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ABRIRACT

The results of an investigation to determine
the s0il oconditions at the site of the proposed Mallory-
town Road bridge approximately 0.5 miles southeast of
Mallorytown, Ontario are reported and recommendations
are given for the foundation design of the proposed
structure and approach embankments.

The site is underlain by a stratum of gener-
ally hard to stiff silty clay which rests on bedrock at
a shallow depth. A thia layer of silty sand and gravel
was encountered immediately above the rock surface in a
few bdorings.

The piers and abutments for the proposed bridge
structure may be founded on spread footings founded on bed-
rock. Alternative schemes for founding the abutments are
disoussed in the repors.

‘ The asproaoh .earthfill embankments msy be con-
etr:gt:g with side and end slopes of 2 horizontal to 1
vertical.

Settlement of the structure and approach
enbankments, if founded as recommended, will be negligible.
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INTRODUCTION

H. Q. Golder & Associates Ltd. have been retained by
the Department of Highways, Ontaric by letter dated November 15th,
1962 to carry out a soil investigation for the proposed Mallory-

town Road bdbridge structure over proposed Highway 401, Line &, near
Gananoque, Ontario.

The purpose of the investigation was to determine the
80il oonditions at the site and to make recommendations concerning

the foundation design of the proposed structure and its approach
embankments,

PROCEDURE

The field work was carried out between November 22nd,
and November 28th, 1962. During this period 5 borings each with
an accompanying dynamic penetration test and 5 additional dynamic

penetration tests were put down dy two machine drillrigs.

The locations of all borings and dynamic penetration
tests put down during the investigation are shown on Figure 1, and
a section of the inferred soil stratigraphy is given on Figure 2.
The detailed log of each boring and penetration test is given on
the Records of Boreholes. |

The 30il samples obtained during the investigation
were returned to our laboratory for examination and testing. The
results of the laboratory testing are plotted on the Records of
Boreholes and on the figures.
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2.

All boreholes were located with respect to the centre-
line of proposed Highway 401, Iine G, as staked in the field. The
borehcle elevations were referred to a bench mark located in the
southeast root of a 3.5 feet elm tree 105 feet left of station 92+2%
on Highway 401, Line G. The elevation of this bench mark is given
as 333,95, Geodetic.

SITE TOPOGRAPHY AND GEOLOGY

The proposed bridge structure is to be located on County
Road No. 5A approximately 0.5 miles southeast of Mallorytown in the
County of Leeds, Ontario. This area lies within the phyasiogrenhic
region known as the "Leeds Knobe and Plats" (Chapman and Putnam,
1951) and consists primarily of scattered knobs of rock between which
lie clay deposits laid down by the Champlain sea. The clay plains

are typically gently undulating farmed land. The proposed site is
located in one of these plains.

Bedrock in this area it mainly sedimentary and derived
metamorphosed rocks of Precambrian.age. The surface elevation of

bedrock varies appreciably within small areas.

SOIL CONDITIONS

A stratum of mottled grey and brown to grey silty clay
was encountered below shallow topsoil in all boreholes. This mater-
ial which had some thin layers or lenses of fine to medium sand was
about 5 to 18 feet in total thickness. Two grain size distribution
curves for the silty clay are shown on Pigure 3. Atterberg limit
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5.

tests carried out on samples of the clay gave liquid limits from
about 25 to 52 with oorresponding plasticity indices between about

5 and 26. These results are summarized on the plasticity chart,
Pimr. 5

Pour undrained triaxial compression tests on samples of
the clay gave undrained shear strength values of about 1,800 to

4,300 pounds per square foot assuming the shear strength to be half
the compressive strength.

A thin depoeit of compact to very dense brown 8i.ity sand
and gravel up to 1.3 feet in thickness was encountered below the
silty clay stratum in doreholas 1, 2 and 4. One grain size distridbu-

tion curve for this material is shown on PFigure 4.

Bedrock was encountered below the silty clay in bore-
holes 3 and 5 and below the thin deposits of sand and gravel in
boreholes 1, 2 and 4. The rock is a hard, generally sound, grey
crystalline rock.

WATER CONDITIONS

Water level observation pipes were installed in all
boreholes. Details of these. installations are given on the Records
of Boreholes. The latest available water levels in the observation

pipes are given on the Records of Boreholes and on Figure 2.
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4.
. DISCUSSION

General

It is proposed to elevate the existing Mallorytown Road
near Mallorytown, Ontario over the proposed Highway 401, Line G.
A skew bridge structure with four spans of 48, 82, 82 and 48
feet, a width of about 35 feet, and approach embankaments up to
27 feet in height above the existing ground level are proposed
for the grade separation. The bridge structure will have a skew
angle of about 60 degrees to the existing Mallorytown Road.

Po Des

In view of the relatively shallow depths to bedrock at
the proposed pier locations we recommend that the three piers
be founded on spread footings resting on bedrock. For footings
founded below any upper weathered zone in the rock an allowable
bearing pressure up to 40 tons per square foot may be used for
design. Based on an examination of the rock core recovered
during the investigation, the weathered zone of bedrock, if any
exists, 1s only a few inches in thickness. No artesian water
pressures were noted in the bedrock or overburden during or

following drilling operations.

The abutments may also be founded on spread footings
founded in bedrock; however, since this would entail up to abou?
20 feet of excavation at the south abutment it may be desirable
to found this abutment on spread footings founded in the silty
. clay stratum. Based on undrained shear strength values for the

GOLDER & ASSOCIATES
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silty clay ranging from about 1,800 to 4,300 pounds per sgquare
foot, an allowadle net bearing pressure of 5,000 pounds per
square foot may be used for decign of spread footings founded
at a depth of at least 5 feet below the present greund surface,

We suggest that consideration be given to founding the
abutments on spread footings founded in the approach embankments,
In this case the material below, and in the viecinity of, the
footings should be well compacted granular borrow. The design
bearing pressure for spread footings founded in the approach
11l will be dependent upen the as-compacted characteristics of
the material used in the embankments bdbut for vell-compacted

granular borrow should be at least 5,000 pounds per square foot.

Where the rock surface slopes, as at the proposed location
of the south abutment the footing may have tc be stepped and
dowelled into the rock to prevent posaidble shear at ithe footing -

rock interface.

Settlement of the piers and abutments, if founded as dis-
cussed above, will be negligible.

We recommend that free draining granular backfill be
Placed behind the proposed abutments. This backfill should
extend at least 4 feet horizeontally away from the abutment wall
and have provision for drainage to emnsure that no excess hydro-
static or ice pressureé buila}up behind the walls. In the
design of the abutments it‘is‘recommended that an earth pressure

coefficient, K, of 0.3 be used, provided that some minor movement

GOLDER & ASSOCIATES



6.

of the top of the abutment can be accommodated,

The approach earthfill embankments should be constructed
of well compacted essentially granular borrow and have gide and
end slopes of 2 horizontal to 1 vertical., All slopes should be
sodded or seeded and mulched to combat erosion of the slopes.

Settlement of proposed embankments due to consolidation of the
subsoil should be less than 1 inch.

¥ e, B,
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LIST OF STANDARD ABBREVIATIONS

. The stendurd abhrovietions commenly employed or oosh “Reserd of Borohsla”

+ on the figures, snd in the text of the repert s
as lollows:
SAMPLE TYPES
AS, = Augor Sample RC. = Reak Core
Cdi = Chunk Semple 5, T, = Siotred Tube
0.0.= Drive Open T.0. = Thinawalled, Opon
D.8.« Denisen Type Senmple T.P. = Thinewelled, Pisten
F.8 ~ Feoil Semple W.8, ~ Wesh Sample
PENETRATION RESISTANCES

Dynamic Penetration Resistence ~ The snargy required 1o drive @ 2 inch diameter, 60 dogres cone entached te the end of the
dritling rods into the gounds expressed in blews per foot, whers each hiew represents 4,200 inchepounds of erergy,

Stenderd Penstration Resistence, N « The number of blows by o 140 pound hemmer drepped 30 inches required te drive o 2 inch
drive epen sempler ane feot Inte the greund.

Sampler advanced by stetic weight « weight, Fammer « Wh
Sampler advenced by pressure = pressure,hydravlic ~ Ph
Sompler advanced by pressure = pressure,menvel « Pm

SOIL DESCRIPTION
The standerd terminclogy for the descriptions of the relative density of cohesionless soils and the consistency of cahesive soils
is as follows:
. Relative Density N, Blows/fe. Consistency c, lb/sq. f.
Very Loose Ot 4 Very Soft Less then 250
Loose 41010 Soft 250 10 500
Compect 10 t0 30 Firm 500 10 1,000
Dense 30 10 S0 Seiff 1,000 1o 2,000
Very Dense over 50 Very Stiff 2,000 te 4,000
Heard over 4,000
SOIL TESTS
C « Consolidation Test Q « Undrained Triaxial
H ~ Hydrometer Analysis Qc = Consolidoted Undrained Triaxial
M - Sieve Analysis S = Drained Triaxiel
MH ~ Combined Analysis, Sieve U « Unconfined Compression
and Hydrometer V ~ Field Vane Test

Note: Undrained triaxial tests in which pore pressures are measured are shown as @° or Q'c.

SOIL PROPERTIES

§ <~ Total Unit Weight K «~ Cosfficient of Permeability
¥d ~ Dry Unit Weight ¢ = Undrained Shear Strength
b ~ Submerged Unit Weight (% Compressive Strength)
Ly = Liquid Limit St ~ Sensitivity
P_ ~ Plastic Limit @ -~ Effective Angle of Shearing
W« Natural Water Content Resistance
G« Specific Gravity ¢’ « Effective Cohesion Intercept
g e = Void Ratio Cc —~ Compression Index
. Cv = Cosfficient of Consolidation

GOLDER & ASSOCIATES




. . L MOGECT we.... 838 0. ...
RECORD OF BOREHOLE !
LOCATION SEE FIGURE | SORING DATE NOV. Z1- 23,1962 DATUN GEODET:C
: BOREHOLE TYPE YASH BORING BORENOLE DIAMETER BX CASING
" SAMPLER MAMMER WEIGHT 140 LB. DROP 20 NCHES PEN. TEST NANMMER WEISHT 40 LB SROP SO NONES
-4
$OIL PROFILE sampLeEs | w DYNAMIC PENETRATION RESISTANCE LIOUID LT , N g
: sLows /FrooT _ _ _ _ . PLASTIC L ® L
o) 8lel |& g 20 40 ;ls & 100 waTER “L-I “:T :‘ w—o—] £
- w"‘T DESCRIPTION sl - ~ ) ! . ’ g m:u ‘
EPTH| % ! - SHEAR STRENGTH C, LB./3Q.FT. ©-Q] WATER CONTENT , PER CENT : TIoN
T =
E 3 P 1000 2000 3000 4300 5000 1© 20 30 4o <
swuno %’
WEVEL ‘
GROUND LEVEL |
| 33¢ - CEMERT
\ e ‘
' -3
[ o
P all ‘ \ - i :
| (Pofee \ : °
| % (. ~ 1
“[WARD TO vERY STIFF] ¥ azs N » - Y PN | [-oe H
GREY-EROWN Wi 2 7933 N . k) 3 j
YO GREY e : g3
SILTY CLAY | < i }
BECOMING A 3 {po|18 . ° 14
CLAYEY SILT SO ;
-TO SILT WITH ;o A B
INCREASING DEFIH To|ie |32° TR =p=g Wbt Y|
rfew FINE To MECIUM .~ : I
SAND LAYERS OR / _- 1
LENSE S BELOW s {polie s ! o . 1
. v 4 “ﬁbm M
ABOUT EL. 31 8 , 4 i omave. {8
/\ Gl 48
e lrolpm|dS -t 1 e NS ~r~-p:g:z;a S -
~ .
hRS 3 N
i ‘ h P o ¢
7 |pojs2 1= ° n
‘ | i
32O e e s e (ISR IEREPEES - 1
o 104 BLOWS FOR LAST mc«js !
; 8 [pe| - END| OF PEN. TeS AT BlLEV. 311. 8 i
 HARD GREY EE
CRYSTALLINE !
O i
(BEDROCK) 9|vl-laogb— oot o} b A - 1 Qmwﬁuqu & |
i .3"
!
; IR ! :
“{30e.s! , | — s
1 ?9.8, END OF HOLE 300 SNV R SRR | N RN W T,_..A,\.._)J,_*.Mdm_,.,,‘ WL IN STANDPIPE
| | AT EUEV. 3124
[ TN T YY
26
bs4-5 | PERCENT STRAIN AT FAILYRE
1%
{
3
P - RS W - - . S DRV S — R ——— - T ] wmwr&ﬂ ?
VEnTICAL SCALE f pRAWN |4 M?
55
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'RECORD OF BOREHOLES 2 & 3
_ LOCATION  SEE FIGURE | SORING DATE  NOY. 26 - 27 1962 DATUM  GECDETIC
BORENOLE TYPE WASH BORING SORENOLE DIAMETER BR CASING
‘SAMPLER HAMMER WEIGNT i4C LB. OROP 2O INCHES PEN. TEST HANMER WENNT 40 L3 SROP SO NCHES
~ 80IL PROFILE samees | @ | oveawic seweTRaTION nesisTANCE | Liouid LwaT L,
I 3 ¢ e
el =l 8 o 4:”:2”‘";-;; pasTic LuaT P, Lot 2
d 5 w : " Py N rY A WATER CONTENT W t STANCFIPE ;
DESCRIPTION | > : g |msTALaTion]
: - § SHEAR STRENSTM C, LB./S0.FT. WATER CONTENT , PER CENT - \
2"
é a 4 w 2o 3 40 2
329 ' !
| >
2.3 GROUND LEVEL]| ‘
: o \
FIRM " F—l
MOTTLED ! 2 PBer—1T1T—1T 1 5
GREY AND EROWN Do|5 i
SILTY CLAY i ' L
; ' s \ )
- JGOMPACT BROWN SRTY (g
4| SANO AND ORAVEL --4_
: 3251 Tl -
x| 100 BIPWS Rtt LASY] 7 INCHES
‘ Rc| ~ END OF PEN. TEET AT #ELEV. 3241
HARD GREY
CRY STALLINE
ROCK
(.!DRO:K) 220
o STANDPIPE
ENDG OF HOLE Wi iN STANDPIPE
2SS - ‘ At BLEV 384
DEC . 10,198 ¢
y
7| GROUND LEVEL
\
330t T R 4
\\
STIFF AN d
MOTTLED GREY- \
BROWN To GREY { &
SILTY CLAY A A !
z2s b N - -
kY
. 119 ! MM
/l
2217 T SN
'o-o il i i B usta s
520 4 o VR PPN VRN WA S UE W - -
4 N 100 BYOWS FPR L.AaLr 5 INCHES
HARD GREY END OF PEN. TEPT AT ELEY. P2i.3
CRYSTALLINE
ROCK !
(BEDROCK)
CHE-UN Eup I T IR , - SN N R STANLE CE
3 -
B¢
20.11 END OF HOLE O s N ETANGHIFE
30 - TN}
1 W s e e J b R s s g2 oY YT T AT TRERE
 VERTICAL SCALE oRAwN M,w;
e
| h ‘- " - el MEH o] ® ﬂfo
LY WCKTO S0 GOLDER & ASSOCIATES | Grecnen M
TR D Y A oy v an o e nwm




W .

“LOCATION SEZ FIGURE |
S BOREHOLE TYPE
 SAMPLER HAMMER WEIGHT 140 LS. DROP 30 INCHES

WASH BORING

RECORD OF BOREHOLES 4 &S

BORING DATE  NOV. 27 1962

OORENOLE DIMMETER
PEN. TEST MAMK"™

GECDETIC
Bx CASING

WEISHY 40 LB. DROP 30 NCHNES

VERTICAL SCALE
I INCH TO 5'-0"

GOLDER 8& ASSOCIATES
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SOIL PROFILE SAMPLES | W | DYNAMIC PENETRATION RESISTANCE LIQUID LT L,
‘ . - SLows/FOOT ———— | pagnic Lot p b o L4 O
M 20 40 e 83 100 WATER CONTENT W c Istanorire |
w f ~ . " -
SLEVM!  pescripTiON . >l , w [INSTALLATION
] . B & ! -3 SHEAR STRENGOTM C, LB./80.FT. -3.] WATER CONTENT , PER CENT =
E» * 3| o |+ 1990 2000 3000 4000 5000 10 20 - 3o 40 f
azs 4
GROUND LEVEL |
h
FIRM TO STFF 230 }
MOTTLED GREY- 2 \ o
BROWN Td GREY pol7 \
SILTY QLAY M
B |
‘ « |9 N R U H—Ck
‘ AXT] I it
(o;use SAND ) Re |- |328
10Q BJOWS FOR LAST G INGHES
END OF PEN. TEST AT BREV. B257
HARD GREY e
CRY STALLINE
KOCK .
(SEDROCK) 320
215 |
END OF HOLE ‘wxf agsﬁggzom
LEY. 380.%
' ; bEL. 10, 19&E
335 : | 4 ‘
)
GROUND LEVEL
ol \
| o
STHEF e 330 o o e - -~ 5
MOT TLED GREY :
AND BROWN 2" | i
SILTY CLAY TO!|Pm | » N PR
| 5.0
'
ﬁ;ﬁa 20e 1.,.."7,"',""‘"“" I SRR SO N A 4. % R
7.0 4 BLOWS Fod LAST] 9 INcesS
ENG| oF PEN. TES]T AT E‘,ev. 35
AT NAMME N BOLNTING
4 Ircl~-
HARD GREY
CRYSTALLINE - 1
ROCK 5 ao F SRR I ———. = SN e
(seprROCK)
[ls4
5 - n.ﬂ—s PERCENT STRIAIN AT FAILURKE
(2]
13143 216 4 S -
17.0] END OF HOLE
Ny Se— T e W g mw':J!'sy"«\-- L4 nﬂn s o o B e aewenlitne e o Lo
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eweemen ¢
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PROJECT Mo _ .

sod

. LOCATION

TYPE

SEE FIGURE
BOREHOLE

: PENETRATION TEST
© SAMPLER HAMMER WEISHT — LD. OROP — INCHES

'RECORD OF BOREHOLES G, 7, & 8

SORING DATE

NOV. 28,1962
SORENOLE DIAMETER .
PEN. TEST NANMER WEWNT 90 13 shor 35 JcuES

6EODET:IC

[ SOIL PROFILE SAMPLES DYNAMIC PENETRATION RESISTANCE 1uoum LT L,
— - T 7 ~BLOWS/FOOY _ _ _ masnic LT p, L 9 UL
MK 0 _%° S° 8o '0° | waemcowvewr w
[ 3
oy T .
E:m DESCRIP .ON‘ E ; .’. i ; SHMEAR STRENOTH C, LB./80.FT. WATER CONTENT. , PER CENT
i 8 |
338 p
132.)] GROUND LEVEL
R X1 A
S [DYNAMIC PENETRATION '
N TEST ONLY 20 { —4
' < N0 SAMPLES i
TAKEN \
327.60 . \L._......_—-__. b — -
5.1 END OF PEN.TESTj SO BLGWS FOR LAST [iNeCH
[BOULDER oR BEDROCLK - \MMER BOUNICING
335 1 ) -
2323} Groune LEVEL
~ 6.9 h
b }
YNAMIC PENETRATION
TEST ONLY 330
-NO SAMPLES \
TAKEN \\
A
END OF PEN-TESTJ 226 TG-B.LbeD Fqg‘ LAS‘& @ INC '{Eg
 [BouLper ok gEDRACKT- HAMMER BopNCIN
&
GROUND LEVEL
-~ -
- -
3230 =] N N T e
IPYNAMIC PENETRATION /
TEST ONLY )/
\
-NO SAMPLES \
TAKEN \\
N
325 ’ . — SUETURPI SIS, G TS
sz o N Al ol PSR S
9.0(END OF PEN.TE ’ . A .
leouLpER oR BEDROCK 120 BLDWS FPr LAST |2 INCHRS
B2O oo e ome] e - - :

3

VERTICAL SCALE
| INCH TO 5. 0"
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RECORD OF BOREHOLES 9 & 10

LOCATION SEE FIGURE 1 SORING DATE NOV. 28,1962 . pATUM SEODETIC
BOREHOLE TYPE PEMETRATION TEST SORENOLE DIAMETER -
SAMPLER MAMMER WEIGHT — LS. DROP — INCHES PEN. TEST HAMNER WENMT /40 LB. BROP 20 INCHES
- — ™ =~ i | . —
SOIL PROFILE SAMPLES | W DYNAMIC PENETRATION RESISTANCE | LIQUID LT L,
E - 3 sows/rooT __ —— | pagnc mar p, 1 G Lt
N el el ; 20 40 GO 80 KOO | gavencowvEwT W
ELeval elulyis| 8
S=eve{ DESCRIPTION . il B 1
DEPTM g - s MEAR STRENGTH C, LB /S0.FT. WATER CONTENT , PER CENT
. ol - P -
231,0{ GROUND LEVEL |
. ‘o
B s30 +
!
It
DYNAMIC PENETRATION o
TEST ONLY \7
-NO SAMPLES 328 4
TAKEN \ :
1
\
| 4
\ ,
\\ 9
3
320 I\ S 2 -
\ﬁ_\\
sﬂr._.__“_____-“ ,
2]END OF PEN. TEST J ,
{BouLpPER OR BEDROCK. l82 BLbw S FPR LAGr 2 INJNES
35 ]
[o1
GROUND LEVEL |
| 230 {3
\\.
\
\
lbYNAMIC PENETRATION . .
TEST CONLY \\\
~NO SAMPLES 2R s L
TAKEN (
N
*
\*_
- -
R 4}“"'
320 R e -
r
7
3176 (R (U ISR R D
N. )
13.4| END OF PE TEST} 100 BLpwS FdR LAST] & INCHES
BOULDER OK BEDROCKY
a5 —
[ R W.qu - S . L : s g e TGS I TRCSIRE TAR
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BORING PLAN FIGURE 1
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SOIL STRATIGRAPHY FIGURE 2
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