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EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST {SPT) N VALUE IS THE NUMBER OF BLOWS REGUIRED YO CAUSE A STANDARD Simm 0.0 SPLIT BARREL
SAMPLER TO PENETRATE 0.3mINTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN 8Y A HAMMER WITH A MASS OF 43.5kg, FALLING
FREELY A DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION

ACHIEVED.

AVERAGE N VALUE |5 DENOTED THUS N.

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT | Simm 0.0, 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.

__D_N_SQTLNQ_V_ COMESIVE S50ILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH (€ ) A5 FOLLOWS:
I ey thra) 0~ 12 12 - 28 25 50 50-100 | 100 -200) >200
o VERY SOFT SOFY FIRM STIFF VERY STIFE HARD
DENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS!
N (BLOWS/0.3m)] O - 5 510 10 - 30 30- 50 =50
VERY tOOSE| 100SE | compacT | DENSE  vERY DENSE

ROCKS ARE- DESCRIBED BY THEIR COMPOSITION AND STRUCTURAL FEATURES AND /7 OR STRENGTH.

RECOVERY:

MODIFIED RECOVERY:

SUM OF ALL' RECOVERED ROUK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE CORING RUN,

SUmM C)F THOSE INTALT -CORE PIECES, 100mm+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.

THE ROCK QUALITY DESIGNATION (R Q D}, FOR MODIFIED RECOVERY, I5:

| repi%) 0-25 25-50 | s0-75 75 - 90 90 - 100
VERY POOR]  POOR FAIR GOOD | EXCELLENT
JOINTING AND 8EDDING :
SPACING 50mm | 50~300mmj 0.3m=-1im| Im-3m | »Im
JOINTING  |VERY CLOSE] CIOSE | MOD. CLosEy  wioE | verr wine
BEDDING VERY THIN THIN MEDIUM THICK | VERY THICK
ABBREVIATIONS AND SYMBOLS
FIELD SAMPLING " MECHANICAL PROPERTIES OF SOIL
$ 5 SPUT SPOON TP THINWALL PISTON m, kpa“- COEFFICIENT OF VOLUME CHANGE
WS  WASH SAMPLE O35 OSTERBERG SAMPLE Cc 1 COMPRESSION INDEX
S T SIOTTED TUBE SAMPLE RC ROCK CORE € 1 SWELLING INDEX
BS BLOCK SAMPLE S P H TW ADVANCED HYDRAULICALLY Cy 1 RATE OF SECONDARY CONSOLIDATION
€5 CHUNK SAMPLE PM YW ADVANCED MANUALLY ¢y ’mzls COEFFICIENT OF CONSOLIDATION
1 W THINWALL OPEN F S FOIL SAMPLE H n DRAINAGE PATH
T, ! TIME FACTOR
STRESS AND STRAIN v %  DEGREE OF CONSOLIDATION
Uy kPo  PORE WATER PRESSURE &y kPo  EFFECTIVE OVERBURDEN PRESSURE
% 1 PORE PRESSURE RATIO o kra PRECONSOLIDATION PRESSURE
o kbo  TOTAL NORMAL STRESS . T, kfo  SHEAR STRENGTH
o’ kot EFFECTIVE NORMAL STRESS ¢ kra EFFECTIVE COMESION INTERCEPY
2 kb SHEAR STRESS ¢ =% EFFECTIVE ANGLE OF INTERNAL FRICTION
o 40 kP PRINCIPAL STRESSES ¢y kP APPARENT COMESION INTERCEPT
€ % LINEAR STRAIN by =*  APPARENT ANGLE OF INTERNAL FRICTION
€68 % PRINCIPAL STRAINS % kPo  RESIDUAL SHEAR STRENGTH
€ kP MOBULUS OF LINEAR DEFORMATION T, kfo . REMOQULDED SHEAR STRENGTH
G kPa  MODULUS OF SHEAR DEFORMATION 5 " SENSITIVITY » ,:,\L_
M 1 COEFFICIENT OF FRICTION r
PHYSICAL PROPERTIES OF SOIL
A ky/m® DENSITY OF SOLID PARTICLES @ 1,%  vOID RATIO 8 in 1,%  VOID RATIO IN DENSEST STATE
A KNZer®  UNIT WEIGHT OF SOLIG PARTICLES n t;% POROSITY ly ! DENSITY INDEX ..;mx:..;.__.
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A, kg/m’ DENSITY OF WATER w . 1,%  WATER CONTENT D mm  GRAIN DIAMETER
%, kN/e® UNIT WEIGHT OF WATER S, % DEGREE OF SATURATION D, mm  n PERCENT - DIAMETER
P kg/m® DENSITY OF SOW w % LIQUID UMY €y ! UNIFORMITY COEFFICIENT
4 kN/m' UNIT WEIGHT OF SOiL w, % PLASTIC LIMIY h m HYDRAULIC HEAD OR POTENTIAL
% kg/«? OENSITY OF DRY $OIL Wy % SHRINKAGE LIMIT q mY/s  RATE OF DISCHARGE
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1.0

FOUNDATION INVESTIGATION REPORT
For |
Q.E.W. N-W Ramp Bridge Over Redhill Creek
W.P. 152-75-07; Site 36~1336-271

District 4, Hamilton

INTRODUCTION

An evaluation of soil conditions has been completed in Hamilton, Ontario
where a proposed off-ramp from the Queen Elizabeth Way Highway crosses
Redhill Creek. This report describes the site conditions and discusses
some considerations for the design of the structure foundations and
approaches. A more general summary of soil conditions and design
considerations was submitted to Mr. K. Selby, P. Eng. in a letter dated
August 25, 1981. The study was completed under the terms of agreement
No. 4242-9081-45, |

Borings at abutment locations encountered competent subsoils at or close
to the creek bottom level. Consequently the structure can be supported
by conventional footings or on piles.

Recommendations and discussions included in this report are provided for
the guidance of the structural design engineers for preparing design
drawings and cost estimates. In no case should the& be construed as
specific instructions for contractors. Interpretations of soil profiles
have been completed for similar reasons. While these interpretations are

believed to be a good representation of soil conditions, some irregularities

should be expected. Tender documents and project cost allowances should
allow for such irregularities and actual soil strata limits should be

confirmed by observations during construction.
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2.0

3.0

3.1

FIELD WORK

‘Two boreholes were drilled at the site to evaluate soil conditions. The

locations of borings and a soil profile are shown on Fig.No. 1 (Dwg. No.
1527507-A)*. More detailed soil profile and field test data summaries are
provided on the attached Records of Boreholes.

Boreholes were completed on August 13 to 19, 1981 using a truck-mounted
CME 75 power drill equipped with 82 mm internal diameter hollow stem augers.,

Soll samples were obtained with 50 mm "split spoon" saﬁplers driven
using standard penetration test procedures. Additional indications of
s0ll variability and density were obtained by driving 50 mm dynamic

cone probes with the hammer enerpgy similar to that used for the standard
penetration test (63.5 kg hammer falling 760 mm).

SOIL CONDITIONS

General

The site area outside the limits of the creek channel is underlain by a
mixed f11l that includes lenses of silty clay, silt, sand and organic silt.
Part of the zone classified as f£ill may actually be natural deposits in the
flood plain of Redhill Creek. The 2 to 3 meter thick fill extends approx-
imately to the creek bottom level.

The stratum classified as fill is underlain by till-textured silty

clay soils. A thick lense of sandy gravel exists below elevation 60.5
meters at borehole 203. -Boreholes were terminated in very dense or hard
soil near elevation 59 meters or roughly 17 meters below the ground surface
adjacent to the creek channel.

Conditions were similar at both abutments and a radically different soil
profile within the creek chanmel is unlikely.

* Drawing No. 2 of the Contract Drawings



3.2

3.3

Fill_

- The fill soils, which may include some native flood plain deposits, consist

of a relatively soft or loose mixture of soil types that include silty clay,
silt, sand and organic silt. Clayey fill soils are predominant at borehole
#203 at the north abutment while silt and sand soils are more common at the
south abutment (borehole #202). Organic lenses or seams at the borehole
locations are relatively thin. -

Standard penetration resistances of 3 blows per 0.3 m are indicative of
the generally soft or loose nature of the fill. We assume that it was loose
dumped or pushed into its current position.

[P Whrusbuuduis it/ haeardibersiieagtrt’

The silty clay soil contains a trace to some sand and gravel and is
classified as glaclal till for the purposes of this report. Standard
penetration resistances of 15 to more than 100 blows per 0.3 m are
indicative of very stiff’to hard soils. The very stiff soil zome is
saﬁdwiahed between hard zones with the upper hard zone extending to
depths of 3.5 to 5 meters below the creek bottom.

The clayey soils have low to medium plasticity characteristics with
liquid limits generally less than 25 percent. Natural moisture

contents are in the 14 to 17 percenﬁ range for soils above elevation

63 meters while values of 9 to 11 percent Wwere measured in the extremely

" . hard soils below elevation 63 meters.

3.4

Sandy Gravel

The sandy gravel stratum encountered near the bottom of borehole 203
is believed to be a lense within the till-textured silty clay soils.
Standard penetration resistances of 92 and 93 blows per 0.3 m in the
sandy gravel zone are indicative of véry dense soil.



L}

3.5 Groundwater

s — b ot

Groundwater levels were at or close to the water level of the adjacent
creek at the time of drilling. A similar close relationship in the
upper sediments is expected to prevaill as water levels in the creek

fluctuate. There was no evidence of artesian conditions in either of
the boreholes.

NOTE: This report is a copy of a report prepared for the Ministry
by Site Investigation Services Ltd. dated Oct., 1981,
The original report was signed by R. Martilla, P. Eng.
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RECORD OF BOREHOLE No 202 METRIC
we 152-75-07 tOCATION Co=ords, 4,791,077 N 282,7105 E. ORIGINATED BY p.S,
st 4 wwy_ . Q.E.W, BOREHOLE TYPE 82mm. Hollow Stem Auger COMPILED BY  D.W.N.
‘1barum . Geodetic DATE 1981-08-13 to 1981-08-14 CHECKED 8y _R.E.M,
‘ w | DYNAMIC CONE PENETRATION = ,
501 PROFILE SAMPLES E"‘Q F | RESISTANCE PLOT - {nasmc NATURAL vove| v E | pemarcs
= w |$8] % 20 40 60 80 100 CONTENT zZs 4
Sk 5|25 wsTRENGTH ] e | F | Gramn size
ELEV o sl w2 %g & [SHEaR STRENGTH TP msr?:‘mumn
PESCRIPTION IR - % o uNconRnED  + FIELD VANE ol 7 B
permH E z| " 5 gg % o quick TriaxiAL  x 1B vang | WATER CONTENT (%) (%) .
76.09 | Ground Level B ¢ o 1 20 30 ’ GR SA 51 CL ‘
¢.0 | Fill-mixture of sand, ]
silt and ¢lay. 75 )
Traces of gravel and
organics., Loose.
73.30 | Dark grey. P 1188 E 74
2,291 841ty clay, some sand. ARp
Trace of gravel, f’{; 2 155 | 4k 73 o
{Glacial ti1)) A
ak" 72
] o
Generally hard. "/ 358 |43 ”n
Very stiff seam ’/’ ,;
between 6.0 and 8,5m / T e 0 —
depth. 41
Brown to grey //‘ 69
L 16 33 50
‘}/ 5158 15 68 o 1 33 5
328 67
e Tss |25 0
=B 66
LA
1417 |55 |30 65 A
pal
I(f B4
48 [s5 [io o
Reddish grey below z/ : 63
13.71 m. % .
EAN ’
f) 62 r
Edp .
hEd &1
A L0188 B0/ obom d
et 60
59.25 T Is5 Bo/.opsm
16.84 [End of Borehole 58
Note: 6roundwater level
not observed

+3, x5 : Numbers refer to

20
1543 (%) STRAIN AT FAILUR
Semsitivity %3 () STRAIN AT FAILURE
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OFFICE REPORT ON .SOIL EXPLORATION

RECORD OF BOREHOLE No 203 wermie 7
wp__ 152-75-07 LOCATION . Comords. 4,791,109 N; 282,762 £, ORIGINATED 8Y _D.B. i
OIST._ B Hwy__ Q.E.W BOREMOLE TYPE Baimm Hollow Stem Auger & Cone Test compitep sy 0.8 |
DATUM Geodetic DATE  1981-08-18 to 1981-08-19 CHECKED BY R.E.M.... i
SOIL PROFILE ) SAMPLES e w DYNAMIC CONE FENE?;RT!ON - )
gg & [ResisTance Pl nasrie DO wouel I | pemares ||
B S » 20 40 60 80 po [UMT conrenr wmiT ) SO '
m - H { &
21e S ekl 2 ‘ e We W wi 3%
ELEV DESCRIPTION ElB| ®| 2|98 & |sHEAR STRENGTH A F | GRAIN SIZE
BEBTH B Z | S 138 % |ounconmnen  + miELD vane R ol ¥ [PSTRIBUTION|
g1z 3 | &O | & |equck traxial  x 1aB vang |WATER CONTENT (%) {%)
76.98| Ground Level @ : o - 102 30 GR $A $1 CL
0.0 | FIIT = Silty clay, 78 -
traces of gravel, ?
Light brown. Firm, “‘%‘” 75
74,40 > S
TBBITFIN - Lenses of Llss] 2 7
organic silt and \
73,031 silty clay. Firm. 73 .
3.05| sitty clay, trace A2 | SS |23 S —T v
to some sand and /f"
7 d 72
gravel, f"~/ 1155 | 42 Gt
(clacial Til1) s n
1
Less clay above 5m. /f’ . : 70
Very stiff to hard. :/ 53128 0
Mottled brown-grey /// 69
above 5.18m. LP gy 55 | 28, 8 hod
Reddish grey to grey /‘/
.
pelow 5. 18m. b IR 67 Py
A 66
;r. AR AN 6 0 ‘
1 | !
Py
A 64
Rq! 8 1ss |24 0
K 63
/ 5785 | 47 62 o
o 61
T AN |
: Sandy gravel 4 6
Trace ofsilt. Very : G
15822 dense. Grey. TRE] 59
7 End of Borehole )
58

+3, %% ; Numbers refer to

C 20
Semsitivity 15 ;%»5 {%) STRAIN AT FARLURE
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RECORD OF BOREHOLE No

METRIC

Capcitivity

15-6-5 (%) STRAIN AT FAILURE

w P 152-75-06 LOCATION Co-ords. 4,791,260 N; 282,609 E. ORIGINATED BY __P.S.
DATUM Geodetic DATE 1981-03-26 to 1981-03-27 CHECKED BY R.E.M.
SOIL PROFILE SAMPLES o w DYNAMIC CONE PENETRATION —

o-ull‘é’ < RESISTANCE  PLOT k PLASTIC ';‘S,‘;?@,%E Haui | g REMARKS
[ L LIMIT CONTENT LIMIT — (9
= | 20 v 20 60 80 100 z -~
O i = > ) ) ) L 1 Wp W W, 55w & |
ELEV 8| w| 3125 | & |SHEAR STRENGTH : o : % | GRAIN SIZE
DEPTH DESCRIPTION - 8% = | o uncoNnFINED + FIELD VANE |\ e conTENT (%)] 7 DISTRIBUTION
2|z 5 | %Y | & |8 Quek TRIAXKAL  x LAB VANE ° (%)
74 .688 Water Level o : w 1020 30 GR SA SI CL
0.0 1 yater
.770 | Organic sandy silt. T
Some peaty material. G 11 8s 3
72.68 | Soft Black Y 73
2.00] sjlty clay, some sand []
trace of gravel. ) AR 72
Trace of root fibres |14 J ©
above 3.5 M | 71
(glacial till), .
Low plasticity g 3185 |65 0
Stiff to hard 70
69.]8 Brown r 69
2501 Sitty clay, some sand “lfA T 55 |25 Ot
trace of gravel R
(glacial till). 40 68
Very stiff to hard, A,
Light grey ){f 5 1SS |32 67 L 15 (81)
66. 48 al
]
§.20 Silty clay, some sand || 66
trace to some gravel [} 6 |SS |41 b0
(glacial till) 1
/- 65
9%
Hard %0
A4 7 |SS 139 6l 0 5 20 (75)
3V
Dark grey (;ﬁ
Reddish brown below | 18 1ss |47 6 G—4
11.56 M ../ 62
/ o
294
/~/ 9 [55 |80 61 D
4
v
Tl 60
7 y[TO[ss_[TT0+
AN 59
iy _
Some cobbles and -1 RC 58
boulders below 16.5 m Y1111 18X | 14%
) 57
56,58 :
18.10 End of Borehole 56
0]
+3,x5: Numbers refer to 2
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3 5. Numbers refer to
Sansitivity

10

15 0-5 (%) STRAIN AT FAILURE

RECORD OF BOREHOLE No 2 METRIC
W P | 152-75-104 LOCATION Sta. 18+883 (11.0 M Rt) ORIGINATED BY _P,S,
pisT__ Hwy__ QE.N BOREHOLE TYPE _ Washboring COMPILED BY  D.N.
DATUM Geodetic pDATE _ 1981-04-01 to 1981-04-02 CHECKED By R-E.M.
w  |DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES g‘:‘m Z |RESISTANCE PLOT "> lmasnic NewRiwe uouo =
'(Z et LimiT MOISTURE LIMIT ':'-—(j) REMARKS
|~ =0 | @ 20 40 60 80 100 CONTENT z =
9 o et b > i ] ) ] 1 Wp W W, Sw &
ELEV DESCRIPTION Sla g 2 %5 QO [|SHEAR STRENGTH | o { % | GRAIN SIZE
DEPTH e g 8% 7 | o UNCONFINED + FIELD VANE | oo co TENT (9 y DlSTRl?UTION
é Z 5 «LxDU uz ® QUICK TRIAXIAL  x LAB VANE | N (%) (%)
74688 Water Level @ i w 020 30 GR SA SI CL
R:88 Water "
606 Organic silt. Jvh
Very soft. M1 1] ss Bank . W=51
72.69 Black . 3
2.00 Organic silt and peat.|Y 72
Very soft. 12| ss 1/460}mm
70.98 Brown T W=137.8%
3.70 | Fine sand. 71
70.08 | Reddish brown. . 3 | TW | PM 70
L, 60 . 1k
Sandy silty clay, f)
trace of gravel. /: 69
A1 4| sS 160
Some sandy seams. =
4 68
(Glacial till) . ;
5 SS 0
Hard 67
Grey “: 66
Reddish grey and AL 6 | SS |33
very hard below 12.1 M| |4 65
. 7 $S | bo 64
¥
k8| SS |40
62
b
f.‘ 9 | SS | 150 61
' ) 60
4 /[ TO S T0077{ 1 00mm
4 59
or 11 S8$ 1100/.1100mm
/. 58
//‘
56.68 "1 12| s 100/ {100mm | 57
18.00 | End of Borehole
56
3
20
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Ontane

RECORD OF BOREHOLE No 3 METRIC
W P 152-75-06 LOCATION _Co-ords. 4,791,303 N; 282,603 E. ORIGINATED BY _P.S.
DiIST M Hwy__Q.E.W. BOREHOLE TYPE Washboring, NX Casing COMPILED BY ___D.N.
DATUM Geodetic DATE 1981-03-30 to 1981-03-31 CHECKED BY __R-E-M-
SOIL PROFILE SAMPLES :;E w DYNAMIC CONE PENETRATION —
v a RESISTANCE PLOT NATURAL T
_ I v il Ll IET N
O 0 o > | | | | | Wp W W, D”?:’ &
LEV Elm| 2| 2198 G [SHEAR STRENGTH : o ; GRAIN SIZE
DEPTH DESCRIPTION - :DE i " 8% T | O UNCONFINED + FIELD VANE WATER CONTENT (%) y DISTR!?UTlON
3K 5 | €Y | § | Quck TRIAKIAL X LAB VANE o o (%)
74.688 Water Level n - . 0 0 3 GR SA SI CL
0.0 Water .
73.91 74 S
770 | Organic silty sand. "*_’
72.88 Loose Black PREN SS 1+ 3 73
1.80| sand, fine to medium. |-’
LOO S e ‘ '. . 2 S S 5 7 2 - S —
Dark grey . 71
70.28 C 3 SS m
l - * . o
69:68 | Sgggnic sTTt-pflprave il 70
5.00| Fine sand, traces of | ** ;
. T 9
Erave] ) DAL 5% 3
68.18 oose ark grey g
6.50 | Gravelly sand,medium ’: RRTRET 6 872 10 0
67.08 to coarse.  lLayered. P
: Dense rey i 67
7.50 Silty sand, some o]
gravel RAr 66 »
\Sgtlygccigr%sg'”) ' “ b SS 1100/} 150mm
L) 6
64.68 Grey AR 5
10.00 Sl,ty clay, some sand }./ 7 55 19 6L To |
trace of gravel, A
(Glacial till) 4ny
4 deeed | 63 - 1 )
Very stiff tohat‘”ﬁ‘*/ - T A - I R - (o}
’/". 44
Reddish to grey '// 62
Al .
s : o)
M 61
. 9 | ss 127
il 60
CIT0 1SS 110071, 15m
114 59
N
n_-. 58
i
1112 188 100/1.15m 57
18.10 End of Borehole 56

20
+3, x5 Numbers refer to 15 5 (o) STRAIN AT FAILURE
Sensitivity 10
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3 5. Numbers refer to
Sensitivity

10

15 -&-5 (%) STRAIN AT FAILURE

Ontano
RECORD OF BOREHOLE No 4 METRIC
W P 152-75-104 LOCATION Sta. 18+829 (11 M Rt) ORIGINATED BY _P.S.
OIST 4 Hwy__Q.E.W. BOREHOLE TYPE ___Washboring compiLEp By __D-N.
DATUM Geodetic DATE 1891-04~03 to 1981-04-07 CHECKED BY _R.E.M.
tht DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & | % | pilefance “hlor CATURAL -
E yd U k PLASTIC MOISTURE LIQUID [ REMARKS
= w | 20| @ 20 40 60 80 100 |'™T  conTenr umT | 5O
9 o i QE > { { ) ) i Wp W W, :3§ &
ELEV DESCRIPTION Slo| & | 2|25 | O |SHEAR STRENGTH ! 5 : GRAIN SIZE
DEPTH 3] 21 S 138 | T |o UNCONFINED  + FIELD VANE WATER CONTENT (%)] 7 DISTRIBUTION
é z 5 | &Y @ |® QUICK TRIAXIAL X LAB VANE (% (%)
74, 688 Water Level n : w 10 20 30 GR SA SiI CL
0.0 | _Water
Organic silt. A 7h
Very soft 41
72.68 Black o ! ™ PM 73
2.00} Fibrous peat, ~ 79
Soft Wet :w 21 TW PM y "
Brown ;? 71 AL
63.68 ~.{ 3155 [1/46Qmm 70 W=656%
S.OOwwéand, trace to some . 6
gravel. Trace of ‘e 9
root fibres. B EIFEE
. 68
Loose above 7.2 M :
: 67
Dense below 7.2 M J 5|85 43
Coarse gravelly sand, 66 11 8540
some cobbles from 655 |90
10 M to 11.6 M. g 65
Grey v T Tss 30 ] 64 195 4 0
63.38
11.30 Sandy clayey silt.to DMIL. | | . ' 63 T T
A Tty lay, trace of B M- ;
gravel. 4] 8 ]ss | 37 62
(Glacial till)
/u
4 A .
d A 61
Very dense A9 58 90
Gravelly sand seam 124 60 -
at 16.7 M depth. Ay
Ly {10 S5 1807 ] 150mm|
Brown to grey (i
/. 11 1 ss_1100/1150mm
5 58
57.58 255100211 50mm
17.10 ] End of Boreho?g 57
20
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RECORD OF BOREHOLE No

5&6

METRIC

+3. x5 . Numbers refer to
Y . .
Sensitivity

15 -0~5 (%) STRAIN AT FAILURE
10

T #
w P 152-75-104 LOCATION BH'5Sta, 184962 (12.5 M Rt)/BH#6 Sta.18+788(3 M Rt) ORIGINATED BY _P.S
DIST 4 HWY__Q.E.W. BOREHOLE Typg __ Washboring COMPILED BY __ D.N.
DATUM Geodetic DATE BH#5 1981-04-08/BH#6 1981-04-08 CHECKED BY __ R-E-M.
SOIL PROFILE SAMPLES o w JDYNAMIC CONE PENETRATION W '
vy RESISTANCE PLOT NATURAL
- <2 3 e Mo ew ) = F | REMARKS
51 % 20 20 40 60 80 100 Z - &
ELEV DESCRIPTION == & 2|25 | O |SHEAR STRENGTH , o , GRAIN SIZE
DEPTH SEIN 36 | 5 |o unconmnep + FIELD VANE . y  |DISTRIBUTION
BH#5 x| Z L | &Y 2 |e quick TrRiaxiAL  x Las vane |WATER CONTENT (%) (%)
78.888 Water Level 5 : o GR SA SI CL
N Watler '
Organic silt to peat. 4 7h
73 ]8 Soft b] JVW
/5.1 Brown to ack 4| MTTTES 6
1.50 ] Gravelly clayey sandy || 73
silt. Ry
Very dense ol 2
71.48 Grey Ly 2 ]SS 85 /
3,201 End of Borehole 71
70
BH#6
74,688 Water Level
0.0 | Water
609.70 Organic silt and sand. || 74
73,48 Soft Black to grey |1l
1.20| Fibrous peat. ~ L11S8 1746 0imm 73
Soft -
Brown i
~ T2 T TR /2
~ W=783%
70.88 | L 71
3.80 | sand, fine to medium. Y
Saturated ne 7
Loose Grey : 69
68.38 | Gravelly below 6.4 M o | h 185 |28
6.30 | End of Borehole 68 .
20
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1.0

2.0

(1)
OFF-RAMP STRUCTURE OVER REDHILL CREEK - SITE 36-1336-271

INTRODUCTION

An evaluation of soil conditions has been completed in Hamilton, Ontario

where a proposed off-ramp from the Queen Elizabeth Way Highway crosses
Redhill Creek. This report describes the site conditions and discusses
some considerations for the design of the structure foundations and
approaches. A more general summary of soil conditions and design
considerations was submitted to Mr. K. Selby, P. Eng. in a letter dated
August 25, 1981. The study was completed under the terms of agreement
No. 4242-9081-45.

Borings at abutment locations encountered competent subsoils at or close
to the creek bottom level. Consequently the structure can be supported
by conventional footings or on piles.

Recommendations and discussions included in this report are provided for

the guidance of the structural design engineers for preparing design
drawings and cost estimates. In no case should they be construed as
specific instructions for contractors. Interpretations of soil profiles
have been completed for similar reasons. While these interpretat{ons are
believed to be a good representation of soil conditions, some irregularities
should be expected. Tender documents and project cost allowances should
allow for such irregularities and actual soil strata 1imits should be
confirmed by observations during construction.

FIELD WORK

Two boreholes were drilled at the site to evaluate soil conditions. The
locations of borings and a soil profile are shown on Fig.No. 1 (Dwg. No.
1527507-A). More detailed soil profile and field test data summaries are

provided on the attached Records of Boreholes.

Boreholes were completed on August 13 to 19, 1981 using a truck-mounted
CME 75 power drill equipped with 82 mm internal diameter hollow stem augers.



2.0

3.0
3.1

3.2

(2)
OFF RAMP STRUCTURE OVER REDHILL CREEK - SITE 36-1336-271

FIELD WORK (cont.)

Soil samples were obtained with 50 mm "split spoon” samp]er§ driven
using standard penetration test procedures. Additional indications of
soil variability and density were obtained by driving 50 mm dynamic

cone probes with the hammer energy similar to that used for the standard
penetration test (63.5 kg hammer falling 760 mm).

SOIL CONDITIONS

General

The site area outside the 1imits of the creek channel ‘is underlain by a
mixed fi11 that includes lenses of silty clay, silt, sand and organic silt.
Part of the zone classified as fill may actually be natural deposits in the
flood plain of Redhill Creek. The 2 to 3 meter thick fill extends approx-
imately to the creek bottom level.

The stratum classified as fill is underlain by till-textured silty

clay soils. A thick lense of sandy gravel exists below elevation 60.5
meters at borehole 203. Boreholes were terminated in very dense or hard
s0il ﬁear elevation 59 meters or roughly 17 meters below the ground surface
adjacent to the creek channel.

Conditions were similar at both abutments and a radically different soil
profile within the creek channel is unlikely.

Fill

The i1l soils, which may include some native flood plain deposits, consist
of a relatively soft or loose mixture of soil types that include silty clay,
silt, sand and organic silt. Clayey fill soils are predominant at borehole
#203 at the north abutment while silt and sand soils are more common at the
south abutment (borehole #202). Organic lenses or seams at the borehole
locations are relatively thin.

Standard penetration resistances of 3 blows per 0.3 mare indicative of
the generally soft or loose nature of the fill. We assume that it was loose
dumped or pushed into its current position.



(3)
OFF-RAMP STRUCTURE QVER REDHILL CREEK - SITE 36-1336-271

3.0 SOIL CONDITIONS (cont.)

3.4

3.5

The silty clay soil contains a trace to some sand and gravel and is
classified as glacial till for the purposes of this report. Standard
penetration resistances of 15 to more than 100 blows per 0.3 m are
indicative of very stiff to hard soils. The very stiff soil zone is
sandwiched between hard zones with the upper hard zone extending to
depths of 3.5 to 5 meters below the creek bottom.

The clayey soils have low to medium plasticity characteristics with
Tiquid 1imits generally less than 25 percent. Natural moisture
contents are in the 14 to 17 percent range for soils above elevation

63 meters while values of 9 to 11 percent were measured in the extremely

hard soils below elevation 63 meters.

Sandy Gravel

The sandy gravel stratum encountered near the bottom of borehole 203
is believed to be a Tense within the till-textured silty clay soils.
Standard penetration resistances of 92 and 93 blows per 0.3 m in the
sandy gravel zone are indicative of very dense soil.

Groundwater

Groundwater levels were at or close to the water level of the adjacent
creek at the time of drilling. A similar close relationship in the
upper sediments is expected to prevail as water levels in the creek
fluctuate. There was no evidence of artesian conditions in either of

the boreholes.



(4)
OFF RAMP STRUCTURE OVER REDHILL CREEK - SITE 36-1336-271

4.0 DESIGN AND CONSTRUCTION CONSIDERATIONS .

4.1

4.2

General

It is our understanding that the proposed two or three span bridge
will have a total length of about 42 meters and that the bridge

and approach fill grade will extend 3.5 to 4 meters above the surface
of the fill that now exists adjacent to the creek channel.

Site conditions are such that the structure can be supported on
conventional spread footings or on piles depending on the economics
of the two systems. Both alternatives are discussed in the report.

The discussions and recommendations in this report are related to the
concepts and requirements of the current Ontario Highway Bridge Design
Code.

Footings

The native very stiff to hard silty clay till soils below the site are
competent to support conventional footings. The following bearing
va]ues’are recommended for footings greater than 2 meters in width
founded on the till below elevation 73 meters.

Factored bearing capacity at Ultimate Limit State 600 kPa
Bearing capacity at Serviceability Limit State, Type II 400 kPa

Settlements under the recommended Serviceability Limit State stresses
should be well within the 25 mm 1imit.

The depth of footings below streambed will depend on scour protection
provided and on results of hydrology analyses. However, a cover of at
least 1.5 meters should be provided. At least 1.3 meters of soil cover
should be provided for frost protection.



4.0

4.3

4.4

(5)
OFF RAMP STRUCTURE OVER REDHILL CREEK - SITE 36-1336-271

DESIGN AND CONSTRUCTION CONSIDERATIONS (cont.)

Excavation Considerations

The excavations will extend into very stiff to hard clayey soils in
which Tittle or no sloughing is expected. Seepage through these
soils should be minimal.

The overlying fill and sediments are loose or soft but the shallow
depth at abutments precludes the possibility of extensive sloughing in
these areas. More extensive sediments may exist at the pier location,
howeVer, and procedures such as sheeting may be required to control
seepage and sloughing. |

A concrete skim coat or at least 150 mm crushed stone should be placed
over the exposed clay base to prevent progressive deterioration of the
base from foot traffic. If crushed stone 1is used, a sump or sumps should

be provided to keep it drained.

Piles

Steel H-piles could be used at this site provided that the pile tibs are
reinforced to prevent damage on cobbles and to increase the effective

end area.

Piles driven to refusal on the very hard or very dense soils below

elevation 61 meters, approximately, are expected to develop full capacities

in combined end bearing and adhesion. For design based on Ontario Highway
Bridge ‘Design Code criteria the following capacities can be assumed for
310 X 110 steel H-piles:

Factored capacity at Ultimate Limit State 1600 kN per pile
Capacity at Serviceability Limit State, Type II 800 kN per pile

Settlements for the Serviceability State conditions should be well
within the 25 mm limit.
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OFF RAMP STRUCTURE OVER REDHILL CREEK - SITE 36-1336-271

4.0 DESIGN AND CONSTRUCTION CONSIDERATIONS (cont.)

Silty clay till soils above elevation 61 meters are very stiff to
hard and assistance such as pre-augering may be required to achieve
full penetration of piles to or near elevation 61 meters. Full
allowable capacity might be achieved for piles that meet refusal
above elevation 61 meters but field load tests would be required

for confirmation.

Piles should be installed in accordance with Ministry of Transportation and
- Communications Standards S5 103-10 and S5 103-11.

A1l existing i1l and organic sediments within 5 meters of the
abutments should be removed. A1l replacement fill and backfill should
consist of clean free-draining sand and gravel (MTC granular 'B'). The
i1l should be compacted in 300 mm maximum 1ifts to 100 percent of
standard proctor density (ASTMD D 698 standard). Compaction equipment
should be restricted to hand operated tampers and rollers. Large self-

propelled rollers can create high lateral pressures through wedging effects.

Earth pressures for abutments and retaining walls should be computed in
accordance with section 6.6.1.2.2 of the Ontario Highway Bridge Design
Code. Al1 spread footings or pile caps should have a minimum of 1.3
meters of earth cover for frost protection.

Scour Protection

The till-textured subsoils have good resistance to erosion. However,
the overlying layered or lensed loose fill and flood plain sediments
are easily eroded and some form of scour protection should be provided
to protect the footings.

Detai]ed design of scour protection is beyond the scope of this report.
As a minimum, however, the design should place footings at least 1.5
meters below existing streambed level and should provide riprap or more
positive concrete sil11 protection near footings.
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OFF RAMP STRUCTURE OVER REDHILL CREEK - SITE 36-1336-271

4.0 DESIGN AND CONSTRUCTION CONSIDERATIONS (cont.)

Sub-excavation of existing fill and organic sediments within 5 meters
of abutments will permit use of relatively steep side slopes in those
areas. Slopes as steep as 1.5 horizontal to 1 vertical could be
considered if the slope is covered to prevent surface erosion. A
transition slope of 5.0 horizontal to 1 vertical should be provided
adjacent to the sub-excavated area.

Side sﬁope of 3.0 horizontal to 1 vertical are recommended where
embankments are placed directly on the existing fill. Fill should be
placed in full width horizontal 1ifts of 300 mm maximum thickness.

Settlements in excess of 150 mm may occur in embankments placed on
the more clayey fill soils near the north abutment. More than .bhalf
the settlement is expected to occur within several weeks of the fill
placement.

Submitted by:
SITE INVESTIGATION SERVICES LIMITED

/A

R. Marttila, P. Eng.
RM/Tp
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l RECORD OF BOREHOLE No 202 METRLC
wp _ 152=75-07 LOCATION ___Comords. 4,791,077 N; 282,745 E. ORIGINATED BY __P.3.
I DIsT . 4 rwy__ Q.E.W. BOREHOLE Typg ___B2mm Hollow Stem Auger COMPILED BY _O.W.N,
DATUM Geodetic DATE 1981-08-13 to 1981-08-14 CHECKED BY . R.E.M.
PROF AMPLES | = ur JDYNAMIC CONE PENETRATION -
SO PROFILE H] E‘é‘ 5 RESISTANCE FLOT 3 mastic MATURAL uum :i‘; REMARKS
. w | 30| @ 20 40 60 80 100 contENT zZ: &
Q o & | C > J L L L Wp w w, l'.'.'ig
ELEV DESCRIPTION &le wl D 26| @ SHEAR STRENGTH FUMSEE S— D%Rr%zgu?%il
BEFTH 21 E | 3128 T |ounNcoNmneD  + FIELD VANE . y B
g1z 5 %U Z |equck TRaxiaL  x 1as vane |WATER CONTENT (%) (%)
76.09 | Ground Level % ! i 10 20 30 GR 54 ) Ci
0.0 | Fill-mixture of sand,
sttt and c¢lay.
Traces of gravel and 5
organics, loose.
73,80 | Dark grey. 1458 ! 7h
2.281 511ty clay, some sand, {3
Trace of gravel. Tl 2 Tss | bk 73 . 0
(Glactal -tit1) ‘
g 72
wA. T 0
Generally hard, oERENED 3_ 71
Very stiff seam ‘
CZ) between 6.0 and 8.5m LI T T8 70 oty
- depth, 'ﬂ: /
% Brown to grey [} 63
§ BTSSR 68 o 116 33 50
i bl
et AR 67
o A
l “ lyl6 185 125 ©
z <8y 66
Q A
o 1417 ss |30 65 £
g
& g 64
w 148 155 |50 [
E Reddish grey below ] 63
w 13,71 m. A
© 4N AL o
W 62
b ¥ 61
LT (55 K0/ 0¥5m g
Lk 60
. RD” § i
59,25 14411 158 B0/.0f5m )
16,84 [End of Borehole 59
Note: Groundwater Jevel
not observed
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RECORD OF BOREHOLE No 203 HETRIC
WP 152-75- 07 LOCATION _ Co-ords. 4,791,109 N; 282,762 &, QRIGINATED BY _D.B.
[S113 B HWY Q.E.W. BOREHOLE TYPE 82mm Hollow Stem Auger & Cone Test coMPILED BY __D.8.
DATUM . Geodetic DATE 1981-08-18 to 1981-08-19 CHECKED BY R.EM, _
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES g.,, 3 RESISTANCE PLOT PASTIC  hATURML Ui T
g g fasnic woistune Hawe |y L REMARKS
e w | 20| @ 20 40 60 80 100 conent zz
Cl= 4] £l s NGO i LS WO Wp W w| 5w &
ELEV &l w | 2128 | § [SHEAR STRENGTH o e 3 | craiN sizE
DEPTH DESCRIPTION eI 8% Y lo uNcONFINED * FIELD VANE | e content (o)l Y DISTRI?UTION
% 2 , | &Y D | QUCK TRIAXIAL X LAB VANE W (% (%}
76.081 Ground Level v - [ 020 30 GR SA 51 CL
0.0 ] FI11 - silty clay, 76
traces of gravel. 2
Light brown. Firm, ";" 75
74.40 7 X
1681 Fitt -~ Lenses of LI 74
erganic silt and \\
73,031 siliy clay. Fiem 73 i
3.08 511ty clay, trace 4.2 551729 e—te °
to some sand and 72
gravel, 31 55 b2 7 o
(Glacial Ti11}
tess clay above Gm, T 70 r
Very stiff to hard, o
Mottled brown-grey ) 63
above 5.18m. A5 1 55 (28 68 °
Reddish grey to grey “
18m, : 6
below 5.18m s 7 °
66
d 71 ss (22 65 2
B |ss | 2k 6 o
A 63
9185 147 62 .2
N 61
60.52 " 107158 [ 92
13.5 Sandy gravel 4 6o
Trace afsilt. Very n'
58,86 dense, Grey. IR NE 59
17.22 End of Borehole
58
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UNIEIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SiLT Fine l Medium | Coorse Fine I Coorse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION | Metric)
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__-—l*' [o]
’ ot
. e
90 ;,.—d’ 10
.
80 20
v/
e
70 /,..4-4«'!‘" 30
v

% 60 40§
y4llR <
by po

50 50
z - : LEGEND z
s BH |SAMPLE SYMBOL =
o 40 60 =

— 202 5 CL

30 70

20 80

10 90

o v 100

! 2 3 48 10 20 30 40 270 200 140 100 6050 40 30 20 16 o8 4 L L R VAR 1 S
MINISTRY SIEVE DESIGNATION (Imperiol) ’

Transportation and

o GRAIN SIZE DISTRIBUTION FIG No -2/

St Communications SANDY S“_TY CLAY (TILL) W P L5275k - P




Qct 75, FF.5-21
bo O W USRS VIS VRSP S R R PR T PO z sy

o

50 s o < 2o I S [P — . /

CH

40 } o
2 cl

e,

[V¥]

(]

Z

. 30 N [ - R

=

L

—

vy -

2 L LEGEND
[- %

/,/ BH | SAMPLE | SYMBOL

o 202 4 cL
202 g cL

20 e e

laxxe

AR RN
\\ NN

7 ML oL

0 10 20 30 40 50 60 70 80 90 100
LIQUID  LIMIT %

e on and PLASTICITY CHART FIGNo 52
e mrestions SANDY SILTY CLAY (TILL) WP 152-75-1ek 0 7~

W Ta———

P A W T—

X




T ——

Oct 75, FF.5-21
() e i g e e g o e e s e S — - -
50 S U U SO U SRR SO pd
CH

A —
2 Ci
x
[}
Z
> 30
]
=
< ct LEGEND
[

. / BH SAMPLE SYMBOL
20 / 203 3 CL
/ MH QOH
]0 L et i s e i S+ forcanmn man s 0 i ———— = e s e < o . S —
e e e e b ,/
SDARNANY o~ Y
ReemeRRNYy”
/' Mi (@]
ML 7ML .
00 10 20 30 A0 50 60 70 80 90 100
LIQUID  LIMIT %
Ministry of
Transportation and PLASTIC‘TY CHART
Communications

Ontario SILTY CLAY (Some Gravel)




EXPLANATION OF TERMS USED iIN REPGRT

N OVALUE: THE STANDARD PLrsETRATION TESF (SPT} N WALUE IS THE HUMBER OF BLOWS REQUIRED TO CAUSE A STANDARD Simm C D SPUT BARREL
SAMELER TC PENETRATE £.3m NTC UNDISTURRED GROUND iN A BOREHOLE WHEN DRIVEN 8Y A HAMMER WiTH A MASS OF c3.5kg, FALUING
FREELY & DISTANCE QF G 7em FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR ThE FEMETRATION
ACHIEVED. AVERAGE N VALUE IS DENGTED THUS N.

DYNAMIC CONE PENETRATIOM TEST: CONTINUCOUS PENETRATION OF A CONICAL STEEL POINT {5imm O D. &0° COME ANMGLE) DRIVEN BY 475 )
HARACT ENERGY ON ‘A’ SIZE DRILL RODS. THE RESISTANCE TC CONE PENETRATION 13 MEASURED AS THE NUMBER OF BLOWS FOR EACH  0.3m
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

$01LS ARE DESCRIBED BY THEIR COMPOSITION AMND CTOMSISTENCY OR DEMNSENESS.

I ¢y thkpa) 0-12 12 - 25 25-50 | so-100
VERY SOFT|  SOFT FIRM STIFF

100 - 200 >200
VERY STIFF HARD

DENSENESS: COHESIONIESS SOHS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FGLLOWS:

iN{BLOWS!O.E‘m) o-5 5-150 Ho- 30 30 - 50 >50
VERY (CQO5F {O05F COMPACT DENSE VERY DENSE

ROCKS ARE DESCRIBED BY THE:R COMPOSITION AND STRUCTURAL FEATURES AND / OR STRENGTH.

RECQOVERY: SuUM OF ALL RECOVERED ROCK CORE FIECES FROM 4 CORING RUMN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE CORING RUN

MODIFIED RECOVERY: SUM OF THOSE INTACT CORE PIECES, 100mm+ IN LEENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.
THE ROCK QUALITY DESIGNATION [R Q D}, FOR MODIFIED RECOVERY, 15

i RQD (%) 0-25 25~ 50 0~ 75 75 -90C 90 -10D
VERY POOK FOOR FALR Go0D EXCELLENT

JOINTING AND BECDING:

SPACING S5O mm 50~ 300mm] &.3dm - Im im - 3m >3m
JOINIING VERY CLOSF CIO5F MOD CEOSE) WiDF

BEDDING VERY THIN |- THIN MEDHIM THICK

VERY WIDE
VERY THICK

ABBREVIATIONS AND SYMBOLS
MECHANICAL PROPERTIES OF SOIL

FIELD SAMPLING

S WE N N E S SN E &N E EE AT D T R B EE s

$ 5 SPUIT SPOON TP THINWALL FISTON m,, kre™?  COEFFICIENT OF VOLUME CHANGE
WS WASH SAMPLE OS OSTERBERG SAMPLE T, H COMPRESSION INDEX
S 7 SLOTIED TUBE SAMPIE ® C ROCK CORE T 1 SWELLING INDEX
B S BLOCK SAMPLE P H T W ADVANCED HYDRAULICALLY Cq i RATE OF SECONDARY CONSOLIDATION
€5 CHUNK SAMPLE P M TW ADVANCED MANUALLY <, m®/s  COEFFICIENT OF CONSOLIDATION
T W THINWALL OPEN F 5 FOIL SAMPLE H m DRAINAGE PATH
T, 1 TIME FACTOR
STRESS AND STRAIN U % DEGREE OF CONSOLIDATION
Uy ko PORE WATER PRESSURE )5 kPo EFFECTIVE OVERBURDEN PRESSURE
W i PORE PRESSURE RATIO o kPo PRECONSOLIDATION PRESSURE
I kPa TOTAL NORMAL STRESS i’ kP SHEAR STRENGTH
o’ kPa EFFECTIVE MORMAL STRESS < kPa EFFECTIVE COHESION INTERCEPT
T kPo SHEAR STRESS ¢’ -° SEFECTIVE ANGLE OF INTERNAL FRICTION
o, ..o, kPa PRINCIPAL STRESSES <y kra APPARENT COMESION INTERCEPT
€ % LINEAR STRAIN [} - AFPARENT ANGLE OF INTERNAL FRICTION
€€, &, % FRINCIEAL STRAINS T kPa RESIZUAL SHEAR STRENGTH
E kro MODULUS OF LINEAR DEFCRMATION T, kPo EMOUIDEDS SHEAR STRENGTH
G kPo MODULUS OF SHBEAR DEFORMATION s, 1 SERSITIVITY = iu
” 1 COEFFICIENT OF FRICTION f
PHYSICAL PROPERTIES OF SOIL
A ig.fms_ DENSITY OF S0LED PARTICLES e 1% VOID RATIO €pin 1o % VOID RATIO N DENSEST STATE
}’5 kN/mP  UNIT WEIGHT OF SOLID PARTICLES n 1. %  PORDSITY Iy ] DENSITY INDEX =.__.__._:mﬂ": :
2, kg/m® DENSITY OF WATER w 1% WATER CONTENT o mm  GRAIN DIAMETER mexT e
I knfmt UNIT WEIGHT OF WATER s, % DEGREE OF SATURATION &, mm 0 PERCENT - DIAMETER
£ kg/m’ DENSITY OF 501t w, % LIQUID tIMIT ¢y UNIFORMITY COEFFICIENT
Y kN/a? UNIT WEIGHT OF SOIL Wy % PLASTIC LiMIT h m HYDRALIC HEAD OR POTENTIAL
% kgim3 DENSITY OF DRY SOIL we % SHRINKAGE 11M1T qQ m*/s  RATE OF DISCHARGE
}é - kn/® UNIT WEIGHT OF DRY SOIL to % PLASTICITY INDEX = W - Wp v mfs  DISCHARGE VELOCHTY
£t kg/m® DENSHTY OF SATURATED SOIL N 1 LIQUIDITY INDEA = b i } HYDRAULIC- GRADIENT
A KN/m®  UNIT WEIGHT OF SATURATED SOH W o~ W k mfs  HYDRAULIC CONDUCTIVITY
P’ kg/m’ DENSITY OF SUBMERGED SOIL e I CONSISTENCY INDEX= £1P j  kn/m® SEEPAGE FORCE
¥ OkN/m® UNIT WEIGHT OF SUBMERGED SO 5 1,%  VOID RATIO iN LOOSEST STATE
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memorandum

Ontano

To: Mr. F. Chan, Date: 81 09 08
Structural Section,
Central Region

From: Pavement & Foundation Design Section,
Room 315, Central Building

Re: Structures over Red Hill Creek,
Burlington, Ontario W. P.'s 152-75-06/07
Site Nos. 36-1336-~142 and 36~1336-271
District 4 (Hamilton)

We have received a preliminary report from Site Investigation
Service Ltd. who have recently completed the fieldwork for
the foundation investigation for the above-mentioned project.
Based on this report, we are providing you with recommenda-
tions pertaining to the design and construction of the
widening of the existing bridge over Red Hill Creek and the
new bridge to be built over the creek on the future Ramp

N-W. A copy of the Consultant's letter, which is dated
August 25, 1981, has already been given to you.

Site 36-1336-142

The widened portions of this structure should be supported

on 310x110 steel H piles driven to approximate el 59 at
which depth design loads of up to 800 kN per pile should be
achieved. These piles should be fitted with reinforced tips
and pile driving in the field should be controlled in accord-
ance with M. T. C. Standards S$ 103-10 and SS 103-11l. The
new portions of the piers and abutments should be rigidly
connected to the existing portions by dowelling. Design loads
to be imposed on the existing and new piers in the future
should not exceed what is being taken now by the existing
piers and abutments since we do not know the details of the
installation of the existing piles.

For purposes of the O.E.B.D.C., the following recommendations
apply to the 310x110 steel H piles driven as specified above:

Factored Capacity at U. L. S. = 1600 kN per pile
Capacity at §. L. S. Type II ' = 800 kN per pile

Earth pressures should be computed in accordance with

Section 6.6.1.2.2 of the Code. All pile caps should have a
minimum cover of 1.3 m for frost protection.




Site 36-1336-271

A new two span structure is proposed for this site. The
proposed abutments and pier may be supported either on
spread footings or on piled foundations depending on the
economics of these two methods. For spread footings, a
net design pressure of 400 kPa can be achieved at or

below el. 73. For piled foundations 210x110 steel H piles
fitted with reinforced tips should achieve a design load
of 800 kN per pile if driven to el. 60. Pile driving
should be controlled in the field in accordance with M. T. C.
Standards SS 103-10 and 85 103-11, Footings and pile caps
should have a minimum cover of 1.3 m for frost protection.
For purposes of the O0.H.B.D.C., the following values are
recommended:

310x110 steel H piles driven as specified above

1600 kN per pile

Factored capacity at U. L. S.
800 kN per pile

Capacity at S. L. 5. Type II

LI

Spread footings at el. 73.0 or lower

600 kPa
400 kPa

Factored bearing capacity at U. L. S.
Capacity at S. L. S. Type II

o

Earth pressures should be computed in accordance with Section
6.6.1.2.2 of the Code.

g

K. G. Selby,
Senior Foundations Engineer

ce: W. Lin
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SITeE INVESTIGATION SERVICES
LIMITED

677 CROWN DRIVE PETERBOROLIGH, ONT. PHONE 743-8850

MINISTRY OF TRANSPORTATION August 25, 1981
AND COMMUNICATIONS

Pavement and Foundations Design Section

Room 315, Central Building

DOWNSVIEW, Ontario

Attention: Mr. K. G. Selby, P. Eng.
Re: Structures Over Red Hill Creek, Burlington

W.P. 152-75-06/07, Sites 36-1336-142 and 36-1336-271
District 4, Hamilton

Dear Sir,

We have completed soil borings at the above site. This letter presents
a brief summary of our findings and also discusses some of the main
factors to consider for designs. A detailed report is in the process
of preparation,

FIELD WORK

The locations of 6 boreholes are shown on the attached plan. Boreholes
#1and#3 were drilled from a raft as part of an investigation for a
previously proposed structure located about 40 meters west. Boreholes
200 to 203 were drilled specifically for the two currently proposed
structures. These borings were completed with a CME 75 power drill
equipped with 82mm hollow stem augers.

SITE 36-142

is underlain by relatively soft and loose fill, silt, organics and sand

to about elevation 68 meters. This is roughly 6 meters below existing
streambed level. Penetration resistances as low as 3 blows per 305mm

were measured in this zone. The underlying 2.5 to 4 meters of soil
consists of dense layered sand and gravelly sand which in turn is underlain
by very stiff to hard till-textured silty clay. Penetration resistances

of 11 to more than 200 blows per 305mm. were measured in these till-textured
soils.



I
-

(2)

.m—: INVEST IGATION SERVICES u.o

Borings in the southerly part of the structure (boreholes #1 and #201)
encountered relatively shallow depths of Toose or soft sediments. The
surface of the very étiff to hard till-textured silty and clayey silt

soils extends above elevation 72 meters (ie within 1.5 meters of the

existing streambed).

part of the existing bridge abutments and piers. A westerly extension of
the abutments and piers will also be required. The existing structure is
reported to be set on driven H-piles. The abutment extensions will extend
over existing retaining walls and it may be feasible to incorporate part of
the retaining wall foundation in the new bridge. Additional piles could
consist of steel tube piles or steel H-piles. At boreholes #3 and #200 we
expect that steel tube pf]es will meet refusal in the dense sand layer above
elevation 65 meters. The depth of steel H-piles is much more difficult to
predict and full capacities may not develop until the tips have penetrated
below elevation 61 meters. H-piles should be provided with built up
protective tips to prevent damage on cobbles and to increase the effective
end area. Settlements of the piles under load are unlikely to exceed 15 mm.
Piles driven through or adjacent to existing footings should consist of low
displacement H-piles.

Piles for the south abutment and pier extension (boreholes #1 and #201)

would derive support from both adhesion and end bearing within the very
stiff to hard clayey till-textured soils. Pile capacities and refusal depths
are difficult to predict. If the piles are driven to the very hard soils
below elevation 61 meters there is no doubt that full allowable pile
capacities will be achieved in combined end bearing and side adhesion. HWe
expect, however, that pre-augering would be required to ensure this depth

of pile penetration. Full allowable loads might be achieved at shallower
depths but a load test would be required for confirmation.

From an economic point of view it may be appropriate to accept less than
full pile capacity to minimize the required depth of pile penetration. For
costing purposes a working capacity of each pile in kN can be computed as
1500A + 50 CL where A is the effective end area of the pile (square meters),
C is the effective pekimeter of the pile (meters) and L is the pile length
(meters) embedded in the clayey till-textured soils.
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.TE INVESTIGATION SERVICES LH.D

We have considered the use of conventional footings for the additions
to the south pier and abutment.- While such footings are feasible
(with allowable loads of up to 300 kPa) it would be more appropriate
to maintain the pile support throughout.

settle relative to the existing piers and abutments. For design purposes
we recommend assuming differential settlements of up to 15 mm. We expect
that most of the settlement will be completed within several days of Toad
application.

SITE 36-271

channel, encountered very stiff to hard till textured clayey silt and
silty clay below elevation 73 to 74 meters. Penetration resistances in
these soils generally are in the range of 20 to more than 100 blows per
305 mm. The shallow covering soils consists of a soft or loose mixture
of sand, silt, clay and organics. Conditions in the creek channel are

unlikely to be radically different.

footings to support the bridge structure. Allowable stresses of up to

400 kPa can be assumed for designing footings on the very stiff to hard
s0ils found below elevation 74 and 73 meters at boreholes #201 and #202
respectively.

Should you have any queries concerning this preliminary report, please
do not hesitate to contact me. The final report is being prepared and
should be available next week if appropriate 1:500 base drawings and
drawing forms are received Thursday or Friday.

Yours very truly,

R. Marttila, P. Eng.
SITE INVESTIGATION SERVICES LIMITED
RM/1p
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OFFICE REPORT ON SOIL EXPLORATION

Ontana

Mimstry of
@ Teansportation and
Communications

METRIC
RECORD OF BOREHOLE No |
WP 152-75-104 LOCATION CRIGINATED BY _P,S.
DIST b Hwy _ QEW. BOREHOLE TYPE Washboring, NX Casing COMPILED BY __D.N.
DATUM Geodetic DATE 1981-03-26 to 1981-03-27 CHECKED By R.E.M.
SOIL PROFILE SAMPLES | @ W JDYNAMIC CONE PENETRATION -
Lo | 3 |wEssTaNce por nasne S5 wovel | pemarks
. w |20 @ 26 40 60 80 100 | CONTENT zZz Py
9 o bt - = H P i i Wep W W, ;)“;-‘
ELEV DESCRIPTION z § w g g;,g S |SHEAR STRENGTH A —— D%Rr?z‘ugu?:éfq
DEPTH c1PELR % |o unconmineD + FIELD VANE . y
3 z| " i ge é o QUICK TRIAUAL  x (4B vAnE | WATER CONTENT (%) {%]
74,688 Water Level % ? @ 020 30 GR $4 51 CL
0.0 Water
73.91 T4
.770 | Organic sandy silt. T
Some peaty material. |4]0f . 115% |3
72.68 | Soft  Black ol 73
2,00] Sandy clayey silt, a3
trace of gravel, vei 72
Trace of root fibres o L I B 0
aboave 3,6 M 71
(glacial tii1). 4
Very dense below A 37SS 168 9
3.8 M. 70
69.18 Brown g 6
5.50] Sandy siley clay, WA T TS T Ot
trace af gravel P
(glacial til1). g 68
Very stiff to hard. 4
Light grey- S TEE 132 67 k15 (81)
66,48 P
8.20 Sandy silty clay, Ay 66
trace to some gravel L6 {55 |h1 Ot
lacial till .
(glacial till) 7 65
Hard « d
A W EE] 64 0 5 20 {75)
Dark grey A
: A 63
Reddish brown below Ll MB35 |47 Gpomtd
11.5 M / 62
-
Bouldery below 16.5 M | A5 tee—es o b
4 3
AT TSS TG bo
Ly
) 59
‘-
8 68
‘{111 BX
2 Lore "
56,58 A 57
18.10 tnd of Borehole 56

+

U

3 5. Numbers refer 1o
Sensitivity
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OFFICE REPORT ON S0 EXPLORATION
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Commume atiens

Ortario
RECORD OF BOREHOLE No 3 METRIC
WP 152-75~-104 LOCATION ORIGINATED BY _P,S,
pist....h Hwy_ Q.E.W. BOREHOQLE TYPE _Washboring, NX Casing COMPILED BY __D.N.
DATUM ... Geodetic DATE 1981-03-30 to 1981-03-31 creckep gy R
SOIL PROFILE SAMPLES | o w  JDYNAMIC CONE PENETRATION -
E‘g 5 RESISTANCE PLOT rmﬂwc :‘,‘5’,‘;}3}5 tilﬂwlrb xé REMARKS
- w20 @ 20 40 60 80 100 CONTENT z = &
Qle w - z 1 L ) i L Wp W W, ;;,;
FLEV Slo|l ¥ | 21281 & |sSHEAR STRENGTH R — GRAIN SIZE
BEPTH DESCRIPTION w131 2| S |86 & |ounconmmer  + FED vane WATER conTEnt (%] 7 D‘STR"_‘/UT'ON
1z 5 | &9 & [equok Traxal x Las vane 0 20 30 (%]
7h. 688 Water Level ¥ - w GR 5A 51 CL
¢.0 Water
73,91 i 74
2770 1 Organic silty sand. J
72,88 ] Loose Black 41884 3 73
1.80| Sand, fine to medium.
Loose 12 {ss |5 7
Dark grey n 17
70.28 T
; —— -
6488 | Qogpnic sTie-pEiprovs T 7
5.00 | fine sand, traces of ot ¢
gravel. Tl 9 T R
1818 | Loose  Dark grey S hiss |3 "
: - »r pipe e i
6,501 Gravelly band,me‘dlum TR 18 72 10 0
67.08 o coarse.  layered., [z
A eNSE Grey. o 67
7.60 Gravelly silty sand. l|d [,
(Glacial tilt) A1 66
Very dense ‘ 6 1 55 110071 150mm|
64 68 Grey e 65
10.00] sandy sitty clay v
trace of grave].' " 7155119 64 o=
(Glactal titt)
63
Very stiff to hard 218 |55 |32 [}
Reddish to grey ’ 62
5 119 [ 55 127 6t
60, 28 ’
th. 4o Clayey sandy silt, 1 60
(Glacial till) OS2 TII0071 1 50mm
Bouldery bel WP &
ouldery below 17 M 111 1ss loo/) 75mm
B
Very dense. ks 58
v
5. 58 Reddish grey ¢ 12 155 100/ }150mm| 57
18.10 End of Borehole 56

t

3 45 . Numbers refar to
Sensitivity

20
1505 {%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

Munstry of
Tranapastation and
Commumcations

Ontano
RECORD OF BOREHOLE No 200 HETRIC
we 152-75-4 LOCATION ORIGINATED BY DB,
DIST 4 Hwy  QE.W. BOREHOLE TYPE __ 82mm Hollow Stem Auger & Cone Test compngp sy __ 2B
DATUM Geodetic DATE 1981-08-17 to 1981-08-18 CHECKED BY _B.EuMa
o wi DYNAMIC CONE PENETRATION .
50# PROFILE SAMPLES g | g |REsSTANCE PLOT mastic owrore oum | = XL REMARKS
am o 130 2 20 a0 6p 80 100 ‘ix," °°x"" “\':\'/ 2z &
i p \
SLEV DESCRIPTION SEE Z |22 § [svear steencrH > CVATRIBUTION
DEPTH w21 Z LS [RE | g |0 UNCONAINED FIELD VANE . y B
g1z : %U S |, Guck ThAUAL  x 1ab vang |WATER CONTENT (%) (%]
76.70 % z & 19 20 30 GR SA S CL
0.
Fill = Gravelly sand 76
to sandy gravel,
traces of silt.
Compact to dense. 1] 8/5(h2 7 |
Grey 74 (
73.13 2 18/5112 .
7,57 C 73
Layers of clayey
sitt to organic silt. iyl 72
Some 511t lenses, 315/5]6 \\ e
A
Firm to stiff. " n
Brown to dark grey. Sl#l 4 | s/5i11 70 \ a
69. 69
7.01 Sand with organic and Yﬂ 69
clayey silt seams. MI 5 1 5/8i 4
68.17 Loose AL
8.53 $and, medium to 68
coarse. Some silty [4 8/5{32 20 69 11
lenses. (Some gravel) 67
Dense
66
Brown to grey. 7 18/5]~
65
63.90 64
12.80 Silty clay, traces ['I4"
of sand and gravel. / MEITIEN 63 o
Low plasticity. -+
(Glacial Till) N 62
Very stiff to hard. / 71 5/51 29 61 [
Reddish grey to grey.f|t
A 60
11110 575178 o
1] 5
57,95 2 ATT 1575 65/130mm 58 o
18.75 End of Borehole
57
3,5 Numbers refer ¢ by
. 3, %7 Numbers rezer 1o 15 95 {"%) STRAIN AT FAILURE

Sensitivity 10



OFFICE REPORT ON SOIL EXPLORATION

Minetry of
Transportanon and
Communicatons

3

i

%3 ; Numbers refer to
Sansitivity

Dntang .
RECORD OF BOREMOLE No 20| METRIC
WP 152-75-04 LOCATION ORIGINATED 8y _ P.S.
DIST_ A mwy_ Q.EW.  BOREWOLE TYPE __ 82m Hollow Stem Auger COMPILED By _D-W-N,
DATUM ___Geodetic DATE 1981-08-12 to 1981-08-13 CHECKED BY _R.EM,
SOIL PROFILE SAMPLES | o ut JDYNAMIC CONE PENETRATION -
- g | & |RESSTANCE pioT nastic ',',.‘c‘,l‘s’i.'};ﬁ vawe) =T | gemaks
o & 0 CONTEN z=
5. @ 3: 2 20 40 60 80 10 Wp W W, ::; &
ELEV DESCRIPTION Eig| w3 ‘;_?EZS & |SHEAR STRENGTH R G ocser%mug:czae
e i sl x1als b | N
DEPTH =15 - | 3 G| g |0 UNCONFINED + FIELD VANE . Y
é 4 - gu .3 ® QUICK TRIAXIAL % LAB VANE WATER CONTENT (%) (%)
76.41 5 Z @ 10 20 30 GR SA §1 CL
O.UTTFiTT - mixture of 76
siit, sand and gravel,
75:194 Brown - grey.
1.22 [ Fill ~ Gravel, 75
Saturated belew 1.52m, 1]ss |48
73.67 Dense. Brown-grey, 7h
2,74 Gravelly sand
(possibly fill). 55 |12 73 kb 52 4
,'-.‘
72.14 | Compact., Grey, 5 72
%271 sandy silty clay, A1
Sandy siity Y 4L s 170 °
Some gravel. )
41 71
(Glacial TiVl) §7e
i hyss [0 70 +o—-t
L4t
Reddish below 6.09m. b |4 69
MBI BN g
Very stiff above 9m 4 68
depth. .
L o
Hard below 9m depth. 4| R ER 26 67
8l 24 40
Very hard below 66 3 33
14,63m depth. el 7155 |27 o
N 65
F%
18 1ss 130 6h o -
L 63
g |ss |45 e
g 62
bt
dM10]ss 178 61 o
P 60
T35 Treo 0
; A 59
A, 1]
U N o b ] 48 39 13
766 | Sandy gravel, Ba12 [ 55 [T60 58 "
18,75 | £nd of Borehole.
20

15 45 (%) STRAIN AT FAILURE
10
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OFFICE REPORT ON 501t EXPLORATION

Miriatyy of
Transparlation and
Lommunications

Ontark

RECORD OF BOREHOLE No 202

METRIC
w e 152-75-0h LOCATION ORIGINATED BY __ P.5.
oisT b HWY Q.E. W, BOREHOLE TYPE 82mm Hollow Stem Auger COMPIED BY _D.W.N.
DATUM Geodetlc DATE 1981-08~13 to 1981-08-14 CHECKED BY __R.E.M.
SO PROFILE SAMPLES o m DYNAMIC CONE PENETRATION .
EE | RESISTANCE PLOT rASTIC aUR leum] . X REMARKS
- §o b 20 40 60 80 100 |MMT cowrmy b SO
Qo o - | h 6! f 1 w W, w &
Qe W LE > P A L DB
ELEV CRIPTION Elm| ¥ Zizro Q JSHEAR STRENGTH e« S —] GRAIN S12E
DEPTH DESCR 15121 E 8% =10 UNCONEINED * FIED VANE L e content ()] 7 DISTRIBUTION
5‘.‘5 z 5 | &Y & leQuick TRIAXAL  x LAB VANE * {%)
76,09 w : i 20 30 GR 5A SI CL
0.0 | Fill-mixture of sand,
silt and clay.
Traces of gravel and ik
arganics. T Tee
73.80 | Dark grey. 3 74
2.29 Sandy silty clay. £l
Trace of gravel. A2 T5s bk 73 4]
(Glacial-till)
Grey below 6.09m, ,-' 7
Generally hard, |57 ENECEE 7 °
Very stiff seam /’ 70
between 6.0 and 8,5m 4| b
depth. 18 58 118 +O—t
‘i 69
LI SETs ¢8 ) 116 33 50
B 67
Very hard below 13.10m.-. 416 |55 [25 0
AL
¢ 66
1447 1ss |30 65 o
JR 6l
18 |55 |40 o
Reddish below 13.71m, Al 63
.'f‘. 9 185 1100 62 g
.- 61
10 155 B0/ T%9mm [«
2] 60
5g 25 A1 1SS BO/75mm
16.84 {End of Borehole 59

+3, 4% Numbers refer to
Sansitivity

20
1545 (") STRAIN AT FANLURE
10
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OFFICE REPORT ON SOOIl EXPLORATION

Ministey of

Transporlaton sny
Cemmunications

Ontang
RECORD OF BOREHOLE No 203 HETRIC
WP 152-75-04 LOCATION ORIGINATED BY _D.B,
pIST &4 HWY 0.E.W, BOREMOLE TYPE 82mm Hollow Stem Auger & Cone Test COMPILED By __ 0.8,
DATUM ___ Geodetic DATE 1981-08-18 to 1981-08-19 CHECKED 8Y R.EM..
PROF AMP ,x wt TDYNAMIC CONE PENETRATION -
5OIL PROFILE 5 LES &2 3 RESISTANCE  PLOT MAstIE wgm[ waun ] . T REMARKS
- $5 % 20 40 60 B0 ipp [\ comrmer umir ] 50
Q= 0 g = i J 1 L i Wp w W, ::gs &
ELEV Si@| w3 28]| & [SHEAR STRENGTR e GRAIN 51ZE
DEPTH DESCRIPTION IR 85 T ]O UNCONRINED  + FiELD VANE WATER CONTENT (%)] 7 DISTRIBUTION
x|z | &Y & feauick TRAKAL  x LaB vANE . (%)
608 g ; 2 1020 30 GR 5A 51 CL
0.0 | FIIl = Silty clay, 76
traces of gravel. ?
7% .40 Light brown. S 75 »
16817 F 11T - Tepses of 1 74
organic silt and \\
73.03] clayey sile, 73 e
[ T (4]
3.05 Clayey silt, traces 2 /5% "
of sand and gravel. 72
Fissured, hard.
g | Mottled brown-grey. ENI IR 71 Gt
5.18 Silty clay, traces i
of sand and gravel. 1 70
(Glacial TilT) ARNIIAT R °
Very stiff to hard, 69
Reddish grey to grey. 5 1575 28 8 9
y 6
6| 575238 7 [+]
66
7.08(5] 22 65 8
[3
18 | s/s | 24 b [
W 63
9 |5/s %7 62 2
61
tlso.sz 5/5 192
25 Sandy gravel, trace 60
Lo some 5111, Very 4
56,80 Serve: Grev. o[TT [5757193 59
i7.22 End of Burehole
58

0

+3, %% . Numbers refer 1o
¥ . X
Sansitivity

1545 (%) STRAIN AT FAILURE
10
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SOIL DESCRIPTION

A deseription of visible characteristics of the soil as determined in the field and altered, if necessary, on the
basis of laboratory classification tests. ‘

po‘,'p
L

GRAVEL

PEAY

SAMPLES

Condition:

Type:

INODRGANIC S0iLS

I

SAND SILY

ORGANIC SOHS

A

SILY CLAY

RELATIVELY
UNDISTURBED

D.S, - 1% ID Drive Sample
A8, - Auger Sample

PENETRATION RESISTANCE:

l OTHER TESTS

@ :

Appendix A

EXPLANATION OF SYMBOLS AND TEST DATA

* W

PREDOMINANT

@ SYMBOL INDICATES 5ﬁﬁi
J MAJOR SOIL TYPE o'’
CLAY EXAMPLE - SILTY CLAY SLTY ClAy
OTHER SYMBOLS
b [
TOPSON (1T BEDROCK WATER LEVEL
IN BOREHOLE
W\' =" ,‘:
DISTURBED YA, NOT
t 4. 1 RECOVERED
| AN |
oY

U - Thin-walled Tube Sample
UP - Piston Sample -

(N) Indicates number of blows, of a 1401b. hammer falling 30 inches, required to drive a 2" OD Drive
Sampler a distance of 1 foot into the soil. This resistance is used to assess the relative density of cohesionless
soils and the relative consistency of cohesive soils.

M - Grain size analysis using seives or hydrometer or both - plotted graphically on a separale sheet.
l Vi - laboratory vane tests.
¥d - dry unit weight.

l C - consolidation test -

results on separate sheet

T - triaxial compression test - results on a separate sheet.

P - proctor compaction test.

. K - laboratory permeability test

l SOILS PROFILES: .
‘Where soil profiles are shown on drawings the soil profile applies only to the borehole location and may
be different at intermediate locations on the site.

l GROUND WATER:

Ground Water levels are generally measured in the open boreholes and apply to conditions at the time of
I drilling. Seasonal ground water fluctuations should be expected at most sites.



ATIONS, ONTARIO PR-C-207 (Formar'y 08-MT-308M 76-06)

MINISTRY OF TRANSPORTATION AKD NN

00 -
e
HYDRO TOWER <
TYR)
LAKE  OLTARO
PROFOSED
ABUTMENT FOOTING BRIDGE SITE
(APPROX.)
\\ AT
ARECH
2 @
s
<
‘o
%, L
\ P Bore Hole
@ Dynamic Cone Penetrotion Test {Cans)
U 4 Bore Hole & Cona
N N Blows/0.3m [Std Pen Test, 475 )/ blow )
~
CONE Blows/0.3m (60 Cone, 475 ) blow}
<X WU at Hime of mvestigation -+
B7030m~ conNg T[T I - T - i
m
EXISTING GRIUNY g e M
R onnm.\fes
7 - P X -7 No | ELEVATION| ot
e T = S - s 20 ‘ 78.05 | 4 7% 07T 262 M5
i et ke oF *
IXT i 5 r
i AT TRACES QRSSO 203 76.00 | 4 791 109 | 2682 76
GhoVEL &  ORGANICS ./ Loose
i v (AYERS aReaye
. 8 SuT 7 Fifm’ . ({:_ PROFILE
pp— 2
ke SCALE
7 i s L 26m '
, Vo - e — — - VERT 2 : .
! 69 —_ — B
i
o —- - - e |
, o7 —
[ J— s
i SILFY CLA
65 —— 4 Py —— _— — e
TPACE OFSAND ENOTE=
; « {oLaciaL LD | The boundaries betwean soil sirota hove been esioblished
! e — P - . S only at Bore Hole lacations. Between Bore Holos the
/\/sry snn N boundarics are asswmed from gealogical cvidence.
o Hord |7
¢ - /T b ‘/ -
H
} 50 — - 50 H
':ANDV GRAVl;L‘ H =
5 —— —_— " TRACE of Six - - - s o BRSCRITON
i se - — — .. LVery' Dense 58 Geocres No Bor/s - /84
3 WY Na QEV DT 4
b4 SUBND [CHECKED AT 1981 _[SITE 36-1mag a7l
3 REF_N° SISL 2573 AUG g8t DRAWNY, ,¢/[CHECRED & |7FOVESE ity [DWG 1527507-A

METRIC

DIMENSIONS ARE IN METRES
AND/OR MILLIMETHES UNLESS
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STATIONS ARE IN
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