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DEPARTMENT OF HIGHWAYS DNTARIO : ,ﬁr@—;%

MEMORANDUM . GEOGRES NeoT
"‘."fm: Mr, B. B, Davis, From: Foundation Section,
. Bridge Engineer, Materials & Testing Office,
) Bridge Office, Room 107, Lab. Bldg.
Admin, Bldg.

ArTEnTION: Mr. S. MeCombie ' Dare:  July 8,..1970

Our Fice Rer. In rEPLY TO .

SussecT

FOUNDATION INVESTIGATION REPORT
For
The Proposed Hwy., #402 Overpass
At Modeland Road
District No. 1 (Chatham)

W.0, 70-11046 ~- W.,P, 122-65-03 & 04

P . B —
Cont. 78527

’MM"' o Attachéd, we are forwarding to you our detailed
[t foundation investigation report on the subsoll conditions
existing at the above structure site,

We believe that the factual data and recommendations
contained therein, will prove adequate for your design
requirements., Should additional information be required,
please do not hesitate to contact our Office.
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Attach, PRINCIPAL FOUNDATION ENGINEER
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FOUNDATION INVESTIGATION REPORT.
For
The Proposed Hwy. #402 Overpass
At Modeland Road
District No, 1 (Chatham)
W,0, 70-11046 «~ W,P, 122-65-03 & Ok

1, INTRODUCTION:

A foundation investigation was regquested by Mr,
A, P, Watt regional bridge planning eng., Southwestern Region,
at the site of the proposed Hwy, #3102 overpass at Modeland
Rd.,, east of Sarnia, The memo containing the request was
dated May 22, 1970,

The originally proposed Hwy., #02 line "C" ran

~some 200 ft, north of the present line and it has been shifted

on account of unfavourable subsoil conditions, A soils in-
vestigation for the original line "C" was carried out in

Dec. 1969,‘the results of which were compiled in our report
numbered W,J, 69-F-119, During this previous investigation

a fairly thick, soft orgasnic deposit was revealed to under—
lie the site, The thickness of this deposit was found to
diminish southward, consequently it was‘pointed out, that by
ad justing the proposed line the deeper organic deposit might
be avoided, Since the general soil conditions were discussed
at some length in the above mentioned report, only a summary
is glven here, together with recommendations covering structure

foundations, )
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2, DESCRIPTION OF THE SITE:

The proposed crossing is situated in the eastern
outskirts of the city of Sarnia, appr., 0.5 mi, north of the
existing Hwy., #3402 along Modeland Rd, The general area is
flat, the east sidé of the existing Modeland Rd, is a
residential development, the area west of the road is occupled
by farmlands,

Geologically the area belongs to the physiographic
region known as the HURON FRiNGE. At this southerly portion
of the region, behind the sandy beaches of Iake Huron some
marshy lagoons may be found, These marshlands are usually

underlain by marl or marly silt and clay.

n3. FIELD AND TABORATORY INVESTIGATIONS :

Some 15 boreholes were drilled during the course
of the new foundation investigation at the proposed footing
locations and under the proposed approach fills, Borehole #2
carried out during the previous investigation falls very near
a proposed footing, thus it was also incorporated in this
report,

The boreholes were carried out by means of a contin~-
vous flight auger and s C.M.E, hollow stem auger, Bedrock
was proved by means of diamond drilling in BH.'s #7 and 9,
Standard.sampling techniques were followed, taking split
spoons and "undisturbed" shelby tube samples at regular inter—

vals, Split spoon samples were advanced by performing
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3, FIELD AND LABORATORY INVESTIGATIONS: (cont'd,)...

Standard penetration tests, while the thin walled Shelby
tubes were pushed either manually or hydrgulicly 18"

into the soils, Undrained field vane shear tests were im;
plemented in the boreholes wnere soil conditions permitted,
The shear strengths of the remoulded soils were also deter¥
mined by turning the vane apparatus six full rotations and
anain measuring the torque, The locations and elevations of
the boreholes as well as the estimated soil stratigraphy

at the proposed footing locations are shown on Drawing #
70-110L46A & B in the appendix, All the laboratory and field

tests are compiled on the borelogs accompanying this report,

I, SOIL CONDITIONS:

1.1) General:

Three soill strata were discernéd in the bore—-
holes, underlain by shale bedrock., The surficial layer
in most holes were observed %o be recent organic deposits,
followed by clayey silts with traces of ssand and gravel
which In turn were underlain by silty clays with traces of
sand and gravel, A brief description of each layer 1s as

follows:
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4. SOIL CONDITIONS: (cont'd.)...

},2) Organic Depositsa:

The depth of the organic deposit was found to vary
between 1.5 ft, and 16 ft, The thickest deposits were on
served at the locations of the proposed west pier and west
abutment, diminishing towards both the east and west direc—
tions, The organic material consists of seams and pockets
ol black peat, sand and organic silts and clays, The black
peat is a typlically fibrous deposit, formed by partially and
entirely decomposed vegetable matter, The organic silts
and clays are grey in colour, containing a lezrge number of
shells and having very light bulk density. Such calcareous
organic clays are commonly known as marls, The organic
content of the samples were as high as 25-29%, the Atterberg
limits and natural moisture contents exceeding 100-200%.
The average bulk density of the organic deposit may be taken
to be 80 PCF, Standard penetration "N" values usually range
from 1 to § blows per ft, indicating very soft to firm con-
sistency and very loose to loose relative density. Undrained
shear strength values were measured to be 150-4500 PSF;—aver~
aging 10O PSF,

Lh.3) Clayey silt with traces of sand and gravel:

Underlying the organic deposit, clayey silts with
traces of sand and gravel were encountered, extending down
to appr., L45 ft, below ground level. This material is con—
sidered to be a portion of the dééosit known as the St, Clair

ceees 5
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., SOIL CONDITIONS: (cont'd.)...

L.3) Clayey silt with traces of sand and gravel: ({cont'd.),..

clay till, Several publications ere¢ available deécribing
these soils, so that their physical and engineering properties
are falirly well known, The upper zone of the clayey silt is
overconsoclidated by desiccation and it appears that the over—
consolidation is more pronounced st locations where the over~
lying organic deposit is thin. There is & great veriation

of the measured shear strengths of the stratum, ranging from
500-600 PSF around elevations 545-550 ft, up to much in excess
of 2000 P3SF within the upper desiccated layers, The¥ clayey
silts have slight plasticity, the plastic limits sveraging
about 15%, the liquid limits about 267 with a natural moisture
content of 20%, (see plasticity chart attached as Fig, #1.)
The bulk density of the material may be taken to be 130-132 PCF,

L.L) Silty clay with traces of sand and gravel:

Around el, 5h2-5hi6 ft., some L5 ft, below ground
level, silty clays with traces of sand and gravel were found,
extending down to bedrock, having an overall thickness of
60 ft. By visuel examination the clayey silts and silty
clays appear to be very similar, having the same colour, éom~
parable consistencies, and similar amount of ccarse sand
and gravel particles., The silty clay however is a different
geological deposit as was indicated by some investigatofs.
The shear strength characteristics of this material suggest
that the deposit is normally consolidated op slightly over—
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i, SOJIL CONDITIONS: (cont'd,)...

b.,L4) 8ilty clay with traces of sand and gravel: (cont'd.)...

consolidated, The average plastic limit of the silty clay was
estimated to be 20%, the 1iqﬁid limit 38%: with natural
moisture contents of appr, 25%. The layer has an average

bulk density of 127¥128PCF. Standard penetration tests

carried out within the stratum resulted in "N" values

between 5 blows per ft. and 28 blows per ft. The corresponding

undrained shear strengths were L0O PSF and over 2000 PSF,

L.5) Bedrock:

In order to establish bedrock elevations at the
locations of the proposed footings, diamond drilling was
carried out iﬁ BH's #7 and 9, Some u;S ft., thickness of the
rock was proved by this method. Another S borings were aug-
ered down to the bottom of the overbﬁrden, vhere the probable
bedrock elevations were estimated by the refussl of further
penetration, The bedrock was found to dip slightly westward,
being at el, 48BL-UB5 ft. under the future east abutment, and
el. u82—u82.5 ft, beneath the west, The rock was classified
to be sound, black shale of the Kettle point formation, The

drilling yielded 95% recovery in the AXT size core barrels,

h.6) Ground water corditions:

Groundwater observations were cerried out in the
boreholes for period of 3;5 days., The water levels were foung
to lie some 1,5-3 ft, below groung elevation, within the organic
deposit., It is assumed that the pore water distribution is

-hydrostatic within the entire overburden,
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5. DISCUSSION AND RECOMMENDATTIONS :

5.1) General:

The proposal for this crossing calls for a mul;
tiple span structure to carry the future Hwy. #,02 over Mode~
land Rd. The grade of Hwy., # 02 at the crossing is proposed
to be at el. 613,6 ft. necessitating apprcach fills of 20-23
ft. height, Modeland Rd, will be improved to a four lane
road, the grade of which at the crossing will be at el, 593.0
ft., practically unchanged.

Field investigations revealed that the roughly 106
ft. thick overburden consisted of organic deposits, followed
by clayey silt and silty clay glacial tills, Around el,

L182-285 ft, black shale bedrock was established,

5.2) Removal of organic materials:

In our report, numbered 69-F-119 recommendations
concerning the excavations of organic deposits at the pro-
posed crossing were given, Since along the present line "C"
the organic deposit was nowhere found deeper than 16 ft., below
ground level, the recommendations under paragraph (5.1) of
the above report should be followed,. Pafagraph (5.1) is
quoted as follows:

"Excavate all organic soil and replace with suit-
able granular up to about 3 ft, above water level,
and suitable earth fill above that level, If this
treatment is carried out, there should be no sta-
bility or settlement problems," (for approach
embankments, constructed with 2 horizontal to 1
vertical slopes,)

L]

Quite shallow organic deposits were found under the
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5, DISCUSSICN AND RECOMMENDATIONS: (cont'd.)...

5.2) Removal of organic materiasls: (cont'd.)...

proposed four lanes of Modeland Rd,, therefore it is re-
commended that all organics be removed from under the future

roadbed and replaced by suitable granular backfill,

5.3) Structure Foundations:

It is believed that the proposed multiple apan
structure can most economically be supported on piled
foundations. In order to eliminatevdifferential settlements
betwéen abutments end plers, steel H piles should be driven
to refusal on bedrock, As wesg mentioned earlier the bedrock
surface is around el. u82;u82.5 ft. under the west abutment
and pier, and arocund el. L84~485 ft. under the east portion
of the crossing,.

| Design loads equal %o the maximum allowable for
the steel 'H' section used may be employed on piles driven
to sound bedrock, For perched abutments piles may be driven
through the approach fills, which in the location of the piles
should be devoid of bouldery material, Pile caps should be
placed at four ft, below finished ground for frost protecfion.
The groundwater level was found to iie very near the ground
level, 1t 1s surmised therefore that footing excavations will
be carried out a few ft, below water level, In such a case,
even a well graded granular backfill mey be loosened up

under the upward pressure of the unbalanced hydrostatic head,

*
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5. DISUCSSION AND RECOMMENDATIONS: (cont'd.)...

5.3) Structure Foundations: (cont'd.)...

If the material used for the backfill is a2 poorly graded fine
sand, it will certeinly "b013" at the excqvation bottoms,

To overcome such problems & dewatering scheme will be necessary,

6, MISCELIANEOUS :

The field investigations, carried out during the
period June. l;~19, 1970 were supervised by Mr., A, K, Barsvary,
Senior Foundestion Engineer & Mr. T, Preston, Student
. Technician, ZEquipment used was owned and operated by P,V,K,
Drilling Company, Burford, Ontario,

This report was prepared by Mr, A, K, Barsvary &
reviewed by Mr, X, G, Selby, Supervising Foundation Engineer.

JULY 1970
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FORM OQB-MT- 126 (REV. 1969) OFFICE REPORT ON 50U EXPLORATION

DEPARTMENT OF HIGHWAYS- ONTARIO

J 6 . .
WATERIALS & TESTING OFFICE RECORD OF BOREHOLE No. FOUNDATION SECTION

0B 70=11046-  LOCATON_ STA 60 + 80, 3L Tt, It, of ¥ ORIGINATED BY P,

wp 122-65-03é0L BORING DATE Jume 8-9, 1970 COMPILED BY A K, B,
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FQRM OB-MT- 128

iREV. 1969}

QFFICE REPORT OnN SO EXPLORATION

0B 7

DATUM _

DEPARTMENT OF HIGHWAYS- ONTARIO
MATERIALS & TESTING OFFICE
Qﬁ}fﬁ}:_{} .};;té}:ﬁ__.::'—. S —

RECORD OF BOREHOLE No. -

LOCATION _STA 60 +.

BORING DATE  Juns we‘;,___ 1970

82
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» LO0 FT Lt, of ¢

_ ORIGINATED BY A, K,B,
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FORM OB-MT- 126 (REV. 19569}

QFFICE HEPORT ON S0H EXPLORATION

MATERIALS &

OB _70-11046
wp _122-65-0340L

DATUM Geodet ie

DEPARTMENT OF HIGHWAYS- ONTARIO
TESTING OFFICE
LOCATION STA, 62 & 85, 34Ft. RT, of & .
BORING DATE _Jume 19, 1970

BOREHOLE _ Auger
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RECORD OF BOREHOLE No. 8
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DYNAMIC PENETRATION  RESISTANCE
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T FORM OB-MT- 126 (REV 1969) OFFICE REPORT ON 50IL EXPLORATION

DEPARTMENT OF HIGHWAYS~ ONTARIO

MATERIALS & TESTING OFFICE RECORD OF BOREHOLE No. g FOUNDATION SECTION
JOB 70-11046. Locanion  STA 62 + 82, 101 Ft, Rt of @ \ ORIGINATED BY __ 4 w B
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FORM OB-MT- 126 {REV. 1969)

¢

OFFICE REPORT ON S0 EXPLORATION

®

DEPARTMENT OF HIGHWAYS- ONTARIOD
MATERIALS & TESTING OFFICE
J0B __70-11046

RECORD
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RESISTANCE
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FORM OB-MT- 126 (REY 196%)

QFFICE REPORT ON 500

EXPLORATION

DEPARTMENT OF HIGHWAYS- ONTARID
MATERIALS & TESTING OQFFICE
JoB 70-11Cho
WP .“Lr’a."“‘"“ WQ

e’"--..q

34@(‘3%
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LOC AT‘(}N
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RESISTANCE
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CFORM OB-MT- 126 (REV. 1969}

¢

QFFICE REPORT ON 301 EXPLORATION

q.r

DEPARTMENT OF HIGHWAYS- ONTARIO

MATERIALS & TESTING QFFICE
j08 _70-1100L6

WP 122-65-03f0L
batum __Geodetie

RECORD OF BOREHOLE No. 1o

LOCATION STA 61 + 05 100 P& RT, of £ . ..

BORING &Ammmgunﬁwiﬁy LGT70 i
BOREHOLE 7TYPe  C. MVE. Auger
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FOUNDATION SECTION
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§ z €80 i ; g z ! 0~93~(7)
| - very soft to firm ' f ! ; 067 '
i : ! ! ; , ! ; {
5 S ?g L2 9 >+ § f :
13.0 ! ] ; f 2 % :
z ' it A ‘ H : 5 i :
o ; ; < a | 3 :
Clayey silt with | 7 i : f ? § Lo
: : . i S 70 menm s oreemn e e s+ : ....... \\ (, : I : % ,,,,,,,,,, E
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; : o \ 1 ! ! 2 ’ + ! i :
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5 | ; ; | : | % | | 2 g
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i L : i , | : ? i | : .
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5 2 f- E g
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; o : : ? a |
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FPLEM DBE-MT - 140 (KEY. 19469} LRriclk RKEPORT ON SOH EXPLOEHATION

DEPARTMENT OF HIGHWAYS- ONTARID
MATERIALS & TESTING OFFICE RECORD __ OF BOREHOLE No,13 FOUNDATION SECTION
jop 70-110Lh6 LOCATIONSTA 60 + 76, 34 Ft, Bt of g ____ ORIGINATED BY
WP 122~65~03%0L BORING DATE  une 18, 1§70 _ COMPILED BY

DATUM __ Ceodetde . BOREHOLE TYPE (¢, M,E, Auger. e CHECKED BY

el . z o DYNAMIC PENETRATION  RESISTANCE LIQUID LIMIT ————
SOIL PROFILE SAMPLES ., |BLOWS/FOOT - PLASTIC LIMIT —— w

X L . , i WATER  CONTENT—— w
SHEAR STRENGIH PSS F We Wy
O UNCONFINED + FIELD VANE ’
# QUITY TRIAXIAL ®* LAR. WANE WATER CONTENT %,

T

2

k.

STRAT P

REMARKS

Ll

by

BULK
DENSITY

‘OEPFHE DESCRIPTION

588.7 Ground Level

WS/ FOOT
CA

™~

i,

f:!‘s
ELEV

=
3
¥t

BL

1000 2000 10 20 30

H

I
? | :
) i

FIGRSASICL

i
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0.C | Black peat with .~ g g | § |
- sesms of organic | $ | | § o i = = e
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: v&ry s Oft tO 2 Oft B o e . ), ? e e = g .............. I S . %
: 3 : | ; - ©100
+ ; : ? § |
-] S RS
: + i : ! ; ; :
512 .2 ‘ ! X 1 i i

16 . 5‘ i: - 4 e e e / .. é ,3620 A — % - 131"
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T f )
L gravel ; T ! ' : . §
b — .g ; . . . SRRV [ iPR S ;f é._ ;
' Hard to stiff : : f : T A
| % : i | § ] - !

s > : ; : )
3 : : ' : ; E
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55,2 ; “ e ot 139
: } : ! : 1 i : \ :
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CPQRM QB-MT - 176 IREV 1969} APFILE KEPORD UN DL D AFLM AT RN

DEPARTMENT OF HIGHWAYS- ONTARIO

MATERIALS & TESTING OFFICE RECORD OF BOREHOLE No. 1) FOUNDATION SECTION
jos 7011046 _ LOCATION _ 8TA 60 + 73, 100 Ft, Rt of @ ORIGINATED BY g o

RS [ — PEp——— VLS L. .

P R e

*N?<m132ﬂ§5m63&0h _ BORING DATE  June 12-15 1970 i COMPIRED BY \
paTUM _Geodetle BOREHOLE TvPE _ C.M.E.  Auger CHECKED BY _ oA

iy A Ny ! DYNAMIC PENETRATION RESISTANCE LIQUID LIMIT meemem Wy

QOSL ?')R(V,QFS{M% JAMPLES BLQ%@FQ%O 60 80 100 PLASTEC LgMﬁw wwwwp .
. ‘ WATER CONTENT——w w =

“ ISHEAR STRENGTH PSF W w , 221 REMARKS
O UNCONFINED + FIELD VANE R @

(2
;j ® QUICK TRIAXIAL = LAB. VANE \ WATER CONTENT % Y

= 1000 2000 1020 30 bl plopcac Cl

.
Pt
i

1
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!
{ d
5 b
3
|

il
L -+
¢ f DESCRIPTION i }( %
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i

e
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H 3 3
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| . IO N T o A |
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- clay & sand L ! \ ; 5 ) | : i 0 9l (6)
: b % ; ; i { : ?
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5 [ | \ : ’ i
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NI i ; ! j | i §
: \ :’ -‘ ! i ! i i
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FORM QB-MT - 126 (REV 1949 OFFICE REPORT ’_QN SO EXPLORATION .

DEPARTMENT OF HIGHWAYS- ONTARIO
MATERIALS & TESTING OFfFFICE
j0B 70-110L6.

RECORD OF BOREHOLE No.15 FOUNDATION SECTION

Ou6. LocaTION _STA Bl + L0 g S ORIGINATED BY A,K,B;
we 122-65-C3%0L  soRNG pate_Jume 18, 1970 compiLeD Y #.K.B.

vv\_‘ﬁ VVVVVVVVVVVVV e
BOREHOLE Type Auger CHECKED BY _

patym_CGeodetlic

{

SOIL_PROFILE SAMPLES DYNAMIC PENETRATION  RESISTANCE LIQUID LIMIT —en Wi

5T

BLOWS / FOOT PLASTIC LIMIT —=——w,
WATER CONTENT-———

i A i 4

SHEAR STRENGTH PSR W " w2

* w ’;”~ 2 &1 REMARKS
Q@ UNCONFINED # FIELD WANE . o
® QUICK TRIAXIAL X LAB. VANE WATER CONTENT %, Rve

! E

L3

DESCRIPTION
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e
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2
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1. i
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IARRE LR CAAL T L0 AKEY. YDV

CUFFICE REPORT ON SOIL EXPLORATION

DEPARTMENT QF HIGHWAYS- ONTARIG
MATERIALS & TESTING OFFICE
Hel: N ze-noglé

LOCATION
BORING DATE

BOREHOLE TYPE

__STA 60 + 0O ¥

RECORD OF BOREHOLE

No. 16

June-19, 19?6 )

C.M.E., Auger

CHECKED BY

FOUNDATION SECTION

ORIGINATED BY  T-F.

COMPILED 8Y

SOHL PROFWLE

SAMPLES

DYNAMIC PENETRATION  RESISTANCE
BLOWS / FOOT

STRAY PLOT

4
}%
DESCRIPTION g
|

c89,5! Ground Tevel — |
‘”mﬁmﬂﬁk
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BLOWS /FOOT

i 3

SCALE

H i
SHEAR STRENGIH PSF

D UNCONFINED + FIELD VANE
# GUICK TRIAXIAL  x LAB  VANE

1000 2000
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WATER CONTENT—emw
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WATER CONTENT %
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~
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" IGR.SA S CL.
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ABBREVIATIONS USED IN THIS REPORT

PENETRATION RESISTANCE

STANDARD PENETRATION RESISTANCE 'N': - THE NUMBER OF BLOWS REQUIRED TO ADVANCE A STANDARD SPLIT SPOON SAMPLER
12 INCHES INTO THE SUBSOIL, DRIVEN BY MEANS OF A {40 POUND HAMMER FALLING FREELY A DISTANCE OF 30 INCHES.

DYNAMIC PENETRATION RESISTANCE : - THE NUMBER OF BLOWS REQUIRED TO ADVANCE A 2 INCH, 60 DEGREE CONE, FITTED
TO THE END OF DRILL RODS, 12 INCHES INTO THE SUBSOIL, THE DRIVING ENERGY BEING 350 FOOT POUNDS PER BLOW.

DESCRIPTION OF SOIL

THE CONSISTENCY OF COMESIVE SOILS AND THE RELATIVE DENSITY OR DENSENESS OF COHESIONLESS SOiLS ARE DESCRIBED
IN THE FOLLOWING TERMS : -~

CONSISTENCY 'N' BLOWS/FT. ¢ LB./SQ.FT DENSENESS 'N' BLOWS / FT.
VERY SOFT Q0 - 2 0 - 250 VERY LOOSE 0 - 4
SOFT 2 - 4 250 - %00 LOOSE 4 - 10
FIRM 4 - 8 500 - {000 COMPACT 10 ~ 30
STIFF 8 - I 100G - 2000 DENSE 30 - 50
VERY $TIFF i85 -~ 30 2000 - 4000 VERY DENSE > 80
HARD > 30 > 4000

TYPE OF SAMPLE

8.5, SPLIT SPOON T, W. THINWALL OPEN
LA WASHED SAMPLE TR THINWALL PISTON
5B SCRAPER BUCKET SAMPLE 0.5 CESTERBERG SAMPLE
A5, AUGER SAMPLE F$ FOIL SAMPLE

cs CHUNK SAMPLE R.C ROCK CORE

5T SLOTTED TUBE SAMPLE
P H SAMPLE ADVANCED HYDRAULICALLY
BM SAMPLE ADVANCED MANUALLY

SOIL TESTS
Qu UNCONFINED COMPRESSION L.V. LABORATORY VANE
] UNDRAINED TRIAXIAL EV.  FIELD VANE
Qcu  CONSOLIDATED UNDRAINED TRIAXIAL c CONSOLIDATION

Qd DRAINED TRIAXIAL S SENSITIVITY



L R - -

Cu

Pu

ABBREVIATIONS USED IN THIS REPORT
SOIL PROPERTI§§ GENERAL
UNIT WEIGHT OF S0IL (BULK DENSITY) 7 =3-1416
UNIT WEIGHT OF SOLID PARTICLES [ BASE OF NATURAL LOGARITHMS 2-7183
UNIT WEIGHT OF WATER log,o or In g MATURAL LOGARITHM OF g
UNIT DRY WEIGHT OF SOIL (DRY DENSITY) logoo OR [0Q @  LOGARITHM OF @ TO BASE 10
UNIT WEIGHT OF SUBMERGED SOIL t TIME
T AC DUE TO GRAVITY
SPECIFIC GRAVITY OF SOLID PARTICLES G = w-”--.' 9 CELERATION T
v v VOLUME
VOID RATIO w WEIGHT
POROSITY M MOMENT
WATER CONTENTY F FACTOR OF SAFETY

DEGREE OF SATURATION
LIQUID LIMIT

PLASTIC LIMIT
PLASTICITY INDEX
SHRINKAGE LIMIT

LIQUIDITY INDEX « ll._..“.ﬁﬁ,
P

- W
CONSISTENCY INDEX = oW
P

VOID RATIO IN LOOSEST STATE
VOID RATIO IN DENSEST STATE

DENSITY INDEX » Smox €

€ max ~ € min
RELATIVE DENSITY D, 15 ALS0 USED
HYDRAULIC HEAD OR POTENTIAL
RATE OF DISCHARGE
VELOCITY OF FLOW
HYDRAULIC GRADIENT
COEFFICIENT OF PERMEABILITY

SEEPAGE FORCE PER UNIT VOLUME

COEFFICIENT OF VOLUME CHANGE + D8
i I+ ei Ao

COEFFICIENT OF CONSOLIDATION

COMPRESSION INDEX » —2.€

Alog,, O
TIME FAGTOR = %&L ( d, DRAINAGE PATH )}

DEGREE OF CONSOLIDATION
SHEAR STRENGTH

EFFECTIVE COMESION
INTERCEPT

EFFECTIVE ANGLE OF
SHEARING RESISTANCE,
OR FRICTION

APPARENT COMESION

APPARENT ANGLE OF
SHEARING RESISTANCE,
OR FRICTION

COEFFICIENT OF FRICTION
SENSITIVITY

IN TERMS OF
EFFECTIVE STRESS

Ty=c + 0 tan ¢'
t

iN TERMS OF
TOTAL STRESS

Te=cy+ O tany

S rXomey m a9 qq €

Z20rMr =

o x

STRESS AND STRAIN

PORE PRESSURE

NORMAL STRESS

NORMAL EFFECTIVE STRESS (O IS ALSO USED )
SHEAR STRESS

LINEAR STRAIN

SHEAR STRAIN

POISSON'S RATIO { |l IS ALSO USED)

MODULUS OF LINEAR DEFORMATION ( YOUNGS MODULUS )
MODULUS OF SHEAR DEFORMATION

MODULUS OF COMPRESSIBILITY

COEFFICIENT OF VISCOSITY

EARTH PRESSURE

DISTANCE FROM TOP OF WALL TO POINT OF APPLICATION
OF PRESSURE

ANGLE OF WALL FRICTION

DIMENSIONLESS COEFFICIENT TO BE USED WITH VARIOUS
SUFFIXES IN EXPRESSIONS REFERRING TO NORMAL STRESS
ON WALLS

COEFFICIENT OF EARTH PRESSURE AT REST

FOUNDATIONS

BREADTH OF FOUNDATION
LENGTH OF FOUNDATION
DEPTH OF FOUNDATION BENEATH GROUND

DIMENSIONLESS COEFFICIENT USED WITH A SUFFIX APPLYING
TO SPECIFIC GRAVITY. DEPTH AND COMESION EYC. IN THE
FORMULA FOR BEARING CAPACITY

MODULUS OF SUBGRADE REACTION

SLOPES

VERTICAL. MEIGHT OF SLOPE
DEPTH BELOW TOE OF SLOPE TO MARD STRATUM
ANGLE OF SLOPE TO HORIZONTAL
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