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FOUNDATION INVESTIGATION REPORT

FOR

W.0. 82-26025
District 4 Hamilton
GO-ALRT, West Extension, Oakville Project
Burloak Drive CNR Subway
Burloak Drive GO-ALRT Subway

INTRODUCTION

This report summarizes the results of a subsurface investigation which was
carried out for the above structures by Warnock Hersey Professional

Services Ltd.

The purpose of the investigation was to define the subsoil, bedrock and
groundwater conditions underlying the site and evaluate the foundation
conditions and geotechnical parameters relating to the design of the pro-

posed subways.

The exploratory work was performed during the period of 84 01 19 to
84 01 25 by means of a C.M.E. 55 drill rig employing standard augers BX

casing and BXL core barrel. The drillng consisted of a total of 9 cored
boreholes having depths of 3.9 to 12.9 metres below prevailing grade and
rock core depths of 1.5 to 10.5 metres. An additional borehole performed

by Geocon Inc. within the limits of subway structures has also been
incorporated into the report. .This borehole was performed on 84 01 19

using standard auger, BX casing and BQ core barrel.

Standpipes were installed in selected boreholes for measurement of the
groundwater table.

Borehole locations were surveyed by our staff and surface elevations
referenced to a temporary geodetic bench mark.

Cont'd...../2
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Site Location

The site is located south of the Q.L.W. on Burloak Drive, which is the
municipal boundary between Burlington and Oakville. The proposed C.N.R.
structure will be situated essentially at the existing level crossing
while the GO-ALRT structure will be some 21 meters northerly centerline to

centerline.

Geological Setting

The area is known physiographically as the Iroquois plain which encom-
passes a broad zone of relatively flat former lake bottom between the

modern shoreline and that of glacial Lake Irogquois. The topography origi-
nated from wave erosion of the underlying Queenston Shale bedrock which
has also been subject to residual weathering after exposure. The shallow

overburden cover is comprised primarily of residual soils resulting from
either decomposition of the shale or glacial scouring.

SUBSURFACE CONDITIONS

General

Individual borehole records providing a detailed description of subsurface
conditions and exploratory data are contained in the appendix of this
report. The accompanying drawing includes a location plan of the bore-
holes and several stratigraphic sections across the site. Laboratory test
results are also summarized in Figures 1 and 2 of the appendix.

The subsurface conditions at the site are typically very uniform and con-
sist of 1.3 to 2.0 meters of stiff to wvery hard silty clay overburden
resting on weathered shale bedrock of the Queenston formation.  Shale

weathering is generally confined to the upper 1 to 2 meters although
narrow weathered zones occur locally with depth. Fill material is also

present on the site in the form of road and rail bedding which rises 1.0

to 1.5 meters above the prevailing grade. The groundwater table occurs
near the weathered bedrock surface.

OVERBURDEN

Fill

The fill material at the site is confined to the roadway bedding and
embankment material below the existing rail line. Although not explored
directly by the drilling it is judged that the fill has a depth of 1.0 to
1.5 meters based on its height above the surrounding grades. Some minor
surficial fill containing topsoil material has also collected in adjacent
drainage ditches.

Cont'desu../3
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Silty Clay (CL)

The red silty clay subsoil is a residual weathering ‘product featuring
indistinct horizontal layering grey seams and shaley zones. It extends to
depths of 1.3 to 2.0 meters and varies with depth from a stiff to hard
consistency. The composition of the material (Figure 2) is approximately
20% fine sand, 60% silt and 20% clay with a trace of coarser sand and
gravel. The liquid limit results (Figure 1) range from 26.4 to 32.5 with
plastic indices of 8.1 and 10.5 respectively. Natural moisture contents
are generally in the order of 10 to 15% with a range of 9 to 18%.

Bedrock

The bedrock is red shale of the Queenston Formation, featuring typical
horizontal bedding and occasional grey shale and siltstone layers.
Weathering is evident within the upper 1 to 2 meters being transitional in
nature and diminishing with depth. Below the weathered zone, the shale is

categorized as essentially sound except for occasional layers or seams of
partial weathering notably at borehole 132 between depths of 7.6 to 8.5

meters and borehole 137 between 5.7 and 6.4 meter depths. These zones
appear to be local in nature without horizontal continuity.

Core recovery in all boreholes was generally 98 to 100 percent. Estimated
Rock Quality Designation (RQD) varied from 13 to 100 percent typically
increasing with depth except at the noted weathered zones in boreholes 132
and 137.

GCroundwater

The installed standpipes indicate the position of the groundwater to be at
depths of 1.2 to 1.6 meters or just slightly above the surface of the
weathered shale. Some seasonal variation of the groundwater table is
likely along with trapping of surface water by the relatively impermeable
subsoils.

Groundwater yield through the shale was not investigated in detail by any
particular testing procedure., The rock core evidence and local experience

indicates that the groundwater flow through the shale is generally light,
increasing to moderate along local resistant layers and discontinuities.

Cont'd...../4
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GEQOTECHNICAL DISSCUSSION

a)

b)

Background

The proposed grade separation at Burloak Drive is to include the
following bridge or subway structures:

1) GO-ALRT 2 span bridge with central pier, perched abutments and
wing walls.

2) C.N.R. & span bridge with 3 pier bents, perched abutments and wing
walls.

The proposed GO-ALRT track elevation at the Burloak Drive centerline
is to be 107.600 while the existing C.N.R. track will remain essenti-
ally unchanged at 106.906. The Burloak Drive profile will be lowered
to a maximum of approximately 6.5 meters in the vicinity of the pro-
posed structures.

Foundations

Structural loads can be supported by means of conventional spread
footing foundations resting on sound shale bedrock for which the fact-

ored bearing capacity at Ultimate Limit State will govern in accord-
ance with the established values in Section 6.5.3 of the 0.H.B.D.C.

For shale rock the Factored Bearing Capacity at U.L.S. is indicated to
be 1500 kPa.

Within the upper weathered zone (above elevation 103) this value how-
ever, should be reduced to 1000 kPa.

Foundation settlement will be limited to elastic compression which
will be effectively negligable. Protection of the founding surface

however, is required during foundation construction for which we
suggest a 100 mm concrete skin slab. A minimum 1.2 meters cover must

be provided over all footings for frost protection.

For calculation of sliding resistance of abutment footings, a friction
coefficient of 0.47 can be assumed. If additional sliding resistance
is required, the use of foundation keys or dowels can be considered.

Cont'd...../5
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Backfill and Retaining Walls

All backfill behind retaining walls must consist of approved free
draining granular material such as Gramular "A" or good quality
Granular "B". It should be placed in uniform lifts having a maximum
thickness of 200 mm and be compacted to 95 percent Standard Proctor
density. Appropriate drainage outlets must be provided through the
retaining walls to prevent the build-up of hydrostatic pressure.

For the calculation of earth pressure on retaining walls and abut-
ments, the following alternatives apply depending on the choice of

backfill:

i) Granular "A" Backfill

Compute in accordance with Section 6.6.1.2 of the 0.H.B.D.C. using
‘the following parameters:

- 22 KN/m3
¢ - 35°

ii) Granular "B" or "C" Backfill

Compute in accordance with Section 6.6.1.2.2 of the 0.H.B.D.C.

using the equivalent fluid pressure method. It should be noted
that the "at rest" condition applies due to the unyielding nature

of the foundatlion support.

Slopes

The Queenston shale bedrock will characteristically stand at rela-
tively steep angles for the short and medium term but will be subject
to surface erosion and creep as a result of weathering and slaking
processes. As such, permanent slopes for the subway cut should not

exceed 2 horizontal to 1 vertical to maintain stability of the slope
surface. Stability with respect to deep seated rotational failure is

not a consideration.

Groundwater seepage or bleeding through the shale cut will tend to be
light and diminish with time. Localized zones of greater seepage may
however be revealed during construction and should be assessed as to
the need for any specific drainage requirements.

Approach fills for the CO-ALRT and C.N.R. rail beds should be provided
with 2 to 1 side slopes and appropriate surface cover for erosion pro-

tection.
Cont'dee.../6
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Drainage

Road base drajnage should be provided below Burloak Drive pavement in
addition to perforated subdrains in sewer installation according to

M.T.C. 'specification DD-820. The lowering of the water table in the
immediate vicinity of the subway cut will likely preclude the need for

any permanent drainage provisions to handle seepage through slopes.
The drainage requirements however should be reassessed with respect to

the actual conditions encountered during construction,

Excavation and Croundwater

It is expected that shale bedrock within the Burloak Drive cut can be
ripped and excavated by means of conventional heavy equipment without

the need for blasting. Local excavations particularly for footings,
sewers, etc. may require the use of pneumatic rock breakers. Blasting
of footing excavations however should not be permitted.

Based on the rock core evidence and our knowledge of the area it is
estimated that groundwater seepage during construction will generally
be light to moderate locally and readily controlled by pumping from
temporary sumps.

Respectfully submitted,

WARNOCK HERSEY PROFESSIONAL SERVICES LTD.

B¢ D|Onof,rio, P -Engu
Assistant Manager
Geotechnical Se;vices

BD:cc
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RECORD OF BOREHOLE No 131 METRIC
- B.D,
DATUM Geodetic DATE 85 01 23 cHECKED BY . R.S.
SOIL PROFILE C AMPLES . w [OYNAMIC CONE PENETRATION -
%‘i‘.}z‘l 6 RESISTANCE PLOT NZ«-....__,__ fmf;m ﬁg,gmﬁg it.l'{;\“l;n &é REMARKS
e w | ZEO| @ 20 40 6D 8D 100 conTent zz &
Ofe i - > H L ! i ! Wp w LA DE
ELEV DESCRIPTIO =lel g | 22| & [srear sTRenGT DR IBUTION
IPTION sl siglisz| & 1
DEPTH - = &1 & o uNCONFINED + FIELD VANE . va
=2 227 . 5 gu T |e QUICK TRIAXIAL X LAB VANE WATER CONTENT (%) %]
105.4 | tround surface » £ ] GR SA 51 CL
0.0 Topsoil and silty clay *
(Fi11) 105
104.5 Soft to firm 1 1 ss | &
0.9 Red silty ctay {(C1)
oce. shaley ) re
cc. shaley tave 55 | 1h0A280mn | 104
103.7 | Hard
1.7 Bedrock 5SS 1 150A150mm
Queenston Formation
Red shale 103
RE Rec
Weathered 496%
Sound Bxl
RQD 102
51%
101.5
3.9{ End of borehole

* Water level not
established

+3, x5 ; Numbers veter to

Sansitivity . 19

20
1545 {Y) STRAIN AT FAILURE
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RECORD OF BOREHOLE No 132 METRIC
gz-2602 Co-Ords N & 80 W6 284 6.2 D
WO > LocaTion _oT0res 5390.6; 284 55 ORIGINATED BY
DSt % Hwy GO-ALRT BOREHOLE Typg __ SS Auger BxlL Core compiLep By __B-D.
DATUM Geodetic DATE 84 0y 20 CHECKED BY R.%.
SOl PROFILE SAMPLES o W DYNAMIC CONE PENETRATION
ﬂf‘é’ 3 RESISTANCE  PLOY h._“___‘___ PLASTIC :?:lg!:;f LG wg REMARKS
o o LMt CONTENT LIMIT -
= w | 20| v 20 40  s0 80 W00 Z2 s
SlEl Ll 8]les!] 2 sy b Wp W W SR et
ELEY Llel @l =20 o HEAR STRENGTH L < S GRAIN 5]
SEPTH DESCRIPTION SJELE S 1528] 5 lounconmme  + rie vane wateR content ol 7 DISTRIBUTION
g1z 5 | &Y | & | ouck TraxiaL  x LaB VAN (%) {%)
105.3 Grc)und surface S 3 . o 10 20 30 GE SA St CL
0.0] Topsoil & silty clay -
104.8] (£i11) : 105
0:5| Red sitty elay (c1) U . fIL) in
oce. shaley layers e stapdgipe 1041 P
Hard iq 1 55 1 43 © g 10 60 30
’/ =1 10h
|
1034 A2 | 88 [ 60/ 1150fjm
1.9
3 {CSSTTOON50 mmi gy
|
RL jRec
] 4 100%
40%
Weathered
e e Re |Rec
Sound 100% 101
; 5
7e | P rap
4
% 100
Bedrock Rec
; RE 11003
Queenston Formation 6
Red shale L Byl R%Dz 99
=
2 X
RC el
A , 100% 98
o BxL
Weathered Zone I RQD
; 51%
37
1 Rec
7 RC {100%
{ 8 b
d 27% .
fl
Rec
> RC 11p0% g5
]
BxlL RQD
> 0%
, 3k
Rec
o] | 208
BxL 93
4 RQD%
2. ) 100
? =il
12.8] End of borehole

.3, x5 . Numbers refer to
Sensitivity

20
15455 (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No 133 METRIC

(') 32'26‘325 LOCATION Co-Ords N & 805 MO.S; E 284 571.3 ORIGINATED BY B.D.

pisT__ % Hwy__ GO-ALRT BOREHOLE Typg S5 Auger  BxlL Core compiep By BB

DYNAMIT CONE PENETRATION
RESISTANCE  PLOT '2_.___.___*‘ PLASTIC  moiotone 11GUD

timiy CONTENT LIMIT

20 4D 60 8O 100 W W . 8

SHEAR STRENGTH R S— GRAIN SIZE
© UNCONFINED + FIELD VANE . DASTRIBUTION

» QUICK TRIAXIAL  x (a8 vang | WATER CONTENT (%) {%) \

1026 30 GR SA §1 CL

SOIL PROFILE SAMPLES

REMARKS

UNET
WEIGHT

PLGT

CONDITIONS

DESCRIPTION

GROUND WATER
~

STRAY
NUMBER
TYPE
N VALUES
ELEVATION SCALE

=

H
$4

Topsoil

H
.51 Ground surface
3
2

=,

>,
e S,

Red silty clay (C1) 105

oce. shaley layers
Stiff to hard

W.L. tin
stafidpipe [1038
$§ {55 104 o [

Y

B .
S
L%
i

LTSS BRIz mi

{ .

4
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OFFICE REPORT ON SOIL EXPLORATION

iy

k3

T

BN
S
I

Rec
RC ooy 103

U

BxlL QD
20%

SRS
A
=

Weathered

[N —

Sound

102
Rec
RC 98%

Bedrock L Bxl. Rgg% : 101

Queenston Formation
Red shale e,

Rec
wwwww 4 RC hoog 100

mmmmm BxL

RQD
30%

Rec
RC 984

RQD
63% 98

i 7 iaxL

Rep
1 RC 100%

Bxl RQD
/ 86%

BTl

e

TR

896.0

8.5{ End of borehole

20

o3, x5 Numbers refer to (ol o o) sTRAIN AT FAILURE
Sensitivity 10
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RECORD OF BOREHOLE No 134 METRIC
WO 872-26025 Locanion _ Co-Ords N 4 B0 398.4: E 284 526.0 ORIGINATED BY _ B.D.
pisT_.. 4 nwy_ GO-ALRT BOREHOLE Typg 5 Auger Bxl Core compiep gy __ %0
DaTUM _ Geodetic DATE Bl 01 23 cueckep sy RS-
o W JDYNAMIC CONE PENETRATION
SO PROFILE SAMPLES O B AR N POV -3 -
- w26 & 20 40 60 80 100 {7 contanr imT S0 L
Qe w - P i 1 i 1 3 Wp W W, Dg
ELEV DESCRIPTION ElElw| 2198 & |SHEAR STRENGTH Pt et GR%IN SIZE
1PTI b g | 52 - DISTRIBUTION
DEPTH b - > e o |0 UNCONFINED + FIELD VANE . Y °
_ gz 5 %U 2 le ouck rraiat  x tas vang |WATER CONTENT (%) . (%)
105.4 | Grouhd Surface & G i 10 20 30 GR SA 51 CL
105.1 | Topsoil - #
0.3 f 105
Red silty clay (€1) |
oce. shaley Tayers 14 851 35
Hard //
I ENEEREED 104 . 0 20 65 15
y
w
103.4 TS 2025 mm
2.8
JE Ree 103
RC
7 98%
Weathered %” b :
ound 5 Lg% 102
Bedrock ’% R
Queenston Formation ,/ RE 13&
Red shale IETH 5
’/ﬁ BxL R%Dz 101
100.4 3
5.0 End of borehole
% Water level not
established
20

+3‘ x% . Numbers refer to

1555 (%) 5TRA

Sensitivity 10

N AT FAILURE
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RECORD OF BOREHOLE No 135

METRIC

wo._  B2-26025 Location  Co-brds N L 805 416.5; £ 284 518.0 ORIGINATED BY B:D:
oisT B Hwy_ BO-ALRT BOREMOLE TYPE 55 Auger  BxL Lore compiLep By 8.0
patum __Seodetic DATE By 01 23 checkep By ReS:
ENETRA
SOIL PROFILE SAMPLES | & | % | RINeANce hor oM NATURAL =
= ) FLASTIC  amstyrp  HOUD = REMARKS
- 56| » 20 40 60 80 100 V™Y contewr LMT Y SO
Ole i el 2 ) ! h i 1 Wy W w, | 54 &
ELEV DESCRIPTIO Slol w2128 § |SHEAR STRENGTH R 2 | GRAIN SIZE
DEPTH IPTION w31 2| 5|38 § |ounconrner s e vane warer conTent (] ¥ [PTREUTION
g o €V | T |» oUick TRIAXIAL  x LAB VANE (%) (%)
105.5] Ground surface = Fa Ry = 1020 30 GR SA $I CL
105.2| Topsoi} e *
0. 10
3 Red silty clay (C1) A >
oce. shaley layers A1 lss
Hard vl
§s |75 104 20
103.5 55 (0074125 rmm
2.0 "
e
RC | g8y 103
Westhered BxLt gap
Soungm_hmw 27%
102
Bedrock rRe | Rec
Queenston Formation 100%
Red shale BxL
: EQD 101
100.5 | 69%
5.0] End of burehole

# Water level not
established

+7, x5 . Numbers refer to

20
' 15 -5 {%) STRAIN AT FAWLURE

Sensitivity 10
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* Water level not
established

RECORD OF BOREHOLE No 136 METRIC
pisT 4 wwy GO-ALRT BOREHOLE TYPE__ S5 Auger  Bxi Core compitep By __B.D.
DATUM Geodetic DATE 84 07 24 CHECKED BY _..R.S.
SOIL PROFILE SAMPLES | & w | DYNAMIC CONE FENETRATION o
gg g RESISTANCE PLOT % masnic NATURAL tou tg REMARKS
- w | 20| ¥ 20 40 40 8O 100 CONTENT = &
9 o w - z i 1 g ) i Wp W W, :;M?:
ELEV DESCRIPTION ElE w2 %g 5 |SHEAR STRENGTH et Dc;s;g;:n;z ?lée
=l 21215 = ISTRIBUTION
DEPTH =15 &1 = & a0 UNCONFINED + FIELD VANE » Y
12 S 1801 & leouick rriaxiar  x tap vane | WATER CONTENT (%] {%)
105.3 | Ground surface 73 19 o 1020 30 GR SA 51 CL
105.0| Topsoil - *
0.3 U 105
Red silty clay {€1) |}
oee. shalay layers M 1] 85116 o f—
Stiff to hard b
// 8 1ok [+ 3 31 5313
103.6 ¥e 21 85|88
1.7
Rec
4, | R est 103
Wearhered IEj! Bxl
Sound RQD
32%
102
[l
RC Rm:g
1 100
e 4
BxL RQD 101
33% |
100.4 =
#.9] End of borehole

&3, x5 Nom

v

Sensitivity

bers refer to

20
150-5 (%) STRAIN AT FAILURE
10




Moot e
Teay Wy e
L menr plinig

b

:E@gi ON 50IL EXPLORATION

OFEICE R
F

[ ETEN
RECORD OF BOREHOLE No 137 METRIC
- - W5 . B.D.
wo B2~26025 LoCATION  to-Ords N b 805 L37.5. £ 284 545.0 ORIGINATED BY
pisy__ 4 Hwy__ BO-ALRT BOREHOLE TYPE S5 Auger  Bxl Core COMPILED BY __ B.D.
patum . Seodetic DATE Bh o1 19 cueckep By RS
PR AMP o ﬂ DYNAMIL CONE FENETRATION
SOIL PROFILE g LES £y 2 RESISTANCE PLOY pastic NATURAL o m"é REMARKS
= $0| 4 20 40 60 80 1go |UWT coNTeNT MM H L &
Ofa o = = 1 ) 1 i 1 Wp w W, b;
ELEV DESCRIPTION O - B %'é & |SHEAR STRENGTH S —— C?T?z"; ssée
i = - < = o Dl BUTION
BEFTH =[S 2] % &1 % |ounconmnep + FIELD VANE . y B \
21z 5 gu $ |e QUK TRIAXIAL X LAB VANE WATER CONTENT (%) (%)
105,71 Ground surface % £ W GR 5A 5t CL
105.4] Topsoil "
/
0.3 Red silty clay (1) v
otc. shaley seams v Wl |lim 105
Hard A1 1|55 | 2Blstangiipe |10k 4
A/
103.9 2 1%% 1110 28m“m 104
’ B A
. 1
3155 | BO/M50 mm .
Weathered T {B L 11008
Sound // 103
; RC Rec
5 100%
= Bxl RQD
Bedrock 34% 102
Queenston Formation 7
Red shale
(&1l RC Ree
7 - {1002
6 q01
,l BxL |ROD
f ’ 56%
e
WWWWWW Rt |Rec 100
= 100%
Weathered Zone ’/ 7 BxL
MMMMMM u_=’ RQD
7 13%
I%:j 39
? RC Rec
e 100%
”/ ’ BxL RQD 92
'l
Reg 97
7 RC Yooy
q° )
)
** 1rop _
/1 69% 96 13
é-
Ret
! RC  {1p0%
7 10
BxlL {RQD 95
94 .6 100%
11.1 End of borehcle
20

-+

3, x® . Numbers refer to
Sensinvity
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1505 (%) STRAIN AT FAHRURE




RECORD OF BOREHOLE No 138

METRIC

ORT ON SO EXPLORATION

&

wo B2-2602¢% LOCATION Co-Ords N h BOS 452.2; E 2Bh s45.0 ORIGINATED BY B.D.
pist_ 4 rwy . BO-ALRT  sogrewoit vype 55 Auger Bxl Core comeitep sy _B.D:
DATUM Geodetic DATE 84 01 2k CHECKED BY R.5.
tx w P DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES Tyl 3 [RoemRe Por S e | CE | pemans
- 36| # 20 40 60 8O 100 |U™T conewr umT} 5O
2IE| v g 551 3 R STRENGTH WWW o ol GRAIN& 5128
ELEY DESCRIPTION lel & 3|28 2 |PHEAR STRENGTH BISTRIBUTION
DEPTH w1351 =1 > G ' |O UNCONFINED 4 FIELD VANE Y
gz 5 gu o |® Quitk TRIAXIAL X tAB VANE WATER CONTENT {%) (%)
105.7] Ground surface % £ = 10 28 30 GR 5A 1 CL
105.51 Topsoil [ n
0.2 U
Red silty clay (C1) ¥ 105
oce, shaley seams 45 9 D 13 68 19
Very stiff to hard Wl 351 % ©
' 21 ss] &5
|/
¥ 104
103.7 3] 8§ | 1454190 mm
2.0 [
Rec
RC
: i 99% 103
i BxL
Weathered 7 % ﬁgg
Sound
L
Bedrock ) 102
Queenston Formation fi=l e | Rec
Red shale 5 100%
Bxl 2QD .
s - ’ 2% 101
100.7 Weathered Zone ﬁ,«]
5.0} End of borehole
* Water level not
established
20

+3, «®; Numbers refer 1o

Sensitivity

15 -5 {%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No 139

METRIC

* Water level not
establishad

WO 82-26025 LOCATION _ Lo-Ords N b 805 4245, ¢ 28B4 5B2.7 ORIGINATED BY _B.D.
DIST b Hwy__ GO-ALRY BOREHOLE TYPE __ S5 Auger Bxl Core COMPILED BY __B.D.
w | DYNAMIC CONE PENETRATION
501l PROFILE SAMPLES g‘g 3 |mesistance rior pasnie NATUAL Lou -§ REMARKS
e w | 26| » 20 40 0 80 g0 |UMT contenr LTS s
Of o e s = ) f ] L i Wp W w, | bw
ELEV DESCRIPTION Bl w2 ?;c;D & ISHEAR STRENGTH RS 2 Dcsgr?[rg ?%Eq
i sl -1 gl5 e | Tt
DEPTH - > o a | o UNCONHNED + FIELD VANE . Y ;
g =2 B I gu 2 le quick TrianAL  x 1B vane | WATER CONTENT (%) (%)
105.3] Ground surface 5 Z b 10 20 30 GR SA 51 CL
0.0} Topsoil and clay *
1048 (Fill) q 105
0.5
Red silty ¢lay (1) 1185 |12
Firm to hard
103.7 2| 55 |136/]230mm| 104 & H—
1.6 2
Rec
RC {98z 103
Weathered 3
T BxL [RQD
Sound ( i3y
Bedrock . 7 Rec 102
Queenston Formation RC 1100%
Red shale g
BxL RQD
43z
100.8f /5 101
4.5 End of borehole

+3. %% . Numbers refer to

20
' 15 %5 (%) STRAIN AT FAILURE
10
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TABLE 1

DESCRIPTION OF ROCK CORE - BURLOAK DRIVE

ﬁ;f

CORE RECOVERY

CORE DESCRIPTION

BOREHOLE ™
NUMBER DEPTH (m) % RQD DEPTH (m) DESCRIPTION
131 2.3 3.9 96 51 2.3 - 2.9 Shale, red (Queenston Fm), moderately weathered
2.9 - 3.9 Shale, red {Queenston Fm), slightly weathered to sound
132 2.3 3.9 | 100 40 2.3 - 2.9 Shale, red (Queenston Fm), highly weathered
3.9 5.4 | 100 45 2.9 -« .2 Shale, red {Queenston Fm), slightly weathered
5.4 6.8 | 100 72
6.8 8.4 98 51 4,2 = 7.6 Shale, red (Queenston Fm), sound
8.4 9.8 1 100 27 7.6 - 8.5 Shale, red (Queenston Fm), moderately we athered
9.8 - 11.4 | 100 90
11.4 ~ 12.9 g0 | 100 B.5 = 12.9 Shale, red (Queenston Fm), sound
133 2.0 - 3.5 | 100 ] 20 2.0 - 3.4 Shale, red (Queenston Fm), highly to moderately weathered
3.5 5.0 98 35 3.4 - 3.7 Shale, red (Queenston Fm), slightly weathered
5.0 6.4 1 100 30
6.4 7.9 98 63 4,5 - 9.5 Shale, red (Queenston Fm), sound
7.9 9.5 | 100 | 86 5.5 - 5.7 Shale, red (Queenston Fm), moderately weathered layer
134 2.0 3.5 98 45 2.0 - 3.0 Shale, red (Queenston Fm), moderate to slightly weathered
3.5 -« 5.0 | 100 39 3.0 - 5.0 Shale, red (Queenston Fm), sound
135 2.0 - 3.5 98 27 2,0 - 3.2 Shale, red (Queenston Fm), moderate to slightly weathered
3.5 - 5.0 100 69 3.2 = 5.0 Shale, red (Queenston Fm), sound

-
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TABLE 1 - Continued

DESCRIPTION OF ROCK CORE - BURLOAK DRIVE

CORE RECOVERY

CORE DESCRIPTION

BOREHOLE
NUMEER DEPTH (m) % RQD DEPTH {m) DESCRIPTION
136 1.8 - 3.3 79 32 1.8 - 2.7 Shale, red (Queenston Fm), moderate to lightly weathered
3.3 « 4,9 100 33 Shale, red (Queenston Fm), sound
137 2.3 - 2.5 100 0 2.3 - 2.5 Shale, red (Queenston Fm), highly weathered
2.5 - 3.9 100 34 2.5 - 5.7 Shale, red {(Queenston Fm), sound
3.9 - 5.4 100 56
5.4 - 6,9 100 13 5.7 - 6.4 Shale, red {Queenston Fm), moderately weathered
6.9 - 8.4 100 64
B.4 - 9.9 100 69 6.4 « 11,1 Shale, red (Queenston Fm), sound
9.9 « 11.1 100 | 100
138 2.0 3.5 99 | 46 2,0 « 3,2 Shale, red (Queenston Fm), moderate to lightly weathered
3.5 5.0 ] 100 ] 42 3,2 - 4.5 Shale, red (Queenston Fm), slightly weathered to sound
5.5 « 5,0 Shale, red (Queenston Fm), moderately weathered
139 1.7 3.0 98 43 1.7 = 2.6 Shale, red (Queenston Fm), moderate to slightly weathered
3.0 4.5 1 100 72 2.6 - 4,5 Shale, red (Queenston Fm), sound
Geocon 3} 3.0 4.6 B8 82 3.0 -« 9,2 Shale, red (Queenston Fm), sound
' 4.6 6.1 100 8O
6.7 7.6 98 72
7.6 7.2 78 78

. !
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EXPLANATION OF TERMS USED IN REPORT

N OVALUE: THE STANDARD PENETRATIOON TEST [EPTY N VALUE 1§ THE NUMBEBER OF BLIOWS REQUIRED TO CAUSE A STANDARD Stmm O.D SPLIT BARREL
SAMPLER T PENETRATE GAmMINTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A4 MALE OF 03.5‘(9, FALLING
FREELY A DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDILATED A5 THE NUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED. AVERAGE N VALUE (5 DENOTED THUS N.

DYNAMIC CONE PENETRATION TEST:
APACT ENERGY ON ‘A’ SIZE DRILL RODS.
ADVANCE OF THE CONICAL POINT INTO THE

SOILS ARE DESCRIBED BY THEIR COMPOSITION

CONTINUOUS PENETRATION OF A COMICAL STEEL POINT { S1enm ©.D, 60° CONE ANGLE } DRIVEN BY 475 J
THE RESISTANCE TO CONE PENETRATION {5 MEASURED AS THE NUMBER OF BLOWS FOR EACH 0.3m

UNDISTURBED GROUND.

AND CONSISTENCY OR DENSENESS.

CONSISTENCY ! COHESIVE SOILS ARE DESCRIBED ON THE BASIS OF _THE&R UNDRAINED SHEAR STRENGTH(CU) AS FOLLOWS:

[ ey (kPa)

0 -2 12 - 25 25~ 50 50 - 100 100 - 200 >200

DENSENESS: COHESIONLESS SOILS ARE

HARD

VERY SOFT SOFT FIRM STIFF VERY STIFF

DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES A% FOLLOWS:

N {BLOWS/70.3m)

0~ 3 5-10 10 - 30 30 - 50 > 50

VERY {OOSE] LOODSE COMPACT DENSE  \VERY DENSE

ROCKS ARE DESCRIBED BY THEIR COMPOSITION AND STRUCTURAL FEATURES AND / OR STRENGTH.

ECOVERY: SUM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED A5 A PERCENT OF THE TOTAL LENGTH OF THE CORING RUN.

MODIFIED RECOVERY:

SUM OF THOSE INTACT CORE PIECES, 100mm+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.

mmmmmmmmm THE ROCK QUALITY DESIGNATION {RQ D), FOR MODIFIED RECOVERY, 135

[ rap(%) 0 -25 25-50 | 50-75 | 75-90 90 - 100
' VERY POOR| FPOOR FalR GOOD | EXCELLENT
JOINTING AND BEDDING.
SPACING S0mm 50 ~ 300mm} 0.3m - tm | tm~ 3m >3m
JOINTING VERY CLOSE CLOSE MO, CLOSE] WIDE VERY WIDE
BEDDING VERY THIN THIN MEDIUM THICK VERY THICK

FIELD SAMPLING

ABBREVIATIONS AND SYMBOLS
MECHANICAL PROPERTIES OF SOIL
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€5 CHUNK SAMPLE P M TW ADVANCED MANUALLY <y mi/s  COEFFICIENT OF CONSOLIDATION
T W THINWALL OPEN F 5 FOIL SAMPLE H m DRAINAGE PATH
'(v 1 TIME FACTOR
STRESS AND STRAIN U v,  DEGREE OF CONSOLIDATION

u,, kbo  PORE WATER PRESSURE o), kPa  EFFECTIVE OVERBURDEN PRESSURE
fy ) PORE PRESSURE RATIO o kba PRECONSOLIDATION PRESSURE
o kpo TOTAL NORMAL STRESS T, kPa  SHEAR STRENGTH
o’ ko EFFECTIVE NORMAL STRESS ¢’ kra EFFECTIVE COHESION INTERCEPT
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€ % LINEAR STRAIN . $y - APEARENT ANGLE OF INTERNAL FRICTION
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" 1 COEFFICIENT OF FRICTION '
PHYSICAL PROPERTIES OF S0IL
A kg/m® DENSITY OF SOLID PARTICLES € 1,%  VOID RATIQ eqin /% VOID RATIO IN DENSEST STATE
A KN/ UNIT WEIGHT OF SOLID PARTICLES n 1,%  POROSITY Iy 1 DENSITY INDEX a%—mﬂi:u;—w
P, kg/m’ DENSITY OF WATER w 1,%  WATER CONTENT 5  mm  GRAIN DIAMETER e
%, kNArd UNIT WEIGHT OF WATER S, % DEGREE OF SATURATION D, mm n PERCENT ~ DIAMETER
P kg/m” DENSITY OF $01 W % LIQUID LIMIT ¢y ! UNIFORMITY COEFFICIENT
b kN/i' UNIT WEIGHT OF 501 LA % PLASTIC LIMIT h m HYDRAULIC HEAD OR POTENTIAL
. kg/m® CENSITY OF DRY 501 wg % SHRINKAGE LiMIT a  m/s RATE OF DISCHARGE
)g kn/m® UNET WEIGHT OF DRY SOIL ' % PLASTICITY INDEX = W = Wp v m/s  DISCHARGE VELOCITY
Bay ko/m® DENSITY OF SATURATED 5OM | L LGUIDITY INDEX & e i HYDRAULIC- GRADIENT
Yoot kN/m? UNIT WEIGHT OF SATURATED SOIL l W - W k m/s  HYDRAULIC CONDUCTIVITY
P' kg/m® DENSITY OF SUBMERGED SOIL e} CONSISTENCY INDEX= LIP j  kw/m SEEPAGE FORCE
Y kN/m® UNIT WEIGHT OF SUBMERGED SOIL e 1,%  VOID RATIO IN LOOSEST STATE



ALL TIMENSIONS SHOWN AR
L HE METRES -ANUS OF - MILL -
_uzm: UNLESS

cmfﬂtwtss B

13t ] 134 135 ) ‘139 336 138
e W wWiTHOT T T W R 2 v 2 5 TR I WURGET LR T
e ; ESTABLISHED ; ESTABLISHED ESTABLISHED 0y 131 : ESTABLISHED ESTARLISHED iSYAk%SREﬁ Ha]
WE : ST . 08 e fé wr 0 0 TN T S LHES AT T ¢ Y sl e
FSUL 3% 4 § GO-NRT TOPSOL & 5ilTY ¢ GO-ALRT
07 ‘;C;ﬁf (Fil) o : 07 108\ CLAY (FiL{] % 08
: ) t to Fipm ; o ; FTOPSOIL
56 :\\ o . " 0PSO vor \ “‘ /- g7
) R - =g i P 2 N - v
) < e e PP 0 10e LN Al 196
ot 7}4{% i HALEY $at > + L S —
104 : s Y Clay/ 1) cavers; 1 L /: e 1g RS 4 % 7
§ # ™Y L > s i b zs - -
" Loy 1SOF 50 e Grzol e i rs-.’.mg 01 o 7 iz T(Siiﬁ’r | Ay P et BURL NG ??%3
e R B S : |
e L L 2 H
1o QUEENSION FORMATION g g2 Sound : e B |
FED SHALE BEDEDTH t /_?,g::::;“::’“"““ S
jivH] — . We o nu;;gsmmsa@n ] j.w,_‘ gt e e e e e e { -
- SHALE Weath~— Z -
7% ¥ 0% o ‘% ° one 1963 § KEY PLAN
/i, b SEALE
9% 98 7% 29 2 a5 § km
g2 87 $8 98 )
“ Bore Hoie
132 3 133 137 : -
# @w; Wt ’ ‘ B or Cone F Tasr {Cone]
: .
g ESTABLISHED Ho Mg g & Bors vole & Cone _
02 g2 109 ek N Bows/G I {Srd PanTeet, £75 3/ biow )
) q GO ALRY s 08 § GO ALRT 08 A
o " & - - 3
q; SR RIY z " TOPSOIL z ) o S P CONE ;za..fg;m 60° Cone, 475 ;zgog
12 LAY {Fitt} o Wr w7 —— R 3 Wi oot of meestiganen 88 1
] o w | . e B S
\::-:, 1IN _‘ - !;“"""EQPSQ?E. = 1 13 5 T 1o ra¢ \oe @_ . B34, T35, 136,138,
o ity e ? g . ¥ N
;&-/pa SITY CLAY Hard ], ; ) IS CLAY ST Hard 4]0 /}/ : ¢ BURTOAK B8 : Bors Hols dane by Guacon Inc 84 0119
SHALEY LAYERS| s ! 20T S 1 ; 55 9CC Sﬁﬁ.ﬁE‘t LAYERS .1 pC 124 08 - 1o ‘t Wi ie Stondsi
) it Sl e ""*ﬁ‘ et PR GRACE | GO-AIRT_TCF OF FAl ; kW in Stondsioe
S e : S W 13 Weaoth 805w o HEZ 0z : ¢ 147 , o e}ﬁamuﬁs
- ‘ ;
Weothered _ -~ W2 o gz - ~ Sound w2 106 ‘\; Vel Y 104 No | ELEVATION| wyoury 2.
" Sound T 3 —y S : : - I
.~ A W QBKNS%!\?RF%'&SA&HDN 43 105 _ T Fi 05 131 . 105.4 [48D5380.5 25&55&5}
0o BEDROCK 100 109 RED SHALE 0o o4 Co 1 ’f 104 132 11053 148053906, 284 5567
Qaiiﬁgfgwsafogmnau —F === . \Neothered Lone R \ ;' 133 5 Y05.5 |48U5 430.6] TBASTE.3 4
2% £0 3hAL 2e 22 . 2 02 3 - . o T34 [ 1054 |4805398 4] 288526.0°)
28 98 %8 28 0z 'i,g :‘f 12 35 | 105.5 4805 £Y5.50 284 516.0 |
57 _Weathered | |Zone 7 97 27 W AY }; 191 36 [ 105.3 HEBUS 445 B| FRE 5674
~~~~~~~ e 137 Prgs.r 7.5 7684 545,
os 1 se 96 s 100 100 37 e /4805 437.5) 284 545.0
r TIB D 105.7 4805 852.7] 2BA 5450
3 25 8.3 2 ; 22 139 | 105.3 |4805424.5] 2845827
24 35 94 g& 2 . i 98 3 1105 4 [4B0S4I9.5 2843312 ¢
22 3 33 93 97 (‘ §r i : ‘
g2 — 92 .82 97 98 28 i
f o i
c€-C B-8 25 g §~ 5 ok
24 S,E §§ ve Geocrer No
SECTIONS ‘ : : =NOTEZ
SCALE (E PROFILE GO~ A{R‘E Tha Goondories between soit st hawe baer
Tm 5 O Him t:icsc amis ar Bare Hole Beafions ligum ia;t i
b i o 7 \ﬁ. SCALE . e 4 iﬂm k. g
et =
" e 2 O }om Har HCHTE - Thie % o——
P & T Vet ths proect nnﬁ o;us té??i.d’ é?ﬁmki . e wRo
‘»t’
!?n; repart mé retated docermenii i sm::%;cﬁ A
srcordance witt the condasons of Serton W90
~ ~ GO-ALRT REF m
FET < DRAWN BY. DESIGNED BY. i : .
_REFERENCE DRAWINGS REVISIONS it 5o WARNOCK HERSEY lg < n‘t HA%Q& REG%GN
8¢ 01 17 . PROFESSIONAL SERVICES LTD Au Eijgié}ﬁi{ ﬁﬁi*ﬁfE SSEWA
CH{‘D &Y APPROVED &Y - . - g [T b
8.0. ‘ CARVILLE ?gc;sc: WEST EX}'ENS%GN BORE. &QLE E‘g@ﬁg&s & SQ& T
" — . #
SCALE Fugi SIZE ONLY : STA §§ sg& &s?
- T ) ’ o N cony ucr
A5 SHOWN © PROJECT NANAGER -




G.l-30 SEPT. 1976

. L ' Bl
I L | *

DOCUMENT MICROFILMING IDENTIFICATION

GEOCRES No. 50M5— 145
DIST.. A REGION

W.P. No.

CONT. No.

W. O. No._ 82~2¢02¢C

STR. SITE No.

HWY. No.__60-ALYT

LOCATION _oALVILLE  WEST EXTENS(ON

-
s

OVERSIZE DRAWINGS TO BE INCLUDED WITH THIS REPORT.

REMARKS:




‘ Cﬂwammﬁzﬁ N@f 20 M%’ - |4

QS-ALRT

-

OAKVILLE - HAMILTON SECTION

ch

- Ministry of
. @ Transportation and
. Communications

Ontario



WARNOCK HERSEY PROFESSIONAL SERVICES LTD

OAKVILLE - HAMILTON-SECTION

ENGINEERING MATERIALS OFFICE
FOUNDATION DESIGN SECTION

WO 82-26025 DIST 4
HWY GO-ALRT STR SITE

Oakville Project—West Extension

- Burloak Drive C.N.R. Subway
- Burloak Drive GO-ALRT Subway

vt
&

DISTRIBUTION

. Pask (5)

.C.E. Burkhardt (3)
.D.Gunter

Wittenbery

Smrcka (2)

.Bassi

J.Giroux

Hore

Fitzgibbon (cover only)
J. Kovich {cover only)
iles

T OO W R e B O R

GEOCRES  30M5-14% “ DATE 84 02 21



re

Warnock Hersey Professional Services Ltd.
Page 1

FOUNDATION INVESTIGATION REPORT

FOR

W.0. 82-26025
District 4 Hamilton
GO-ALRT, West Extension, Oakville Project
Burloak Drive CNR Subway
Burloak Drive GO-ALRT Subway

INTRODUCTION

This report summarizes the results of a subsurface investigation which was
carried out for the above structures by Warnock Hersey Professional

Services Ltd.

The purpose of the investigation was to define the subsoil, bedrock and
groundwater conditions underlying the site and evaluate the foundation
conditions and geotechnical parameters relating to the design of the pro-

posed subways.

The exploratory work was performed during the period of 84 01 19 to
84 01 25 by means of a C.M.E. 55 drill rig employing standard augers BX

casing and BXL core barrel. The drillng consisted of a total of 9 cored
boreholes having depths of 3.9 to 12.9 metres below prevailing grade and
rock core depths of 1.5 to 10.5 metres. An additional borehole performed

by Geocon Inc. within the limits of subway structures has also been
incorporated into the report. .This borehole was performed on 84 01 19

using standard auger, BX casing and BQ core barrel.

Standpipes were installed in selected boreholes for measurement of the
groundwater table.

Borehole locations were surveyed by our staff and surface elevations
referenced to a temporary geodetic bench mark.

Cont'd...../2
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Site Location

The site is located south of the Q.L.W. on Burloak Drive, which is the
municipal boundary between Burlington and Oakville. The proposed C.N.R.
structure will be situated essentially at the existing level crossing
while the GO-ALRT structure will be some 21 meters northerly centerline to

centerline.

Geological Setting

The area is known physiographically as the Iroquois plain which encom-
passes a broad zone of relatively flat former lake bottom between the

modern shoreline and that of glacial Lake Irogquois. The topography origi-
nated from wave erosion of the underlying Queenston Shale bedrock which
has also been subject to residual weathering after exposure. The shallow

overburden cover is comprised primarily of residual soils resulting from
either decomposition of the shale or glacial scouring.

SUBSURFACE CONDITIONS

General

Individual borehole records providing a detailed description of subsurface
conditions and exploratory data are contained in the appendix of this
report. The accompanying drawing includes a location plan of the bore-
holes and several stratigraphic sections across the site. Laboratory test
results are also summarized in Figures 1 and 2 of the appendix.

The subsurface conditions at the site are typically very uniform and con-
sist of 1.3 to 2.0 meters of stiff to wvery hard silty clay overburden
resting on weathered shale bedrock of the Queenston formation.  Shale

weathering is generally confined to the upper 1 to 2 meters although
narrow weathered zones occur locally with depth. Fill material is also

present on the site in the form of road and rail bedding which rises 1.0

to 1.5 meters above the prevailing grade. The groundwater table occurs
near the weathered bedrock surface.

OVERBURDEN

Fill

The fill material at the site is confined to the roadway bedding and
embankment material below the existing rail line. Although not explored
directly by the drilling it is judged that the fill has a depth of 1.0 to
1.5 meters based on its height above the surrounding grades. Some minor
surficial fill containing topsoil material has also collected in adjacent
drainage ditches.

Cont'desu../3
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Silty Clay (CL)

The red silty clay subsoil is a residual weathering ‘product featuring
indistinct horizontal layering grey seams and shaley zones. It extends to
depths of 1.3 to 2.0 meters and varies with depth from a stiff to hard
consistency. The composition of the material (Figure 2) is approximately
20% fine sand, 60% silt and 20% clay with a trace of coarser sand and
gravel. The liquid limit results (Figure 1) range from 26.4 to 32.5 with
plastic indices of 8.1 and 10.5 respectively. Natural moisture contents
are generally in the order of 10 to 15% with a range of 9 to 18%.

Bedrock

The bedrock is red shale of the Queenston Formation, featuring typical
horizontal bedding and occasional grey shale and siltstone layers.
Weathering is evident within the upper 1 to 2 meters being transitional in
nature and diminishing with depth. Below the weathered zone, the shale is

categorized as essentially sound except for occasional layers or seams of
partial weathering notably at borehole 132 between depths of 7.6 to 8.5

meters and borehole 137 between 5.7 and 6.4 meter depths. These zones
appear to be local in nature without horizontal continuity.

Core recovery in all boreholes was generally 98 to 100 percent. Estimated
Rock Quality Designation (RQD) varied from 13 to 100 percent typically
increasing with depth except at the noted weathered zones in boreholes 132
and 137.

GCroundwater

The installed standpipes indicate the position of the groundwater to be at
depths of 1.2 to 1.6 meters or just slightly above the surface of the
weathered shale. Some seasonal variation of the groundwater table is
likely along with trapping of surface water by the relatively impermeable
subsoils.

Groundwater yield through the shale was not investigated in detail by any
particular testing procedure., The rock core evidence and local experience

indicates that the groundwater flow through the shale is generally light,
increasing to moderate along local resistant layers and discontinuities.

Cont'd...../4
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GEQOTECHNICAL DISSCUSSION

a)

b)

Background

The proposed grade separation at Burloak Drive is to include the
following bridge or subway structures:

1) GO-ALRT 2 span bridge with central pier, perched abutments and
wing walls.

2) C.N.R. & span bridge with 3 pier bents, perched abutments and wing
walls.

The proposed GO-ALRT track elevation at the Burloak Drive centerline
is to be 107.600 while the existing C.N.R. track will remain essenti-
ally unchanged at 106.906. The Burloak Drive profile will be lowered
to a maximum of approximately 6.5 meters in the vicinity of the pro-
posed structures.

Foundations

Structural loads can be supported by means of conventional spread
footing foundations resting on sound shale bedrock for which the fact-

ored bearing capacity at Ultimate Limit State will govern in accord-
ance with the established values in Section 6.5.3 of the 0.H.B.D.C.

For shale rock the Factored Bearing Capacity at U.L.S. is indicated to
be 1500 kPa.

Within the upper weathered zone (above elevation 103) this value how-
ever, should be reduced to 1000 kPa.

Foundation settlement will be limited to elastic compression which
will be effectively negligable. Protection of the founding surface

however, is required during foundation construction for which we
suggest a 100 mm concrete skin slab. A minimum 1.2 meters cover must

be provided over all footings for frost protection.

For calculation of sliding resistance of abutment footings, a friction
coefficient of 0.47 can be assumed. If additional sliding resistance
is required, the use of foundation keys or dowels can be considered.

Cont'd...../5
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Backfill and Retaining Walls

All backfill behind retaining walls must consist of approved free
draining granular material such as Gramular "A" or good quality
Granular "B". It should be placed in uniform lifts having a maximum
thickness of 200 mm and be compacted to 95 percent Standard Proctor
density. Appropriate drainage outlets must be provided through the
retaining walls to prevent the build-up of hydrostatic pressure.

For the calculation of earth pressure on retaining walls and abut-
ments, the following alternatives apply depending on the choice of

backfill:

i) Granular "A" Backfill

Compute in accordance with Section 6.6.1.2 of the 0.H.B.D.C. using
‘the following parameters:

- 22 KN/m3
¢ - 35°

ii) Granular "B" or "C" Backfill

Compute in accordance with Section 6.6.1.2.2 of the 0.H.B.D.C.

using the equivalent fluid pressure method. It should be noted
that the "at rest" condition applies due to the unyielding nature

of the foundatlion support.

Slopes

The Queenston shale bedrock will characteristically stand at rela-
tively steep angles for the short and medium term but will be subject
to surface erosion and creep as a result of weathering and slaking
processes. As such, permanent slopes for the subway cut should not

exceed 2 horizontal to 1 vertical to maintain stability of the slope
surface. Stability with respect to deep seated rotational failure is

not a consideration.

Groundwater seepage or bleeding through the shale cut will tend to be
light and diminish with time. Localized zones of greater seepage may
however be revealed during construction and should be assessed as to
the need for any specific drainage requirements.

Approach fills for the CO-ALRT and C.N.R. rail beds should be provided
with 2 to 1 side slopes and appropriate surface cover for erosion pro-

tection.
Cont'dee.../6
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Drainage

Road base drajnage should be provided below Burloak Drive pavement in
addition to perforated subdrains in sewer installation according to

M.T.C. 'specification DD-820. The lowering of the water table in the
immediate vicinity of the subway cut will likely preclude the need for

any permanent drainage provisions to handle seepage through slopes.
The drainage requirements however should be reassessed with respect to

the actual conditions encountered during construction,

Excavation and Croundwater

It is expected that shale bedrock within the Burloak Drive cut can be
ripped and excavated by means of conventional heavy equipment without

the need for blasting. Local excavations particularly for footings,
sewers, etc. may require the use of pneumatic rock breakers. Blasting
of footing excavations however should not be permitted.

Based on the rock core evidence and our knowledge of the area it is
estimated that groundwater seepage during construction will generally
be light to moderate locally and readily controlled by pumping from
temporary sumps.

Respectfully submitted,

WARNOCK HERSEY PROFESSIONAL SERVICES LTD.

B¢ D|Onof,rio, P -Engu
Assistant Manager
Geotechnical Se;vices

BD:cc
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RECORD OF BOREHOLE No 131 METRIC
- B.D,
DATUM Geodetic DATE 85 01 23 cHECKED BY . R.S.
SOIL PROFILE C AMPLES . w [OYNAMIC CONE PENETRATION -
%‘i‘.}z‘l 6 RESISTANCE PLOT NZ«-....__,__ fmf;m ﬁg,gmﬁg it.l'{;\“l;n &é REMARKS
e w | ZEO| @ 20 40 6D 8D 100 conTent zz &
Ofe i - > H L ! i ! Wp w LA DE
ELEV DESCRIPTIO =lel g | 22| & [srear sTRenGT DR IBUTION
IPTION sl siglisz| & 1
DEPTH - = &1 & o uNCONFINED + FIELD VANE . va
=2 227 . 5 gu T |e QUICK TRIAXIAL X LAB VANE WATER CONTENT (%) %]
105.4 | tround surface » £ ] GR SA 51 CL
0.0 Topsoil and silty clay *
(Fi11) 105
104.5 Soft to firm 1 1 ss | &
0.9 Red silty ctay {(C1)
oce. shaley ) re
cc. shaley tave 55 | 1h0A280mn | 104
103.7 | Hard
1.7 Bedrock 5SS 1 150A150mm
Queenston Formation
Red shale 103
RE Rec
Weathered 496%
Sound Bxl
RQD 102
51%
101.5
3.9{ End of borehole

* Water level not
established

+3, x5 ; Numbers veter to

Sansitivity . 19

20
1545 {Y) STRAIN AT FAILURE
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RECORD OF BOREHOLE No 132 METRIC
gz-2602 Co-Ords N & 80 W6 284 6.2 D
WO > LocaTion _oT0res 5390.6; 284 55 ORIGINATED BY
DSt % Hwy GO-ALRT BOREHOLE Typg __ SS Auger BxlL Core compiLep By __B-D.
DATUM Geodetic DATE 84 0y 20 CHECKED BY R.%.
SOl PROFILE SAMPLES o W DYNAMIC CONE PENETRATION
ﬂf‘é’ 3 RESISTANCE  PLOY h._“___‘___ PLASTIC :?:lg!:;f LG wg REMARKS
o o LMt CONTENT LIMIT -
= w | 20| v 20 40  s0 80 W00 Z2 s
SlEl Ll 8]les!] 2 sy b Wp W W SR et
ELEY Llel @l =20 o HEAR STRENGTH L < S GRAIN 5]
SEPTH DESCRIPTION SJELE S 1528] 5 lounconmme  + rie vane wateR content ol 7 DISTRIBUTION
g1z 5 | &Y | & | ouck TraxiaL  x LaB VAN (%) {%)
105.3 Grc)und surface S 3 . o 10 20 30 GE SA St CL
0.0] Topsoil & silty clay -
104.8] (£i11) : 105
0:5| Red sitty elay (c1) U . fIL) in
oce. shaley layers e stapdgipe 1041 P
Hard iq 1 55 1 43 © g 10 60 30
’/ =1 10h
|
1034 A2 | 88 [ 60/ 1150fjm
1.9
3 {CSSTTOON50 mmi gy
|
RL jRec
] 4 100%
40%
Weathered
e e Re |Rec
Sound 100% 101
; 5
7e | P rap
4
% 100
Bedrock Rec
; RE 11003
Queenston Formation 6
Red shale L Byl R%Dz 99
=
2 X
RC el
A , 100% 98
o BxL
Weathered Zone I RQD
; 51%
37
1 Rec
7 RC {100%
{ 8 b
d 27% .
fl
Rec
> RC 11p0% g5
]
BxlL RQD
> 0%
, 3k
Rec
o] | 208
BxL 93
4 RQD%
2. ) 100
? =il
12.8] End of borehole

.3, x5 . Numbers refer to
Sensitivity

20
15455 (%) STRAIN AT FAILURE
W
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RECORD OF BOREHOLE No 133 METRIC

(') 32'26‘325 LOCATION Co-Ords N & 805 MO.S; E 284 571.3 ORIGINATED BY B.D.

pisT__ % Hwy__ GO-ALRT BOREHOLE Typg S5 Auger  BxlL Core compiep By BB

DYNAMIT CONE PENETRATION
RESISTANCE  PLOT '2_.___.___*‘ PLASTIC  moiotone 11GUD

timiy CONTENT LIMIT

20 4D 60 8O 100 W W . 8

SHEAR STRENGTH R S— GRAIN SIZE
© UNCONFINED + FIELD VANE . DASTRIBUTION

» QUICK TRIAXIAL  x (a8 vang | WATER CONTENT (%) {%) \

1026 30 GR SA §1 CL

SOIL PROFILE SAMPLES

REMARKS

UNET
WEIGHT

PLGT

CONDITIONS

DESCRIPTION

GROUND WATER
~

STRAY
NUMBER
TYPE
N VALUES
ELEVATION SCALE

=

H
$4

Topsoil

H
.51 Ground surface
3
2

=,

>,
e S,

Red silty clay (C1) 105

oce. shaley layers
Stiff to hard

W.L. tin
stafidpipe [1038
$§ {55 104 o [

Y

B .
S
L%
i

LTSS BRIz mi

{ .

4

-t

OFFICE REPORT ON SOIL EXPLORATION

iy

k3

T

BN
S
I

Rec
RC ooy 103

U

BxlL QD
20%

SRS
A
=

Weathered

[N —

Sound

102
Rec
RC 98%

Bedrock L Bxl. Rgg% : 101

Queenston Formation
Red shale e,

Rec
wwwww 4 RC hoog 100

mmmmm BxL

RQD
30%

Rec
RC 984

RQD
63% 98

i 7 iaxL

Rep
1 RC 100%

Bxl RQD
/ 86%

BTl

e

TR

896.0

8.5{ End of borehole

20

o3, x5 Numbers refer to (ol o o) sTRAIN AT FAILURE
Sensitivity 10
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RECORD OF BOREHOLE No 134 METRIC
WO 872-26025 Locanion _ Co-Ords N 4 B0 398.4: E 284 526.0 ORIGINATED BY _ B.D.
pisT_.. 4 nwy_ GO-ALRT BOREHOLE Typg 5 Auger Bxl Core compiep gy __ %0
DaTUM _ Geodetic DATE Bl 01 23 cueckep sy RS-
o W JDYNAMIC CONE PENETRATION
SO PROFILE SAMPLES O B AR N POV -3 -
- w26 & 20 40 60 80 100 {7 contanr imT S0 L
Qe w - P i 1 i 1 3 Wp W W, Dg
ELEV DESCRIPTION ElElw| 2198 & |SHEAR STRENGTH Pt et GR%IN SIZE
1PTI b g | 52 - DISTRIBUTION
DEPTH b - > e o |0 UNCONFINED + FIELD VANE . Y °
_ gz 5 %U 2 le ouck rraiat  x tas vang |WATER CONTENT (%) . (%)
105.4 | Grouhd Surface & G i 10 20 30 GR SA 51 CL
105.1 | Topsoil - #
0.3 f 105
Red silty clay (€1) |
oce. shaley Tayers 14 851 35
Hard //
I ENEEREED 104 . 0 20 65 15
y
w
103.4 TS 2025 mm
2.8
JE Ree 103
RC
7 98%
Weathered %” b :
ound 5 Lg% 102
Bedrock ’% R
Queenston Formation ,/ RE 13&
Red shale IETH 5
’/ﬁ BxL R%Dz 101
100.4 3
5.0 End of borehole
% Water level not
established
20

+3‘ x% . Numbers refer to

1555 (%) 5TRA

Sensitivity 10

N AT FAILURE
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RECORD OF BOREHOLE No 135

METRIC

wo._  B2-26025 Location  Co-brds N L 805 416.5; £ 284 518.0 ORIGINATED BY B:D:
oisT B Hwy_ BO-ALRT BOREMOLE TYPE 55 Auger  BxL Lore compiLep By 8.0
patum __Seodetic DATE By 01 23 checkep By ReS:
ENETRA
SOIL PROFILE SAMPLES | & | % | RINeANce hor oM NATURAL =
= ) FLASTIC  amstyrp  HOUD = REMARKS
- 56| » 20 40 60 80 100 V™Y contewr LMT Y SO
Ole i el 2 ) ! h i 1 Wy W w, | 54 &
ELEV DESCRIPTIO Slol w2128 § |SHEAR STRENGTH R 2 | GRAIN SIZE
DEPTH IPTION w31 2| 5|38 § |ounconrner s e vane warer conTent (] ¥ [PTREUTION
g o €V | T |» oUick TRIAXIAL  x LAB VANE (%) (%)
105.5] Ground surface = Fa Ry = 1020 30 GR SA $I CL
105.2| Topsoi} e *
0. 10
3 Red silty clay (C1) A >
oce. shaley layers A1 lss
Hard vl
§s |75 104 20
103.5 55 (0074125 rmm
2.0 "
e
RC | g8y 103
Westhered BxLt gap
Soungm_hmw 27%
102
Bedrock rRe | Rec
Queenston Formation 100%
Red shale BxL
: EQD 101
100.5 | 69%
5.0] End of burehole

# Water level not
established

+7, x5 . Numbers refer to

20
' 15 -5 {%) STRAIN AT FAWLURE

Sensitivity 10
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* Water level not
established

RECORD OF BOREHOLE No 136 METRIC
pisT 4 wwy GO-ALRT BOREHOLE TYPE__ S5 Auger  Bxi Core compitep By __B.D.
DATUM Geodetic DATE 84 07 24 CHECKED BY _..R.S.
SOIL PROFILE SAMPLES | & w | DYNAMIC CONE FENETRATION o
gg g RESISTANCE PLOT % masnic NATURAL tou tg REMARKS
- w | 20| ¥ 20 40 40 8O 100 CONTENT = &
9 o w - z i 1 g ) i Wp W W, :;M?:
ELEV DESCRIPTION ElE w2 %g 5 |SHEAR STRENGTH et Dc;s;g;:n;z ?lée
=l 21215 = ISTRIBUTION
DEPTH =15 &1 = & a0 UNCONFINED + FIELD VANE » Y
12 S 1801 & leouick rriaxiar  x tap vane | WATER CONTENT (%] {%)
105.3 | Ground surface 73 19 o 1020 30 GR SA 51 CL
105.0| Topsoil - *
0.3 U 105
Red silty clay {€1) |}
oee. shalay layers M 1] 85116 o f—
Stiff to hard b
// 8 1ok [+ 3 31 5313
103.6 ¥e 21 85|88
1.7
Rec
4, | R est 103
Wearhered IEj! Bxl
Sound RQD
32%
102
[l
RC Rm:g
1 100
e 4
BxL RQD 101
33% |
100.4 =
#.9] End of borehole

&3, x5 Nom

v

Sensitivity

bers refer to

20
150-5 (%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 137 METRIC
- - W5 . B.D.
wo B2~26025 LoCATION  to-Ords N b 805 L37.5. £ 284 545.0 ORIGINATED BY
pisy__ 4 Hwy__ BO-ALRT BOREHOLE TYPE S5 Auger  Bxl Core COMPILED BY __ B.D.
patum . Seodetic DATE Bh o1 19 cueckep By RS
PR AMP o ﬂ DYNAMIL CONE FENETRATION
SOIL PROFILE g LES £y 2 RESISTANCE PLOY pastic NATURAL o m"é REMARKS
= $0| 4 20 40 60 80 1go |UWT coNTeNT MM H L &
Ofa o = = 1 ) 1 i 1 Wp w W, b;
ELEV DESCRIPTION O - B %'é & |SHEAR STRENGTH S —— C?T?z"; ssée
i = - < = o Dl BUTION
BEFTH =[S 2] % &1 % |ounconmnep + FIELD VANE . y B \
21z 5 gu $ |e QUK TRIAXIAL X LAB VANE WATER CONTENT (%) (%)
105,71 Ground surface % £ W GR 5A 5t CL
105.4] Topsoil "
/
0.3 Red silty clay (1) v
otc. shaley seams v Wl |lim 105
Hard A1 1|55 | 2Blstangiipe |10k 4
A/
103.9 2 1%% 1110 28m“m 104
’ B A
. 1
3155 | BO/M50 mm .
Weathered T {B L 11008
Sound // 103
; RC Rec
5 100%
= Bxl RQD
Bedrock 34% 102
Queenston Formation 7
Red shale
(&1l RC Ree
7 - {1002
6 q01
,l BxL |ROD
f ’ 56%
e
WWWWWW Rt |Rec 100
= 100%
Weathered Zone ’/ 7 BxL
MMMMMM u_=’ RQD
7 13%
I%:j 39
? RC Rec
e 100%
”/ ’ BxL RQD 92
'l
Reg 97
7 RC Yooy
q° )
)
** 1rop _
/1 69% 96 13
é-
Ret
! RC  {1p0%
7 10
BxlL {RQD 95
94 .6 100%
11.1 End of borehcle
20

-+

3, x® . Numbers refer to
Sensinvity

10

1505 (%) STRAIN AT FAHRURE




RECORD OF BOREHOLE No 138

METRIC

ORT ON SO EXPLORATION

&

wo B2-2602¢% LOCATION Co-Ords N h BOS 452.2; E 2Bh s45.0 ORIGINATED BY B.D.
pist_ 4 rwy . BO-ALRT  sogrewoit vype 55 Auger Bxl Core comeitep sy _B.D:
DATUM Geodetic DATE 84 01 2k CHECKED BY R.5.
tx w P DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES Tyl 3 [RoemRe Por S e | CE | pemans
- 36| # 20 40 60 8O 100 |U™T conewr umT} 5O
2IE| v g 551 3 R STRENGTH WWW o ol GRAIN& 5128
ELEY DESCRIPTION lel & 3|28 2 |PHEAR STRENGTH BISTRIBUTION
DEPTH w1351 =1 > G ' |O UNCONFINED 4 FIELD VANE Y
gz 5 gu o |® Quitk TRIAXIAL X tAB VANE WATER CONTENT {%) (%)
105.7] Ground surface % £ = 10 28 30 GR 5A 1 CL
105.51 Topsoil [ n
0.2 U
Red silty clay (C1) ¥ 105
oce, shaley seams 45 9 D 13 68 19
Very stiff to hard Wl 351 % ©
' 21 ss] &5
|/
¥ 104
103.7 3] 8§ | 1454190 mm
2.0 [
Rec
RC
: i 99% 103
i BxL
Weathered 7 % ﬁgg
Sound
L
Bedrock ) 102
Queenston Formation fi=l e | Rec
Red shale 5 100%
Bxl 2QD .
s - ’ 2% 101
100.7 Weathered Zone ﬁ,«]
5.0} End of borehole
* Water level not
established
20

+3, «®; Numbers refer 1o

Sensitivity

15 -5 {%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 139

METRIC

* Water level not
establishad

WO 82-26025 LOCATION _ Lo-Ords N b 805 4245, ¢ 28B4 5B2.7 ORIGINATED BY _B.D.
DIST b Hwy__ GO-ALRY BOREHOLE TYPE __ S5 Auger Bxl Core COMPILED BY __B.D.
w | DYNAMIC CONE PENETRATION
501l PROFILE SAMPLES g‘g 3 |mesistance rior pasnie NATUAL Lou -§ REMARKS
e w | 26| » 20 40 0 80 g0 |UMT contenr LTS s
Of o e s = ) f ] L i Wp W w, | bw
ELEV DESCRIPTION Bl w2 ?;c;D & ISHEAR STRENGTH RS 2 Dcsgr?[rg ?%Eq
i sl -1 gl5 e | Tt
DEPTH - > o a | o UNCONHNED + FIELD VANE . Y ;
g =2 B I gu 2 le quick TrianAL  x 1B vane | WATER CONTENT (%) (%)
105.3] Ground surface 5 Z b 10 20 30 GR SA 51 CL
0.0} Topsoil and clay *
1048 (Fill) q 105
0.5
Red silty ¢lay (1) 1185 |12
Firm to hard
103.7 2| 55 |136/]230mm| 104 & H—
1.6 2
Rec
RC {98z 103
Weathered 3
T BxL [RQD
Sound ( i3y
Bedrock . 7 Rec 102
Queenston Formation RC 1100%
Red shale g
BxL RQD
43z
100.8f /5 101
4.5 End of borehole

+3. %% . Numbers refer to

20
' 15 %5 (%) STRAIN AT FAILURE
10

Sengitivity
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"ot

OFFICE

GEOCON INC
WO 82-26025 tocation _ Co-Ords N 4 BO5 419,5. E 284 531.2 ORIGINATED BY _B.D.
pisT__ % wwy_ BO-ALRT BOREHOLE TypE __ St Auger + BQ comeiep sy B:0.
pATUM _ Geodetic DATE 8y 01 19 CHECKED BY ___R:5:
SO1L PROFILE SAMPLES I w DYNAMIC CONE PENETRATION - !
§§ z RESISTANCE PLOY ruasic NATURAL vy "-»“»LID REMARKS
N - |30 & 20 40 60 80 00 (T conTew z= A
Gl o = - e v men Wp W w,| 5
ELEV R1PT Elo| w2188 | & |SHEAR STRENGTH TP 2 | cran SIZE
DEFTH DESCRIPTION ~1E1 21 8 8% Y% |6 unconmnen + FIED VANE| oo ONTENT (% y DISTRI?UNDN
£z 5, | g0 T |® QUICK TRIAKIAL  x 1AB VANE W ENT (%) . {%)
105.4] Ground surface vy 4 L GR SA S CL
105.1] Topsoil e % ‘
0.3 Red silty clay {CV) 105
oce. shaley layers
158 34
104.1] Hard
) 104
1.3 i
,% 2 |85 |53/ 1130mm
Weathered j 4
Sound e 103
L
{
II 102
Bedrock 7 RC gg%
Queenston Formation i3
Red shale ' /F-I: BxL. RQD
/i B2%
; 101
! Re
(=
=il RC 11np%
! 100
E?U. BxL RQD
;"7 80%
II T
re | Rec 99
‘ﬂz 832 :
T ° |exL
=1 RQD
,!C-I-“ 72%
‘7}5 98
1
[
= (Re | Rec
:—l:mm 6 78%
i
=] BxL | rgp 97
ir'.':;’f: 5
e 78%
i
86,2 q%
9.21 End of borehole
* \rlat:ér level not
established
»

20
+3, x5 Numbers refer to 5 o g (o) STRAIN AT FAILURE
Sensitivity 10
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TABLE 1

DESCRIPTION OF ROCK CORE - BURLOAK DRIVE

ﬁ;f

CORE RECOVERY

CORE DESCRIPTION

BOREHOLE ™
NUMBER DEPTH (m) % RQD DEPTH (m) DESCRIPTION
131 2.3 3.9 96 51 2.3 - 2.9 Shale, red (Queenston Fm), moderately weathered
2.9 - 3.9 Shale, red {Queenston Fm), slightly weathered to sound
132 2.3 3.9 | 100 40 2.3 - 2.9 Shale, red (Queenston Fm), highly weathered
3.9 5.4 | 100 45 2.9 -« .2 Shale, red {Queenston Fm), slightly weathered
5.4 6.8 | 100 72
6.8 8.4 98 51 4,2 = 7.6 Shale, red (Queenston Fm), sound
8.4 9.8 1 100 27 7.6 - 8.5 Shale, red (Queenston Fm), moderately we athered
9.8 - 11.4 | 100 90
11.4 ~ 12.9 g0 | 100 B.5 = 12.9 Shale, red (Queenston Fm), sound
133 2.0 - 3.5 | 100 ] 20 2.0 - 3.4 Shale, red (Queenston Fm), highly to moderately weathered
3.5 5.0 98 35 3.4 - 3.7 Shale, red (Queenston Fm), slightly weathered
5.0 6.4 1 100 30
6.4 7.9 98 63 4,5 - 9.5 Shale, red (Queenston Fm), sound
7.9 9.5 | 100 | 86 5.5 - 5.7 Shale, red (Queenston Fm), moderately weathered layer
134 2.0 3.5 98 45 2.0 - 3.0 Shale, red (Queenston Fm), moderate to slightly weathered
3.5 -« 5.0 | 100 39 3.0 - 5.0 Shale, red (Queenston Fm), sound
135 2.0 - 3.5 98 27 2,0 - 3.2 Shale, red (Queenston Fm), moderate to slightly weathered
3.5 - 5.0 100 69 3.2 = 5.0 Shale, red (Queenston Fm), sound

-
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TABLE 1 - Continued

DESCRIPTION OF ROCK CORE - BURLOAK DRIVE

CORE RECOVERY

CORE DESCRIPTION

BOREHOLE
NUMEER DEPTH (m) % RQD DEPTH {m) DESCRIPTION
136 1.8 - 3.3 79 32 1.8 - 2.7 Shale, red (Queenston Fm), moderate to lightly weathered
3.3 « 4,9 100 33 Shale, red (Queenston Fm), sound
137 2.3 - 2.5 100 0 2.3 - 2.5 Shale, red (Queenston Fm), highly weathered
2.5 - 3.9 100 34 2.5 - 5.7 Shale, red {(Queenston Fm), sound
3.9 - 5.4 100 56
5.4 - 6,9 100 13 5.7 - 6.4 Shale, red {Queenston Fm), moderately weathered
6.9 - 8.4 100 64
B.4 - 9.9 100 69 6.4 « 11,1 Shale, red (Queenston Fm), sound
9.9 « 11.1 100 | 100
138 2.0 3.5 99 | 46 2,0 « 3,2 Shale, red (Queenston Fm), moderate to lightly weathered
3.5 5.0 ] 100 ] 42 3,2 - 4.5 Shale, red (Queenston Fm), slightly weathered to sound
5.5 « 5,0 Shale, red (Queenston Fm), moderately weathered
139 1.7 3.0 98 43 1.7 = 2.6 Shale, red (Queenston Fm), moderate to slightly weathered
3.0 4.5 1 100 72 2.6 - 4,5 Shale, red (Queenston Fm), sound
Geocon 3} 3.0 4.6 B8 82 3.0 -« 9,2 Shale, red (Queenston Fm), sound
' 4.6 6.1 100 8O
6.7 7.6 98 72
7.6 7.2 78 78

. !
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7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SILT Fine | Medium | Coarse Fine I Coorte
GRAIN SIZE IN MICROMETERS . MINISTRY SIEVE DESIGNATION { Metric)
( 2 3 45 10 20 30 4050  y5um 504m I00um 600um LiBmm  2.36mm 9.5 mm W0 mm 375mm 61,0 mm
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EXPLANATION OF TERMS USED IN REPORT

N OVALUE: THE STANDARD PENETRATIOON TEST [EPTY N VALUE 1§ THE NUMBEBER OF BLIOWS REQUIRED TO CAUSE A STANDARD Stmm O.D SPLIT BARREL
SAMPLER T PENETRATE GAmMINTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A4 MALE OF 03.5‘(9, FALLING
FREELY A DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDILATED A5 THE NUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED. AVERAGE N VALUE (5 DENOTED THUS N.

DYNAMIC CONE PENETRATION TEST:
APACT ENERGY ON ‘A’ SIZE DRILL RODS.
ADVANCE OF THE CONICAL POINT INTO THE

SOILS ARE DESCRIBED BY THEIR COMPOSITION

CONTINUOUS PENETRATION OF A COMICAL STEEL POINT { S1enm ©.D, 60° CONE ANGLE } DRIVEN BY 475 J
THE RESISTANCE TO CONE PENETRATION {5 MEASURED AS THE NUMBER OF BLOWS FOR EACH 0.3m

UNDISTURBED GROUND.

AND CONSISTENCY OR DENSENESS.

CONSISTENCY ! COHESIVE SOILS ARE DESCRIBED ON THE BASIS OF _THE&R UNDRAINED SHEAR STRENGTH(CU) AS FOLLOWS:

[ ey (kPa)

0 -2 12 - 25 25~ 50 50 - 100 100 - 200 >200

DENSENESS: COHESIONLESS SOILS ARE

HARD

VERY SOFT SOFT FIRM STIFF VERY STIFF

DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES A% FOLLOWS:

N {BLOWS/70.3m)

0~ 3 5-10 10 - 30 30 - 50 > 50

VERY {OOSE] LOODSE COMPACT DENSE  \VERY DENSE

ROCKS ARE DESCRIBED BY THEIR COMPOSITION AND STRUCTURAL FEATURES AND / OR STRENGTH.

ECOVERY: SUM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED A5 A PERCENT OF THE TOTAL LENGTH OF THE CORING RUN.

MODIFIED RECOVERY:

SUM OF THOSE INTACT CORE PIECES, 100mm+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.

mmmmmmmmm THE ROCK QUALITY DESIGNATION {RQ D), FOR MODIFIED RECOVERY, 135

[ rap(%) 0 -25 25-50 | 50-75 | 75-90 90 - 100
' VERY POOR| FPOOR FalR GOOD | EXCELLENT
JOINTING AND BEDDING.
SPACING S0mm 50 ~ 300mm} 0.3m - tm | tm~ 3m >3m
JOINTING VERY CLOSE CLOSE MO, CLOSE] WIDE VERY WIDE
BEDDING VERY THIN THIN MEDIUM THICK VERY THICK

FIELD SAMPLING

ABBREVIATIONS AND SYMBOLS
MECHANICAL PROPERTIES OF SOIL

55 S5PLIT SPOON TP THINWALL PISTON mv kPn“‘ COEEFICIENT OF VOLUME CHANGE
W35 WASH SAMPLE OS5 OSTERBERG SAMPLE Ce 1 COMPRESSION INDEX
$ 7 SLOTTED TUBE SAMPLE R C ROCK CORE Cs 1 SWELLING INDEX
8§ BLOCK SAMPLE P H T W ADVANCED HYDRAULICALLY Ca’ ) 1 RATE QF SECONDARY CONSOUDATION
€5 CHUNK SAMPLE P M TW ADVANCED MANUALLY <y mi/s  COEFFICIENT OF CONSOLIDATION
T W THINWALL OPEN F 5 FOIL SAMPLE H m DRAINAGE PATH
'(v 1 TIME FACTOR
STRESS AND STRAIN U v,  DEGREE OF CONSOLIDATION

u,, kbo  PORE WATER PRESSURE o), kPa  EFFECTIVE OVERBURDEN PRESSURE
fy ) PORE PRESSURE RATIO o kba PRECONSOLIDATION PRESSURE
o kpo TOTAL NORMAL STRESS T, kPa  SHEAR STRENGTH
o’ ko EFFECTIVE NORMAL STRESS ¢’ kra EFFECTIVE COHESION INTERCEPT
T kpa SHEAR STRESS / -* EFFECTIVE ANGLE OF INTERNAL FRICTION
0 7, .0 kra PRINCIPAL STRESSES € kpo APPARENT COMESIONM INTERCEPT
€ % LINEAR STRAIN . $y - APEARENT ANGLE OF INTERNAL FRICTION
€.6,€ % PRINCIPAL STRAINS A ko RESIDUAL SHEAR STRENGTH
£ kPa MODULUS OF LINEAR DEFORMATION T, kPa REMOULDED SHEAR STRENGTH
G Pa  MODULUS OF SHEAR DEFORMATION s, . SENSITIVITY < _;H_
" 1 COEFFICIENT OF FRICTION '
PHYSICAL PROPERTIES OF S0IL
A kg/m® DENSITY OF SOLID PARTICLES € 1,%  VOID RATIQ eqin /% VOID RATIO IN DENSEST STATE
A KN/ UNIT WEIGHT OF SOLID PARTICLES n 1,%  POROSITY Iy 1 DENSITY INDEX a%—mﬂi:u;—w
P, kg/m’ DENSITY OF WATER w 1,%  WATER CONTENT 5  mm  GRAIN DIAMETER e
%, kNArd UNIT WEIGHT OF WATER S, % DEGREE OF SATURATION D, mm n PERCENT ~ DIAMETER
P kg/m” DENSITY OF $01 W % LIQUID LIMIT ¢y ! UNIFORMITY COEFFICIENT
b kN/i' UNIT WEIGHT OF 501 LA % PLASTIC LIMIT h m HYDRAULIC HEAD OR POTENTIAL
. kg/m® CENSITY OF DRY 501 wg % SHRINKAGE LiMIT a  m/s RATE OF DISCHARGE
)g kn/m® UNET WEIGHT OF DRY SOIL ' % PLASTICITY INDEX = W = Wp v m/s  DISCHARGE VELOCITY
Bay ko/m® DENSITY OF SATURATED 5OM | L LGUIDITY INDEX & e i HYDRAULIC- GRADIENT
Yoot kN/m? UNIT WEIGHT OF SATURATED SOIL l W - W k m/s  HYDRAULIC CONDUCTIVITY
P' kg/m® DENSITY OF SUBMERGED SOIL e} CONSISTENCY INDEX= LIP j  kw/m SEEPAGE FORCE
Y kN/m® UNIT WEIGHT OF SUBMERGED SOIL e 1,%  VOID RATIO IN LOOSEST STATE
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