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EXPLANATION OF TERMS USED IN REPORT i 2

N VALUE: THE STANDARD PENETRATION TEST {SPT) N VALUE 1S THE NUMBER OF BLOWS REGQUIRED TO CAUSE A STANDARD 5imm O.D SPLIT BARREL
SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREHWOLE WHEN DRIVEN 8Y A HAMMER WITH A MASS OF 63.5kg, FALLING

FREELY A DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE NUMBER OF 8LOWS FOR THE PENETRATION
ACHIEVED. AVERAGE N VALUE 15 DENOTED THUS N,

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT. { Simim O.b. 60° CONE ANGLE ) DRIVEN 8Y 475
IMPACT ENERGY ON 'A’ SIZE DRILL RODS, THE RESISTANCE TO CONE PENETRATION 15 MEASURED AS THE NUMBER OF BLOWS FOR EACH 0.3m
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

DENSENESS:

COHESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH(CJI A5 FOLLOWS:

l ¢, {kPa) 0- 12 12 - 25 25 -50 50 - 100 100 - 200 =200
VERY SOFT SOFT FIRM STIFF VERY STIFF HARD
ESS:  COHESIONLESS SOIS ARE DESCRIBED ON THE BASIS OF DENSENESS AS (NDICATED BY $PT N VALUES AS FOLLOWS:
lN(BLOWS/OJm) 0-3 5-10 10- 30 30 - 50 =50
VERY LOOSE] (OOSE comMPACT DENSE  |\VERY DENSE

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

[ RGOD (%) 0-25 25- 50 50 - 75 75 - 90 90 - 100
VERY POCOR POOR FAIR GOOD EXCELLENT
JOINTING AND BEDDING :
SPACING 50mm 50 - 300mm| 0.3m = Im | im« 3m >3m
JOINTING VERY CLOSE CIOSE MOD, (LOSE] WwiDE VERY WIDE
BEDDING VERY THIN THIN MEDIUM THICK  |VERY THICK

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

THE ROCK QUALITY DESIGNATION (R G D), FOR MODIFIED RECOVERY, 15

ABBREVIATIONS AND SYMBOLS

ANICAL PROPERTIES OF SOiL

FIELD SAMPLING MECH
§$ SPUT SPOON TP THINWALL PISTON m,  kea™
WS WASH SAMPLE 0%  OSTERBERG SAMPLE Ce '
S T SLOTTED TUBE SAMPLE R C ROCK CORE Cq )
B S BLOCK SAMPLE PH TW ADVANCED HYDRAULICALLY Cq 1
€5 CHUNK SAMPLE P M TW ADVANCED MANUALLY ¢, mi/s
T W THINWALL OPEN F§ FOIL SAMPLE H m
1, |
STRESS AND STRAIN U %%
™ kPG PORE WATER PRESSURE oo  kPa
1 1 PORE PRESSURE RATIO o kro
o kpa TOTAL NORMAL STRESS rf kpa
o' kra EFFECTIVE NORMAL STRESS ¢ kpPa
T kba  SHEAR STRESS -3 -
o, 05,0, kPo  PRINCIPAL STRESSES ¢y kra
€ % LINEAR STRAIN By -*
€ .6, €, % PRINCIPAL STRAINS 1, kpa
£ kPa  MODULUS OF LINEAR DEFORMATION T, kpa
G kP MODULUS OF SHEAR DEFORMATION 5 1
H ) COEFFICIENT OF FRICTION
PHYSICAL PROPERTIES OF S0IL
A, kg/m’ DENSITY OF SOLID PARTICLES e L% vOID RATIO
A kN/m®  UNIT WEIGHT OF SOUID PARTICLES n 1.%  POROSITY
A, kg/m’ DENSITY OF WATER w o 1,%  WATER CONTENT
% kN/n® UNIT WEIGHT OF WATER 5, % DEGREE OF SATURATION
P ka/m’ DENSITY OF sOIL wo % uQuiD umr
Y kNI UNIT WEIGHT OF 508 Wy % PLASTIC LIMIT
fé ky/m’ DENSITY OF DRY $OIL W % SHRINKAGE LiMIT
7& KN/ UNIT WEIGHT OF DRY $OIL 1 % PLASTICITY INDEX = W = Wp
By kg/m® DENSITY OF SATURATED SOIL I, ) LIGUIDITY INDEX » b
Yegr  kN/m® UNIT WEIGHT OF SATURATED SOIL e We -
"P' kg/m® DENSITY OF SUBMERGED SOIL Ie 1 CONSISTENCY INDEX= L:,,
Y kN/m® UNIT WEIGHT OF SUBMERGED SO1 L) L% VOID RATIO IN LOOSEST STAYE

COEFFICIENT OF VOLUME CHANGE
COMPRESSION INDEX

SWELLING INDEX

RATE OF SECONDARY CONSOLIDATION
COEFFICIENT OF CONSOLIDATION
DRAINAGE PATH

TIME FACTOR

DEGREE OF CONSOLIDATION

EFFECTIVE OVERBURDEN PRESSURE
PRECONSOLIDATION PRESSURE

SHEAR STRENGTH

EFFECTIVE COMESION INTERCEPY
EFFECTIVE ANGLE OF INTERNAL FRICTION
APPARENT COHESION INTERCEPT
APPARENT ANGLE OF INTERNAL FRICTION
RESIDUAL SHEAR STRENGTH
REMOULDED SHEAR STRENGTH

SENSITIVITY = —=
r

Bin 1+ % VOID RATIO IN oa::sesr s;rms
o ! DENSITY INDEX =~'§£""§;¥':_—.-m‘
B mm  GRAIN DIAMETER

Oy, mm  n PERCENT - DIAMETER

¢, ! UNIFORMITY COEFFICIENT

h m HYDRAULIC HEAD OR POTENTIAL
G m/s RATE OF DISCHARGE

v m/s  DISCHARGE VELOCITY

i 1 HYDRAULIC: GRADIENT

k m/s  HYDRAULIC CONDUCTIVITY

j  kn/m® SEEPAGE FORCE



FOUNDATION INVESTIGATION REPORT
For .
Muskrat River Bridge / Hwy. 41
W.P. 87-80-02, Highway 41 Str. Site 29-212
District 9, Ottawa

INTRODUCTION:

This report summarizes the factual information obtained from a preli?
minary foundation investigation as well as a subsequent investigation
carried out at the above site. Field work consisted of 5 sampled boreholes
advanced between 80 10 21 and 80 10 22 and 3 sampled boreholes and one
dynamic cone penetration test®advanced during the period of 83 04 05 and 83
04 06. A track mounted drill equipped with hollow stem augers was employed
for both investigations. Borings were advanced for depths ranging from 3.4

metres to 9.6 metres,

SITE DESCRIPTION

The site is located just southeast of the boundary of the Township of
Stafford, the Township of Pembroke and the City of Pembroke. Approximately
one kilometre north of its intersection with the Highway 17 Bypass, Highway
41 approaches the Muskrat River then curves to follow the river to the
northwest. It is planned to eliminate this curve and cross the river at

this point.

At the proposed crossing location, the Muskrat River is relatively
slow flowing and is approximately 25 m in width and up to 1.2 m in depth.
It flows in a broad valley with gentle slopes to the west, steeper slopes

to the east, and approximately 23 m wide flood plain on the east side.

The surrounding area is predominantly agricultural. However, on the
east side of the river is a row of residences with industrial properties

loeated further to the north and east.

SURFACE CONDITIONS

Subsoil General

Generally, the subsoil consists of a deposit of silty clay of interme-
diate to high plasticity overlying a thin veneer of granular glacial till
which in turn overlies limestone bedrock. The Muskrat River has eroded its
valley through the overburden and has produced local deposits of silts and

sands with organics in the floodplain adjacent to the river channel,

*NOTE: Boreholes No. 100 to 103,
*#*NOTE: Boreholes No. 1 to 5.

wx



Reference should be made to the Borehole Logs located in the Appendix
which show the boundaries between the different soil types as well as a
summary of all field and laboratory tests performed. Reference should also
be made to Drawing No. 2 * which shows the location and elevation of all
the boreholes as weil as an inferred stratigraphical profile., The various

soil types encountered are briefly described in the following paragraphs.

Siltz Clax

This deposit is the predominant soil type in the vicinity of both
abutments and is exposed in the valley slopes. It ranges from zero thick=
ness under the river channel to 2.6 m and 6.7 m in the area of boreholes 2
and 100, and boreholes 5 and 103 respectively,

The results of Atterberg Limit and water content testing are plotted

on the Plasticity Chart, Figure 1, and are summarized as follows:

Range Average
Water Content (wi% 26-46 36
Liquid Limit (W) 7% 29-52 38
Plastic Limit (Wp)% 15-21 17
Plasticity Index (Ip)% 13-31 21

These results indicate that the deposit is an inorganic silty clay of

intermediate to high plasticity.

Undrained shear strengths, as measured by the field vane test, vary
from greater than 105 kPa to as low as 20 kPa. Based on these mﬂasuremenps'
and unconfined laboratory compression tests, the silty clay has a very
stiff to soft consistency. Sensitivities measured in the field and lab
ranged from 2 to as high as 19 with an average value of 8. Based on these

values, the silty clay is classified as a sensitive soil.

Glacial Till

A thin layer of glacial till lies between the siity clay and the
underlying bedrock in the vicinity of the riverbanks. It varies in thick~
ness from 0.6 m to 2.3 m and consists of a heterogeneous mixture of gravel,
sand, silt and traces of clay,

* NOTE: Drawing No. 2 of the Contract Drawings.



Standard Penetration 'N' values ranged from 3 to over 100 blows per 0.3 m.
This deposit is generally compact to very dense; however, a weaker zone of
higher clay and moisture content exists at the contact with the overlying

silty clay.

§ilt and Sand with Organics

In the floodplain on the east side of the river, is an alluvial depo=-
sit consisting of a mixture of silt and sand with organics. This deposit
is about 3.2 m in depth at borehole 102 and containg sufficient organic
material near the surface to show some plasticity. At greater depth, the
deposit is generally coarser with little or no organic material present.
Standard Penetration 'N' values ranged between 1 and 3 indicating that this

soil may be classified as very loose or very soft to soft.

Limestone Bedrock

The site 1is underlain by limestone bedrock which dips to the east.
Its surface varies in elevation from *118.5 on the west side of the river
to t114.8 in the vicinity of borehole 5. Generally, the limestone bedrock
is sound across the site, except in the area of the channel., 1In this area,

a ] m zone of fractured rock or a possible cavity exists,

Groundwater

The groundwater level is located at a depth of approximately 3 m in
the vicinity of boreholes 5 and 103, and about 1 m in the vicinity of bore-
holes 2 and 100. It gradually decreases in depth until it reaches the sur-
face at the river's edge. Artesian water was encountered in the fractured
rock or cavity in the vicinity of boreholes 4 and 102. The water rose
about 0.5 m above the ground surface during rock coring operations at bore~
hole 102,

D H. Dundes

D. H. Dundas, P. Eng.
Foundations Engineer

/N Dovada

M. Devata, P.Eng.
Chief Foundations Engineer
(East)
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RECORD OF BOREHOLE No 1 METRIC

%
REFURE WY 0Tt Lt Wit e

[V N NLE S

%

WP B7-B0-02 LOCATION Sta. 20 4 231.9; ofs 3.4 w R G Bwy. 41 ORIGINATED By __RB
DIsT S HWY 41 BOREHOLE Typg___BHollow Stem Auger, BXL Rock Core & Cone Test COMPILED By _ PJS
DATUM Geodet e DATE 1980 10 21 CHECKED BY BER
SOIL PROFILE SAMPLES | & 3 %g;ﬁ;ﬁcgo:%;wsﬁﬂlo'*‘ RAKHIE WOty LOUD 4
e MOIETRYE = REMARKS
51w w 3% 20 4p 6o p 100 [N comm ved gg L
]
ELEV - gjgl w! 2|28 § SHEAR STRENGTH kPa et B | cran size
{DEPTH DESCRIPTION N EIN-A Sg g [ounconmmeo e mmowanel o oLty DISTRIBUTION
é 2 y | EY | & |eouck rmaua  x ias vane . %)
124.2] Cround Surfsce il © ] 25 s 15 w0 125 | 20 4p o GR SA SI CL
0.0 1MV 124
V
1
)
(P IRNGY T bpe Ot
Silty clay yl2l | pa 12 .
Very stiff to stiff // 41755 111
Grey Al vl e | -
yLsl ss] 11 _ ends
’/ [ ™ ¥R 12 9.
i/ *
119,2 7] 88 2
lg'g N W BT 85 | 7742508 {Pleschater
(W] g | BXL| 50X M
RC ] REC 118 ROD#25
Limestons badrock
Sound 10 BXL | 80X RQqDm37
116.5 : RE § REC
7.7 End of Borehole
*Heterogensous nixturs)
of gravel
sand and silt
trace of clay
very danse

(Clscisl £111)

- 20
o3, x5 Numbers refor 1o\ 0y (wycrRaIN AT FAILURE
Sensitivity W0
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RECORD OF BOREHOLE No 2 METRIC
WP B7-B0-012 LOCATION .. Ste. 20+ 252.3; o/s 3.7 m RT § Hwy. 41 ORIGINATED BY kB
DIsY .9 Hwy 41 BOREHWOLE YYPE___ Hollow Stem Auger, BXL fock Core & Cone Test COMPILED BY _ PJS
DATUM Seoderis. DATE 1980 10 .21 CHECKED BY __ BER ﬁt
SOIL PROFILE SAMPL o W FOYNAMIC COME PENETRATION
ou & 1a, § RESISTANCE  PLOY wasnie M el L E REMARKS
- 55 20 4p ob 8o o |V contewr mr i 50
Ole b4 = f fy A \ \ Wp W W, Sw &
&%’}‘L ESCRIPTION 8] wi 2125 & [snear strencn wa \ o 3 | cramnv izt
{oEPTH DESC EIRAE g g [ouvconeneo e mmpwamel o |y JDISTRIBUTION
g1z » | &Y g ® QUICK THAXIL  x LAB vang |WATER CONTENT (%)} {%)
120.7] Cround Surfasce hod : o 25 0 .15 _1po 128 20 4p &b GR 54 Si CL
0.0 .
S1lty clay 4" 12
Sofe T .4 +o—
118.7 .
2.0} Ret. mix. of gravel, o
sand and ailt, trace _1_ L1858 i 118 36 24 31 9
17,3 $5 clay (Glacial 21D} L3887 5023 en N
1.4
Linestone bedrock BXL | 30%
Seund “1 x| rec 116 BQD=35
115,

5.4
5.3] End of Borshole

20
+3, 8 : Nombers refar 10 155’y (o) STRAIN AT FAILURE
Swnsitivity 10
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Refupal to suger
Probable bedrock
End of Borehole
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RECORD OF BOREHOLE No 3 METRIC
WP 87-89-02 LOCATION Sta, 20+ 243.2: ofs 1.5 m RT G Hwy. 41 ORIGINATED BY _RB
DIST.....9 Hwy 43 BOREROLE TYPE Bollow Stem Auger COMPiLED BY __ FJS
DATUM Geodetic DATE 1980 10 22 CHECKED av..__m..d?
* DYNAMIC CONE PENETRATION
501 PROFILE SAMPLES | &, 3 RESISTANCE ~ PLOT R 7\, T RN B REMARKS
5l " §§ 20 49 80 80 100 l.;:;; coxlm u;&v gg s
- L
ELEY RIPTION Elgiwl 2188 5 SHEAR STRENGTH XPa A % | cran size
{DEFTH DESCRIPTIO B ZE gg § {0 UNCONANED & RIED VANEL oo o |y [DISTRIBUTION
d|= 5 |&Y | & |e ok rmaxal  x tab vane %)
122,41 Ground Surfass A ’ o 25 80 78 100 123 20__4n 0 | /e |GR SA 51 €L
N 322
//f
Silty Clay e
Stiff to Very Seaff [|A 1 | ovlym o L macae 19.0
120.0 4 2 * ¥y
2.1 Bet. wix. of gravel, {¢’ i ‘;" 1
sand and wilt, tkace || 'I 21 85§12
uv:f ci;y (Glactsd vial)fy- {1 37] 55| 3 +3 e 24 38 31 9
s t - .
1179 ery looke to compact .l? st -
4.4

+3, x5 Numbers reter v
Sensitivity

20
18 45 (%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 4 METRIC
WP B7-B0~02 LOCATION Sta, 20 4 280.4; o/s 9,1 m RT § Huy. 41 ORIGINATED By _ RB
msr .8 HWY 41 BOREMOLE TYPE__ Hollow Stem Auger b BXL Rock Core COMPILED BY . BJS
paTUM Geodetic DATE 1980 10 22 CHECKED BY .. BER ﬁ
i PROEILE SAMPL o [y DYNAMIC CONE PENETRATION
SOiL PRO il E § RESISTANCE  $LOT rasrie S8 wovel E | panes .
— ;5 20 40 60 80 00 (87 14 CONYENT LiMY &w (‘2 s
Ofw w - 3 N I S| i Wp W ''A W &
ELEV n Elgl w2185 5 SHEAR STRENGTH T * | GRAIN SI1ZE
{oer DESCRIPTION w15 2|8 gg § [ounconmmsd s mmownel o oL Ly [DISTHIBUTION
2lz 3 |9 & e ouck rmanat  x ap vane o e {%]
119.%! Ground Surface L - b ) 9 40 GR SA S5 €L
0.0 B4y * »
Silty sand with . i
orgatiics AR 2
. 118 .
very locse 15 KRS 3 (R} .
117.0 3158 i pmtp ‘
7.
*| Linestone bedrock 7 [BR | 70% | Bovnqing
!31&...‘!&".‘.’5&‘2 s 5 lax, | 302 116
3.6
Sound 6 BXL | 842
RQDw=70
114.3 RC | REC
5.2 End of Boretole

+3, o8 ; Numbers refer 1o
Senitivity

20
18 4-5 (%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 5 METRIC
WP 87-80-02 LOCATION Sta. 20 4 310.9; ofs 7.6 w KT § Mwy. 41 ORIGINATED BY . K8
pIsT .9 HwY,, 41 BOREHOLE TYPE_, Hollow Stem Auger & BXI Rock Core COMPILED BY, RIS
DATUM Geodetie DAYE 1980 10 22 CHECKED BY ER
ot "W DYNAMIC CONE PENETRATION
SO PROFILE SAMPLES W oy § RESISTANCE  PLOT PAITIC :ﬁ;‘:’:&‘, toue ...E REMARKS
w §5 20 4p &0 80 to0 [UMT cowty umr SO
O]w I Rt n-»n-wpww.m;&
cLEy CESCRIPTION £ g ¢! 2|95 & [SMEAR STRENGTH wPe Ot SRAIN S12E
JDEPTH; - el B g % o unconmnep ¢ RELD vANE
g gl " . éu g ® QUICK TRIATIAL  x LAB vang | WATER CONTENT [%) 4 , (%]
122,9] Ground Surface & s i 25 %0 7% 10p 125 20 &p 60 wWi/m’ |GR SA $1 CL
0.0 Y
1] ss| 3 122 : >
M 2] ™l e L .. 18.2
/
31 ™l B ,
£ilty clay i 120 £
Stiff to soft 41 W 4“
Sensitive E 3
* W—y
4 5] Tul PH *
118 T
6] 881 3
]
116.2 111 881 3 He
6.7} Het. n!.;. of gravel, o s
sand and sile, trace
ofnchy (Glacial tiin)jo LT BETTO0 23 cn
114.8) ¥ B S
8.1 5
yimestone g | BXY 9% 114 275
113.3] Sound
9!6

End of Borehols

+3, 5 ; Numbars vefer to
Sansitivity

20
1805 (%] STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 100 METRIC
wP B1-80-02 LOCATION Ste. 20 4 250.0; o/s 5.0 m LT € By, 41 ORIGINATED 8y __BER

oisY___ 9 HWY 41

BOREMOLE TYPE, Hollow Stew Auger, BYL Rock Core

COMPHED By BER

DATUM Crodetic DATE 1983 04 08 CHECKED BY
LYNAMIC CONE PENETRATION
5004, PROFILE SAMPLES | & 1 W TNt pioT ! NATUEAL -
- § PLASTIC  wopgryme WU ] . T REMARKS
- gg T o Limt CONTENT LIMIY -
Ofor m i f) L 6l .xo ‘90 Wp W w‘ :ZD;; &
LEY DESCRIPTION 2lglw| 2128 & [owar staencin i AP — ¥ | crain size
BEPTH 151X 3|36 5 [ouncoNmNED o« smDvANE[ o ol 7 |DISTRIBUTION
212z 5 | B ] & |»ouckrmana  x an vane [WATER CONTENT (%) {%)
121.0/Ground Surfuce & : @ | 25 sn 15 300 198 20 40 60 | en/n|GR SA 81 cL
0.0 g
S1lty clay 1/
Firs te very soft ] 15,8 + 120
Sensitive /’
F RS —_—
B | B
118.4 ’_‘, k] 1 P xi* [ ") 18,9
2.6 o PP a [ 8§14 o
u?. A ) 118 196131 9
3 Linestone ~ white 12 Heathering Strength v Jointing Y
no fEcovery-poRs: cavlty 1o T o — High lessSoaced R P R
Limestons with alt <l § d
black (probably soft) 78| 56 116 unweathered high B t;'; pace
11%.4 shale seams edding
5.6 lEnd of Bershole

*Heterogensous nixture
of mand and silt,
some gravel,

trace of clay
(Glacial £§11)

oo ue

+3, &3 . Numben refer 1o

Sensi

tivity

20
18 55 (") STRAIN AT FAILURE
0
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RECORD OF BOREHOLE No 101

METRIC

WP 87-B80-02 LOCATION. Sta, 20+ 251.0: o/s 8.0 p RY § Huy, 4] ORIGINATED BY _BER
DIsT ... 8 HWY 43 BOREHOLE TYPE . Cone and Vane Test COMPILED By, BER
DATUM Geoderip DATE 1983 04,05 CHECKED &Y @

SO PROFILE SAMPLES | & ] W [DYNAMIC SONE FENETRATION NATuRR e
— § MASTIC  uostoee LU ] I REMARKS
- gg 26 40 60 80 0D LMY | cONTENT LIMIT -zw(_:z
Ol wlFE e ekreres e, W W w1 5w &
ELey MPTION 8| w| 395 | & [sHEAR STRENGTH wra et | T % | RN SIZE
{DEPTR DESCRiIPTI NEIFAE gg § [ouvnconnne e mmovanel oo |y [PISTRIBUTION
g1z y | &Y g ® GUICK TRIAXIAL X LAB VANE | W NTENT (%) {%)
0.7} Ground Surface hd * b 25 %0 75 10D 15 GR SA 51 CL
6.0

Probable
S41ty clay

2.6
117.3]gravel til1
3.4

"~ Z.6[Probable cand and

o=
raco ]

2

e
5
=3

118) e

End of Cone Test

+3, x5 . Numbara rafer 1o
Sunsitivity

20
155 (%) STRAIN AT FALURE
10
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RECORD OF BOREHOLE No 102 METRIC
w b 878002 LOCATION Stp. 20 4 284.0; ofs 4.5 m LT G Hey. 41 ORIGINATED @Y _ BER
DIST .9 HWY 41 BOREMOLE TYPE _ Bollov Btem Auger - BXL Rock Core COMPILED BY __BER
DATUM Geodetic DATE 1983 04 06 CHEGKED BY
DYNAMIC COME PENETRATION
501 PROFILE SAMPLES 15, | 2 |essrance mor masric 308 vauml % | pemans
gg § Py LT CoNTENY LIMT 'Z“Q EMARK
1 P 0 2 20 40 e0 80 10 W W w | 3% a
LEV EjRi w2 i 5 SHEAR STRENGTH Reawimsmemermiemerrnte 2 | crav Size
lﬁl%nn DESCRIPTION lE(Z] S g g jouncoNmneD e rEDVANEL L e il Y DISTRIBUTION
K 5 | & 3{( Z | Guck ThiaRAL  x LAB VANE g (%]
119.71 Ground Surface v = o 20 4D & GR SA 51 £1
0.0 1 ‘&, Artasicin '
L] Heod
Bilt and sand with lal ss i3 —t
ovrganics J L FrsETT
very loose Jnd 116
) ER RN o
Coaruer with traces LTI % | 851 2 b ! $ 7413 4
116.5] £fine gravel 1 EE £ Foung dng
3.7 Limestone » bro gze 74 CRY 1 RODT © 4 VWeatherin Strength Joint ing BXL KC
brn-pose cnvs.ty-i“"’js 5 ¥' 118 “ﬁmxw
fr= =n o o ' AQUALEX 42 | Arresibin EW ay prob High
Limestons « grey with Encourftersd | squilel zone
occauional solution
featuras {mainly ! 1144 O VEat her 6d High Prodominantly
srall boles B-15 mn £)F 89 | 77 bedding, close to
& uoderate spacing
112.6
7.1| End of Borehoie

ROTE
W » alightly westhereg
HW = highly westhersd

3

-

L]

x5 : Numbers refer 1o
Sansitivity

10
1545 (%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 103 METRIC
WP 87-80-02 LOCATION Sta, 20+ 310.8; o/e 4.0 m LT § Buy, 41 ORIGINATED BY _BER
pisT 9, HwWY 41 BOREHOLE YYPE Hollow Stes Auper - BXL Rock Core COMPILED By BER
DATUM Seodetic DATE 1983 04 06 CHECKED BY
o w | DYNARMIC CONE PEMETRATION
SO PROFILE SAMPLES L | 2 |resstance pior wasme Mm% REMARKS
- 35| % 20 40 60 80 oo ™' cowtmar umT | S Q)
Ole o fud 1 N f ] L Wp YY) W, oW &
ELEV ZiElwl 2|85 5 SHEAR SYRENGTH kPa AR E | oran s12t
e DESCRIPTION LIEIE ]S 8% 5 [ounconrmto v rmovanel ent | ¥ [PSTRIBUTION
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FOUNDATION INVESTIGATION REPORT
For
Muskrat River Bridge/Co. Rd. 19
W.P. 87-80-04, Str. Site 29-13
County Road 19, District 9, Ottawa

1.0 INTRODUCTION

Golder Associates has been retained by the Ontario. Ministry
of Transportation and Communications to carry out a geo-~
technical investigation at the existing Muskrat River
Bridge No. 29-33 in the Township of Pembroke, Ontario.

The purpose of the investigation was to determine the sub-
surface conditions at the site and based on the assessment
and interpretation of this data, to provide geotechnical
recommendations for the replacement of the existing bailey
bridge structure.

The field work was carried out and this report was prepared
in accordance with the terms of reference as outlined
during telephone conversations between Mr. M. S. Devata

of MTC and Mr. F. J. Heffernan of Golder Associates.
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2.0 SITE AND PROJECT DESCRIPTION

The project site is located on County Road No. 19 at
Bridge No. 29-33 over Muskrat River. The natural river
banks are approximately 3 m in height sloping at about

20 degrees on the east side of the river while the west
banks range from 5 to 5.5 m in height with slopes of about
30 to 45 degrees. The banks are generally well vegetated
and do not display evidence of recent movement.

A drainage gully, present immediately south of the existing
bridge structure on the west bank, has been protected by
placement of rip rap and shows signs of recent erosion.

The soils exposed in the west slope consist of grey silty
clay overlying grey silty sand till which outcrops at about
river water level. No signs of groundwater seepage were
apparent in the slopes at the time of the investigation.

The existing bridge at the site is a three span steel girder
bailey bridge (51.7 m in length). The concrete in the piers
and abutments exhibit considerable deterioration at about
river water level. The wooden deck had been replaced
recently and it is understood that such replacement is

required at regular intervals.
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3.0 SUBSURFACE CONDITIONS

3.1 Site Geology

From published geological informatimn*, the site lies
within the physiographic region known as the Petawawa Sand
Plain and is adjacent to an area which is part of the
Muskrat Lake Ridges. The former is a delta in origin
built in the Champlain Sea during the Fosgsmill stage of
Lake Algonguin. The latter is an area of fault blocks
which generally are not overlain by clay but instead by

a thin veneer of sand and gravel.

3.2 Soil Stratigraphy

The detailed stratigraphy encountered in each of the bore-
holes put down during this investigation, is given on the
attached Record of Borehole sheets. It should be noted
that the stratigraphic boundaries indicated on the Record
of Borehole sheets and stratigraphic section are not
intended to define exact planes of geological change but
represent transitions from one soil type to another.
Subsurface conditions have been established at the borehole
locations iny and -may vary between the boreholes. The
locations of the boreholes and stratigraphic sections
showing the inferred subsurface conditions are given on the
attached Dwg. No. B828084-A.**The results of laboratory testing
carried out on representative samples are given on the
Record of Borehole sheets and on'Figures 1 to 4 inclusive.

In general, at the crest of the river banks, the site is
underlain by sand and gravel fill which overlies up to 4.0 m
of silty clay. The silty clay is underlain by up to 2.7 m
of a till material which consists generally of sand with

* The Physiegraphy of Southern Ontario, Chapman &
Putnam, 1973.

*% Note: Refer to Drawing No. 2 of the Contract Drawings.
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some gravel and silt. The river bed material grades from
silty sand and gravel to a sand till which overlies about
0.5 m of sand and gravel. Limestone bedrock was encountered
at approximately constant elevation (elevation 117) across
the site at all borehole locations.

3.2.1 River Banks

In Borehole 3, about 0.3 m of brown sand and gravel fill

was encountered at ground surface.

About 4.0 to 4.3 m of grey/brown to grey silty clay with a
trace of sand (Figure 1) was encountered below the £fill

'in Borehole 3 and at ground surface in Borehole 1. The
silty clay has a soft to very stiff consistency as measured
by in situ field vane tests. The undrained shear strength,
Cu' generally ranged from 80 to greater than 95 kPa in the
upper 2.7 m of the deposit and this upper zone was grey/
brown in colour indicating the presence of a weathered
crust. Below the crustal zone, the silty clay became grey
in colour and the Cu values decreased to about 20 kPa at
the base of the deposit in Borehole 3. The vane strengths
obtained throughout the deposit indicated a sensitivity

of about 3 to 9 indicating the material to be moderately

to highly sensitive.

Atterberg Limits tests gave liquid limits and plasticity
limits of 41 to 50 and 23 to 27, respectively (see Figure 2)
indicating a clay of intermediate plasticity. The natural
water content of the samples of the silty clay ranged from
37 to 45 per cent and were generally close to or in excess
of the liquid limit, reflecting the sensitivity noted in
the vane tests. '



' Underlying the silty clay in Boreholes 1 and 3 and at
ground surface in Borehole 4, 1.7 to 2.7 m of grey till was
encountered. The composition of the till is variable and
ranges from clayey silty sand with some gravel (Figure 3)
to sand with some silt and gravel and a trace of clay
(Figure 4). The natural water content of samples of the
sand till ranged from 12 to 9 per cent. The till is in a
loose to dense state of packing with 'N'* values ranging
from 8 to 34 blows per 0.3 metres and these values increase
with depth.

3.2.2 River Bottom

Borehole 2 was advanced through the bridge deck and B size
casing was extended to the river bottom. Below the wooden
plank bridge deck about 0.35 m of concrete was encountered.
The upper 0.15 m was composed of a dirty sandy, highly
weathered, slightly cemented material containing some wood
fibreg. About 0.15 m of wood timber was encountered below
this and the wood was underlain by about 0.05 m of well

cemented concrete.

At the river bed, about 0.6 m of grey silty sand and gravel
was found to overlie about 0.25 m of sand till with a

trace of gravel. These upper layers are in a dense state
of packing with one 'N' value obtained of 31 blows per 0.3
metres. The natural water content of the sample of the
till was measured at 8 per cent.

The till is underlain by about 0.4 m of gravel and grey
sand with a trace of silt and clay. (See Figure 5.) One
'N' value of 34 blows per 0.3 metres was obtained indic-
ating a dense state of packing. The water content of
this sample was 9 per cent.

* 'N' value -~ Standard Penetration Index -~ see Explanation
of Terms Used in Report.
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3.3 Bedrock

Boreholes 2 and 4 were advanced 3 metres into the bedrock
which underlies the site. Borehole 1 and 3 were term-
inated at refusal to the auger and the smooth grinding

at this point indicated probable bedrock, although no
attempt was made to drive the’spoon sampler into

bedrock. |

The bedrock core samples obtained are grey fine grained to
aphanitic limestone with occasional 50 to 200 mm thick
shaley interbeds and minor solution cavities up to 25 mm

in diameter., Generally core recovery values ranged from

70 to 100 per cent and RQD* values ranged from 15 to 52

per cent. The core samples from Borehole 4 reflect the
upper range of RQD values while the top 1.5 m of bedrock in
Borehole 2 is highly fractured with RQD values of about

15 perx cenf. Occasional chlorite filled fractures were
naﬁed throughout the bedrock at both borehole locations.

3.4 Groundwater Conditions

Following completion of Boreholes 1 and 4, a piezometer
and a standpipe was installed in each of the holes,
respectively. The details of the piezometer installations
are given on the Record of Borehole sheets.

The water level in the piezometer in Borehole 1 was

monitored on the day of and after the installation. The
elevation of the water level on the day following installation
was at about 118.7 m which coincides with the base of the
silty clay deposit. The water level in the Standpipe in
Borehole 4 was at about elevation 119.2 m on the day of
installation.

* ROD - Modified Recovery - See Explanation of Terms Used
: in Report.
It should be noted that the RQD values of the
bedrock are based on Bx core size.



The river water level was at elevation 118.7 m and the
readings in the installation are consistent with a ground-
water table sloping to river level. However, an additional
reading will be taken to determine if the recorded levels
have stabilized and the results will be reported by letter.

NOTE: The preceding report is a copy of the factual information
from the Foundation Investigation Report prepared by
Golder Associates, the consulting geotechnical engineers
for this project, under the technical supervision of
the M.T.C. Foundation Design Section.

P Dondag

D.H. Dundas, P. Eng.
Foundations Engineer
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FIELD WORK PROCEDURES

The field work for this investigation was carried out on
July 7 and 8, 1983, at which time a total of 4 boreholes
(numbered 1 to 4) were put down at the locations shown on
Drawing No. 878004-A.% A bombardier mounted CME 55 power
auger (supplied by F.E. Johnston Drilling Ltd.) was used
with 114 mm inside diameter hollow stem augers and Bw
casing size. Bedrock samples were obtained in Bx core
size., A total of 22 m of sampled and/or vane test borings
and corings were put down to depths of between 4.5 to

6.1 m.

Samples were obtained at 0.75 to 1.5 m intervals of depths
using a conventional 50 mm O.D. split barrel sampler in
conjunction with Standard Penetration tests. One 75 mm
0.D. Shelby sample was taken in Borehole 1. 1In Borehole 3,
continuous vane testing was carried out within the soft
cohesive soils. In Boreholes 2 and 4, bedrock was cored
for a depth of 3 m. Details of the drilling and sampling
operations are summarized on the Record of Borehole sheets.

The field work was supervised throughout by a member of
Golder Associates engineering staff who located the borings
in the field, directed the drilling and sampling operations,

and logged the borings.

The borehole locations and elevations were surveyed by
Golder Associates. The elevations were referenced to
Geodetic datum (B.M. Elevation 125.752 m = South end of
concrete window sill, 21.8 m Right of Station 20+762.2).

* Note: Refer to Drawing No. 2 of the Contract Drawings.

25



APPENDIX

26



At W PE Wil L AP Rl BT

el b oaha il

Mstry b
Tradsporistun snd
Comivuni shchg

(&)

Craans

27

RECORD OF BOREHOLE No |
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RECORD OF BOREHOLE No 2
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RECORD OF BOREHOLE No 3
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FOUNDATION INVESTIGATION REPORT
For
Muskrat River Bridge
W.P. 87-80~02, Highway 41
District 9, Ottawa

INTRODUCTION:

This report summarizes the factual information obtained from a preli-
minary foundation investigation as well as a subsequent investigation
carried out at the above site. Field work consisted of 5 sampled boreholes
advanced between 80 10 21 and 80 10 22 and 3 sampled boreholes and one
dynamic cone penetration test advanced during the period of 83 04 05 and 83
04 06. A track mounted drill equipped with hollow stem augers was employed
for both investigations. Borings were advanced for depths ranging from 3.4

metres to 9.6 metres.

SITE DESCRIPTION

The site is located just southeast of the boundary of the Township of
Stafford, the Township of Pembroke and the City of Pembroke. Approximately
one kilometre north of its intersection with the Highway 17 Bypass, Highway
41 approaches the Muskrat River then curves to follow the river to the
northwest. It is planned to eliminate this curve and cross the river at

this point,

At the proposed crossing location, the Muskrat River is relatively
slow flowing and is approximately 25 m in width and up to 1.2 m in depth.
It flows in a broad valley with gentle slopes to the west, steeper slopes

to the east, and approximately 23 m wide flood plain on the east side,

The surrounding area is predominantly agricultural. However, on the
east side of the river is a row of residences with industrial properties

located further to the north and east.

SURFACE CONDITIONS

Subsoil General

Cenerally, the subsoil conmsists of a deposit of silty clay of interme-
diate to high plasticity overlying a thin veneer of granular glacial till
which in turn overlies limestone bedrock, The Muskrat River has eroded its
valley through the overburden and has produced local deposits of silts and

sands with organics in the floodplain adjacent to the river channel.



Reference should be made to the Borehole Logs located in the Appendix
which show the boundaries between the different soil types as well as a
summary of all field and laboratory tests performed. Reference should also
be made to Drawing #878002-A which shows the location and elevation of all
the boreholes as well as an inferred stratigraphical profile. The various

soil types encountered are briefly described in the following paragraphs.

Silty Clay

This deposit is the predominant soil type in the vicinity of both
abutments and is exposed in the valley slopes. It ranges from zero thick-
ness under the river channel to 2.6 m and 6.7 m in the area of boreholes 2

and 100, and boreholes 5 and 103 respectively.

The results of Atterberg Limit and water content testing are plotted

on the Plasticity Chart, Figure 1, and are summarized as follows:

_ Range Average
Water Content (W% 26-46 36
Liquid Limit (W) % 29-52 38
Plastic Limit (WP)Z 15-21 17
Plasticity Index ~ (I,)% 13-31 21

These results indicate that the deposit is an inorganic silty clay of

intermediate to high plasticity.

Undrained shear strengths, as measured by the field vane test, vary
from greater than 105 kPa to as low as 20 kPa., Based on these measurements
and unconfined laboratory compression tests, the silty clay has a very
stiff to soft consistency. Sensitivities measured in the field and lab
ranged from 2 to as high as 19 with an average value of 8. Based on these

values, the silty clay is classified as a sensitive soil.

Glacial Till

A thin layer of glacial till lies between the silty clay and the
underlying bedrock in the vicinity of the riverbanks. It varies in thick-
ness from 0.6 m to 2.3 m and consists of a heterogeneous mixture of gravel,

sand, silt and traces of clay.



Standard Penetration 'N' values ranged from 3 to over 100 blows per 0.3 m.
This deposit is generally compact to very dense; however, a weaker zone of
higher clay and moisture content exists at the contact with the overlying

silty clay.

§ilt and Sand with Organics

In the floodplain on the east side of the river, is an alluvial depo-
sit consisting of a mixture of silt and sand with organics. This deposit
is about 3.2 m in depth at borehole 102 and contains sufficient organic
material near the surface to show some plasticity. At greater depth, the
deposit is generally coarser with little or no organic material present.
Standard Penetration 'N' values ranged between 1 and 3 indicating that this

soil may be classified as very loose or very soft to soft.

Limestone Bedrock

The site is underlain by limestone bedrock which dips to the east.
Its surface varies in elevation from *118.5 on the west side of the river
to *114.8 in the vicinity of borehole 5. Generally, the limestone bedrock
is sound across the site, except in the area of the channel. In this area,

a *1 m zone of fractured rock or a possible cavity exists.

Groundwater

The groundwater level is located at a depth of approximately 3 m in
the vicinity of boreholes 5 and 103, and about 1 m in the vicinity of bore=~
holes 2 and 100. It gradually decreases in depth until it reaches the sur-
face at the river's edge. Artesian water was encountered in the fractured
rock or cavity in the vicinity of boreholes 4 and 102. The water rose
about 0.5 m above the ground surface during rock coring operations at bore~

hole 102.



DISCUSSION AND RECOMMENDATIONS

General

It is proposed to realign Highway 41 as it approaches the Muskrat
River approximately 1 km north of the Highway 17 Bypass, so that it crosses
the river at this point. A two span (29 m ~ 29 m) structure has been pro-
posed with two N.B.L, of 3.25 m and 3.50 m width, one 3.5 m wide S.B.L.,

and 2.0 m shoulders.

The proposed profile grade at the west abutment is about elevation
126.1 and at the east abutment is about 125.4, These grades will necessi-

tate approach fill heights of about 5.6 m and 2.8 m respectively.

The predominant deposit in the vicinity of the proposed abutments and
approach fills is a very stiff to soft sensitive silty clay varying from
2.0m to 6.7 m in thickness. The silty clay is underlain by up to 2.3 m of
compact to very dense glacial till, which in turn is followed by limestone
bedrock.

The presence of the deposit of very stiff to soft highly compressible
clay at the ground surface requires that steps be taken to ensure the over-
all stability of the approach embankments, and that settlements be taken

into account. Hence, these factors will be discussed first,

Approach Embankments

Stability Considerations

1. West Approach

In order to achieve an adequate factor of safety against embankment
failuré with the abutment in its proposed location, it will be necessary to
remove some of the silty clay from beneath the approach fill (as shown in
Fig. 2, Sketch 1A) and replace it with a non cohesive granular type back-
£i11. The excavation must be carried out in longitudinal strips, with the
width of the base not exceeding 3 m (as shown in Fig. 2, Sketch 1B). The
elevations given in the figure are approximate and depend on the prevailing
river level elevation. It is desirable to excavate to as low an elevation

as the water level will allow.

Alternatively, a midheight berm of minimum 6 m length with a forward
slope of 2-1/2:1 will be necessary. This berm will necessitate lengthening
the structure by about 6 m to ensure that the approach fill and berm will

not encroach upon the river.
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The berm should extend in both the longitudinal and transverse directions.

It should be tapered to nil in the tramsverse direction at about station

20+235.

2) East Approach

To ensure the stability of the east approach, it is recommended to
place free draining sand type fill approximately from station 20+278 at
about elevation 120.7, to station 20+307 at elevation 122.0. This fill
should be in place prior to placing the approach fill of the east abutment.

The slope of the approaches should not be steeper than 2-1/2:1.

Settlement Considerations

West Approach

o
] ) AT
1f the berm option is chosen,+settlements of up to 18 em can be

expected,

e
¥

For the excavation option,“settlements of up to 10 cm can be expected,

East Approach

43%§ Settlement of up to 8 cm can be expected.

In view of the anticipated settlements, it is recommended that the
fills be in place for as long as possible prior to construction of the

approach slabs and the paving operations.

All organic or softened material should be stripped from within the
planned limits of the approach embankment and berms prior to placement of

any fill.

Structure Foundations

In view of the artesian water conditions encountered at the proposed
pier location, and the relatively low strength and high sensitivity of the
silty clay at the proposed abutment locations, it is recommended that the
pier as well as the abutments be supported on end bearing concrete

caissons socketted into sound limestone bedrock.
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Assuming a 0.762 m 0 concrete caisson (30 in.), the pier and abutments
can be designed to the following O.H.B.D.C. parameters at the following

elevations given.

Factored

Founding Capacity at Capacity at

Elevation U.L.5. 5.L.8S.
West Abutment 117.0 4450 kN 1780 kN
(BH 2 and 100 location) '
Pier 115.3 4450 KN 1780 kN
(BH & and 102 location)
East Abutment 115.2 4450 kN 1780 kN

(BH 5 and 103 location)

Other Considerations

The caissons should be advanced with the aid of a steel liner of suf-
ficient length so as to extend above the artesian head. Once the caisson
has been extended to its proper elevation, concrete can be tremmied into

the caisson within the liner,

In view of the difficulty of comstructing the pile cap in the dry for
the pier, it is recommended to extend the caissons to immediately below the

bridge deck.

The base of all foundation elements should be protected from frost

action by a minimum of 1.7 m of earth cover.

The forward slopes of the approach fills should be protected from

erosion by placing rip-rap at the river banks.

Backfill to the structure sbutments should consist of free draining

'granular material.
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RECORD OF BOREHOLE No 1 METRIC
we B7=80-02 LOCATION Sta. 20 + 231.9; o/s 3.4 w RT § Buy, 41 ORIGINATED #Y _ KB
v 9o MWV A1 BOREHOLE Typg  Hollow Stem Auger, BXL Rock Lore § Cone Test COMPILED BY  PJS 5
DATUM Geodet ic DATE 1980 10 21 CHECKED Y. BER 4
ow w OYNAMIC CONE PENETRATION
SCIL PROFILE SAMPLES E% § RESISTANCE PLOT ™ mastic m’,gm! - -_:% REMARKS X
- go 20 40 50 80 100 LIMIT  cowTENY LimiT 38
Ol I K ! RO SO R Wp W w, | 54 L]
LEV il w| 2|25 5 SHEAR STRENGTH WPs ey E | grain S1ZE
JEEl  pescriprion NHERE §§ S [ounconnme e mpwane| o T | (osTRBUTION
gl12 5 |EYV | & | ouvick Traxia  x a8 vane . {%}
124,2] Ground Surface v i 4 25 50 15 1p0 125 20 49 60 GR SA 51 CL
0.0 1 124 - .
{ j
V1 ss] i S R R
Silty clay { 21 ™| PH 1221 ;
Very stiff to stiff 3] 88 11
Grey Fggmuma e I | ot
4 881 L +1ds
el tw] ¥B 12 o
*
119.2 { 91 sg 2
llg:g - s f B | 851 27 25“” Pilezopeter i
M 5.7 4 BYL | 50X
3 * RC | REC 118 RQD=25
= Linestone bedrock
) Sound 10 ‘ﬁ :gtz: RQDe37
M 116.5
B 7.7| End of Borehole
§ *Heterogeneous mixture
3 of gravel
* sand snd gilt
P trace of clay
- very derge
£ (Clacial t1il)
;“3 N
-
4
3

20
+3, x5 Numbers refer 1o 4o 0y o) STRAIN AT FAILURE
Sensitivity 10
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RECORD OF BOREHOLE No 2 METRIC
WP 87-80-02 LOCATION Sta. 20 + 252.3; o/s 3.7 m RT € Huy. 41 CRIGINATED BY _ BB
DIST 9, HwWY Al BOREHOLE TYPE _  EHollow Stem Auger, BXL Rock Core & Cone Test COMPILED BY _ BJS
DATUM Geodetic DATE 1980 10 21 CHECKED 8y _. BER ﬂj
DYNAMIC CONE PENETRATION
SO PROFILE SAMPLES | & | & |or oSy ATuIAL e ,
§Z Gar'C Mowrar UIPl 5 | REMARKS
51 e o | 28 20 4p o #0 w0 PO LT N &S &
1
ELEV S| w| 325 & [snear strenorn e e o | T3 | oram size
|oEFin DESCRIPTION SEIEAER 3% g founconmne v mmpuanel o ool y [DISTRIBUTION
gz 5 | B0 | & leouvck rmaxar  x 1as vane “) %)
120.7] Ground Surface 3 ¢ i 25 50 75 100 135 20 4p 60 GR 5A St CL
0.0 . .
S4ity clay -+ | 120 {
Soft il s ry .8l Pyt .
118.7 { .
2.0] Het. mix., of gravel, [} [~5 r °
sand and pllt, trace _l‘ N 5 L 118 36 24 31 9
73| 85 clay (Clactal sl Liw 155171003 cn \_.
3.4
limestone bedrock BXL | 302
Sound 41 gel rec 116 BQDe35
115.4
5.3} End of Borehole

UFFiLE SEPUKT UMN JUI LA LREE i

20
o3, x5 ; Numbers vefer to 5 05 (u) STRAIN AT FAILURE
Sensitivity 0

. " - - S 0 e, P g R A 5 4 g i e A Vi
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RECORD OF BOREHOLE No 3 METRIC ;
WP 878002 LOCATION Sta, 20 4 263.2; ofs 1.5 mw RT G Hey. 41 ORIGINATED BY _RB
pIST .9 HWY 41 BOREHOLE TYPE . Hollow Stem Auger COMPILED BY __RBJS
DATUM _____Geodettc DATE 1980 10 22 checkeo ey Bk ]
p” W JOYNAMIC CONE PENETRATION -
50IL PROFILE SAMPLES S| F |resstance mor - rasrie Mool REMARKS
- 0 §5| ¥ 20 45 &0 80 100 |7 conTenr Lo Eg .
Ofea - ) i | ) i Wp W W o
LLEV. DESCRIPTION =lglg) 2 ﬁé § |swear StaEnGTH e > DRTRRUTIoN
{DEFTH %18 % Jo unconrmmep  + FiELD vANE 4
g1z " |- gs g ® GUICK TRIAXIAL  x LAB vang | WATER CONTENT (%) {%)
12ZaddEreund Suzfece o £ W 2 0. 75 100 125 20 4D &0 1u/md |GRSA SI CL
0.0 /] 122 3
1 M
$ilty Clay 14 y
Stiff to Very Seiff ,/ Lo i Lo 19.0 !
120.0 A * s
2.1] Het. mix. of gravel, [0, "L 120 i
eand and silt, trace .F 2] 88112
of clay (Clacial till),: 3] s5{ 3 +3 -] b4 38 31 7
7.7 Very loose to compact 1? RETEET 118
4.4 W

Refusal to auger
Probebtle bedrock
End of Borehole

OFFILE  RLEURE Ui ol LA LR i

20
+3, x5 Numbers refer to 15 4 5 (3} STRAIN AT FAILURE
Sunsitivity . 10
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RECORD OF BOREHOLE No 4 METRIC
We §7-80-02 LOCATION . Sta. 20 4 280.4; o/s 9.1 m RT § Bwy. 41 ORIGINATED By _RB
DIST__ 9. _ HWY 41 BOREHOLE Typg _Hollow Stem Auger & BEL Rock Core COMPILED BY ___RJs
DATUM Geodetic DATE 1980 10 22 . CHECKED By _ BER E?
PROF! AMP o w  JDYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ..._,.g § RESISTANCE  PLOY nasnic it tiaum »:% REMARKS '
CONTENT - s
o 4 g;': 20 40 o0 8 W Jwp w ow| 3 & \
- ZlE|w| 2195 & [snear strenoth e | % | GRAN siZE
R pEscripmion oAE| | 5|38 & [ovconnme +rmowne ], " Sy foistRBUTION
£12 P U | @ |»ovek TmaxiaL  x LaB vanE o {%)
119.5! Ground Surface buid head 2 4 i GR 5A 51 CL
0.0 L - ’
S1lty gand with Tl es i
organice g j
. 118 i
very loose 2 ss 3 H0 i
llg.g N i e !
"7| Limestone bedrock % |BRL | 703 | Bovnqing
J;‘-‘-Ji&?ﬁ‘?ﬁ'ﬂww_ﬂ_ 5 isxy {307 116
e BX1 | B4X
ound I3 re |ege RQD=70¢
114.3
5.2 | End of Borehole
2
3
z
3
p
)
?
2
3

20
o3, x5 Numbers refer to 15 55 (o) STRAIN AT FAILURE
Sensitivity 10

e " _ . [ —— bt o i s o e A S— .
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RECORD OF BOREHOLE No 5 METRIC
WP 87-80-02 LOCATION Sta., 20 + 310.9; o/e 7.6 m RT ¢ Buy. 41 ORIGINATED BY __RE j
DISY Hwy.__ 41 BOREHOLE TYPE . Hollow Stem Avger & BXL Rock Core COMPILED BY . BJS 1
i
DATUM Geodetic DATE 1980 10 22 CHECKED BY ﬁﬂ :
o w PDYNAMIC CONE PENETRATION ;
SOIL PROHLE 5AMP£55 &m i RESISTANCE N,QT K’ASYIC :gxm' . ......SE REMARKS ;’
= §5 b 20 40 6o 80 100 [T contewt umv| 5O i’
Ol b = ) h 3 f i Wp W W, gi—a & i
ELEV DESCRIPT |8 w| 2125 § [snear sreenctH ama o | 7% | GRAIN S12E !
[pePTH) CRIPTION SHEAE 8% g |ounconnmeo v mmo el oo ool 7 PSTRETON |
g1z 5 |BC | @ |oouocrrana x Lap vane WATER CONTENT (%} (%) <
122.9] Ground Surface » £ i 25 50 75 10p 125 20 4p 60 w/m> {GR SA §1 CL !
0.0 ’ 1 .
1] 88| 7 122 T S
2] M FE . o B N 18.2 .
3 W] T )
Silty clay B . 5 120 ¥
Sriff to woft FRAMECE G
Sensitive 1A
45| i m e
18—ty .
€] 85| 3 i |
® :
118.2 7. 88 3 : bt 0
6.7] Het. mix, of gravel, ‘I.": 116
. pand and silt, trsee {° .
414 p] OF glay (Glaclal ti11){8'5] 8.1 551 100423 ¢n
311
Limestone
Bedrock 9 :’g :Zé 114 RQD=75
113.3] Sound :
9.6

End of Borehole i
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RECORD OF BOREHOLE No 100 METRIC
WP B7-80-02 LOCATION Sta. 20 + 250.0; ofe 5.0 m LT € Bwy, 41 ORIGINATED 8Y _BER
DIST oS HWY 4l BOREHOLE TYPE_Bollow Stesm Avper, BXL Rock Core COMPILED BY __BER
DATUM Gepdetic DATE 1983 04 05 CHECKED BY
M o w |DYNAMIC CONE PENETRATION
SON PROFILE SAMPLES =4 é RESISTANCE  PLOT pastic et [t w% REMARKS
¥ CONTENT =
51 e @ 5?_ 20 40 60 80 100 Wop W w, €5 Py
EV Elaly| 2 ‘z‘g 5 SHMEAR STRENGTH KPa e R—— % | GRAIN Size
IEEW 5 DESCRIPTION NEIRAERET 5 ounconrmeo s meovanel oy DISTRIBUTION
gz 3 [&Y | & |eouck Traxial  x aB vane ) (%}
121 016round Surface “’ z s 25 50 715 1p0 125 20 40 60 k&/m> IGR 5A 51 L
0.0 //
Silty elay £
Firn to very soft // 1158 X 120
k3 .
Sensitive // AT J
“g“'* dimuE Bl +® M o 18.9
v ‘* [; y? o
7.8} * A s ey 118 o 19 41 31 9
FE Cimsstone —white ARl VT T R ey
no recovery-poss. cavit 0 'y prei iy =
Limestone with alt 7 o S p
black (probably soft) Kol 78| se 116} unveathered high a,?;;..:a“
115.4 {shale seams
5 5.6 {End of Borehole
2 *Heterogenecun mixture
g of sand and silt,
- some gravel,
3 trace of clay
(Glacinl £111)
% loose
2
yl
2
aad
e
5
3 5. Numbars refer 4 2
+¥, w7 ; Numbsrs refer o g 45 (%)} STRAIN AT FAILURE
Sensitivity 10
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RECORD OF BOREHOLE No 101 METRIC
wP 87-80~02 LOCATION . Sta, 20+ 251.0: /s 8, 0m RT S Bey. &1 . ORIGINATED BY _BER
DIST ... 8 HWY 41 BOREHOLE TYPE,_ Cone and Vaneg Test COMPILED 8y _  BER
DATUM fieoder ie DATE 1983 04 05 CHECKED BY
AMP e w DYNAMIC CONE PENETRATION
SOIL PROFILE ) LES Bp | 3 |wessrance rior e v e REMARKS ’
- 51 ¥ 20 40 &b 80 100 |7 conrmy LMT | SO
Oflox m .‘:: 1 1 1 1 e wp w w‘. ow &
ELEV gl w383 § SHEAR STRENGTH iPa VO W 2 | GrAIN SIZE
 |DEPTH DESCRIPTION NEIREE 8% § [OUNCONAINED  + FEDVANEL oo oo eoir | Y DISTRIBUTION
g F 5 |&Y | & |oouck Trana  x tas vane ) %)
120.7/Gtound Surface f T | 25 50 75 10p 125 GR 5A 51 CL
0.0 A .
120
/ {
Probable ;
Silty clay 4 3 *
EVLIG 1 _
7.6/ Frobable sand and Xe 118
117.3}gravel t1ll pr ¥ [ N
3.4

End of Cone Test i

B LT FrNE e

ERITY

mEFL T hrw

[T N

0
o3 Numbars refer to 15.0-5 {%} STRAIN AT FARURE
Sensitivity 10
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RECORD OF BOREHOLE No 102 METRIC
WP 87-80-02 LOCATION Sra, 20 + 286.0; o/s 4.5 & LY § Buy. 41 ORIGINATED By _BER
DIST B HWY 6L BOREHOLE Typg _Bollow Stes Auger - BXL Rock Core COMPILED BY _ BER
DATUM ... Geodetic DATE 1983 04 06 CHECKED BY g
PR SA a ] W JOYNAMIC CONE PENETRATION :
SO1L PROFILE MPLES g | g [RESSTANCE PLOT nastic SAPA ovel = E | remancs ;
g G x 0 4 N " LT CONTENT LIMIT E Q !
8 [ 3 A - 21 P 60 |° 20 Wp w w, Sw & )
LEV SCRIPTIO eyl w12 %g 5 SHEAR STRENGTH [ - E | GRAIN SIZE :
JDEFTH DESCRIPTION 1E1 251386 § [ounconmne  + mew VANEL e e rariol Y DISTRIBUTION
|z > | & JE_ Z |e Guick TRaxiaL  x LaB vane . %)
119,7 | Cround Surface v w 20 40 6f GR SA 51 CL
0.0 iG3 FArresidn
L+ F *‘ Hend .
§1lr and sand with 12 ss i 1 P }
organice JEPsTes T |
very loose NN = 118 4
Hisrss e ° |
Conrser with traces L' 4 | 88 | 2 b 97413 4 !
116.5] fine gravel A PEEET Foungdng ‘
3.7 Limestone - bry, Loy, CRY | RODZ 1164-Vesthering Strength Joint BXL RC |
bru-poss cavity-Pro | st Rl YHREW et top to !
******* aguilec 63 1 42 |Artesign BW ro High :
Limestone - grey with Encounfrered | aquﬁeg zone
oceasionsl molution
features (mainly - 1144 unveat hered High Predominantly
owall holes B-15 wm #) 8| N7 bedding, close rd
woderate spacing
112.6

7.1] End of Borehoie

NOTE:
8W = slightly weathered ] .
HW = highly weathered
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20
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RECORD OF BOREHOLE No 103 METRIC
w P 878002 LOCATION Sta. 20 + 310.6; of/s 4.0 m LT G Hwy. 41 ORIGINATED BY _BER
DIST 9 HWY 41 BOREHOLE TYPE _Hollow Stem Auger - BXL Rock Core COMPILED  BY BER
DATUM Geoderic DATE 1983 04 06 CHECKED BY
" pos W |DYNAMIC CONE PENETRATION
501 PROFILE SAMPLES | & | 2 |mesistance ot 2o fnmemc MoV o] o :% REMARKS ,
51 o §§ b 20 40 60 B 100 w ‘°$'"‘ w | 25 .
P
ELEV DESCRIPTION & :';é w2 %§ 5 SHEAR STRENGYTH kPa oy | % | oRAN ?'ZE
{DEPTH I ET T P S 1281 5 lounconnmes  + miEw vane oyl ¥ |DISTRIBUTION
gz 5 éu & e owck TriakaL  x 148 vane WATER CONTENT {%) s {%)
122.6] Cround Surface e ' e 2 075,100 125 20 4p 60  JkN/m° JGR SA St Cl
0.0} Fili- silty sand with 122
organice and some
121,21 elay  loose 1] 58] S
1.2 L
i1 2| 884 9 TR, vy
3 [P 120 m :
Silty clay 1]
St1ff to soft 441 TWPM | 17.7
Sensitive ..;,. r
TW | PM 1i8 gt — A 17.4
116
. 18.1
11,7 ™ _|PH I 18.5
5.7| Het. mix. of gravel,
sand and silt, trace [V 85 {24 116 5 28 36 27 9
of elay, oec. boulder
115,2 (ﬁ‘larin¥ £411) Compact..t Wegthering Strength Joinging
TeZLX o o e o R | _RQDY | ynweathersd high Close Spaced Bedding BXL RC
Limestone-vhite~grey Modarats § 4
with oce. solution 82 14l unweathered high erote Space
113.6 | cavities (815 mj ) 1 e Bedding

8.8 | End of Borehole

*Limestone ~ grey
with oceasional thin
black shale parrings
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EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST [$PT) N VALUE IS THE NUMBER OF BLOWS REQUIRED TO CAUSE A STANDARD Simm O.D. SPLIT BARREL
SAMPLER 1O PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 83.5kg, FALLING

FREELY A DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED A5 THE NUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED. AVERAGE N VALUE 1S DENOTED THUS N,

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT { Slmm O.D. 60° CONE ANGLE ) DRIVEN BY 475 J
IMPACT ENERGY ON ‘A’ SIZE DRILL RODS. THE RESISTANCE TO CONE PENETRATION 15 MEASURED AS THE NUMBER OF BLOWS FOR EACH 0.3m
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS,

DENSENESS:

I ey tkpa) 0-12 12 - 25 25-50 | 50100 | 100 -200 | >200
VERY SOFT|  SOFT FIRM STIFF | VERY STIFF | HARD
€551 COMESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS:
[N (BLOWS70.3mI] 0 -5 5-10 10-30 | 30-50 > 50
VERY LOOSE| 1OOSE | COMPACT | DENSE  |VERY DENSE

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

RECOVERY: SUM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS 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.
THE ROCK QUALITY DESIGNATION (R G D), FOR MODIFIED RECOVERY, 15:
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B S BLOCK SAMPLE P H TW ADVANCED HYDRAULICALLY <y 1 RATE OF SECONDARY CONSOLIDATION
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o kro TOTAL NORMAL STRESS 7 kea SHEAR STRENGTH
o’ kpa EFEECTIVE NORMAL STRESS ¢ kea EFFECTIVE COHESION INTERCEPT
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PHYSICAL PROPERTIES OF SOIL
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e -]
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A kg/m® DENSITY OF DRY 501 wg % SHRINKAGE LiMIT q  m¥fs  RATE OF DISCHARGE
7; kN/m® UNIT WEIGHT OF DRY SOIL g % PLASTICITY INDEX =W, - Wp v m/s  DISCHARGE VELOCITY
By ko /m: DENSITY OF SATURATED SOIL || 1 LGUIDITY INDEX= m i HYDRAULIC: GRADIENT
Yoar KN/m® UNIT WEIGHT OF SATURATED SOIL P w, - W k m/s  HYDRAULIC CONDULTIVITY
P’ kg/m® DENSITY OF SUBMERGED SOIL e 1 CONSISTENCY INDEX: =5 j kW SEEPAGE FORCE
' kN/m® UNIT WEIGHT OF SUBMERGED SOIL ) 1,%  VOID RATIO IN LODSEST STATE
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Elov 125¢

EXCAVATE AND REPLACE
:wxm NON COHESIVE
e x GRANULAR TYPE FILL l
. Elov 1212 Il
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G acial Till Glacial Till T —
SKETCH 1A:EXCAVATION FOR WEST APPROACH
NTs
NOTES
_______ e 1 First step is to remove the obandoned
': Railway bed fo elevation 125 %
S
& NON COHESIVE 2 Elevations given are minimum excavation limits
GRANULAR TYPE FILL and it would be desirabie to excavate to as low
204260 an elevation as the groundwater will allow,

204227 204240 [
) - L

3 Excavations should ba casried oot in longitudinal
strips as shown in sketch 1B
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SKETCH 1B:RECOMMENDED EXCAVATION METHOD FOR WEST APPROACH MWy 4l CO OF RENFREW _TWP OF STarromo
DATE 1983 05 17 WP 87-B0-02 | DIST 9 | Figure No 2
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