEST HAMMER WEIGHT 140 LB., DROP 30 IN.
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LOCATION See Figure

2

STA. 4314+ 56 , 70" RT. OF &

RECORD OF BOREHOLE 2

BORING OATE

SAMPLER HAMMER WEIGHT 140 LB., DROP 30 IN.

JUNE 18,1976

DATUM

GEODETIC
PENETRATION TEST HAMMER WEIGHT 140 LB., DROP 30 IN.

" sOIL PROFILE

SAMPLES

|ELEV'N!  DpESCRIPTION

DEPTH

BORING METHOD

STRAT. PLOT

TYPE
BLOWS/FT.

RS

OYNAMIC PENETRATION
RESISTANCE,BLOWS/FT.

20 48 GJO

¢
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80 -~
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Ix!O lx.IO lx!o IxLlO
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LOCATION See Figure

2

STA- 430490 , 136' RT. oF ¢

BORING DATE
SAMPLER HAMMER WEIGHT 140 LB., DROP 30 IN.

RECORD OF BOREHOLE 3

JUNE 23,1976

DATUM GECDETIC

VERTICAL SCALE
IIN.TO S FT.

Golder Associates
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Form G.A.=D~I. Project No. LG 11T .
t
STA. 431+85, '8  RT oF ¢ RECORD OF BOREHOLE 10l
LOCATION  See Figure 2 BORING DATE JUNE 1t 1976 DATUM GEODETIC
SAMPLER HAMMER WEIGHT 140 LB., DROP 30 IN. PENETRATION TEST HAMMER WEIGHT 140 LB., DROP 30 IN.
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Form G.A.—-D~-—lI.
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Project No. __ .._6.1.?.:7_.5_--_

STA - 432465, 94" LT. oF ¢

RECORD OF BOREHOLE 102

LOCATION  See Figure 2 . BORING DATE JUNE 14,1976 DATUM . GEODETIC
SAMPLER HAMMER WEIGHT 140 LB., DROP 30 IN. PENETRATION TEST HAMMER WEIGHT 140 LB., DROP 30 IN.
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Form G.A.—-D-—1. Project No. o2 fotamaa
STA. 431400 ,96'LT. oF ¢ RECORD OF BOREHOLE 103
LOCATION See Figure 2 BORING DATE JUNE 16,1976 DATUM GEODETIC
SAMPLER HAMMER WEIGHT 140 LB., DROP 30 IN. PENETRATION TEST HAMMER WEIGHT 140 LB., DROP 30 IN.
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Form G.A.—-D—I. . : Project No. _-:Z.é.il_.s.-_
‘ .
STA. 432 +34 , 170 LT. oF ¢ RECORD OF BOREHOLE |O4
LOCATION See Figure 2z BORING DATE JUNE 17 1976 DATUM GEODETIC
SAMPLER HAMMER WEIGHT 140 LB., DROP 30 IN. PENETRATION TEST HAMMER WEIGHT 140 LB., DROP 30 IN.
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Form G.A.-D—I. Project No. -Z@-ill.i’_-_
STA. 411456, 72" RT OF ¢ RECORD OF BOREHOLE 105
LOCATION  See Figure 2 BORING DATE SUNE 18,1976 DATUM GEODETIC
SAMPLER HAMMER WEIGHT 140 LB., DROP 30 IN. PENETRATION TEST HAMMER WEIGHT 140 LB., DROP 30 IN.
o SOIL PROFILE SAMPLES DYNAMIC PENETRATION s, COEFFICIENT OF PERMEABILITY, o
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Form G.A.—-D-I. Project No. ... 7 .":EJJ:LE.-..
' H
STA. 4323416, 111 'LT. oF ¢ RECORD OF BOREHOLE 106
LOCATION  See Figure 2 BORING DATE JUNE 2t 1976 DATUM GEODETIC
SAMPLER HAMMER WEIGHT 140 LB., DROP 30 IN. . PENETRATION TEST HAMMER WEIGHT 140 LB., DROP 30 IN.
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v SAND, TRACE TO SOME CLAY AND GRAVEL. (SOFTENED TILL)

9 VERY DENSE BROWN SAND TO SAND AND GRAVEL.

by '«‘"] VERY DENSE SANDY SILT, TRACE CLAY, TRACE TO SOME GRAVEL TO
i » HARD GREY CLAYEY SILT,SOME SAND AND GRAVEL . (BASAL TILL)

|
|

‘! Date..JBLY 28,1976 DrawnMxB
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GRAIN SIZE DISTRIBUTION

SAND To SAND AND GRAVEL-TYPE 9

FIGURE 1o
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CONSULTING GEOTECHNICAL ENGINEERS

January 4, 1977

Ministry of Transportation
and Communications

1201 Wilson Avenue

West Building

DOWNSVIEW, Ontario

M3M 1J8

ATTENTION: Mr. K.G. Selby, P.Eng.
Supervising Engineer

RE: EMBANKMENT RECONSTRUCTION
HIGHWAY #12
VICTORIA HARBOUR, ONTARIO

Dear Sirs:

This letter reports the results of boreholes put down
recently at the above site, (see Figure 1 for Key Plan). The
purpose of the borings was to determine the in situ strength
of the foundation subsoils below the embankment. Based on
this information, the stability of the proposed surcharged

embankment was to be assessed.*

FIELDWORK PROCEDURE

A total of six boreholes were put down at the locations.
shown on the attached Figure 2. Boreholes 201 and 202 were
put down between October 12 and 15, 1976, with the remaining

*This phase of the project was actually carried out in October/
November, 1976, prior to the recent completion of the embank-
ment to surcharge elevation. The purpose of this report is to
complete M.T.C. records with respect to geotechnical aspects
of the reconstruction work.

H. Q. GOLDER & ASSOCIATES LTD. ¢ 3151 WHARTON WAY, MISSISSAUGA (TORONTO), ONTARIO, CANADA  L4X 2B6 « TEL. (416) 625-0094
TORONTO o OTTAWA ¢ WINDSOR ¢ LONDON ¢ VANCOUVER ¢ CALGARY ¢ BOSTON ¢ ATLANTA ¢ SEATTLE « MELBOURNE « SYDNEY
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four borings being completed between November 8 and 12, 1976.
The delay in completing the program was necessary to avoid
disruption of construction operations. The boreholes were
put down using a CME-75 drillrig equipped with 7 in. dia.
hollow stem augers. The drilling equipment was supplied and
operated by Site Investigation Ltd., of Peterborough under
contract to the M.T.C.

All borings were advanced from the surface of the
embankment fill and were taken into the lower very dense till
deposits, (i.e. depths ranging between 46 and 55 ft.). Samples
were taken at 5 ft. depth intervals using standard 2 in. 0.D.

split spoon sampling equipment supplemented by 2 and 3 in.

- Shelby tube samples. All samples obtained during the drilling

program were sealed in air tight containers and transported
to our laboratory for detailed examination and testing. 1In
cohesive soil stata, two field vane tests (NX size) were
carried out between samples to determine the in situ shear

strength of these materials.

The field work was supervised throughout by one of our
senior field technicians who was already present on site
directing reconstruction operations. The locations and ground
surface elevations were provided to us by on site M.T.C.
survey personnel. It is understood that the elevations are

referred to Geodetic datum.

SUBSURFACE CONDITIONS

The detailed stratigraphy encountered in each borehole
is shown on the attached Record of Borehole sheets. The
results of laboratory tests carried out on representative
samples of the various strata are shown on the Record of

Borehole sheets and on Figures 4 to 8. The following

Golder Associates
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interpretation of the subsurface conditions is based on the
results of boreholes put down at the locations shown on

Figure 2 and uses our existing numbering system for soil
strata, (refer to our report No. 761175 dated October 1, 1976).

In all boreholes, grey sensitive silty clay (soil type 4)
was encountered directly below the silty sand (till) embank-
ment f£ill. The base of the sensitive silty clay deposit was
found to be generally at about elevation 630 and is underlain
locally (boreholes 2, 3 and 204) by thin pockets of stratified
grey clayey silt. In those boreholes closest to the western
edge of the swamp (section AA, Figure 3), these upper cohesive

lacustrine materials are underlain by a sandy silt to silty

- sand deposit (soil type 6) which is between 3 and 10 ft. thick.

This material was not encountered in the majority of boreholes
put down within the eastern portion of the site and on which
the inferred stratigraphy shown on section B-B (Figure 3) is
based. 1In this area, the sensitive silty clay is directly
underlain by a softened silty sand till (soil type 8) which
directly overlies very dense basal silty sand till, (soil

type 10). The silty sand to sandy silt deposit present within
the western portion of the site was also found to be underlain
by softened till immediately to the north of the embankment
centerline. However, to the south of the embankment center-
line the softened till deposit is absent and the silty sand

to sandy silt deposit is directly underlain by a deposit of
thinly layered clay and silt (soil type 7) which overlies the
very dense basal till.

The sequence and distribution of soil strata described
above broadly confirms and refines our previous understanding
of the origin of soil strata which overlie the basal till
deposits, (see our report No. 761175, dated August, 1976).
However, the extent of the thinly layered clay and silt

Golder Associates
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deposits (soil type 7), which occur at depth within the
western portion of the site, is greater than originally
anticipated. Further, it appears that the sequence of soil
strata deposited during the immediate post glacial period
(i.e. soil types 6, 7 and 8) can be reasonably defined
depending on location (east or west) within the general site

area.

STABILITY CONSIDERATIONS

Based on our review of available data, it was considered
that the initial embankment failure occurred along a shallow

failure surface within the upper portion of the sensitive

- s8ilty clay deposit. Because of the significant loss in

strength within the failure zone, it was concluded that
reconstruction of the embankment must involve removal of the
failed (weakened) material. Therefore key trenches were sub-
excavated to about elevation 637 parallel to the embankment
centerline as shown on Figure 3. 1In this way the possibility
of further shallow-seated failures was avoided and because of
the geometry of the subsurface fill, potential failure surfaces
were forced to greater depth in more competent materials.
Further, because a potential deep seated failure would involve
more rotational than translational movements, outer beams

would be more effective in maintaining stability.

From the relationship between undrained shear strength
and depth shown on Figure 9, it appears that the undrained
strength of the sensitive silty clay below the embankment fill
is between 400 and 600 1lb/sg.ft. 1In general this range is
slightly higher than the average values measured in boreholes
put down immediately after the failure. The results of stab-
ility analyses carried out on a typical section (section
431+50) of the proposed embankment (plus 4 ft. surcharge) are

shown on Figure 10. From these results, it can be seen that

Golder Associates
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for the range in average values of undrained shear strehéth
(400 to 600 1b/sq.ft.) the minimum width of berm required at -
this section would be about 70 ft. To the west the required
berm width decreases as the surcharged embankment elevatioh
decreases. Although the surcharged embankment elevation.
increases to the east, wider berms were only required up to
about stations 431+00 (south) .and 430+50 (north), the loca-
tions at which subexca?ation for key trenches penetrated

through the sensitive silty clay deposit.

We trust that this letter provides an adequate summary

- 0of the analyses carried out to assess the’stability of the

- surcharged embankment. If you have any questions regarding

the information contained in this letter, please contact us.

Yours truly,
H.Q. GOLDER & ASSOCIATES LTD.
J.H.A. Crooks, P.Eng.

JHAC:ys
761175

Encl: List of Abbreviations and Symbols

- Record of Borehole sheets (Nos. 201 to‘206 inclustef~’”
Figures 1 to 10 ' '

Golder Associates
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LIST OF ABBREVIATIONS

The abbreviations commonly employed on each “Record of Borehole,” on the figures and in the text

of the report, are as follows:

1. SAMPLE TYPES

AS auger sample

CS chunk sample

DO drive open

DS Denison type sample
FS foil sample

RC rock core

ST slotted tube

TO thin-walled, open
TP thin-walled, piston
WS wash sample

II. PENETRATION RESISTANCES

Dynamic Penetration Resistance: The number
of blows by a 140-pound hammer dropped 30
inches required to drive a 2-inch diameter,
60 degree cone one foot, where the cone is
attached to ‘A’ size drill rods hnd casing is not
used.

Standard Penetration Resistance, N: The num-
ber of blows by a 140-pound hammer dropped
30 inches required to drive a 2-inch drive open
sampler one foot.

WH sampler advanced by static weight—
weight, hammer

PH sampler advanced by pressure—pressure,
hydraulic

PM sampler advanced by pressure—pressure,
manual

NoOTEs:

ITI. SOIL DESCRIPTION

(a) Cohestonless Soils
Relative Density N, blows/ft.

Very loose Oto 4
Loose 4 to 10
Compact 10 to 30
Dense 30 to 50
Very dense over 50

(b) Cohesive Soils

Consistency cu Ib./5q. f1.
Very soft Less than 250
Soft 250 to 500
Firm 500 to 1,000
Stiff 1,000 to 2,000
Very stiff 2,000 to 4,000
Hard over 4,000

IV. SOIL TESTS

consolidation test
hydrometer analysis
sieve analysis

C
H
M
MH combined analysis, sieve and hydrometer!
Q undrained triaxial? '
R consolidated undrained triaxial?

S drained triaxial

U  unconfined compression

Vv

field vane test

!Combined analyses when 5 to 95 per cent of the material passes the No. 200 sieve.

*Undrained triaxial tests in which pore pressures are measured are shown as @ or R.
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LIST OF SYMBOLS

I. GENERAL

* = 3.1416

e = base of natural logarithms 2.7183

log, @ or In a, natural logarithm of a

logie @ or log a, logarithm of a to base 10

MRIESTT

time

acceleration due to gravity
volume

weight

moment

factor of safety

II. STRESS AND STRAIN

9 9 9 §

.3

= ©

pore pressure
normal stress

normal effective stress (¢ is also used)
shear stress

linear strain

shear strain

Poisson’s ratio (u is also used)

modulus of linear deformation (Young’s

modulus)
modulus of shear deformation
modulus of compressibility
coefficient of viscosity

III. SOIL PROPERTIES
(a) Unit weight

unit weight of soil (bulk density)

unit weight of solid particles

unit weight of water

unit dry weight of soil (dry density)

unit weight of submerged soil

specific gravity of solid particles G, =7v,/7v,
void ratio

porosity

water content

degree of saturation

(b) Consistency

wr
Wp
Iy
Ws
I,
Ic
Cmax

€min

D,

liquid limit

plastic limit

plasticity index

shrinkage limit

liquidity index = (w — wp)/I»
consistency index = (w, — w)/Ip

void ratio in loosest state

void ratio in densest state

relative density = (émas — €)/(€maz — €umm)

(c) Permeability

LT T

bl

hydraulic head or potential
rate of discharge

velocity of flow

hydraulic gradient

coefficient of permeability
seepage force per unit volume

(d) Consolidation (one-dimensional)

n,

coefficient of volume change
= —Aef(14+e)Ad’
compression index = —Ae/ A logo o’
coefficient of consolidation
time factor = ¢t/d? (d, drainage path)

degree of consolidation

(e) Shear strength

S;

shear strength
effective cohesion
intercept in terms of effective
effective angle of » stress
shearing resist- |7, = ¢’ + o' tan ¢’
ance, or friction |
apparent cohesion*
apparent angle of (in terms of total stress
shearing resist- |7, = ¢, + o tan ¢,
ance, or friction

7
coefficient of friction

sensitivity

*For the case of a saturated cohesive soil, ¢« = 0 and the undrained shear strength 7, = ¢, is taken
as half the undrained compressive strength.
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Form G.A.-D—I. . Project No. _.Y.é.’.‘."'.?_-_-_
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SILTY SAND AND ¢so : ' AUGERS Ag ELEV.
GRAVEL ,TRACE To ‘ _ “ , §57.5 DURING
SOME CLA‘/,Oé.CAS ‘o DRILLING .
COBBLES AND BoUlDE 2" [
(Ficy) S © MH
645
7 O]
&40
s 638 .3 2 | 6
25
el
w W
912 FIRM GREY SENSITIVE - .+
<19 SILTY CLAY 4 n &35 - : ;
3| & | IWH] ——=| @ ~MH
‘M g - _ | ,
wi -
;. = _ ¢ +
g1 s ' . -
2|4 le30.2 c S 4 t
. .
LOOSE GREY SILTY 3 L MH
SAND, TRACE T 7 |vo0|PH ‘ HO , M
SOME CLAY,TRACE |S |- :
GRAVEL 1040
. é +...‘
625.3 . =+ CouL} NoT PUSH VANE AHEAD
38 625
2" o
8 bE|WH _
SOET To FIRM ‘ & - +
GREY SENSITIVE 6§20
kA‘Y)ERED SII:\;‘YSCLA‘({ 7k v | + o
ND SILT WITH SAND 2" L
LAYERS 9 |10, |PH
® + ,4
o 2 ¥ —
10 To. PH
' 0]
612.1 | . Sa000
51.2 |VERY DENSE GREY highe
SILTY SAND AND
GRAVEL ,SaME <LaY [1o 10
(TiLy) " : ) : : ’
€08.5 TR ‘ 0] . -MH
Do, %r . :
54.8 END OF HOLE
REFUSAL To AUGER
H
0
ls-t-s Percent axial strain at failure
1
. : ‘ ORAWN ___.D.M.
VERTICAL SCALE . ﬁ
IIN.TO 5 FT. | Golder Associates , cecken . JOAC




Form G.A.-D~—I,

Project No. .....76.U &...

CHAINAGE 432+50 ON CENTRELING HWYI12 RECORD OF BOREHOLE 202
LOCATION  See Figure 2 BORING DATE OCT. 14 AND I5,1976 DATUM GEODETIC
SAMPLER HAMMER WEIGHT 140 LB., DROP 30 IN. PENETRATION TEST HAMMER WEIGHT 140 LB., DROP 30 IN.
o SOIL PROFILE SAMPLES DYNAMIC PENETRATION s, COEFFICIENT OF PERMEABILITY, °
o z RESISTANCE,BLOWS/FT. <\~ k., CM./ SEC. 2Z| PIEZOMETER
& 5 Fl 2w 20 40 60 80 - IXI0  IxI0  Ix10  IxiO. zk OR
= . g |5 uls] 52 . - : : ' : QW |  STANDPIPE
2 [EEVM| oEscRIPTION |y f@|a (€ >0 | HEAR STRENGTH nary.4 g.e | WATER wNTﬂT’ PERCENT E7 | INSTALLATION
g |DEPTH AEIEE! whd o ESASEEL T REMV.- @ U.-O L S . o
@ @ w 200 400 b0 Qoo 20 40 60 80 4
660.0| GROUND SURFACE
55 &850
AR &S ®)
COMPACT To LOOSE | o, -9
GREY BROWN SILTY =
SAND,SOME CLAY, —3
IEAE Te s, () -
L 4 fa]
CoBBLES AND BouLDERS NATER LEVEL 1M
(F“'L") 650 AUGERS BE}T::I&)EH
© ELEY - 654
2|7 ~MH BV £33 purinG
CRILLING .
<
LR 8 645 @
( .
641.0 ><
19 )
s 4 | u lwu|&40 F— ()
w
u 1
w :m & +
vis
13 & +
Q SOFT To FIRM GREY 3" 6
¢lT SENSITIVE SILTY CLAY 5 iro |PH 35 e
wi . (CoLOUR BANDING 4 )
313 AND* BLOCKY ) :
g STRUCTURE EVIDENT
N a @ +
k-1
r & T
y
4 & T,ao, PH 630 5 ] © ~MH
& +
122 +
625.0 .
35 . 7129 |6%° )
LS?I?TS'ET 6%5\/T§ANDY D.F.
O SiU SAND
TRACE Uiy T MNP e ' 1040
D -+ -
€zl.o 1160
39 o ez ® -
. Zo
8 nzr.: WH |sAMPLE LosT USING 2° Tid, © saNo
. |RECOVERED UYsinG 3" D.F. O [SILTY qLAY
'[_'RM GREY SENSITIVE - R
(R 7 - :
SAND‘/ LAVERS, © + -
2" &ig o)
2 D.F 3
& 4
611.0 .
o) —— COuLP NaT |PUSH |VANE AHEAD
HARD GREY CLAYEY cro = '
SILT; SOME SAND 2"
AND aRAVEL ¢rity)|lo [io D‘O'IOZ‘ . ©
607.3 '
5Z-7/END QoF HOLE
REFUSAL To AUGERS ¢ N
. as
5 -
s +5 Percent axial strain at failure
VERTICAL SCALE . ORAWN . RM..____
[IN.TO 5_FT. Golder Associates cHECKED . Y /HE .




Form G. A -D-lI. Project No. _-Zé_?.(.!. ...5_
CHAINAGE 4314170 ,60¢(+ SOUTH OF ' ‘
CENTRELINE OF nwy 12, RECORD OF BOREHOLE 203
LOCATION  See Figure 2 BORING DATE NOV. 8 AND 2, 1976 DATUM GEODETIC
SAMPLER HAMMER WEIGHT 140 LB., DROP 30 IN. PENETRATION TEST HAMMER WEIGHT 140 LB., DROP 30 iN.
4 . - . i
o SOIL PROFILE SAMPLES DYNAMIC PENETRAT!ON \~: COEFFICIENT OF PERMEABILITY, Q' .
o 5 = Cw 20 40 60 0 T ixlI0  1xI0 IxIO  IxlO zh ~ OR
A ' ‘ 2 |6lw|3] 23 SHEAR STRENGT WATER CONTENT, PERCENT 2 | STANOPIPE
2 [SELN DESCRIPTION g j@ia |2 20 C:‘.EtB/SO.EFT? H NaTv-+ o-@ AT e PERe E" | INsTaLLATION
& ~ 2ELE 9| 5 . REMV.- ® Uu.-O — O ' oF
@ n ol w 200 Qoo 300 10060. 2o a6 60 20 i
665.2|] GROUND SURFAE
g.0 | . . &6% -
660 (w)
—
. WATERWLEVEL. IN
. lcompacT To Loosel; 685 <) 28‘6’%%5 g",sggm
GREY AND BRGWN £ 7.0
SANDY S\LT , TRACE |, LEV. 657
TO SOME cLAY,SOME [x_ \MMEGIATELY AFTER
GRAVEL , NUMEROUS )< ICOMPLETION OF
COBBLE'S AND BOULDEN ) DRILLING .
Fiey X
§ EENER R &£50 10)
N[+ |2 |eas o
3 h .
9 .
913 |
4|4 )
v |2 Xiﬁ 5. | 4]&40 &
wy ., /
|2 X
3 |a X
& l626.2 e
23 . )
SOFT To FIRM GREY 2" a
SENSITIVE SILTY ClA 6 |5 PN 635 ©
WITH THIN (1/i16")
SAND LAYERS(COLOUR| 4.
BANDING AND'BLOCKY ,
STRUCTURE EVIDENT) & T
& +
630'2_ "
2E 1 Tao rml 620 o
T >lzooo
-t—b-
COMPACT GREY CLAYEY — COULD NOT|PUSH NMANE AHEAD
TO SANDY SILT,
SOME GRAVEL AND 8
ROCK FRAGMENTS S
(SoFTENED TiLL) 3 Dao z|ezs 5
: -0. L couLp NOT|PusH MANE AHEAD
6218 .
{34
VERY HARD GREY 620 &
CLAYEY TO SANDY 9|~ |87 ©
SILT, SOME GRAVEL
(T 10
614.6 ol v [%{er1s o
50.6{ END OF WHOLE i
REFUSAL To AUGERS
[¢]
15 +5 Percent axial strain at faiture

VERTICAL SCALE
IINNTO 5 FT.

Golder Associates

ORAWN _...D:M. ____

CHECKED . LA .




Form G.A.~D~—I. ; Project No. ——lSl75 .

CHAINAGE 431+00 ON CENTRELINE WWY.12 RECORD OF BOREHOLE 204
LOCATION See Figure 2 BORING DATE ~ NOV. 9 AND 10,1976 DATUM GEOQDETIC
SAMPLER HAMMER WEIGHT 140 LB., DROP 30 IN. PENETRATION TEST HAMMER WEIGHT 140 LB., DROP 30 IN.
|
o SOIL PROFILE SAMPLES DYNAMIC PENETRATION ™. COEFFICIENT OF PERMEABILITY, ®
2 - RESISTANCE,BLOWS/FT. < | k., CM./ SEC. JZ | PIEZOMETER
& 5 L 20 40 60 80 - X100 IxI0 ix10  Ix10 e OR
= ‘ g 5luls] &2 : — ' : ' . _ Ouw | STANOPIPE
© [ELEVN! oescriPTION | f@|a @] > [SHEAR STRENGTH wxry. 4 o.@ |  WATER CONTENT, PERCENT E" | INSTALLATION.
& DEPTH |S|E(8] Ye |* % Remv- @ u-O LI ; W o
@ e @l w 200 400 600 o0 120 40 60 R0 -
667.1| GROUND SURFACE
0.0
|
655 Z
X |
X
Zl
>\§ ' P °
k 660 : ‘ 9
) WATER LEVEL IN
> XC‘)JLLEO'\QN STEM .
GERS AT ELEV,
VERY LOOSE TFO > R SAMPLE - LoS) 6589 .6 AFTER
| EEMPACT BROWN >< C%I\CPLENTAON oF
SILTY SAND AND 655 H DRILLY
GRAVEL AND GREY X/
CLAYEY SILT,SOME [N
GRAVEL NumERous S(’
COBBLES AND p
BCULDERS "
THROUWIHOUT
(FiLL) 213 o
&350
'\,
§ >\ 41 « 53/7., —-—-(COBB.E OR EHouLDER ?) )
o0 N :
ul M ¥ |
v 2 b 645
-4 <7
wl* leaz 4 X ;
wig| 247 S | |WH o
3|4
Sia
AN
IS SOFT To FIRM GREY &40 232 +
SENSITIVE SIUTY CLAY| -
WITH THIN SANDY
LAYERS OR LENSES | 4 & +
(CcoLoUR BANDING 2 !
AND” BLocwkyY " § PM o d
STRUCTURE EVIDENT) To.
&35 ¢
| e +
6321 " ® + |
35 7 To PM C
FIRM GREY CLAYEY T
SILT, TRACE GRAVEL| § c
2000
628.1 ¥
39 "
g2z o
LOOSE GREY CLAYEY o,
o SANDY SILT ® 4
SGME GRAVEL 8 &2Z5
(REWORKED TiILL)
—— coulD NOT PUSH|VANE AHEAD
62"6 9 " |6 O
45.5 |VERY STIFF TQ
HARD GREY SANDY||q .
SILT, TRACE CLAY &z20o
619. ||SoME GRAVEL (TILY)
48.0 END OF HOLE
REFUSAL TO AUGER
’ 0
% 15 -3 Percent axiol strain at failure
% 10
DRAWN ...R.M..
VERTICAL SCALE . S VTR R esesttR Ll nene
IIN.TO 5 FT. £ Golder Associates cHECKED _ TMAL. .



HE I I B BN B B B IS BN B B B BN BE BN B B .
Form G.A.—-D~-I. Project No. -Z.é-LL?..S----

CHAINAGE 431+30, S5 f+. NORTH OF
431430, S5 €1, NORTH C RECORD OF BOREHOLE 205
LOCATION  See Figure 2 BORING DATE NOV. 1O AND 11,1976  DATUM GEODETIC
SAMPLER HAMMER WEIGHT 140 LB., OROP 30 IN. PENETRATION TEST HAMMER WEIGHT !40 LB., DROP 30 IN.
o SOIL PROFILE SAMPLES DYNAMIC PENETRATION s COEFFICIENT OF PERMEABILITY, ©
" 5 1 2w 20 40 €0 80 " IXI0  IxI0  IxI0  Ixi0 zb OR
s . aJ (uz‘ wlS : :t‘ d h A . . . " 9'"_1 " STANOPIPE
Q |[ELEVN! DESCRIPTION El@le|2] 20 | SHEAR STRENSTH narv-+ a-e WATER °°NT3NJ' PERCENT E" | INSTALLATION
g DEPTH z|5|Z|9] 4° e U REMV.- ® U.-O # O -+ 22
@ ’u-) z @ w 200 qo0 600 800 20 40 6D 3D -d
&6 4.5 GROUND SURFACE| o665
©.0
s
COMPACT TQ VERY >\
RS S
GRAVEL, DZCASIONAL A ©
COBBLES AND BaUIDEN 0,
(FiLL)
21ul4 {655 & : —‘::'::—"
MYATER LEVEL IN
HOLLOW STEM
, AUGERS AT ELEV.
\ 655.0 AFTER,
COMPLETION OF
DRILLING .
X 13|n |2 |es50 &
<
<
ZONE OF X
VERY SOFT
g SILTY coux¥ AN a
. MIXED WITH - =
Y4 0 Tie e KXl |2 45 T MH
w
9l % X
43 ) — T\
w2
Wi \ -
; z / 5u 5| 640 15
|5 b
Nleza.s >>\
z7
SOFT To FIRM GREY
Sensimive sutyaay| 4 |6 | o (Wl 635 @)
5] +
33 ® +
3" &30 |- .
7 |7o|7H 0
- LOOSE. GREY SANDY
SIUT SOME CLAY
AND GRAVEL 0cehs. | o
SMALL <CogBLES
(REWORKED TILL)
2" a
B ool 4 &23 O
“+-couLpd NoOT PUSH| VANE AHEAD
162t.0
43.S|veERY DENSE GBREY
SILTY SAND, TRACE &2.0
CLAY, S6ME GRAVEL |10 , o
618.5 ¢TiLy) 9 {7 proo . :
46.0{ END OF HOLE
[+
18 +5 Percent axial strain at faiture
10
ODRAWN ......D-M.___
VERTICAL SCALE N
LIN.TO 5 FT. 5 Golder Associates creckep . IR .




Form G.A.—D-1I.

] J
Project No. _.7.._.‘.‘-'.% .....

CHAINAGE. 432408 5SS f+. NORTH OF

CENTRELINE OF

LOCATION  See Figure 2

SAMPLER HAMMER WEIGHT 140

Hwy (2.

RECORD OF BOREHOLE 206

BORING DATE

LB., DROP 30 IN,

NOV,

[\ AND 12, 1976

OATUM

GEODETIC

PENETRATION TEST HAMMER WEIGHT 140 LB.,, DROP 30 IN.

o SOIL PROFILE SAMPLES DYNAMIC PENETRATION . COEFFICIENT OF PERMEABILITY, ©
g z RESISTANCE,BLOWS/FT. (‘\ k., CM./ SEC. : z PIEZOMETER
'u': 51 = S w 20 40 60 80 - ix10  IxlI0 Ixi0  IxlO zh OR
= - \ | z|%5|uliS] 532 : - . : . . - . Ouw | STANDPIPE
2 [ELELN) oEscRIPTION - | @ |a |8 | 2o [SHERR SIRENSTH narv-+ o.@ | WATER CONTENT, PERCENT E " | INSTALLATION
T El2 |+ ] o R ) REMV.- ® Uu.-O S , W 22
@ o alw 200+ 400 60O BOO 20 40 60 206 -
aesSs
663.4| GROUND SURFACE
0.0 '
&E60
s Zn
' bol ' o
—
\ WATER LEVEL IN
" Loy T,
UGE .
655 &57,.5 AFTER
. COMPLETION OF
21n |28 o) DRILLING
X
COMPACT TO YERY K
LOOSE GREY AND
BROWN SANDY TO
SR ST, |
CoRBLE 650
Boumees (FILL) 2|n |33 o
X
X €45
>< 4 | n 3 ©
s ><
wiv Y
AL >\
] /
313 X 640
G .
) >§ 5in|2 o)
N -— /! .
wi™ >§
; = /\
O« L/
L3 X
~le34 4 9 635
29 |SOFT TO FIRM GRE 2"
' 2ENSITIVE SiLTy | o R ©
CLAY WITH THIN .
SAND L AVERS (taLoUR 4
gANilYNG AN
LOCKY” STRYCTURE
630, 4 EVIDENT) @ +
33
. &30 2 +
7|2 lwe 9
0.0.
VERY LOOSE To
LOOSE SREY & +
SANDY SIiILT TO 1izoo |}
SILTY SAND,TRAXE |© 625 g +
Jo SOME CLAY T
TRACE GRAVEL .
8 4 9
® +
6192.4 SQZOI——% = + .
%4 : 4
9 /7 6 . .O
VERY LOOSE To o ' '
LOOSE GREY CLAY ,
TO SANDY SILT — CouLp NOT [PUSH VANE AHEAD
SOME GRAVEL 2
(REWORKED TiLL) o5
10| 7/ IWR} ©
6110
524 NERY DENSE GREY
ISANDY _SILT, TRACE
LAY SOME GRAVEL {10 (= e}
608.9 (Tien) wm P ©
S4.5 END OF HoOLE
&0s
o .
1343 Percent axial strain at failure
VERTICAL SCALE ' oRAWN - DM ..
IIN.TO 5§ FT. Golder Associates CHECKED _ N VRT. e




; - KEY PLAN | FIGURE

1

NEN SN NN NN RN ) N ) S ]

{

R ) N .

N ' Georpian bdoy m
: 5:\&?5,"!‘“
AN
/ ;
.

FARSMSE

R \\

AAY PaRm
\,
.
FLIMERE
TLmEn \ o
. PORT %

\, \ROHTOLL

\\“:*:.’;3\ j \ ]
: A2 )
ey

?" TwP  TAY

AN\
N

\-\ CO SIMCOE

P A W

. MILES 2 s 1 o5 o [} 2 MILES
I

Date JULY 26,1975 : Drawn _4’/_)’_5_

Golder Associates Chkd.
. Appd

e~




4-

T , .
/////./I/-// I / /-//

BH.1oo BH. 204

¢ HIGHWAY 12.

4334+00 ' 43 z-l-oo\y 42| 400 - 4304'~oo 429400
1/1/1/:/1//(//1///1///1/,/11'i

{
. $ BH. 203,

434+ 00O

BH. 201

- BORING PLAN : FIGURE 2

Da

LEGEND

PREVIOUS INVESTIGATION BY M.T.C. REPORTED IN GOLDER
ASSOCIATES REPORT No. 761175 ,DATED OCTOBER (97€.

E}

—$~ BOREHOLE LOCATION IN PLAN (BH's. | To3 AND 100 T0 106 I1NCL.)

'BOREHOLE LOCATION IN PLAN ( BH's. 20! To 204 INcL.)
PRESENT INVESTIGATION.

NOTE :

FOR STRATIGRAPHIC SECTIONS A-A AND B-8,REFER To FIG. 3

_SPECIAL_NOTE

THIS DRAWING IS TO BE READ IN CONJUNCTION
WiTH ACCOMPANYING REPORT .

SCALE: |" To 50

~DEC. 13,1976

Golder Associates Chkd---:ﬁip




IN FEET

ELEVATION

ELEVATION

IN FEET

- S STRATIGRAPHIC SECTIONS FIGURE 3
2ol - )
— &TO ) 206 io\ APPROXIMATE EXTENT !
202 APPROXIMATE EXISTING — —— OF SolL MASS DISTURBED 2 670 — ‘
GROUND SURFACE /DURING FAILURE :
— 660 ' N : x
N\ - —— 660 — :
7 >/\2< S . . LEcEND
cso APPROXIMATE OUTLINE OF T T o T T T _——— == [
— —_— ‘ i EXCAVATION PRIOR To FAILURE | '
y N A ' — : - ] = —. 650 —u BOREHOLE IN ELEVATION PREVIOUS INVESTIGATION
‘APPROXIMATE GUTLINE OF (DISTURBED) — w ' BY M.T.C. REPORTED IN GOLDER ASSOCIATES REPORT
‘ FINAL EXCAVATION . -— L
l— €40 —o vy\/\ - g . . i - Ne. 761175, DATED OCTOBER \9276.
—_a NN N\ — 4 : — 640 —5 ‘1 .
4 < ! BOREHOLE IN ELEVATION PRESENT INVESTIGATION
| 4 4 } o BY GOLDER ASSOCIATES. :
— 630 —— : s SR 4 .
! - = ¢ —_— ! = - - — - —— — = — = — == —_ —12 \ GROUND SURFACE AT BOREHOLE
; e ——— -1 T - _ '} e 6 ——— . — 5.4 ______ 630 o '
| =TT T Tt —-—_ T ﬁ~g" T E ! | «— SolL TYPE (REFER To STRATIGRAPHY LEGEND)
L— €20 — e b 8l - . < i '
6 7 87 s I 2 — 620 —fy '
] . —_—— 3 :
N 8 e 3 STRATIGRAPHY
| et —— — , 10 ——— - ————ts " - . '
- 10 115 . .
. N . S, —_— 6l — ! \ FleL
L oo e : ' _ ’ . .
‘ . ._ &00 — ‘ 1 VERY SOFT BLACK AMORPHOUS To FIBROUS PEAT
~ SECTION A-A L | o] | | - Swame
, ' _ J ‘ - _ : DEPOSITS
~ ' . R X " bd l VERY SoFT SENS|ITIVE GREY BROWN ORGANIC 5_‘LT :
1 ) J
L ' x
‘ ] ! 3 VERY LOOSE TO LOOSE SANDY SIUT To SILTY SAND,TRACE CLAY
. - e 204 ' ‘ , ;
. . {z03}. ; - _ ) ‘
&10 104 ) .. : U B, - S ____....___205 - - .
' . ) : - -- B et - - 5 R O e e P e i e =2 &70 : ] 4 V=Ri>\/ SOoFT TO FIRM GREY SE[\LSIT!VE sSILTY CLAY WlTH SILT S LACUSTRINE
- ' ' ; ’ : . | APPROXIMATE EXSTING ; : ] | AND SAND LAVERS OR LENSES . [ pEPosiTS
‘ ,— GROUND SURFACE ‘. '
— &60 W .
\(\ aN ’ — 660 — " ‘ 5 FIRM GREY STRATIFIED CLAYEY SILT, TRACE SAND AND GRAVEL
‘ / 2/ Y ) \< ‘— i OCCASIONAL SAND LAYERS.
VAN XX N> L — ; b | | ’
. l ——— —— — — 4 — — — = (31} - ’
650 ————t - = b
- ] b4 —_ &50 — . 6 VERY LOOSE SANDY SILT TO SILTY SAND,TRACE To SOME LAY
_______ | 3 ) z . |
- 4 APPROXIMATE OUTLINE OF IR I 1 .
640‘ - === - N\ FINAL EXCAVATION ' . 7 SoFT To FIRM GREY SILTY CLAY TRACE GRAVEL To
____ e , FE N/ - } : —_— 640 — g INTERLAYERED <LAY AND SILT.
- 2 VAN R N 4 2 .
0
— 630 — - 4 o = |
‘ ‘ L —_—— e e — — — €30 | ; 8 SOFT To FIRM GREY CLAYEY SILT,SOME SAND TRACE GRAVEL To
: o e e s 5 2 : _‘§ } SALTY SAND, TRACE To SoMmE CLAY AND GRAVEL (SOFTENED TiLL)
_ ——— o= czo — W o | VERY DENSE SANDY SiLT, TRACE CLAY, TRACE TO SOME GRAVEL To
T io - — ! HARD GREY CLAYEY SILT, SOME SAND AND GRAVEL (BASAL TiLL)
REFUSAL A . ' " '
L— sio 4 — — : ST o . _ A : . , : : E‘
. o e e - sto. — ! FOR LOCATION OF STRATIGRAPHIC SECTIONS A-A AND B-B

REFER To FIGULRE 2.

B-B , . | . | o . , . | !

ore | - . SECTION

Data concerning the various strota have been obtained at

" borehole locations only. The soil stratigraphy between the . ] ‘ . ‘) ’ . ) ) SPECIAL NOTE . . ' .
, _ : - . SCALE :1"Togo’.

boreholes has been inferred from geological cwdencc and $0 THIS DRAWING IS TO BE READ IN CONJUNCTION

may vary from that shown.
For detailed stratigrophy at each borehole location refer to - ) ) C : ) . WITH ACCOMPANYING REPORT . Date DEC. i15,1976 - Drawn..... DM
: the.record of borehole sheets. ) ’ t - GOIder Associat.es Chkd'.‘..KT). _;',._E"ri'_.
: : Appd‘.}.[. .................
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PERCENT FINER THAN

100
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70

60

50
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M.L.T. GRAIN SIZE SCALE

Size of opening, inches U.S.S. Sieve size , meshes/inch
6" 3" 1" s/‘." Y 4 10 20 40 60 100 200
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i
N
Al i
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%\\\
\\0 N
+-+t—t
BOREHOLE SAMPLE ELEVATION l| o N N\\X
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o 20\ 3 648.0 ‘ \% J
X 202 2 €49.5 NN\A }
NQ &El
100 IO 1.0 O.1 0.0l 0.00l 0.000I
GRAIN SIZE, MM
- ——— - 1
COBBLE | COARSE MEDIUMT FINE |COARSE Tmemuu[ FINE SILT SIZE CLAY SIZE
SIZE GRAVEL SIZE SAND SIZE FINE GRAINED

17114

NOILNBIY1SIa 3ZIS NIVY9
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M.I.T. GRAIN SIZE SCALE
Size of opening, inches U.S.S. Sieve size , meshes/inch
00 6" 3" %" ¥ Y" 4 10 20 40 60 100 200
qER \ >
. NN \ <
90 CHHEL | | %o
\ \ o1 RANEE IN GRADATION OF SAMPLES T
: .FROM PREVIOUS BORINGS. REFER | nk
' TO: SUPPLEMENTARY REPORT 761175 ==
80 F TN\ DATED OCT- 1,1976. 0T T -
\ o —
' wn
[ —
70 N
<ZI m
: )]
I : =
9 ~ 60 ; - Le
a i | <9
- T 50 nD3
>om
> - 2C
® ©3
o Q 40 LEGEND 7 49
0 n BOREHOLE SAMPLE ELEVATION . Z
g 20 e 202 7 ez24.5 B,
0 m
“ : 1
. ! W
20 ir 2R ol
10 1 < E
]
ol =
100 10 1.O O.l 0.01 0.00I1 0.0001 L
GRAIN SIZE, MM e
—_ — 1 m
COBBLE | COARSE | MEDIUM | FINE | COARSE Imeouuml FINE SILT SIZE CLAY SIZE m
SIZE GRAVEL SIZE SAND SIZE "~ FINE GRAINED o
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M.I.T. GRAIN SIZE SCALE
Size oé opening, inches U.S.S. Sieve size , meshes/inch
100 6 3" %" Y Y 4 10 20 40 60 100 200
T TS AR
\' ~ N NGE IN GRADATION oF
ALY N MPLES FROM PREVIOUS
90 N ST "N | BORINGS REFER To n o
: N N N SUPPLEMENTARY REPORT m 2
) ) b\ 61115, DATED OCT. 1,1976 D
N TOR o ~ S
. \ | T I < w
70 { - \\ HEA m =
z % 5 wnm
: Sl -
g’ + 60 1 —t— 2 =
Qo w ; \ O+
0 2 h\ o
- o 50 - > =
~<
> - A  C
» z | — =
74 L 40 | ! —_
o & i | H T <0
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o 30 1 2o € 634.6 T ' ] N a
» ' |
20 ‘ A
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10 i e
!
0 |
100 10 1.0 0.l 0.0l 0.00I 0.000I n
GRAIN SIZE, MM Q
_ , by
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. Golder Associates

CONSULTING GEOTECHNICAL ENGINEERS

February 17, 1977

hY

Ministry of Transportation
and Communications

1201 Wilson Avenue

West Building

DOWNSVIEW, Ontario

M3M 1J8

ATTENTION: Mr. K. G. Selby, P.Eng.

RE: EMBANKMENT MONITORING PROGRAM
HIGHWAY 12 '
VICTORIA HARBOUR, ONTARIO

Dear Sirs:

This letter reports the results to date of a monitoring
program being carried out at the site of the recently re-
constructed embankment on Highway 12, Victoria Harbour (refer
to previous Golder Associates reports numbered 761175, dated
August and October, 1976 and January, 1977). The purpose of
the monitoring program is to determine the behaviour of the
fill and foundation subsoils during the current surcharge

~ period and to provide a basis for engineering recommendations
for completion of the embankment following the spring breakup
in 1977. '

This report includes details of monitoring installations,
factual results to date and interim comments on these results.

INSTALLATION PROCEDURES

The monitoring instrumentation was installed in the -

" period between December 20 and 23, 1976 and consists of 6
settlement plates, 2 settlement augers, 2 piezometers and 2
surface control lines. The locations of the monitoring
installations are shown on the attached Figure 1.

Settlement Plates (See Figure 2)

Six steel plates were installed in pits at depths of about
5 to 6 ft. below existing grade. The pits were excavated in the
embankment fill using a backhoe supplied and operated by the
i general contractor at the site. The plates were placed on a

‘ H. Q. GOLDER & ASSOCIATES LTD. ¢ 3151 WHARTON WAY, MISSISSAUGA (TORONTO), ONTARIO, CANADA ¢ LAX 2B6 « TEL. (416) 625-0094
i TORONTO » OTTAWA » WINDSOR ¢ LONDON * VANCOUVER ¢ CALGARY « BOSTON ¢ ATLANTA ¢ SEATTLE » MELBOURNE « SYDNEY
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levelled, nominally compacted, sand layer about 1 ft. thick.
The purpose of the settlement plates is to define the over-
all settlement in both the fill and the foundation ‘subsoils.

Settlement Augers (See.Figure'B)

Two settlement augers were“installed in two augered
boreholes at the locations shown on Figure 1. The augers
are located immediately below the fill in the upper portion
of the sensitive silty clay deposit. Following installation,
protective plastic pipes were placed over the steel tubing to
which the augers were attached, to ensure that the augers
would not be subject to downward forces caused by friction
between the tubing and the fill. The purpose of the settle-
ment augers is to determine the settlement which is occurring
in the natural foundation subsoils. In conjunction with the
settlement plate readings, these data provide an assessment

of the amount of settlement which is occurring in the fill.

Piezometers (See Figure 4)

Two Geonor piezometers were installed in the foundation
subsoils under the centre of the embankment. The piezometers
were pushed manually from the bottom of boreholes augered
through the fill. The first piezometer was pushed to about
the centre of the sensitive silty clay stratum while the
second piezometer tip was pushed to refusal in the underlying
reworked till deposits. Follow installation, the tubing
attached to each piezometer were filled with antifreeze.

Lateral Control Lines

Two lateral control lines were established at about the
centre of each primary berm. Each control line consists of
two fixed points on natural ground at each side of the valley
and a series of stakes on the berms aligned with the fixed
points. The purpose of these control lines is to determine
how much, if any, lateral movement of the embankment occurs.

The installation program was supervised throughout by
one of our senior field technicans. The drilling equipment
was supplied and operated by Site Investigation Services
Limited of Peterborough, Ontario. Surveying was carried out
by on-site M.T.C. staff. Locations are referred to Highway 12
chainage with offsets and elevations are referred to Geodetic
datum.

RESULTS

Monitoring -of the installations described above has been
carried out by on-site M.T.C. personnel. The results obtained
up to the end of January, 1977 are shown on Figures 5 to 8 and

Golder Associates
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are summarized below:

(i) The settlement plates along the central portion of
the fill indicate that total settlements (i.e.
fill and foundation subsoils) of between 1.5 and
4.5 in. have occurred.

(ii) Total settlement of the berms is relatively
uniform at about 2 in.

(iii) Settlements within the compressible foundation
subsoils under the central portion of the embank-
ment and under the northern berm are approx1mately
equal (~~ 1.5 in.).

(iv) Water levels in the two piezometers are between
681 and 682 (i.e. artesian relative to the top of
the central portion of the embankment f£ill).

The following are 1nter1m comments on the results
obtained to date: :

(1) Settlements are generally smaller than anticipated.

" However, some unrecorded settlement will have
occurred during construction and in the 2 to 3
weeks period between end of construction and start
of monitoring.

(ii) The piezometric water pressures in the foundation
subsoils are high. However, there is evidence of
slight dissipation of plezometrlc pressure in the
silty clay. The trend for increasing piezometric
pressures in the lower reworked till probably
reflects the equalization of porewater pressures
within the foundation subsoils and appears to be
levelling off.

We trust that the information contained in this letter
is sufficient for your immediate requirements. We will
continue to assimilate the monitoring results and will for-
ward the results to you on a monthly basis. If you have any
questions regarding the information and data contained in
this letter, please call us.

"

-Yours -truly, ¢wﬁ“qm?

H.Q. GOLDER & ASSOCIATE ﬁ%ﬁ <
Q. ‘LN;”“}B'

“
THA bio¥o (8 J 1L G S
JHAC:ys v - F—
761175 Jd. H. A. Crooks, P.Eng.
Encl: Figures 1 to 8 '

anzu@
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