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o X Shieinstasoer, Foundation Section
‘Kun;cipal Aridge Li&iﬁuﬁ Tnegr., - - Haterials & Tastin§ Div.,

. Bridee Division. Feom 107, Lab, Bldg.

AtEn: Hr. G.C.%. Burkhardt, ' March 11. 1096%
Yun, Bridge Checking Engr. . ) 1962

Your Yeamc -- Harch 10/6%

Township of Lendon, *unningdsla Bricge over
sedway xivar Lot 19, Con. /X*, Lounty of Hiddleasex,
Structure Site Heo, 19-23%, Your File Ne. B2 1973,

wWith reference to your memc of Harzh 10, 196F, reparding
the above structure, we herewith submit our ﬁc%méﬁté for your
consideration:

The Tactual soil information in the report iz well presenved
ard, ias cur opinion, adequate. The most significant feature at this
site is the preszence of artesisn copditiong which govern the stablility
of the banks and have also & decisive influence on the cheice of the
future structure. In connecticn with this phencmencn, we wculd like
te mention that due to the fact thal artesisn conditions were not
recogrnized and therefore not congsidered, tws structures in that same
generel arex have failed tc ths extent that additiovnel spans had 1o
be addad.

It is also cur opinion that the box culvert represents the
most strezightforwerd sclution to the relatively c:gflcu;f protlem.
The construeticn prrbiems are mincr, and the fipal product carries
the lsast amcunt of “unknowns”.

In your mesmc you mention that the culvert is not & gocd
solutieon from the hydrolegical point of view. Howsver, it does
represent a good solution from the foundation poimt of view and,
therefcre a reconciliation of the two reguirements haz to be
sought. 1If scour is the problem, we believe ithat the driviog of
interlocking steel sheet piling could provide the necsssary sclution.

¥e hope that the above will hnelp you to arrive at & 3atil
faetory cenclusion., Should there be any additigngl questions that
yoi would like to élscuss, please feel free o call on our {ffice.

&4ﬁ2>pzc¢w€}
Stermac,

EHEYELE Y e Do
\L FG YJ’F“‘@AT Gl EEGINEER

ce: Fourdations iffice PEINCIP/
Gen. Flles

A
A

P.i., -=- The plans are being returned as requested,
urfer gseparate cover.



A, Stermse, P. Eng. " Frow: Bridge Division,
Principal Poundation Engineer, . .- Downsview, Ontario
Room 107 Lab, Bldg. ' B

Dare: March 10, 1965

Dur FiLe Rer.  INrepLy 1O

Sunaeer:

Township of Lendcn, SunnLngdale Bridge over
Medway River, Lot 19, Con, V/VI, County of Middlesex
Structure Site No. 9—235, ‘Ouy: File No. BA 1958

Attached ‘please find one (1) copy of the Foundation Report,
by H. Q. Golder and Assoclates Iimited, and one (1) copy of the plans
for the above mentioned structure.

The designer has chosen a8 3 span concrete box culvert, mainly
due to the recommendations outlined ‘in the soils report, but a
3 span box culvert is not a good solution for this site from the
hydrology viewpoint, Ve therefcre would appreciate it very much,
if we could have your comments, re. the Foundation Report, at
your earliest convenlence,

For your added information, the designer of the structure, Mr,
N. ¥. Warner, from R.C. Dunn and Assoclates Limited, has been
in contadct with Mr, L. G, Soderman, fromn H,Q, Golder and
Associates Limited, re, the driving of sheet piles as scour
protection at both ends of the culvert after the construction
of the structure, Mr., N, W, Warner was told that no bolling
of the soil would occur, provided that the plles are left in
place.

Since we do not have enough coples of the plan we would
sppreciate i1t very much, if you could send the plans back to us
which we are forwarding to you today, as soon as you are
finished using them.

-

/gqgff@m;
G.C.E . Burkhardt, P.Eng.,
Munieipal Bridge Checklng Engineer
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ABSTRACT

The site of the proposed Sunningdale Bridge ‘is located
in & broad shallow valley on the road between concessions V and VI
south of Arva, Ontario.  The soil and water conditions were inves-
tigated by means of 4 boreholes. Piezometers were installed in
three of these borings to measure the artesian pressures.

The soil conditions at the site consist of a surface
veneer of loose river and flood plain deposits overlying a variable
thickness of clayey silt and silt till. The till forms a seal over
underlying silt and sand. strata that carry artesian water.. This
artesian water is the most significant feature of the site in that
it has a pronounced influence on the stability of the bank slopes.

In addition to the tentatively proposed cross section,
which was found to be unstable, 4 alternate designs were considered,
These include 1) flatteéening the rip rap slopes and designing a 3
span structure on 2 piérs and 2 abutments, 2) founding the abutments .
on piles and employing & single span, 3} installing drainage trenches.
to relieve some of the artesian pressure and founding a single span
structure on spread footings, and 4 )constructing a box culvert,

From both engineering and economic view points, it is
considered that alternates 3 and 4 are most applicable to the site.
Design details are presented in the report.

- [GOLDER & ASSOCIATES]



TNTRODUCTION

H. Q. Golder &,Assqciates Ltd. has been rgtained to
carry out a site inveétigation at the proposed Sunningdale Bridge
on the road between concessions V and VI in London Township south
of Arva, Ontario. The purpose of;this investigatiod was to determine
the soil conditions at thé’site and make recommendations on the de- |
sign of foundations‘for'the structure . The results of the'investi—

gation and the recommendations made are contained herein.

PROCEDURE

Three boreholes were put down at the site between
Bugust 7 and 17, 1964 to depths of 46 to 61 feet using a maChiﬁe
drillrig. A fourth hole was put down to a depth of 31 feet on
September 24 and 25, 1964 to obtain‘additional information on the
complex water conditions prior t§~final design. Standard two inch
split spoon samples were taken at 5 foot intervals in each hoie;
Piezometers with seals were installed in the three initial holes

upon completion.

The locations of the borings are shown on the site plan
on Figure 1 along with a section showing the inferred soil strati-
graphy. Detailed logs of each borehole are given on the Records of

Boreholes at the end of the report.

The elevations of the initial three holes were supplied -




by R. C. Dunn and Associates Limited and are believed to be referred
to a local datum. - Theuelevation of borehole 4 was referenced to

borehole 3.,

SITE AND GEOLOGY

At the location of the presen! and proposed bridges, .
Medway Creek forms a small channel in a broad shallow valley,
probably foimed by - an earlier, considerably larger stream, ‘Valieyé»
of this type generally contain a variable thickness of river deéosits }

and flood plain material underlain in this area by glacial till. It

is understood that the present bridge was originally'located on a

slight bend in the river and at times scour was a problem. . A new

staight channel was therefore dredged immediately north of the

bridge to eliminate this problem. The channel below the present
bridge is therefore considerably wider and deeper than it is down-

stream of the bridge.

SUMMARIZED SOIL CONDITIONS

The soil conditions at the site are detailed on the
borehole logs and summarized on the stratigraphic section shown

in Figure 1. Soil properties used for the design -computations are

summarized in the text and on the borehole logs.

Organic Flood Plain Deposits

The floor of the valley is probably covered at most

' LG’OLDER & ASS,O‘C,IATES )



locations by a'Variable thickness of loose or soft organic silts

or sands similaf to the upper 5 feet of soil encouhteredfinfbcre— 
holes 2 énd 4 and‘the,upper 2 feét in borehole 1. Theseé depbsits
were probably laid dbwh by the present stream during ﬁariOus flood‘
stages. Site preparation during construction will include removal
of these loose soil types from beneath the structure foundations

and approach embankment f£ill,

Very Stiff Laminated Clayey Silt

In areas where the present river has nqt caused extgna
sive erosion, it is probable that the organic flood plain dépqsits
are underlain by stiff to very stiff laminated clayey silts Siﬁilﬁr‘
to the 5 foot layer encountered below the top 2 feet of sand‘ih,
borehole 1, Visual inspection of the clayey silt exposed in bank
slopes downstream of the existing bridge indicated that it is highly
fissured. On the basis of tactile examination and two standard -
penetration resistance values of 24 and 40 blows per foot the stratum

is estimated to have an in situ shear strength of about 2,000 lbﬁq;ﬂ;‘

Two Atterberg limit tests run on samples gave liquid>
limits of ‘33 and 35 and corresponding plasticity index values of

15 and 17.

For purposes of design, the stratum was assumed to have

an in situ unit weight of 135 1lb/cu.ft., a drained angle of internal _;5

_ [COLDER & ASSOCIATES |




friction of 28 degrees and a drained cohesion intercept of zero. '

River Sand and Gravel

At the locations of boreholeé 2, 3 and 4 the river
flow has eroded away the clayey silt stratum and left behind 2
variable thickness of loose to compact coarse gravelly and bouldery
sand. Three grain size curves for thesé deposits are shown on
Figure 2. 1In borehole 4, the lower pbrtion of therstratumrwas very,
silty. At this point, the river deposits direCtlyrbverlie the
laminated sil£ stfatum and it is possible that artesian water

seeping upward from this stratum has brought in silt with it.

For purposes of deésign the river deposits have been
assumed to have an in . situ unit weight of 125 1b/cu.ft. and a

drained angle of internal friction of 30 degrees.

Clayey Silt Till

A thin layer of clayey silt till underlies the river
sands in borings 2 and 3, thickening to the east to about 15 feet
in borehole 1 where it underlies the laminated clayey silts. At
borehole 4, the till appears toc have been completely eroded away
and replaced by silty river sands and gravel. Two grain size

curves obtained on till samples are plotted on Figure 3.

‘At the location of borehole 1, the till is estimated to

be very stiff to hard, having in situ moisture contents below the

LGOLDER & ,AvssocilA‘TEs |vk |




‘;~;plast1c limit. and standard penetration resistances of 72 to 47

ééws per foot. VIn bofeholes 2 and 3, however, tWo standard
‘béﬁetrétiqn resistance ;alués of 8 blows per foot were obtained in
the till indicating that, where thin, it appears to have softened
under the influence of the upward flowing artesian water from the
underlying laminated silt stratum, On the basis of the above
observations the till is estimated to have an in situ shear strength
varyving from about 500 1b/sq.ft, where thin in boreholes 2 and 3 to

about 3,000 1b/sg.ft., where thick in borehole 1.

Three Atterberg limit tests run on till samples gave
liquid limit values varying from 32 to 36 and corresponding plas-
ticity indices varying from 14 to 18. The three natural moisture
contents for these samples averaged 17 percent, and were all below

the plastic limit.

For purposes of engineering design, the till was assumed
to have a unit weight varying from 125 1b/cu.ft. where soft to 135
1b/cu.ft. where very stiff. On the basis of experience with similar
materials in this area, the drained angle of shearing resistance was

taken as 28 degrees and the cohesion intercept as zero.

Stratified Sandy Silt

As shown on the stratigraphic section, a stratum of
laminated silt varying in thickness from about 15 to 22 feet under-

lies the clayey silt till. A group of grain size curves for this
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stratum are shown on Figure 2. A close inspection-of‘thefgrain‘

size data indicated that the silt becomes increasingly sandy with .

increasing depth, Visual examination of the samples showed that a

thin layer of hard clay about 1/16 to 1/4 inches in thickness
occurred about every 18 inches in the upper 10 feet or so of the

stratum,

Standard penetration resistance or "N" values varying

from 26 to greater than 100 blows per foot were obtained, . Although -

variable, the blows were generally high, averaging 52 blows per foot.  ;
Much of the variation is probably caused by artesian water in the
stratum. The influence of this water is best shown on the log of

borehole 4 where the "N" values are very high in the top fine

grained part of the stratwmi, dropping to lower values in the coarser-

grained part of the stratum where the permeability was high enough

to cause piping and a rapid rise in water up the drill casing.

For purposes of engineering design, the sandy silt
stratum was assumed to have an in situ weight of 130 1b/cu.ft, and -

an average angle of internal friction of 35 degrées.

Very Dense Sand and Gravel

A layer of very dense grey to brown silty angular sand
and gravel underlies the silt stratum. One grain size analysis run

on this material is plotted on Figure 3, Standard penetration
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resistance values in excess of 60-blows per foot were generali§'
obtained althpugh two low values of 41 and 36 were'bbtained in .’

borehole 1.

This stratum also carries artesian water as discussed

under Water Conditions.

Hard Grey Silt Till

The lower-most stratum encountered in the holes was a.
hard grey clayey silt till having standard penetration resistance
values generally in excess of 100 blows per foot. The upper boun-

dary of this layer varies from about elevation 112 to 115.

WATER CONDITIONS

During drilling operations, artesian water was encoun-
tered in the stratified sandy silt stratum in all four boreholes.
In borehole 1, artesian water rose up the drill casing to a point
about one foot above ground 1eve1 when the hole penetrated irto
the lower sand and gravel stratum at a depth of about 37 feet. In
borehole 4, water rose up the casing to a level about 4 feeﬁ aboﬁe
ground level when the hole had penetrated about 6 feet into the
stratified sandy silt stratum. The water rose to a similar eleva-
tion each time the hole was advanced to the next sampling depth.
in borehole 2, the water level rose in the casing to a poiﬁt 4 féet

siove ground surface when the hole penetrated through the thin till
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layer into the silt stratum. This pérticular water lével wéS;at.jn
elevation 162.5 and was the highest level reécrdeﬁ,at the ‘site

during the period of investigation.

PieZometers were installed in the three initial bore-
holes as shown on the borehole logs. On Aﬁguét 20, 1964, both
piezometers in borehole 1 recorded a water level 1.4 feet below
ground surface {(elevation 161.0). 1In borehole 2, the pigzometric
water level had drépped to a level abéut 1.0 foot above ground
surface or to elevation 159.5. 1In borehcle 3, the piezometer re-
corded a water level 6.0 feet below the bridge deck or at elevation

160.7.

On September 3, 1964, the writer paid a visit to the
site and observed a cloud of light brown silt issuing from. the area

around the piezometer tube into the stream (borehole 3).

On the basis of the above observations it is believed
that there is artesian water in all parts of the stratified 'sandy 7
silt stratum and in the underlying coarse sénd and'gravél léyer;
The layer of clayey silt till probably forms the major seal'aboVe
the silt stratum although the very thin hard clay layers in the silt

stratum probably also contribute.

The observations indicate that the piezometric or

[COLDER & ASSOCIATES]




" artesian water level might be as high as'elevationVIGSVWhich is

about. 9 feet above the present river 1evel;

Although the piezometric water level is belieVed'to be
normally at about elevation 162, provisioh has been made in the de-

sign to handle water pressur«s as high as elevation 165.

DISCUSSION

It is understood that the bridge as proposed is a
simplyrsupported 2 span structure having an overall length of
about 170 feet. The deck of the bridge-and the épbroach embank-
ments are to be at elevation 177 if possible, which is -about-10

feet higher than the existing bridge.

From an engineering point of view, the most significant
feature of the siﬁe is the presence of artesian water in the sandy
silt stratum below the upper till. Stability analyses on the
existing abutments give a factor of safety less than unity and
suggest that the abutments may be creeping° Field observations
confirmed that there has been closure of the west abutment against

the bridge girders.

Stability considerations influenced by the soil and
water conditions indicate that it is desirable to modify the pro-

posed structure. The alternative design schemes considered, all

- [COLDER & ASSOCIATES] -




of which eliminate the centre pier, are as follows:

1)

I11)

I11)

iv)

Flattening the rip rap slbpérana‘désigning a 3 span struc-~
ture on two éiers and two ébutments;

Founding the abutmenté on pileskdrivenkto refusal in the
lower till and eﬁploying a;Singie 120 foot span.

Founding the abutments on'spreaa'footings abd employing a
sinélé 120 foot span.r This scheme would also reqﬁire re—‘
movél by excavation of some of the till stratum at eéch
abutment to enable relief‘by drainage éf some of the ar-
tesian pressure in the silt stratum,

Considération of a box type culvert as distinct from a

bridge.

From both economic and engineering points of. view the

latter two schemes appear to be the most advantageous. The details

are discussed below.

Originally Proposed Bridge Structure

Stability computations performed on the originally .

proposed cross section are shown on Figure 4a. The stability of

the lower part of the rip rap slope is inadequate over the long term

(factor of safety = 0.5), and the overall slope has an inadequate

long term factor of safety of 1.0.




In addition, construction difficulties which would be

induced by the artésian‘conditions make it desirable tQ éliminaté
the centre pier, Computatiohs show tﬁat prevention‘of piping ér
quick cénditions at the centre pier for either a spread fqoting or
a pile cap constructed in the dry would require either an expensive
external dewatering system or a deep sheet pile penetration which‘r’
wogld be impracticable to achieve by driving in the dense soils at

the site.

If a design incorporating a centre pier must be put
forward, it would be possible to support this pierkon steeer piléS'
or cast-in-place expanded basé piles bearing on the lower till,

Pile cap construction would involve the placing of tremie ccncrete
at the base of a water filléd sheet pile cofferdam driven to a
depth sufficient to prevent uplift within the excavation. That
piping would indeed occur without these precautions was donfirmed
visually by the piping occurring into therstream at borehole 3 on
September 3, 1964 (see water conditions). Scour protection for the

cap would be provided by the sheet piling which would be left in

place. We would be pleased to carry out further computations and
supply additional design details if it is necessary to construct

a centre pier.




Alternate I, - Three Span Structure

Thié‘schéme_éé énviséged would inv&lve‘iehgthénipg”the'
total span and,fiatﬁeﬁing ﬁhé~rip rap’élopes to obtain greétef:
stability, Computatibns indicate that slopes as flat as 3 hori—r
zontal to 1 vertical do not have adeqguate long termrstability
because of the combination of artesian water pressures and soil

types that exist at this site,.’

Alternate II, - -~Single Span Structure - Abutments on Piles
Consideration was given to founding the abutments onu'
steel H piles and‘employing a single span 120 feet in length. The

scheme is illustrated on Figure 4(b).

The abutments would be founded on steel H piles driven
vertically to practical refusal in the bottom tiil or the overlying
dense sand and gravel stratum. Safe working loads of 50 tons ére
estimated for piles driven to this depth. Lateral thrust on the
abutment would be resisted by a row of H piles at 2.5 foot centres.

driven on a 1 on 4 batter as shown.

In Table I, the results of stability computations forr
this scheme are summarized. In order to obtain an adequafe margin
of safety the grade has been lowered from elevation 177 to 172,
With this grade, one row of batter piles at 2.5 foot ceqtreéyWQuld

be adeguate,




TABLE I

ALTERNATE IT

STABILITY - SINGLE SPAN STRUCTURE - ABUTMENTS ON PILES

Deep Circle under Abutments (see Figure 4b of report)
 Final road grade lowered to elevation 172

Daesign Assumptions ) : Eactor of Safety
Batter Piles Piézometric West East
Included ' Water Level Abutment Abutment -
No 165 1.0 0.95
No ' | 162 1.2 1.1
*] row @ 2.5 £t, | 165 . 1.2 1.2
*1 row @ 2.5 ft. 162 1.5 1.4
2 rows @ 2.5 ft. 165 | 1.5 1.5

2 rows @ 2.5 ft. 162 1.7 1.6

*Recommended design

The wing walls necessary to retéin the embankment f£ill
should also be founded‘on a similar system of piles. Well com-
pacted, clean, free draining granular backfill should be used
behind the abutment wall. In order to decrease the weight of the
£ill and reduce the lateral thrust somewhat it would be advan;

tageous to use light weight cinder £ill if available.

A suitably rip rapped berm consisting of free drainihg

granular £ill should be placed for a distance of at least 15 feet
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out in front of the ébﬁtments,to resist the artésiah"uplift pres; ‘
sures. - The stone used for the,ripkrap should be largé enoughrto
guarantee the prevention of erosion in this part of thé river -

channel.

The overall spacing between the abutments can be altered
to obtain a shorter or larger &span as desired within limits imposea

by hydraulic requirements,

Alternate IIT. - Single Span Structure - Abutments on Spread
Footings ' ‘

In order to found tﬁe abutments on spread footiﬁgs and
provide adequate safety against 1ong term movement of the abutments , 
without installing excessively large berms, it’would be necessary to
install a drainage systém to relieve the artesian pressure in the
silt stratum. The drainage scheme shown on Figure 5 involves ex-
cavating a portion of the till at each abutment and backfillingkthe‘ 

area with sand and gravel fill.

As can be seen from the drawing, the softened claysy

silt till would be completely removed from below the west abutment

which would then be founded directly on the sand and gravel backfill,
A cantilever wall similar to that shown would be a suitable structure  t
and could be designed using an allowable soil bearing value of 2 tons/;

sq.ft. The overall factor of safety of this abutment with the 15 foot
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berm installed as shown on Figure 5 would be about 1.2,

At the location of the éast abutmeﬁt the very stiff
clayey silt stratum and the silt till stratum have a combined
thickness of about 20 feet. Excavation to the silt stratum below
this abutment would have to extend toxabout elevation 140 which is
about 12kfeet below the river levél. The very stiff consistehcy of
the till and the depth of the‘excaﬁétion ﬁould‘maké this é very
difficult operation. ' A different scheme is presented on Figure 5
for the east abutment, namely, extending the berm to a total width
of 30 feet and excavating to the silt stratum below the berm rather
than belcow the abutment. The abutment itself'wduld be founded on
the till stratum using an allowable bearing value for design of
2 tons/sq.ft. 1In view of the different stress-strain characteristics
of the very stiff silt till and the compact sand and gravel filling
the trench, it is recommended that the trench slope in the till be
cut at 2 horizontal to 1 vertical to minimiZe’shearing strains
thereby reducing the possibility of softening of the till under the
abutment and embankment loads. Using the foregoing‘precéutionary -
measures the abutment would have a lohg term factor'of safety against
shallow failure of about 1.2 and against deep seated failure of

greater than 1.3.

The berms should consist of free draining granular
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backfill suitably rip rapped to prevent erosion at flood stage.

It should be noted that this design involves a lowering
of the final road grade to elevation 172 in order to ensure an

adequate factor of safety on long term slope stability.

Alternate IV, - Box Type Reinforced Concrete Culvert

A reinforced concrete box culvert is considered to be
the least problematical type of structure €~r (his particﬁlar site.
A box culvert design would obViate many'of the difficulties foreseen
in connection with the design and construction of & conventional
bridge, e.g. (1) drainage system to relieve artesian pressures in
the abutment areas, (2) piping occurring at the centre pier location,

and (3) grade reduction to ensure approach embankment stability.

The proposed grade (i.e. elevation 177.0 feet) need not
be reduced if a box culvert design is made. The overall length of
the culvert should be such that the ends extend into the existing
river banks, If this is not done it may be necessary to provide
short berms at right angle to road centre line to ensure stability
of the approach fills. The decision to place approcach fill berms
can best be made during construction when excavation has progressed

sufficiently to allow inspection of soil conditions in the approach

fill areas.
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The base of tﬁe culveft shoul¢ be at least'27feét thick
ahd reinforced to§ and bottom to provide adequaterresistanée to the
shear stresses imposed by the embankment. The fill placed next fc
the culvert and in the area close to the river bank should consist of
well compacted free draining non-frost susceptible granular material.
Side slopes must be rip rapped to an elevation at least 3 feet above

maximum flood elevation,

Approach Embankments

The approach fills for the bridge are presently designed
with 2 on 1 side slopes. Computations indicate that these slopes:
should be satisfactory provided all soft organic surface materials

are stripped off prior to placing new fill,

Visual inspection of the flood plain area showed it to
contain depressions, especially north of the present roadway, which
may be filled with soft organic deposits., Special care should be
taken to remove these materials if encountered during construction.
If the Cdeposits are deep enough that their removal causes local
piping, it may be necessary to place small berms rather than remove
all of the soft material. Design of these berms should be deferred
until the local soil conditions are determined during construction.
In any event, it is recommended that the land surface at the toe of
the embankments be brcught to elevation 160 which corresponds appro-

ximately to the present valley floor elevation.
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SUMMARY AND CONCLUSTONS

1.

The most significant,feétuje of the site is the presencé of
artesian water inrthé sandy silt stratum immediately below a

thin layer of glacial till.

Stability of the existing structure is believed to be marginal

-

The existing abutments are believed toc be creeping inwards as
evidenced by closure of the abutments against the ends of the

bridge girders,

Stability considerations make it necessary to modify the pro-
posed design. The alternate schemes presented all eliminate
the centre pier as it would be very difficult and costly to

build for the reasons outlined in the report.

From both economic and:design points of view it is believed
that either Alternate’III or Alternate IV provides . a satis-
factory solui:ion to the stability problems. at the site, BAl=
ternate III consists of providing drainagé trenches to relieve
some of the artesian pressures and: founding the structure on
spread footings. BAlternate IV is a rigid concrete box culvert

design. Details of these and the other alternates are given

in the report. Zaz A[

6 R, M. Quigley, P. Eng.

October, 1964 6722)&’Ldﬁgf
64094 |

L G. Soderman P. Eng.
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LIST OF ABBREVIATIONS -

" The abbrev:atlons commorily employed on each “Record of Borehole " on the ﬁgures and'in the text

of the report, are as follows:

I. SAMPLE TYPES

AS auger sample

CS  chunk sample

DO drive open

DS  Denison type sample
FS foil sample

RC  rock core

ST slotted tube

70 thin-walled, open
TP thin-walled, piston
WS wash sample

II. PENETRATION RESISTANCES

Dynamic Penetration Resistance: The. numiber
of blows by a 140-pound hammer dropped 30
inches required to drive a 2-inch diameter,
60 degree cone one foot, where the cone is
attached to ‘A’ size drill rods and casing is not

Standard Penetration Resistance, N: The num-
ber of blows by a 140-pound hammer dropped
30 inches required to drive a 2-inch drive open
sampler one foot.

WH sampler advanced by static weight—

weight, hammer

PH sampler advanced by pressure—pressure,
hydraulic

PM sampler advanced ‘by pressure—pressure,
manual

Nores:

II1.-SOIL DESCRIPTION
(a) Cokesionless Soils

Reldtiﬂe Density N, blows/ft.
Very loose . Oto 4
Loose 4 to 10
Compact 10 to 30
Dense 30 to 50
Very dense - over 50
(b) Cokesive Soils

Consistency ¢4 1b./5q. ft.
Very soft Less than 250
Soft - 250 to 500
Firm ’ 500 to 1,000
Stiff 1,000 to 2,000
Very stiff 2,000 to 4,000

Hard ) over 4,000

1V. SOIL TESTS

consolidation test

hydrometer analysis

sieve analysis

combined analysis, sieve and i‘ydromet:er1
undrained triaxial?

consolidated undrained triaxial?

drained triaxial

unconfined compression

field vane test

<q(a¢u©§§mn

iCombined analyses when 5 to 95 per cent of the material passes the No. 200 sieve.
*Undrained triaxial tests ia which pore pressures are measured are shown as @ or &.




I. GENERAL

* = 3.1416 L

e = baseof na.tural" logarithmis 2'7183 ,

log; @ or In a, natural logarithm ofa

logiea or loga, Iogarxthm of-a to base 10

maﬁﬂ““

time-

acceleration due to gravxty
volume

weight

moment

" factor of safety

1. STRESS AND STRAIN

-« LI I T I

4 @

. pore pressure

normal stress

normal effective siress (4 is also used)

shear stress

ltnear strain

shear strain

Poisson’s ratio (u is also used)

modulus of Hnear deformatlon (Young's
modulus)

modulus of shear deformation

modulus of compressibility

coefficient of viscosity

I11. SOIL PROPERTIES

(a) Unit weight

unit weight of soil (bulk density)

unit weight of solid particles

unit weight of water

unit dry weight of soil (dry density)

unit weight of submerged soil

specific gravity of solid particles G,=v,/vs
void ratio

porosity

water content

degree of saturation

‘,i'v,g‘ shrinkage hmxt :

m, - coefficient of volume change

LIST OF SYMBO' s

(b) Comsteuc_'y -
w',, 'hqmd limit -
wp  plastic limit
I - - plasticify index

I;  liquidity index = (@ — ws)/Ir

I;  ‘consistency index = (w; ~ w)/Is

énsx void ratio in loosest state -

i void ratio’ in dénsest state

D, relative density,= {emax —€)/ (€inas — €in)’

(c) Permeabzlu‘y

hydrauhc head or potential
rate of discharge

velocity of flow .-

hydraulic gradieiit ,
- coefficient of permeability
seepage force per unit-volume

oy oap QR A

(d) Consalidatio%i (ome-dimensional) -

= —Ae/(1+e)Aa
C. - compression index = —Ae/ A iogm I
¢, - coefficient of consolidation
T, time factor = gf/d? (d, drainage path)
u degiee of consolidation - -

(e) Shear strength
7, shear strength
¢ effective cohesion “ !
. intercept in terms of eﬁeuhve

¢’ - effective angle of ‘stress B
shearing resist- |7, = ¢/ + ¢'tan ¢’
ance, or friction )

¢s  apparent cohiesion® -

és  apparent angle of [in terms of total stress
shearing resist- |r, = ¢y + o tan ¢u
ance, or friction

u coefficient of frxctxon

S, sensitivity

*For the case of a saturated cohesive soil, ¢y = 0 and the undrained shear strength T = CqiS taken
as half the undrained compressive strength.




"LOCATION

See Figure
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“See ,F‘iqur‘e 1
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RECORD OF BOREHOLE 3
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LOCATION

See Figure
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