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EXPLANATION ©OF TERMS USED IN REPORT

YR' VALUE: AN INDICATOR OF SUBSOIL QUALYTY. IT IS OBTAINED FROM THE STANDARD PENETRATION TEST (CSA STD. Al29.1). SPT "N' VALUE IS THE NUMBER OF BLOWS
EEGUIRED TO CAUSE A STANDARD 2 INCH O.D. SPLIT-BARREL SAMPLER TO PENETHATE 12 INCHES INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER
WEIGHING 140 POUNDS, FALLING PREELY A DYSTANCE OF 30 INCHES. POR PENETRATIONS OF LESS THAN 12 INCHES 'N' VALUES ARE INDICATED AS THE NUMBER OF BLUWS
FOR THE PENETRATION ACHIEVED. 'H' VALUES CORRECTED FOR OVERHURDEN PRESSURE ARE DENOTED THus W,

D‘IN.AHIC CONE_PENETRATION TEST (CSA 51D, A119.3 CONTINUOUS PENETRATION OF A CONICAL STEEL POINT (2" 0.D, 60 CONE ANGLE) DRIVEN BY 350 FY-LB IMPAUTS
"A' SIZE DRILL RDDS. THE RESISTANCE T0 COHE PENETRATION 15 MEASURED AS 'THE NUMBER OF BLOWS FOR BACH 12 INCH ADVANCE OF THE CONICAL POINT INTO THL

UNDISTURMZD GROUND
50LL GUALITY: SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSITY.
CONSISTERCY: COHESIVE SOILS ARE DESURIBED ON THE BASIS OF THEYR UNDRAINED SHEAR STRENGTH AR POLLAWY:

Sy {PSF) 0 - 250 250 ~ 500 |500 - 1000 11000 - 2000{2000 - 40001 = 4000
VERY S0FT SOFT FIaM SIIFF VERY STIFF ‘HARL

DENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF SPT 'N' VALUES A% FOLLOWS:

'N' (BLOW/ET) 0~ 5 5 - 10 10 - 30 30 - 50 > 50
VERY LOOSE LOOSE COMPACT DENSE VERY DENSE

BOCK QUALYTY: ROCKS ARE DESCRIBED BY THEIR COMPOSITION AND STRUCTURAL FEATURES AND/OR STRENGTH.
RECOVERY: SUM OF ALL RECOVERED ROCK GORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENY OF THE TOTAL LENCTH DHILLED IN THAT CORING RUN.

HODIFLED RECOVERY: SUM OF THOSE NATURALLY FRACIURED GURE PIECES, 4"+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN. . THE
ROCK QUALITY DESIGNATION (RQD), FOR HODIFIED RECOVERY,IS: .

[ RGD (1) 0 - 25 % - 50 50 « 75 .75 = 90 90 - 100
.VERY POOR POOR FAIR GOoD EXCELLENT
JOINTING AND BEDDING:
SPACING 2" 2" -2t 1t -3 3' - 10" | = 10
JOINTING VERY CLOSE CLOSE oD, CLOSE WIDE VERY WIDE
BEDDING VERY THIN THIN MEDIUM THICK VERY THICK

ABBREVIATIONS & SYMBOLS

BERSITIVITY w e e 1 B - e . L

LABORATORY TESTING FIELD SAMPLING EARTH PRESSURE TERMS
TRIAXIAL TESTS ARE DESCRIBED IN TERMS OF WHETHER £ 5 SPLIT SPOON o COLFFICIENT OF FRICTIOR
THEY ARE CONSOLIDATED (C) OR NOT (V) WS WASH SAMPLE 5 ANCLE OF WALL FRICTION .
ISOTROPICALLY (1) OR NOT {(A) ST SLOTTED TUBE SAMPLE .
A SHEAKED DRATNED (b) OR UNDRAINED (V) BS  ELOCK SAMPLE € COEFFICIENT OF EARTH PRESSURE AT REST
WITH PORE PRESSURE MEASUREMENTS (BAR OVER SYMBOLS) €5 CRUNK SAMPLE kA COEFFICIENT OF ACTIVE EARTH PRESSURE
B, CIv » CONSOLIDATED 1SOTROPIC UNDRALKED T W THINWALL OPER " COEFFICIENT OF PASSIVE EARTH PRESSURY
TRIAXIAL WITH PORE PRESSUE MEASUREMENT TP THINWALL PISTOR . ¥ e
UNLESS OTHERWISE SPECIFIED IN REPORT ALL TESTS 05 OSTERBIRG SAMPLE t ANGLE OF INCLTNATION OF suRouaRcs L
‘ME IN COMPRESSION F 5 FOIL SAMELE Cwr SLOPE ANCLE~BACKFACE OF “A“«g:«“
R T ROCK GORE ' 8 ANCLE OF SLOPE o5 B
P H T.W. ABVANCED HYDRAUT.ICALLY
TP M T.M, ADVANGED MANUALLY Nqu,Nc BEARTNG CAPACITY FACTORS
Df BEPTH OF FOOTING
BL FOOTING DIMENSIONS
INDEX PROPERTIES STRENGTH PARAMETERS
¥ UNIT WEICHT OF SOIL (BULK DENSITY) . " ANGLE OF SHEARING RESISTANCE
Y,  UNIT WRIGHT OF WATER £ PEAK SHEAR STRENCTH
)‘d URTT DRY WEIGHT OF SOIL (DRY DENSITY) ‘l‘x R!SIDUAL BHEAR STRENGTH HYDQA! !UC TERMS
Y UNIT WEIGHT OF SUBMERCED S01L . [ COHESION mcm"i’ )
G,  SPECIFIC GRAVITY OF SOLIDE ) 07 03 NORMAL PRINCIPAL STRESSES h EYDRAULLC HEAD OR POTENTIAL
CHARGE
e VOIS RATIO . u PORE VATER PRESSURE a4 RATE OF DIS
L] ' INITIAL VOIDS RATIO u! EXCESS u v VELOGITY OF ¥LOW
; i DRAVLIC GRADLIENT
em & IN LOOSEST STATE R T PORE PRESSURE RATIO wY
) SEEPAGE FORCE PER UNIT VOLUME
. win & IN DENSEST BTATE q“ UNCONFINED COMPRESSIVE STRENGTH 1
. . YISCOSITY
b, mmaive mpvsrry » ST s, UNDRATNED SHEAR STRENGTH 7 COEFPICLENT OF
EFFICI OF HYDRAULIC CONDULTIVITY
n PORDSITY ¢ LIMEAR STRAIN koo = :
v WATER CONTENT Y SHEAR ‘STRATE i.h & IN HORIZONTAL DIRECTION
DIRECTION
v, LIQUID LIWIT v POISSON'S RATIO ky ¥ IN VERTIGAL
OF VOLIME CHANGE
v,  PLASTIC LiMIT : MODULS OF ELASTICITY ®, COEFFICLENT OF ¥
‘CONSOLIDATION
v, SHRINKAGE LIMIT ¢ MODULUS OF SHEAR DEFORMATION 6y CORFRICIENT OF
1 " PLASTICITY INDEX = W~ Wp k. MODULUS OF SUBGRADE REACTION Cﬂ COMPRESSION INDEX
, ) INDEX
L, LIQUIDITY INDEX = TP "o STABILITY COEFFICIENDS : €y RECOHPRESSION
i
t,  CONSISTENCY INDEX » Lot AB PORE PRESSUKE COEFFICIENTS d  DRAINAGE PATH DISTANCE
ool uil T TDE PACTOR
A, hcniviny s Rl NOTE: F¥FECTIVE STRESS PARAMETERS ARE -V
DENCTED BY USE OF
Om  ORCANIC MATTER CONTENT Asove TaE STHROL, m:mm U DEGREE OF CONSOLIDATION
@' » EFFECTIVE ANGLE OF 1] CONSOLIDATION RATIO (OCR)
5, DEGREE OF SATURATION SREARING MESISTANCE; r OV
. $u {undisturbed) O - EPFECTIVE WORMAL $TRESS



FOUNDATION INVESTIGATION REPORT
For

North River Bridge
6.5 km East of Highway 63
W.O0. 77-50062, Site 43-46
Songis Road, District 13, North Bay

INTRODUCTION

This report contains the results of a foundation investigation
carried out at the above listed site from July 24, to 27,
_1978. The fieldwork consisted of three sampled boreholes,

one probe hole augered to refusal, and three dynamic cone
penetration tests. Borings were advanced by means of
continuous flight hollow stem augers, to depths from 12

to 38 feet below the existing ground surface. Bedrock was
proven by obtaining up to 5 feet of BX size rock core.

SITE DESCRIPTION AND GEOLOGY

The site is located approximately 14.8 miles northeast of
North Bay on Songis Road, Lot 11, Concession 1/2, Phelps
Township in Nipissing District. '

The North River originétes some 15 miles northwest of the
site and flows in a southeasterly direction with a number

of tributaries joining it enroute. At the time of the field
investigation the depth of water in the river varied from

0.5 to 3.0 feet. The creek bed is approximately 50 feet

wide and 3 to 4 feet below the average ground surface with
almost vertical banks. The river bed is strewn with boulders.

The existing structure is a six span timber bridge supported
on piles.

PhySiographically_the site is located in the region known
as the Canadian Shield. The Shield is characterized by
the effects of intense glaciation which has left scattered



rounded rock outcrops and rocky ridges separated by glacial
deposits and muskeg.

SUBSURFACE CONDITIONS

Underlying the existing 2 to 4 foot thick sandy roadway

£ill there is a deposit of silty sand to sand with silt, the.
thickness of which ranges from 12 feet to 38 feet. 1In certain
locations a layer of clayey silt to silt with slight plasticity
and frequent clay seams was intercepted in the granular
deposit. The thickness of the cohesive layer varies from

3 to 10 feet. The overburden is underlain by granite bedrock.

Reference should be made to the Record of Borehole Sheets

which are contained in the Report Appendix. They show |

the. boundaries between different soil types as well as a
summary of all field and laboratory tests performed. Reference
should also be made to Sheet 5 of the Contract Drawings which
shows the location and elevation of the borings, together

with a profile and sections showing inferred subsoil strati-
graphy. More detailed descriptions of the major soil types
encountered are given below.

Roadway Fill Material

This material is estimated to be from 2 to 4 feet thick and
varies from a sand and gravel to a sand and silt. Typical
grain size distribution curves for the fill material are
shown on Figure ) of the Appendix.

Standard Penetration Test 'N' values ranging from 3 to 11
indicate the fill has been subjected to poor compaction.

Silty Sand to Sand With Silt, Some-GraVel

" This is the predominant deposit at the site. Its thickness
varies from 12 feet to 38 feet and is composed of silty sand
to sand with silt, some gravel. Typical grain size distribution



of the material is shown as an envelope in Figure 2. The
8.P.T. 'N' values vary randomly and considerably, ranging
from 1 blow per foot to 69 blows per foot. However, the |
majority of the 'N' values are between 5 blows per foot and
25 blows per foot. Based on this it is estimated that the
granular deposit generally has a loose to compact relative
density.

In certain locations, a layer of clayey silt to silt with
slight plasticity and frequent clay seams was encountered

in the granular deposit. The cohesive. layer has a thickness
rangiﬁg from 3 to 10 feet and has a typical moisture content
of 36% to 45%, a liquid limit of 30% to 40% and a plastic
limit of 20% to 21%. The results of Atterberg Limit testing
are plotted on the Plasticity Chart, Figure 3 indicating that
the material in this layer has a low to medium plasticity.
The undrained shear strength of the material as determined

by field vane tests varies from 560'psf to 1600 psf indicating
a consistency in the range of firm to stiff. '

Bedrock Conditions

Underlying the sandy overburden ié a granitic bedrock which
was either proven by recovering BX size rock core samples
or inferred from refusal to augering. The bedrock surface
“was found to vary from elevation 46.5 to elevation 66.8
cmrrésponﬂing to a depth of 12 feet to 38 feet below the
ground surface. The bedrock mayybe described as hard and
sound, with a recovery ratio and a R.Q.D. generally in excess
of 90%. '

Groundwateyr

Groundwater level observations were carried out at the time
of the field investigation by measuring in the open boreholes.
The observations indicate that the groundwater level is 3.0
feet to 6.5 feet below the ground surface which corresponds

to a range in elevation of 74.6 feet to 78.2 feet. The water
1evel in the river was found to be at elevation 74.5 at the



time of the foundation investigation. These observations
indicate the groundwater level reflects the topography
and has a slight hydraulic gradient towards the river.

Yzt

f ; % P. ). STUART
Peter J. Stuart, P. Eng.
Foundations Engineer

/77 A)mﬁ—a

o ' M. Devata, P. Eng.
May 13, 1980 , ~ Senior Foundations Engineer
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HIGHWAY ENGINEERING DIVISION « ENGINEERING MATERIALS OFFICE =SOIL MECHANICS SECTION . 8

RECORD OF BOREHOLE No |

ORIGINATED BY . B:Co

OFFICE REPORT ON 5011 EXPLORATION

WO ___77=50062 LOCATION _Sta, 4471, 17 Rt. ¢ Songis Road
pisT 13wy Mun, BOREHOLE TYPE _ Hollow Stem Auger compiED By D-C.
DATUM Local DATE July 24 & 25, 1978 CHECKED BY oo
\ o~ W JDYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES E‘é’ 2 RESISTANCE PLOT asTe :g;gr‘:;! veuw] . E IQ,EMARKS
H LIMIT CONTENT  LiWT i v}
= o §0 20, 40  bD B0 100 2=
. 0= E = SRS AU S A Wp W w | Se | o &
ELEV ElH w2185 5 SHEAR STRENGTH A S 2 | sraiN SizE
DEPTH DESCRIPTION E1 2 E 86 G |0 UNCONFINED  + RIELD VANE[ oo o0 wl 7 DISTRIBUTION
) glz 5 | &Y & | cuck TRAxiAL x 1AB VaNE o 7 30 {% {%)
81.2| Ground Level 5 ! i ' 0 3 GR SA 51 Cl
78:9 ¥ill: Sand § Gravel Y 1 L4 i 80 44 46 10 2
2.0 siit, Slight  |:' F>tsg <
Plastictty— — =~k
Silty Sand to Sand 3188 @ 0 54 40 6
With 5ilt and Gravel
Occasional Boulders 4158 | 69 70
Very Loose to D 5T 58 T3 ®
6.2 B R
18.0| Granite Bedrock 1A% y RC [Rec
Sound BX._.1.997 60 RQD 997
RC [Rec }
56,7 8|8 ooz RQD 100%
24,5} Fnd of Borehole

+3, x5 Numbsrs refer to
Sansitivity

20 :
15 G5 (%) STRAIN AT FALURE -
10 .




OFFICE REPORT ON SOIL EXPLORATION

Ktinistry of
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Communicanons

HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS OFFICE -S5O MECHANICS SECTION

Ortang @
RECORD OF BOREMOLE No 2
WO 1750062 LOCATION __Sta, 498, 14' Rr. £ Songis Road ORIGINATED BY DG,
OIST 13 Hwy___ Mun, BOREHOLE TYPE __Solid Stem Auger COMPILED BY _D.C._
DATUM Local DAYE July 27, 1978 CHECKED BY .. )
- DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & 1 5 Rccsrance PioT NATURAL -
TR AN HASTIC  poysryre LU T REMARKS
e ~» |36 % 20 40 40 80 1o |MMT conTew uWi} 5O P
O =x ut — i 4 ) 1 3 Wp w W, oyw ’
ELEV DESCRIPT 8l w| 2195 & [sHEAR sTRENGTH b | F | GRAIN S12E
DEPTH ESCRIPTION lEL 2| 8 8% 2 10 UNCONFINED  + FIELD VANE ATER CONTENT (%) 7 DISTRIBUTION
é z 5 | &V & | quick TRAxAL  x 1AB VANE w co {%) {%)
73,11 Water Level n * w : GR S5A 51 (1
U, River Botfom .
1.0} Augered 70 ‘N‘“‘m
=
Not Sampled <
60
13.2] Probable Bedrock ooz

Note: Resufal to
Augering at a Depth
of 13.2 Feet

8 s e

+3, x5 : Numbers refer to:
Sensitivity

20 .
1545 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORAFION
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HIGHWAY ENGINEERING DIVISION -ENGINEERING MATERIALS OFFICE -SOIL MECHANICS SECTION

RECORD OF BOREHOLE No 3

End of Borehole

Note:  Refusal t6
Augering at a Depth
of 22 Feet

wo 7750062 LOCATION Sta. 5428, 15' Rt. £ Songis Road CRIGINATED 8Y __ D.C,
pisY ... 13 HWY Muti, BOREHOLE TYPE Hollow Stem Auger COMPILED  BY Dulin
DATUM . Local DATE July 27, 1978 CHECKED BY
BYNAMIC CONE PENETRATION
SOt PROFILE SAMPLES ;z,m g RLEISTANCE PLDY pasnic NATEAL = .
g e L3 Limit MOISTURE e =5 REMARKS
CENTENT
b Jwm |29 v 20 40 60 BO 100 Z = &
9 " tha m.: Il L 1 1 L wp W Wl m;
ELEV El%| w| 2|95 | & [SHeAR STRENGTH A — GRAIN SIZE
DEPTH DESCRIPTION L|Z1 25|38 § [ouncomnmo  smemvan o ol v [PISTRIBUTION
é F » | &Y Z |equick TraxiaL % 148 vane +) {")
73,0 Water Level v ' w 10 20 30 GR SA 5i CL
0.0 PRiver Bottom e
1.5/ Silty Sand to Sand 70
With 5ilt
Some Gravel and N 550 14
Occasional Cobbles | - f£.4.38.1 18 o 213721 1
Compact b 85 | 14
. 60
. l4 |'s5 | 25
L BoEs T o & 75 (21)
51.0 st g
22,0] Probable Bedroek |

I

*3' x7 : Numbers refer to
Sensitivity

20
1545 [%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOiL EXPLORATION
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R HIGHWAY ENGINEERING DIVISION -ENGINEERING MATERIALS OFFICE -S5O MECHANICS SECTION n

RECORD OF BOREHQLE No 4
Two __77-50062 ' LOCATION _Sta, 5470, 22’ Lt. 2 Songis Road . ORIGINATED 8Y _D.Cy
foter 13 wwy __Mun, . BOREMOLE YYPE _ Hollow Stem Auger : COMPILED BY _ D.C.
GATUM Logal DATE July 26, 1978 ) CHE_CKED BY_H_ VVVVVVVVVVVVVV e
DYNAMIC CONE PENETRATION
SOW PROFILE SAMPLES | & | = RESISTANCE PLOT WATURAL s
= 1 ?_M PLASTIC  moysrone bouw | . X REMARK
. i5| W 0 40 &0 80 00 |UMT coNtent umT | SO ARKS
8l 212 2 0. 50 o0 80 wp w o ow | 5 &
FLEy DESCRIFTION il w| 2185 | G [sHear STRENGTH O S — F | GRAIN siZE
DEBTH S|El 2| $185] 5 [ounconmme v iew vane ATER CONTENT (7] 7 P RIBUTION
glz 5 | EY | & | ouck TrRAxiAL  x LA vaNE W N (%) (%)
4 = E W 0 600 1200 1600 1 20 30 4 GR SA 81 CL
0.0] Fill: Sand and AL NS )
80,2 Silt o
. LTS T 1T 80 2 83 (15
4,00 S1lty Sand to Sand ot
With 8ilt, Some Gr. Tl
Clayey Silt to Silr j A + 543
of Slight Plasticity l
Frequent Pockets and |}’ {2.JTW | PH v =3 o
Seamy of Clay . 70
J' 6_ 1 88 2 1 gudl e I 0 076 24
{7 8% 3
L 1B_L.88 ?5 60
Very Loose to Compact || . |9 &85 122
B PR T) ' 87219 1
- 50
L 5T
46,2 L L 3
38.0| Granite Bedrock RC |Rec | .
12 P ' RQD 88%

41,7] Sound BX
42.5] End of Sorehole | '

3 5 . Numbars refer to 20
«*, xv 4
' Sensitivity 15 xs {%) 5TRAIN AT FAILURE




OFFICE REPORT ON SOIL EXPLORATION

ol i oo,

Ministry of
@ Transportation ang
Lommunicanons

Cntaro HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS OFFICE -SOIL MECHANICS $ECTION

.

RECORD OF BOREHOLE No 3

_66,8] Probable Bedrock

WO __77-50062 LOCATION . Ste. 4+71, 54" Lt. £ Sonpis Road ORIGINATED . BY D.C.
pIsT 13 HWY Mun, BOREHOLE TYPE Hollow Stem Auger COMPILED BY _D.C
DATUM Geodetic DATE July 23, 1578 CHECKED BY o -
, DYNAMIC CONE FENETRATIO ”
501 PROFILE SAMPLES | &, | ' F |resistance pror o s NATURAL k4
iz 3 Limit RoisTURE (:MU":D o Ity REMARKS
. w | 20| @ 20 4D &0 8D 100 conrenr LWT 3 Y
Q o " I e z | D 1 i Wp W w, _-;,n; &
ELEY. DESCRIPTION Sl2| &1 2 |Z8 | O |SHEAR STRENGTH A ——— GRAIN SIZE
DEFTH 5 EIZ 3136 & |ounconmned  + miELD vane WATER CONTENT (] 7 |PSTRIBUTION
=]< 3, 5“ § ® QUICK TRIAXIAL % LAB VANE {%]) {7}
81,11 Ground Level n : i 0 20 30 GR SA §1 CL
0.0| Sand With S1lt & Some " 185,44 80
rave e e
S11t, Slight masmm“- 185 L3 !
With Frequent Clay [ R T 2 016 80 4
Seams 1,
L Jé [ss 1 B
Very Loose to Denze ::m T—twe—t—py 70

14.3] ¥nd of Borehole

Note:

1. Water Level Not
Egtablished .

2. Refusal to
Algering at a
Depth of 14.3
. Feat

il e b i G el e e e e W e

+3, x5 : Numbars vefer 1o
Sengitivity

20 ’
1545 (%) STRAIN AT FAILURE
10



OFFICE REPORT ON 500l EXPLORATION

R B RS mr'
Muristiy ol
Travsportihon gad
LN gtins, . .
S " HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS OFFICE -SOIL MECHANICS SECTION 13
RECORD OF BOREHOLE No 6
WO __17=50062 LOCATION __Sta, 4471, 22' Lr. ¢ Songis Road ORIGINATED BY _D.C.
oIST__ 13 Hwy M, BOREHOLE TYPE Cone Test COMPILED BY _,D,C,
DATUM ___Lucal DATE July 24 & 25, 1978 CHECKED BY .. —
o & JOVNAMIC TONE PENETRATION
SO PROFILE SAMPLES 32 % |RESISTANCE PiOT masric AR M; REMARKS
g U , LT CONTENT LIMIT =0
w | w | O B W AD 6D B0 100 25 2
9 a w o » W N ) v Wp 'Y, W, ;_33
ELEV ESCRIPTION le ¥ | 2|25 | & [snear STRENGTH R GRAIN S1Z¢
DESCRY 1 ™ F O =] ¥ DISTRIBUTION
DEPTH o - | > e) o | % UNCONFINED + FIELD, VANE . Y o
g Z 5 gu § ® GUICK TRIAXIAL X LAB VANE WATER CONTENT {%) (%]
82.5]  Ground Level e -~ 1 w GR SA 5t Ci
0.0 80
70 <
66,5 s
16.0{ End of Cone Test

+3, s NumbﬂLs refer to
Sensitivity

w0 _
1545 {%) STRAIN AT FAILURE
10

e i




OFFICE. REPORY ON SO EXPLORATION

Mitisstey of
@ Tharspoflshon ang
Commurt s,

Onitaris HIGHWAY ENGINEERING DIVISION ~ ENGINEERING MATERIALS OFFICE -SOIL MECHANICS SECTION 14
RECORD OF BOREHOLE No 7
WO 77-50062 LOCATION Sta, 5470, 14' Rt., € Sengis Road ORIGINATED BY _U.C.
oist 13 Hwy Mun, BOREHOLE TYPE . Cone Test COMPILED BY _D.C.
DATUM Local DATE July . . 1978 CHECKED RBY
A R
$OIL PROFILE SAMPLES |8, | 2 P EONE T ELETRATION NATORAL -
2 3 o PLASTIC  moysrupe  HOUID | 4o REMARKS
" PREI-RIR 20 40 sp 80 g0 | cowtewr iwt 2O
Cfa ] o z ! i ] i i Wp W w, | 5w &
ELEV DESCRIPTION 8 § w g %g\ O |SHEAR STRENGTH SR AT 2 [ GraiN SiZE
pEPTH clZE1Z ] B 1238 % |0 UNCONRINED  + FIELD VANE s y |DISTRIBUTION
g1z 5 €0 | T leuek rhaxae  x Lap vang |WATER CONTENT (%) (%)
83,7 Sround Level by - v GR SA 51 Ci
0.0
80
70
r
{
o i\
50.7 &:W
33.0| End of Cone Test

43, x5 ; Numbers rafer to

Sensitivity

oo
154p-5 (%) STRAIN AT FAILURE
i0
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Oct 75, FF.5-22

UNIFIED SOIL CLASSIFICATION SYSTEM

_ SAND GRAVEL
Clay & ‘_Siu Fine | Medium | Coarse Fine 1 Coarse
100 MINISTRY SIEVE DESIGNATION ﬁo 200 W40 00 8050 40 3020 16 108 e W ov h 2raka
v0 10
s : / 10
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Oct 75, FF.5-22

UNIFIED SOIL CLASSIFICATION SYSTEM

SAND — GRAVEL
‘ ‘ Clay & sy Fine { Medium | Coarse - Fine | Coorse
100 MINISTRY SIEVE DESIGNATION 270 200 40 100 4050 40 30 20 14 _io# 4 KU M A L W 25‘{3;
vo 10
-
70 10
2% 1 y:
2 <
& w
o - 4
. 50 so
Z LEGEND .%
s  BH |SAMPLE SYMBOL Y
a &0 60 w
E a
1o ¢ 70
-
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20 e '
10 v0
‘ 100
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_ | | , Oct 75, FF.S-21
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FOUNDATION INVESTIGATION REPORT
For

North River Bridge
Lot 11, Con. 1/2, Phelps Township
W.0. 77-50062, Site 43-46
Songis Road, District 13, North Bay

INTRODUCTION

This report contains the results of a foundation investigation
carried out from July 24, 1978 to July 27, 1978 by the Soil
Mechanics Section at the above mentioned site. The fieldwork
consisted of three sampled boreholes, one probe hole augered to
refusal, and three dynamic cone penetration tests. Borings were
advanced by means of continuous flight hollow stem augers to

depths of 12 to 38 feet below the existing ground surface. Bedrock
was proven by obtaining up to 5 feet of BX size rock core samples.

SITE DESCRIPTION AND GEOLOGY

The site is located approximately 14.8 miles northeast of North
Bay on Songis Road, Lot 11, Concession 1/2, Phelps Township in
Nipissing District.

The North River originates some 15 miles northwest of the site

and flows in a southeasterly direction with a number of tributaries
joining it enroute. At the time of the field investigation the
depth of water in the river varied from 0.5 to 3.0 feet. The

creek bed is approximately 50 feet wide and 3 to 4 feet below

the average ground surface with almost vertical banks. The river
bed is strewn with boulders.

The existing structure is a six span timber bridge supported on
piles.

Physiographically the site is located in the region known as the
Canadian Shield. The Shield is characterized by the effects of
intense glaciation which has left scattered rounded rock outcrops
and rockey ridges separated by glacial deposits and muskeg.
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SUBSURFACE CONDITIONS

Underneath the existing 2 to 4 foot thick sandy roadway fill
material the site is underlain by a deposit of silty sand to sand
with silt, the thickness of which ranges from 12 feet to 38 feet.
In certain locations a layer of clayey silt to silt with slight
plasticity and frequent clay seams was intercepted in the

granular deposit. The thickness of the cohesive layer varies from
3 to 10 feet approximately. The overburden is underlain by
granite bedrock.

Detailed descriptions of the various subsoil encountered are

shown in the Borehole Record Sheets. The location and elevation

of the borings are shown on Drawing No. 77-50062A. Stratigraphical
sections based on borehole data are shown on Drawing No. 77-50062B,
A description of the subsoil conditions is as follows.

Roadway Fill Material

This material is estimated to be from 2 to 4 feet thick and varies
from a sand and gravel to a sand and silt. Typical grain size
distribution curves for the fill material are shown on Figure 1

of the Appendix.

Standard Penetration Test 'N' values ranging from 3 to 11 in-
dicate the fill has been subjected to poor compaction.

Silty Sand to Sand With Silt, Some Gravel

This is the predominant deposit at the site. Its thickness varies
from 12 feet to 38 feet and it is composed of silty sand +o sand
with silt, some gravel. Typical grain size distribution of the
material is shown in an envelope form on Figure 2. The S.P.T.

'N' values vary randomly and considerably, ranging from 1 blow
per foot to 69 blows per foot. However, the majority of the 'N'
values are between 5 blows per foot and 25 blows per foot. Based
on this it is estimated that the granular deposit generally has

a loose to compact relative density.

In certain locaticns, a laver of clayey silt to silt with slight
plasticity and frequent clay seams was encountered in the granular
deposit. The cochesgive layer has a thickness ranging from 3 to 10
feet and has a typical moisture content of 36% to 45%, a liquid
limit of 30% to 40% and a plastic limit of 20% to 21%. The
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"results of the Atterberg limit testing are also plotted on the
Plasticity Chart, Figure 3 indicating that the material in this
layer has a low to medium plasticity. The undrained shear
strength of the material as determined by field vane tests varies
from 560 psf to 1600 psf indicating a consistency in the range
of firm to stiff.

‘Bedrock Conditions

Underlying the sandy overburden is a granitic bedrock which is
either proven by recovering BX size rock core samples or inferred
from refusal to augering. Bedrock surface was found to vary from
elevation 46.5 to elevation 66.8 corresponding to a depth of 12
feet to 38 feet below the ground surface. The bedrock may be
described as hard and sound, with a recovery ratio and a R.Q.D.
generally in excess of 90%.

Groundwater

Groundwater level observations were carried out at the time of

the field investigation by measuring in the open boreholes. The
observations indicate that the groundwater level is 3.0 feet to
6.5 feet below the ground surface which corresponds to a range

in elevation of 74.6 feet to 78.2 feet. The water level in the
river was found to be at elevation 74.5 at the time of the
foundation investigation. These observations indicate the ground-
water level reflects the topography and has a slight hydraulic
gradient towards the river.
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DISCUSSION AND RECOMMENDATIONS

The Ministry is’considering to replace the existing timber
bridge at the crossing of Songis Road and the North River, on
Lot 11, Conc. 1/2 of Phelps Township. The proposed scheme calls
for a 90 foot long structure consisting of three 30 foot spans.
The reconstruction will also incorporate a raise in the profile
grade of Songis Road in the order of two feet.

Our recommendations for the structure foundations and the related
earthworks are as follows.

Structure Foundations

The overburden material will not provide adequate support to

found the structure on spread footings without excessive differ-
ential settlements. In light of this it is recommended that the
proposed new structure be supported on end bearing steel H piles
or tube piles driven to bedrock surface. These piles can be
designed for their maximum allowable structural capacity. Due

to the sloping nature of the bedrock surface and its variable
elevation the piles should be fitted with Oslo points and installed
in the appropriate manner according to M.T.C. specifications to
ensure proper keying of the piles into the bedrock. The following
elevations are provided for the estimation of pile lengths.

Foundation Estimated Pile Tip Elevation
(Local Datum)

West Abutment 66 feet (north side}
$3 feat (south side)

West Pier 60 feet
LEast Pier 51 feet
EBast Abutment 46 feet (north side)

50 feet (south side)

The pile caps should have a minimum of & feet of earth cover for

frost protection purposes.

@
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A temporary dewatering scheme may be required for the construction
of the pier pile caps if they are situated below the water level.
Dewatering can be achieved by means of interlocking steel
sheeting. However, dewatering may not be required if the piers
are supported by tube piles which extend above the water level
and are capped at the underside of the bridge deck.

To prevent the build~up of hydrostatic pressure behind the abut-
ment, free draining granular material should be used for backfill
behind the retaining wall as per current M.T.C. standards. For
estimating the earth pressure on the abutments due to the granular
backfill a coefficient of active earth pressure (Ka) of 0.3 may

be used if some movement at the top of the abutment is permitted,
whereas if no movement at the top of the abutment is anticipated

a coefficient of earth pressure at rest (k,) of 0.5 may be used
for design purposes.

Approaches

The profile grade is to be raised by only two feet. No stability
problems for the approaches are anticipated.

Detour

According to the Region a temporary detour will be required during
construction of the structure. The detour is to be constructed
some 50 feet north of Songis Road. It is understood that the
profile grade of the detour will be kept to an elevation not

higher than the existing recadway. If such is the case, the detour

can be constructed with standard 2:1 side slopes. mw

&

D. Crawferd
Student Technician

& Ly

Ba Ly, P. E gn
Senior Engineer

September, 1978
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Crtang HIGHWAY ENGINEERING DIVISION-ENGINEERING MATERIALS OFFICE - SOIL MECHANICS SECTION
RECORD OF BOREHOLE No !
WO 77-50062 LOCATION __Sta, 4471, 17'Rt, ¢ Songis Road CRIGINATED BY D.C.
pisT_. 13 nwy_ Mun, BOREHOLE Typg . Hollow Stem Auger compitep sy _ DBt
DATUM Local DATE .. July 24 & 25, 1978 CHECKED BY
DYNAMIC CONE PENETRATION
S0OIL PROFILE SAMPLES gm :‘é RESISTANCE PLOT e NATON - CEMAR
"Iz LI LMt CONY:NY LIMEY =D EMARKS
= wn |30 @9 20 40 s0  BO 100 zo 4
‘ Ofm w - o L L L ) L Wp w Wy :’B
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&1z 5 %U T |® QUICK TRIAWAL X LAB VANE WA;%R CZ%NTE':”") {%)
81.2| Ground Level B ¢ o 3 GR SA 5 €1
78:9 Fill: Sand & Gravel  loo-oi-22 k] v 80 bh 44 10 2
2.0 sile, siight | ylegt—] =+
Plasticity- — — — *L
Silty Sand to Sand - |.3...88 [ U 54 40 6
With 8ilt and Gravel .
Occasional Boulders |- 41 55169 70
Very Loose to Dense | [ ST o
. e Es 133
63,2 -
18.0] Granite Badrock ™ T RE [Rec
Sound 71sx | 997 60 RQD 99%
RC (Ree
g 56.7 81x ooz ROD 100%
g 24.5] End of Borehole
Q
e
g
(]
» .
D
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2
2
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5
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ey
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3, «5 « Numbers refer to
Sensitivity
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15 0-5 (%) STRAIN AT FAILURE
1w

s e



WrPECE REFUKE N 3WW CAPLGEAL DN

Mitugtey =t
Transportation and
Commun.catons

Ontara HIGHWAY ENGINEERING DIVISION«ENGINEERING MATERIALS OFFICE -SOIL MECHANICS SECTION
RECORD OF BOREHOLE No 2
wo 77-50062 LOCATION Sta., 4+98, 14’ R, Songis Road CRIGINATED BY D.C,
DIsT 13 HWY Mun, BOREHOLE TYPE Solid Stem Auger COMPILED BY _D.C.
DATUM Logal DATE July 27, 1978 CHECKED BY
SOIL PROFILE SAMPLES o w DYNAMIC CONE PENETRATION
%J% g RESISTANCE PLOT }_,__,M sasTic NAIURAL v :E REMARKS
— B 5 hrd 20 40 60 40 100 LMt CONTENT LMY Z Q
9 o hH fd = 1 1 ! i 1 Wp W A Sw &
ELEV SCRIPT Tlgl w2 %g 5 [SHEAR STRENGTH SR N— 2 | GraIN SIZE
BEPTH DESCRIPTION 13| & 2138] § |ounconmmen 4 FiELD vane warer contenr ) 7 DISTRIBUTION
2|z 5 |V | & |eauck TRaiaL  x Lab vane g {%)
7 Water Level w - L GR SA S CL

3.1 i
LD HIveT Fottom ;
1.0 Augered T~

oo

Not Sampled < ) i
59.9 60 L

13.2] Probable Bedrock R

~F
Lo

Note: Resufal to
Augering at a Depth
of 13,2 Feet

20
%, %% ; Numbers refer to 150 o 1oy STRAIN AT FAILURE
Sansitivity 10
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Ontaria HIGHWAY ENGINEERING DWISION-ENGINEERING MATERIALS OFFICE - S0IL MECHANICS SECTION

¥
RECORD OF BOREHOLE No 3
wo __ 77-50062 LOCATION ___Sta. 5+28, 15' Rt. £ Songis Road TORIGINATED BY . D.C,
) DIST 13 HWY Mun, BOREMOLE TYPE Hollow Stem Auger COMPILED 3Y_...,...Mu
DAaTuUM _Logal DATE July 27, 1878 CHECKED BY
o we DYNAMIC CONE PENETRATION -
SOIL PROFILE SAMPLES 1w | g [messtance PIOT 2 lewsnc NSO wowl T | pemarks
55| % 20 40 60 80 1g0 |UMT cowren M} 5O s
| v o
Ofe ] i 0 ) L ) } Wp w w, i 3
ELEY |8 w| 3o | & [snEar STRENGTH NS I 0%%;’%?%%
DESCRIPTION =i > | 2|52 = | . A
= UNCONFINED FIELD VANE . y
pEPTH g :Z) . N 28 é ® GUICK TRIAXIAL % 1AB VANE WATER CONTENT (%) (%)
'73 ol w 1 1 " £z o 10 20 30 GR 5A 51 CL
& ater Leye
0,0  River Bottom -
1.5 Silty Sand to Sand o 70
With $ilt : R T
Some Gravel and o | 21 §7°21 1
Occasional Cobbles | + jot.58. 1 18 - e
Compact i3l ss 1 14
A 60
. 48 188 1|25 ) i
L ETsETE <o 4 75 (21)
51.0 N ¥ S W VA KA

22.0! Prob4ble Badrork
frd of Borehole

Note: Refugal to
Augering at a Depth
of 22 Feet

OFFI{E REPORY ON SOIL EXPLORATION

20
#3, %% Numbers refer to 15 4 5 (94} STRAIN AT FARURE
Sansitivity o
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Ormaris HIGHWAY ENGINEERING DIVISION-ENGINEERING MATERIALS OFFICE -301L MECHANICS SECTION
¥
RECORD OF BOREHOLE No 4
wo _ 77-50062 LOCATION _ Sta. 5470, 22' Lt, B Songis Road ORIGINATED BY _D.C.
pisT .13 HWY_ Mun. BOREHOLE TVYPE _ Hollow Stem Auger COMPILED BY __ D,C.
DATUM Logal DATE July 26, 1978 CHECKED BY
G w DYNAMIC CONE PENETRATION
SOIL PROFILE . SAMPLES o E [RESISTANCE PLOT > pastic NI aup »-% REMARKS
M3 CONTENT =
5le v ;g ; 20 40 60 80 100 W W W, %.‘;ﬁ &
ELEY DESCRIPTION S lmi w2 ﬁ%cg & ISHEAR STRENGTH AT 3 DG$RTN§ ?%E
i 19T =l >xlE5 = g STRIBUTION
DEPTH =15 ~ 1 = G 1 & |0 UNCONFINED + FIELD VANE y
2z . %u S |, Guick TRIAGAL % La8 vanE | WATER CONTENT (%) (%)
o« w
| ge ol crowa tever % £ e 400 600 1200 1600 10 20 30 4 GR SA SI CL
0.0 gﬁl: Sand and <> 18551 3
t -
82'3 51ty Sand to Sand e T 80 2849
. ilty Sand to San .
With Silt, Some Gr. 3138 5 -—%—-“
Clayey Silt to Silt ']‘ T + a3
of Slight Plasticity J
Frequent Pockets and ||’ 5 | TW 1 PH 70 . du3 o
s £Cl
eansg o ay -H: r P 3 . et — (=] 0 076 24
{7 S8 3
; [ 25 50
% Very Loose to Compact |, s& | 29
£ A
3 ol sETTIE o lenzw 1
5 i
2 | 50
3 ’ R A I
» 46.2 o
z 38,0{ Granite Bedrock RC [Ree
2 41.7] Sound 12 | px |sex RQD 887
L 42.5| End of Borehole ]
\2 ",u'.-‘\

(T 2 19

20
o3, x5 ; Numbers refer to 155 ¢ 1) STRAIN AT FAILURE
Sensitivity w0
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HIGHWAY ENGINEERING DIVISION-ENGINEERING MATERIALS OFFICE -SOIL MECHANICS SECTION

RECORD OF BOREHOLE No §

wo _17-50062 LOCATION Sta, 4471, 54' Lr. ¢ Songls Road ORIGINATED 8Y D.C.
) DIST_13  HWY____ Mun, BOREHOLE TYPE ___ Hollow Stem Auger COMPILED BY _D.C.
DATUM ___ Geodetic DATE July 25, 1978 CHECKED BY
e wh DYNAMIC CONE FENETRATION
SOIL PROFILE SAMPLES | & o | 3 [RSsTaNee Pior e TN el E | cemarcs
o & lu-{ 20 40 66 80 100 Lt CONTENT LMY wzﬂ 9 ,
0o e |22| 5 A O s wp W ow | 5® &
ELEV DESCRIPTION =8| g 3|85 & [sHear STRENGTH e i 3 D%’?i";'u?iéi
DEPTH =] > = = 1
DEPTH =15 <> 81 T |0 UNCONFINED + FIELD VANE v Y
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81,11 Ground Level ld - i 10 2p 30 GR 54 51 CL
0.0/ Sand With Silt & Some LAl 88 L4 80
ravel e e e s 2
silt, $light Plastinit:i“' Z.lss.l.3 5 |
With Frequent Clay SERED 2 016 80 & 3
Seans "‘.
i e 551 8
Very loose to Dense L Hereseitey 70

66.8] Probable Badrock
14,3} Eud of Borehole

Note:

1. Water Level Not
Established

2. Refusal to
Augering at a
Depth of 14.3
Feat

Sensitivity

20 ,
+3, x5 Numbers refer to 15 4 5 (o) STRAIN AT FAILURE
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" Gniaro HIGHWAY ENGINEERING DIVISION-ENGINEERING MATERIALS OFFICE 5011 MECHANICS $ECTION
RECORD OF BOREHOLE No 6
- WO . 717-30062 LOCATION __Sta, 4+71, 22' tv, ¢ Sonpis Road ORIGINATED 8Y _D.C.
pist...13  wwy  Mum, BOREHOLE TYPE Cone Test COMPILED BY .. D.Cs
DATUM Local DATE July 24 & 25, 1978 CHECKED BY
SOIL PROFILE SAMPLES ac ﬁ DYNAMIC CONE PENETR&TIQN —
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- 351 & 20 40 80 80 100 |'MT  cownrer lmT | SO
9 o @a = ” ) f ) \ ] Wp w w, | ow &
ELEV DESCRIPTION 218w | 2125 | § [sHear streNGTH e Gt % | GraAIN size
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82.5! Ground Level n - w GR SA 51 CL
0.0 80
]
70 ("‘"
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16.0]| End of Cone Test
; .
20
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HIGHWAY ENGINEERING DIVISION=-ENGINEERING MATERIALS OFFICE ~50IL MECHANICS SECTION

RECORD OF BOREHOLE No 7

[y

wo 77-50062 LOCATION _ Sta, 5470, 14' Rt. € Songis Hoad ORIGINATED BY _D.C.
oist.._ 13 __Hwy Mun, BOREHOLE TYPE ___ Cone Test COMPILED BY __ D.Co
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EXPLANATION OF TERMS USED IN REPORT

YN' VALUE: AN INDICATOR OF SUBSOIL QUALITY. IT 1S OBTAINED FROM THE STANDARD PENETRATION TEST (GSA $TD, Al19.1). SPT "N VALUE IS THE NUMBER OF BLOWS
REQUIRED 10 CAUSE A STANDARD 2 INCH O.D. SPLIT~HARREL SAMPLER TO PENETRATE 12 INCHES INTO UNDISTURBED GROUND IN A BUREHOLE WHEN ORIVEN BY A HAMMER

WEIGHING 140 POUNDS, FALLING FREELY A DISTANCE OF 30 INCHES.

POR THE PENETRATION ACHIEVED.

FOR PENETRATIONS OF LESS THAN 12 INCHES "N' VALUES ARE INDICATED AS THE NUMBER OF BLOWS
'N' VALUES CORRECTED FOR OVERBURDEN PRESSURE ARE DENOTED THUS T

DYNAMIC CONE PENETRATION TEST (CSA S1p, A110.3)t CONTINUOUS PENETRATION OF A CONICAL STEEL POINT (2" 0.0, 60 CONE ANGLE) DRIVEN BY 330 FI-LBE IMPACTS
ON 'A' BIZE DRILL RODS. THE RESISTANGE TO CONE PENETRATION 1§ MEASURED AS THE NUMBER OF BLOWS FOR EACH 12 INCH ADVARCE OF THE CONICAL POINT INTO THE

UNDLSTURSBED GROUND.

SOIL QUALITY: SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSITY.
CONSISTENCY: GCOMESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STREHGTH AS FOLLOWS:

DENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON

peflertoebioe P

] S, (PSF} 0« 250 | 250 - 5006 {500 -~ 1000 J1000 ~ 2000{2000 - 4000] > 4000
VERY SOFT SOFT FIRM STIFF VERY STIFF HARD
THE BASIS OF $PT "N' VALUES AS FOLLOWS!:
N (BLOW/ET) 0«5 5 ~ 10, 10 - 350 36 ~ 50 > 40
VERY LOGSE LOOSE COMPACT DENSE VERY LENSE

ROCE, QUALITY: ROCKS ARE DESCRIBED BY THEILR COMPOSITION AND SYRUCTURAL FEATURES AND/OR STRENGIH.
RECOVERY: SUM OF ALL RECOVERED ROCK CORE PIECES FROM A GORING RUN EXPRESSED AB A PERCENT OF THE TOTAL LENCTH DRILLED IN THAT CORING RUN.

HMODIFIED RECOVEKY: SUM OF THOSE NATURALLY FRACTURED CORE PIECES, 4"+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN. THE
ROCK QUALTTY DESIGNATION (ROD), FOR MODIFIED RECOVERY,IS:

1 mp @ o~ 25 25 - 30 50 - 73 75 ~ 90 1 90 - 100
VERY POOR BUGR FAIR GoGy EXCELLENT
JOINTING AND_BEDDING:
SPACING 2" PASEA VA AR 3"~ 0 & 10°
JOINTING  |VERY CLOSE CLOSE  |M0p. CLOSE WIDE VERY WIDE
BEDDING VERY THIN THIN MEDIUM PHICK  {VERY THICK
ABBREVIATIONS & SYMBOLS
LABORATORY TESTING FIELD SAMPLING
TRIAXTAL TESTS ARE DESCRIBED IN TERMS OF WHETHER § 8 SPLIT SPOON m
THEY ARE CONSOLIDATED (C) OR NOT (i) WS WASH SAMPLE 5
ISOTROPICALLY (I) OR NOT (A) § T SLOTTED TUBE SAMPLE
AND SHEARED DRAINED (DY OR UNDRAINED (V) B 5 BLOCK SAMPLE Ky
WITH PORE PRESSURE HEASUREMENTS (BAR OVER SYMBOLS) C 5  CHUNK SAMPLE X,
EG. G0 » CONSOLIDATED ISOTROPIC UNDRAIKED W THINWALL OPEN X
TRIAXIAL WITH PORE PRESSURE MEASUREMENT TP THINWALL PISTON P
UNLESS OTHERWISE SPECLFIED IN REPORT ALL TESTS 05 OSTERBERG SAMPLY ¢
ARE IN GOMPRESSION ¥ B FOIL SAMPLE w
R ¢ ROCK CORE 3
PHOTW, ADVANCGED HYDRAULICALLY
PN T.W. ADVANCED MANUALLY S Bl
By
B.L
INDEX_PROPERTIES STRENGTH  PARAMETERS
UNIT WELGHT OF SOIL {BULK DENSITY) I3 ASGLE OF SHEARING RESTSTANCE
Yo  USIT WEICHT OF WATER T, PEAK SHEAR BTRENCTR
] URLT DRY WEIGHT OF S0IL (DRY DENSITY) ), RESIDVAL SHEAR STRENCTH
¥ UNLT WELIGHT OF SUBMERGED SOTL @ COHESYON IWIERCEPT
Gy SPECITIS GRAVITY OF SOLIDS Uy Uy Uy GORMAL PRINGIPAL STHESSES "
e VGIDS RATIO u PORE WATER FEPSZURE ?
e,  INITIAL VDIDS RATIO s, EXCESS w N
oy L
€.y & LN LOGSEST STATS . PORE PHESSURE RATTO
Spin ¢ LI DENSEST BTATE 4, UNCONFINED COMPRESSIVE $TRENGTH ’
. Sy~ @ n
D, RALATIVE DENSITY = moorgms 5, UNDRATNED BHEAR STRENGTH '
13
n POROSTTY € LINEAR STRAIH
W WATER CONTENT 4 SHEAR STRALX “
) k
W,  LIOUID LIMIT v POTSSON'S RATIO v
b
Wy PLASTIC LIMIT £ HODULUS OF FLASTICIRY A
N g n €
we  SHRINKAGE LIMIT 3 MODULIS OF SHEAR DEFORMATION v
¢
1, FLASTICITY INDES w Wi~ wp By MODULES OF SUBCRADE REACTION Ed
T, LIGUIDITY INDEX « 2o w, STARILITY COEFFICIENTS “r
i
" " wy - 4
I, CORSISTENCY THDEX = WL."?JM 8,8 PORE PRESSURE CUEFFICLIENTS
N il
. in o yoil -
A, AcTmviny - Wm;gﬁm;;;g,, NUTE: EFFECTIVE STR:ZS PARAMETERS ARE ¥
SENCTED BY USE OF APOSTROPHE ¢
Om  ORGANIL MATTER CONTENT SBOVE THE SYMBOL, THUS:
&' = EFPECTIVE ANGLE OF o

k4 VECREE OF SATURATION

o SENSITIVITY By (’wmsi::bud)
5, iramouided )

SHEARING HESISTANUE
U w EFYECTIVE NORMAL STRESS

EARTH PRESSURE TERMS

COLFFICIENT OF FRICTION
ANGLE OF WALL FRICTION
COEFFICIENT OF EARTH PRESSURE AT REST
COEFFICIENT OF ACTIVE EARTH PRESSURE

COEFFICLENT OF PASSIVE EARTH PRESSURE

:fﬁ

ANGLE OF TNCLISATION OF SURCHARGE
SLOPE ANGLE-BACKFAGE OF WALL
ANCLE OF SLOPE (B
BEARTNG CAPAGTSY FACTORS

BEPTH OF PODTING

POOTING DIMENSIONS

HYDRAULIC TERMS

{YHRAULIC MEAD OR PUTENTIAL
HATE OF DISCHAKGE

VELOETTY OF FLOW

HYDRAULLC GRADIENT

SEEPAGE FORCE PER UNLT VOLUME
COEFFICLENT OF VISCOSITY

COFFFICIRNT OF HYDRAULIC CONDUCTIVITY
% IN HORIZONTAL DIRECTION

i I VERTICAL DIRECTION

COLFFLCIRNT OF VOLUME CHANGE
COEFFICIENT OF CONAOLIBATION
COMPRESSION INDEX

LECOMPRESSION INDEX

DRAIHAGE PATH DISTANCE

TIME FACTOR

SEGHEE OF CONSOLIDATION

OVERCONSULIDATION HATIO (OCR)
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