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INTRODUCT 1 ON

Seoprobe (Ontario) Ltd. was authoriied by Mr. A,
Rutka, Ontario Department of Highways, to carry

out a foundation investigation using the Geoprobe
pressuremeter equipment.

The $5£e'is located near the proposed underpass of
Highway 402 and Blackwell_Rd. The exact location

is shown on D.H.O. drawing‘70;l|049A, copy of which
is enclosed in‘this report.

The purpose of the.investigatidn was to evaluate the
per{ormance of round steel, H and "Hercules” precast

concrete piles driven to depfhs of 20, 40 and 60 ft.

QEOPROBE PRESSIOMETRIC TEST

General |

A pressuremeter test is a test carried out in a pre-
viously dri‘led borehole in order to obtain in-situ
stress-strain information. A radially expandable,
ceylindrical probe is inserted into a bofehole and

set af a test elevation; the probe is then expanded
incremental ly against the side of the bbrehole with a
combination of gas and liquid praséure; cach pressure
increment, in a standaﬁd tesf,’is held for a period of
one minute. The recession of the side of the borehold

under cach pressure application is measured by a volume



change in the central part of the probe only. The
pressure increments are continued until failure of
the soil is reached. By plotting volume versus
pressure, a streésmstrain curve is obtained. As
mentioned previously, the expansion of the borehole
is measured over the central part of the probe only,
in order to appWOxjmate conditions of plane stress,
plane strain; thus the soil deFovmatiOn‘can be ana-
lysed as a two dimensional problem in a radial plane.
From the streSsttrain cuﬁve the following parameters
are derived:

(a) The limit pressure denoted P;, which corre-

sponds to the pressure at which total fail-
ure occurs in the soil surrounding the pres-
suremeter probe. This parameter reflects
directly the strength of the material under
test and is used in the derivation of the
shear strength.

(b) The cﬁéep pressure denoted Pg, which indi-

cates the upper limit of the pseudo- elastic
zone or, in other words, the pressure at

which plasticity is initiated.

(¢). The modulus of deformation E, which is
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derived from the slope of the curve in the
pseudo-elastic range. It should be noted
here that the Modulus E is derived from the

parameter E  which is measured directly
‘ I +©

by the test. The parameter E is re-
‘ T F®

lated to the shear modulus G by the relation

26 = E
I+ ©

COMPUTATION OF SHEAR STRENGTH

The computation of shear strength in a cohesive mater-

ial is derived from the Expression _
¢ = _PL=-Po . (1)

I + Log E
| ¢ T{T+e)2c

Expericnce shows that the denominator of this express=-

ion varies within well-defined limits according to the
valués‘of E/PL. Therefore expression (1) is usually
presented under the form
c = P,z-BPg | (2)
where Kg takes the following values:
For E/PL = 10 Kg = 2.7
E/PL = 15 Kg = 3.2
E/PL = 20 Kg = 3.3
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COMPUTATION OF BEARING CAPACITY OF PILES

The End bearing value is given by the expression
Quitimate = Yo ¥ K (PL “IPO) ' (3)
where Qg is the overburden pressure at the depth of
the foundation.
Quitimate is the ultimate pressure that
the soil can sustain at fail-
ure at the depth of the foun-
dation. _ |
K a coefficient varying with thé

depth and the type of soil,

here K = 2:::
P -~ is the limit pressure
Po the horizontal pressure at rest

| (Po ¥ Kokn) for clays
If we express Q,1¢ as the net surcharge that the
s0il can sustain, neglecting the difference bew‘
tween the density of the pile and the soil and
writing PLl = PL - Py, we may write
olje = KPL' (4)

Skin friction

The peak values of the skin friction 55 which may

be mobilized are given as a function of PL' and will



1 %5 ]
-

Lbe found on graph No. ld.appgndixﬂNLlﬁ should be
noted that these values aré peak values used in
the compu%ation of pile settlement and should be
reduced By 80% (in clay) for estimating the load

carried by skin friction at failure of the pile.

PILE SETTLEMENT

The pile éettlements have been calculated utili-
zing a method proposed by P. Gambin (sols-soils

No. 7, 1963). 1t invoives the use of Rules T.2

and 3 described in the Geoprobe handbook.

Briefly Rule T.l treats of the skin friction mobili-
zation as a function of the relative movement between
the pile shaft and the soil; in the present case it

is expressed by the relation

: 2 E \
oo YV = 2EW (6)
\\C]D‘
wheﬁe
D pile diameter in inches

=
i

pile movement in inches

E = pressiometric modulus of
deformation, T.3.F.

¥ = shearing stress around pile

shaft
Cy = a coefficient, here ¢} = 2.1
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Rule T.2 treats of the mobilization of the point
resistance in function of the movement at the

pile tip. It is expressed here by the relation:

W o= _N A D (7)
4 Eq '
- where
N = Normal stréss acting on soil

at pile tip o
Alternated modulus
Shape coefficient

E

mou

D = pile diameter

The calculations are proceeded with as follows:

| The pile is divided in a number of sections;
the first section has a,heigﬁt of 3 pile diameters,
and then each following section has a height of 5
feet. If a normal stress Ny is allowed on the soil
at the pile tip, this wfll result in a movement Wy
at.tha pife tip which is calculated from equa. (7).
Aadfng thé elastic shortening of Section (1) to Wi,
the shear stress mobilized around thg pile shaft is
thenvpalculated from equa. (6). Knowing the shear
stréss,the load carried by section (1) is then cal~
culated. This operation is repeated for each sec~
tion of the pile. The results are then tabled and

the shear stress < mobilized at each section is then



compared with the maximum skin friction S¢ as com-
puted from grapﬁ No. 14 (see paragraph No. 4.2).
From the ratio ssfq*the maximum value of the normal
stress Ng on the pile head,Foy which no overstress-
{ng will take place, can be calculated (as the re-
latibn is proportional for a range inferior to over-
stressing). For a value of N6 greater than the
aEOVe p!éstic.dgformations will start to occur,

The complete calculations relating to three of
the piles are inen as exampfes and will be found in

appendix "BY



6.0 FIELD TESTING PROGRAM

The field testing program was carried out from Nov.
10 to Nov. 16, 1970.

Two borcholes were advanced and tested as the drill-
ing brogressed. The location of these boreholes,
denoted S8l and 62, has been supérimpOSed dn D.H.O.
drawing 70-11049-B which will be found in appendix

"o
-

"

The exact elevation of the boreholes as well as the
‘stratigraphy encountered are not recorded here since
the responsibility for this work was assumed by the

Department of Highways, Ontario.

Both boreholes were advanced from the top of a 12
foot high fill. Borehole Gl was advanced by driving
a Bx casiné, washing'out the inside of the casing
and then pulling the casing back in order to expose
t+he soil; the probe was {hen inserted through the
caging and the test carried out. This operation was
Pépeatéd every 3 feet in borehole Gl till a depth of
42" when the hole had to be abandoned due to broken
casing. However, this mcthod did not prove satis-

factory as the borehole had a tendency to “squeeze=in”
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as soon as the casing was puf!ed back; this phenomenon
was probably due to the recent placing of the 12 foot
f£i1l. Borchole 62 was similarly advanced to é depth
of 20 ft. Thereafter borehole G2 was advanced utili-
zing a special tool referred to as an "open end split
tube”. It consists éF a 4 foot length of Bx casing
the bottom end of which is shaped into a sharp driv-
ing shoe and incorpnrétes 6 equidistant longitudinal
slits along a 3 foot\length. The tool was screwed to
standard Bx casing and driven into the soil, the in-

cide washed out at regular intervals to prevent the

forming of a "plug” inside the tool. Whenever a test

was required,hthe ﬁﬁobe was lowered to the elevation
of the slatted casing_and the test performed at that
eleVgtion. The resistance to outward expansion of
the "split tube” is quite small and in any event is
measured by performing an "inertia test” prior to
testing. This method permftted the performance of

satisfactory tests.

GEOPROBE TEST RESULTS

A total of 28 tests were carried out; the curves and
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dehi&atiOnsrelating‘to each test will be found in
appendix “A ". The results have also been grouped
’and are presented on the following pages under the
form of 3 graphs.

Graph No. | shows the values of PLl versus depth
(P = PL=Po) s

Graph No. 2 shows the variations of the modulus of
defbrﬁatian "g” in function of depth. An average
value line hés been drawn through this graph and re-
presents the values utilized in the calculation of
settlements.

Graph No. 3 indicates the shear strength versus
depth. H

Examinations of the tests performed at 27'+0’ and
over in borehole 2 reveal a.high ratio of E/P| which
is indicative of an overconsolidated deposit.
Examination of the curves reveal an extrémely sharp
break once the creep pressure PF has been reached.
The writer has never experienced as sharp a break ex-
cept in leda clay. This was totally unexpected in a
basically unsensitive clay (sensitivity index 1.4 to 2)

and probably reflects a fragile structure. Any sample
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taken for laboratory testing would therefore require
the utmost care in sampling technique as well as

handling.

ANTICIPATED PILE BEHAVIOUR

The anticipated bphavubur of H, tubular steel and
"Hercules” concrete piles driven at depths of 20, 40
and 60 ft. was studied uﬁilizing'thg method described
in a previous paragraph. The results are presented in
the following pages under the form of graphs numbered
4-12; a summary showing the allowable bearing capacity,
the limit of the pscudo~clastic range and the ulti-

mate load at failure will be found on pages 20 to 22.

DISCUSSION s |
The effects of driving the piles into this soil which

exhibits a fragile structure are unknown; the probable
cffect will be a reduction of the values of the modulus
"E” which govern the sattleMent:DF the piles. One
éhbuld thereforg énticipate settlements somewhat Iarger
than.thaée calculated if the piles are tested shortly

after driving.

GEOPROBE ONTARIO

-

Y. BROISE
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SUMMARY _OF RESULTS

Depth of Pile Tip 20 FEET
Allow. Pseudo-elastic Ultimate
Load Limit - Load
Tons Tons Tons
Tubular Steel Pile _ _
1o7 3/4 19.45 30.4 43.5
Concrete Pile o
"Hoprcules” 12" 23 35.8 50
H Pile »
22.6 34 50.

. 12-BP=353

0¢



SUMMARY

OF RESULTS

Depth of Pile Tip 40 FEET
Allow. Pseudo~elastic Ultimate
Load Limit Load
Tons .Tons Tons
Tubular Steel Pile
127 3/4 30.7 44.8 65.7
Concrete Pile )
"Hercules” 127 28.18 Q5-7 79.5
H Pile , i
{2-BP-53 37.1 | 52 78.5

1z



SUMMARY _OF RESULTS

Depth of Pile Tip 60 FEET
Allow. Pseudo=clastic Ultimate
Load Limit Load
Tons Tons Tons
Tubular Steel Pile
127 2/4 4745 50.5 99
Concrete Pile ) )
"Hercules” 127 55.8 60.4 115
H Pile M o )
i 2-BP-33 53.1 56.5 11v.5

(A4



APPENDIX "A”
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Round steel pile - concrete Tilled

driven to a depth of 20 ft.

Specifications of pile:

12.75. inch diameter, .25 inch wall

area of pile shoe .995 sq. ft.

area of pile shaft section: .89 sq. ft.
circumference of pile shaft = 3.34 ft.

Equivalent section modulus for calculation
of pile shortening .
: Ep = 4.1 X 102 T.S.F.
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Calculation of Bearing Capacity

End bearing capacity
Quit - Qo = K (Pg = Po)

Where Qg represents the weight’of the soil removed;

As the soil is being replaced here by a concrete pile of
nearly the same density we will write

and writing PL - Py = p i

Quie = K Pt i
From graph K = 2  (soil category 1, He M 2)

As Pl = 7 T.S.F.

Then
Quit = 14 T.S.F.

with a safety factor of 3 Q3 = 4.7 T.S.F.

and in terms of load not stress Q, = 4.7 X .995 = 4.7 Tows

Skin Friction

We will divide the pile in 5 sections and number them
| to 5. (See Table No.15)

Section No. | is 3 ft. long (3 pile diameters)
Section Nos. 2,3,4 are 5 ft. long each.
. diameter)

Against each section we will list the corresponding average
values of the Modulus E, the limit pressure PL‘, and the
<kin frictionSs . (The values of the skin friction being
given by graph No.14). These values of skin friction are
the peak values of skin friction which occur when relative
mnovement between the pile shaft and the soil are small. As
soon as movement becomes large, in the order of .5 to | inch,
such as at failure, the skin friction will drop to a lower
value which we will refer to as residual skin Friction.S&%.
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This would appear to be mainly true in clays and the writer
has adapted a coefficient of 0.8 +o obtain the value of the
residual skin friction. (1f dealing with sand no drop in skin
friction will be allowed).

The contact area of the pile being 3.34 sg. ft. per Toot
length, then the total residual skin friction ?at failure)
+hat may be mobilised is

W=?
éf* Ssﬁ. = 0,8 {é.B4 (3 X .825 + 10 X .545 + 5 X -625i]
Helo ) |

29.5 Tons (The skin friction oﬁ section 5
being disregarded

#

Bearing capacity of pile

it is custumary'to adapt a safety factor of 2 with re-
spect to skin friction, then

Allowable Load on pile

P allowable = 14.75 % 4.7 = 19.45 Tons
Ultimate Load at failure

P ultimate = 20,5 + 14 = 43.5 Tons

Settlement of pile;

When a pile is subjected to a load P, the load induces
normal stresses on the soil at the pile tip and shear stresses
on the sides. The resulting settlement Wy at the pile head
originates from 3 phenomena:

13 the settlement at the pile tip.

2y the deformation of the soil along the shaft due
to the shear stresses.

3) the shortening of the pile itself.

The pile has been divided in five sections, numbered | to 3,
startgng from the bottom. (Each section should be 5 - 7 ft.
fong.
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Let us denote Ny, Np, N3, Nd,'NS the normal\stresses in

the pile at the bottom of sections |, 2, 3, 4, 5; the corre-
sponding settlement of the pile at each of these elevations
will be Wy, Wy, Wa, Wy, WS. SR

Then N} is the contact pressure at the pile tip.

Lot us consider what occurs when we apply a contact pressure
of 3 T.S.F:

NI = 3 TISI F-”. .
The settlement will be given by the expression:
W=9 %2 D
4Ea '
where Q@ = contact pressure = 3 T.8.F.
A o = shape coefficient = |
D = diameter = 3.5 ins.
. Eg = 3E = 210 Ts&.€
. Then

4 X 210

Settlement at Tip of Section (2)

To the settlement of the pile tip we will add the elastic
shortening of section (1) applying Hooke’s Law.

Wy = Wy + (height X stress) of section (1) = W + HNj
Modulus of pile material’ Ep

Wo = Wi + 36 X 3.00 = .0482 + .000 6 = .04846 inch
| 2 i g{‘ XQQO | | 402 2 43840 inc

The mobilisation of the skin friction in function of relative
movement between the pile shaft and the soil is given by the

expression
= 2EW

CyD .
1 : o where here
§ ' CL = 2.1 '
D" = 12.75 inch (shajV.diem).




Then we can write:

N, = 2Ey

CLb

1

¢ = 2.X70X .0480& = .255 T.S.F.
._ 2.7 X 12.75

The mobilisation of the skin friction dT = ,255 T.S.F. around
the circumference of section (1) means that this section is

now carrying a load. Expressing this load in terms of stress
(Not Load):

Ng = N} + height X circumference (of section (1)) % GT
section of pile : o

Np o= 33X .04 X .255 = 3 + 2.87 = 5.87 T.S.F.

Settlement of Tip oF_Sectian’(B)
Wa = W. + 60 X 5.87 = .04846 + .00086 = .04960 inch
3 2 4?T“§%ﬁ$z

-

2 X 60 X .0496 = .222 T.S.F.
2.1 X 12.75 o

Ny = Ny + 35X 3.34 X .222 = 5.87 + 4.17 = 10.04 T.S.F.

Settlement of Section (4)
W, = Wa + 60 X 10.0
4 3 4.1 X To'%

1

N4

il

.04960 + .00146 = .05106 inch

2 X 60 X .05106 = .228 T.S.F.
2.1 X 12.75

It

i

Settlement of Section\(S) ,
We = W, + 60 X 14.32 = .05106 + .00209 = .05315 inch
> 4 " S0 I R -

2 X 100 X .05315 = .396 T.S.F.
K T X 1375

1

Ny + 5_}__8_8,& X .228 = 10.04 + 4.28 = 14.32 T.S.F.

58
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N = N + 5 X » . . = lwr 4 4 = 21. 5 TuSnFn
5 4 Q“Tg%“l& X 396 4432 + 7.43 21.75 |

Jo now add the clastic shortening of section (5) =

Wy = Wy + 24 X 2175 = .05315 +.00127 = .05432 inch
4.1 X 10
Ng = Ng = 21.75 T.S.F.

o

Listing the values of N, W,q’ on Table No. 15, we see that the
i atio _%_é is lowest (1.57) at Section (4), i.e. if we increase
the normal stress Ng to a value of 21,75 X 1.57 = 34.1 T.S.F.
we willlweach the maximum stress ¢z_ = ,025 T.8.F.. For any
value of Ny greater than 34.1 T.S.F. plastic deformations
will start to occur; in terms of load on the pile head this
will occur at _

P = 4.1 X .89 = 30.4 Tons
The corresponding settlement at the pile head will be

Wy = .05432 X 1.37 = .085 inch
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Hercules concrete pile

driven to a depth of 20 ft.

Specifications of pile:

Hexagonal concrete pile, precast, 12” across flats
area of cross section .83 sq. ft.

circunference 3.5 ft.
Modulus Eh = 200.000 T.S.F. (of concrete)

Average diameter of shaft 137

Calculation of bearing capacity

1) End bearing capacity
Qe = K Pl = 2Xx7 = 14 T.S.F

in terms of LOad
Qi+ 14 X .83 =~ 12 Ton$
Taking a safety factor of 3
Q allow = 4 Tons

2) Mobilisation of skin friction

Divide the pile in 5 sections, and prepare Table No. |6
llgtlng against each section the corre%pnndlng values

of E, PLt, .

Then the total skin friction mobilised at failure

g:ll be (in terms of Load)
ﬁﬁL = 0.8 13.5(3 X 1.03 + 10 X .68 + 5 X .742]
= 38 Tons

Takfng a safety factor of'z,the permissible load
carried by skin friction will be |9 tons.

3) Bearing capacity of pile
Allowable Load on pile
P allowable = 4 + 19 = 23 Tons




Ultimate Load at failure

P ultimate = 12 + 38 = 50 Tons

Settlement of pile

Settlement at Tip of Pile

" Let us apply a contact pressure of J T.S.F. at the
pile tip, then

Ny = 3 T.S.F.

e

We = Ny A, D
I T2
. 4 Eq :

where D = 13 inches
E, = 210 T.S.F.
| N = |
W, = 3X13 = .0463 inch
4 X 210

Settlement at Tip of Section (2) -

Wy = Wy + %6XX’%5 = ,0465 + .00054 = 04704 inch
4T = 2.X70 X .04704 = .24} T.S.F.
2.1 X 13
No = Nj + 3X 3.5 X .24l = 3 # 3.04 = 6.04 T.S.F.
2 | 3“?335

Settlement at Tip of Section (3)

Wo = W, + 60 X 6,04 = .04704 + .00181 = .04885 inch
s 2 "7???“76%
5.1 X 13 |

No = N, + 52X 3.5% .215 = 6.04 +4.54 = 10.58 T.S.F.
K 2 Q—ngwi
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Settlement at Tip of Section (4)

W, = W3+ 60 X 10.58 = .04885 + 00317 = .05202 inch
4 5K 109
= 2 X 60 X .05202 = .228 T.S.F.
13 ST X T3
N, = Ni+ 5 X 3.5 X .228 = 10.58 + 4.8 = 15.38 T.S.F.
4 3 QHTE%_E
Settlement at Tip of Section (5)
We = W, + 60 X 15.38. = .05202 + 0046 = .05662 inch
5 4 7 X 10°
= 2 X 100 X .05662 = .413 T.S.F.
\E T X 13 '
Ne = Ny + 1.5 X 413 = 15.38 + 8.7 = 24.08 T.S.F.
5 4 | iwwg%~2

Settlement at pile head

Wo = Wg + 24 A 24.08 = ,05662 + .0028 = .03942 inch
No = N5 = 24.08 (Sectlon 5 at pile head being dls~
| R regarded.
Listing the values of N, W,d" on Table No.16 we see that
the ratio g‘/&« is lowest at section (4) where it is equal
to 1.79. Therefore the normal stress No can be increased
" on the pjie head to a value of 24.08 X 1.79 = 43 T.S.F.
approximate!y’befora section (4) is overstressed.
This corresponds to a load on the pile of
P = 43 X .83 = 35.8 Tons
The corresponding settlement will be:
Wo = 05942 X 1.79 = .106 inch

A visual examination of the ratio ﬁgA&ﬁindicates that after
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section (4) has been Overstressed most of the load on

the pile will be carried by sections |, 2, and 3. Sec-
tions 2 and 3 will become overstressed at practically

the same time and rapid degeneration of settiement should

then occur. This degeneration should occur when settle-

ment has reached a value of .I5 to .2 inch.
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H Pile

driven to a_depth of 20 ft.

Specifications of pile

Area of pile section (within perimeter) 1.04 sq.ft.
circumference of pile 4.1 ft.
equivalent modulus of pile section Ep = 2X105 T&F

Bearing capacity

1) End bearing

Quit = K_PL' = 2 X7 = 14 T.S.F.
in terms of féad ' '

Quit = 14 X 1.04 = 14.5 Tons

Qa||0wable = L%&i =~ 4.8 Tons

2) Skin friction

The residual skin friction mobilized at failure
will be (in terms of load) : :

H=1
2 Sw- 0.8 [%.:(5 X .39 + 10 X .59 + 3 X .823f]

W=
= 35'.6 TQ“E
Capacity of pile _
Qa‘l(’wab‘e ’708 -+ 418 = 22&6 Tons

at failure
Quitimate = 336 * 14.5 = 50.1 Tons

Settlement

Allow contact pressure at tip of 3 T.S.F.
Nt = 3 T.S.F.
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Ny Ay D | where D = 12 inches
4 Eq Ay = 1.l2
Eq = 210 T.S.F
3 X 112 X 12 = .048 inch
4 X 210 \
.048 + 36 X 3. = .048 + .00054 = .04854
2 X 109 -
2 X 70 X .04854 = .270 T.S.F.
2.0 X 12

3 AKLel 270 = 3% 32 - 6.2 T.S.F.

L04854 + 60 X 6.2. = L04854 + .00185 = .05039
2 X109 |
2 X 60 X .05039 = .240 T&.F
2.1 X 12 ‘ '
6.9 + 5 fléo&' 240 = 6.9 + 4.7 = 11.6 TuF
.05039 + 60 x H'gb = ,05039 + .0035 = .05389
2 X 60 X,05389 = .256 T.S.F.
2.1 X 12 o
1.6 + 5 >l< ‘&1' 256 = 16,65 T.8.F
.05389 + 60 X 16. 65 .05389 + .005 = .05889
Z X 105
2 X 100 X .0589 = .467 T.5-F
2.1 X 12 \ ‘
16.65 + 5 ,x04.| 467 = 16.65 + 9.2 = 25.85 T.S.F.
L0589 + 24 X 25.85 = .0589 + .0031 = .0620 inch.
| 'z“‘“x““a“iao 3 e

Ng = 25.85 T.sF



Examining the ratio s“/d—»‘i'(: is seen that overstressing
will first occur at section (4) for a value of

N = Ng X 1.26 = 32.6 T.S.F.

in terms of load this will occur at

Be = 32.6 X 1.04 = 34 Tons
The corresponding settlement will be

W = Wg X 1.26 = .078 inch
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