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SYNOPSIS The

paper describes a pile loading and extracting test programme whioh wus carried

out to investigate the degree of mobillization of the undrained shear strength as adhesion

along various types of piles driven into stiff clay.
were tested,

Timber, oonorete and steel tube piles

An attempt was also made to determine the influence of the taper of timber and
concrete piles as well as of the protruding end plate of steel tube piles,

The change with

time of the degree of mobilization of adhesion along the shaft of a number of piles was also

investigated,

The findings are discussed and certain oconclusions drawn,

It is believed that

these conclusions are generally valid in cases with comparable subsoil conditions and where
the same pile types, pille lengths and pile driving procedure would be used,

INTRODUCTION

When called upon to make the prediction on
the bearing capacity of piles driven into
stiff clays, foundatlion englineers face one
of the toughest tasks of thelr professional
activity,

Most of the avallable evidence and records
seem to indicate that there is an upper

limit of adhesion mobilized along the pile ¢4

shaft, This adhesion apmears to be inde-
pendent of and always smaller than the un-
drained shear strength of stiff to very stiff
clays, Meyerhof (1951), Meyerhof and Murdock
(1953), Woodward, Lundgren and Britano (1961)
Tomlinson (1957), Peok (1958), There 1is,
however, also some evidence that in the case
of timber plles the adhesion 1s almost equal
to the undrained shear strength of the clay
as reported by Lo and Stermac (1964),

Dimensional and physical detalls of piles
have no doubt an important bearing on the
measured capacities, The time factor has
also been shown to play a significant role,
Yet many more well documented case histories
are needed to enable an accurate and reli-
able evaluation of the contribution of each
of these factors towards the ultimate bear-

ing capacity of piles, (a)

TESTING PROGRAMME

The opportunity to carry out a reasonably (b)
extensive pile load and extraction testing
programme presented itself during 1964 and
1965 in connection with the extension of
Hwy. 400 within the limits of Metropolitan
Toronto,

A testing programme was originally (1964)
conceived with the following purposess

(1)
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Fig, 1 - Testing Arrangement

To measure and compare the adhesion
along the pile shaft of steel tube and
timber piles, and

To investigate the effects of the
standard protruding plate on steel
tube piles,

In 1965 this programme was extended tos

Inolude concrete piles in the compari-
son mentioned under (a) - 1964,
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(2) To tnvestigate the effect of the taper ft. 1t becomes less plastic with depth to
of timber and concrete piles, ani about 60 ft, below ground level from where
it again becomes slightly more plastic. The
(3) To investizate the possible change of liquid limit of the mid portion of this
ajhesion along the pile shaft with time, layer, some 35 ft, is slightly in excess of
20% with seams of material with a lower
Tne testing arrangement is shown in Flg, 1, liquid 1limit, The natural moisture content
The reactlion beam system was used, the beam within this particular zone is at the plastic
selng shifted from one set of piles to the limit,
other,

The liquidity index of the somewhat more

plastic upper and lower zones is around 0,5.
SU3SOIL CONDITIONS

Fleld vane tests of the upper and lower zones

The site was the lntersection of Hwy. 400 and of this layer are between 1,500 and 2,000 psf,
Jane Street where an extensive subsoil in- while in the mid portion they are in excess
vestigatlion was carried out, of 2,000 psf, Unconfined compression tests
as well as unconsolidated undrained triaxial
The borehole log representing the typical tests produced values of the undrained shear
subsoll conditions 1s shown on Fig. 2. strength between 1,000 and 1,500 psf. Two

consolidated undrailned shear strength
measurements gave values of 3,260 and
3,400 psf.

The sensitivity of the silty clay varied
between 1.5 to 3.0,

A careful inspection of the samples and re=-

sults of the unconfined compression and un-

consolidated undrained triaxial tests dis-

closed that the samples were somewhat dis-

turbed, The presence of silt and sand seams
. has had an influence on the results,

It 1s believed that the average undrained
| shear strength of the clay layer 1s about
2,000 psf,

. ’ Underlying this deposit is a 13 ft, thick
N layer of compact to.dense silt with traces
of gravel, Two "N" values of 21 and 40
blows/ft. were recorded,

. t Below this layer a 23 ft., thick deposit of
| very stiff to hard clayey silt with sand and

| 1 gravel was found., "N" values of 22 to 63,
: most of them in excess of 40, were recorded,

TESTING RESULTS

11 A In ilay 1964, three piles were driven and
tested. These were:

1 Pile No, 3 - Concrete filled steel tube
| 12 3/4" x 0,202" with end plate
13 1/2" dia,; length in ground
| 50,2 ft, (tube filled after
b driving).

J Pile No, 5 - Concrete filled steel tube
12 3/4" x 0,202" with end plate
12 3/4" dia,; length 1n ground
Flg. 2 - Typlcal Borehole Log 50.1 ft, (tube filled after
driving).

The upper 8 ft. 1s silty sand with gravel and

occasional clay seams, The "N" values of Pile No, 9 - Untreated timber plle, butt 15"

this layer are 6 - 7 blows/ft, Underlying tip 8"; length ln ground 47.5 ft.
this layer down to approx. 76 ft, is a de-

posit of clayey silt with sand and traces of In Filg. 3 the dates of various tests and the
gravel, contalnlng occasional seams of silt time intervals between them are given, Due
and sand, More plastic in its upper 10 - 15 to the lack of time, only the 1964 series of
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piles.(Piles No, 3}, S and 9) could have been
retested in 1965 - i.e., more than a year
after they were driven,

Pig. 3 = Driving and Testing Dates

In order to get some idea about the percent-
age of the ultimate bearing capacity of piles
due to end-bearing, extraotion tests were

carried out,

The driving records for the 1964 pile serles
(No, 3, 5 and 9) are shown in Plg, 4,

Pig, 4 - Driving Records, Pile No,3, 5 and 9

Approximately two weeks after driving, the
plles were tested for the first time. The
loading and extraction procedures required
each load increment to be maintained for two
hours or until such time as the rate of
settlement fell below 0.0l inches per hour,
whichever was the shorter period,

In Pig. 5 the loading and extraction test re-
sults for Pile No,3 (steel tube with protrud-
ing end plate) are shown. It 1s evident that
there is very little difference between the
loading and extractlion test results, the time
interval between them being 4 days.

Fig. 5 -~ Test Results Pile No, 3 -~ 1964

Pile No, 5 (steel tube with non-protruding
end plate) was tested twice in 1964 with a
time lag of 42 days. The results of these
two tests as well as the extraction test,
carried out 5 days after the first loading
test, are shown in Plg, 6, During the time
interval of 42 days the bearing capaoity of
the plle did not increase noticeably, but the
strain at fallure decreased slignificantly,

Pig. 6 - Test Results Plle No, 5 ~ 1964

Pile No., 9 (untreated timber 15" butt 8" tip)
was tested once in 1964 and the result is

shown in Pig. 7.

The test results of the described plle series
gseem to indicate the followlng:
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(1) When bearing capacities of piles, tested
approx, two weeks after driving, are
compared, the capacity of a timber plle
1s about three times as high as that of
12 3/4" 0,D., concrete filled steel
tube pile of coanparable length,

(2) A relatively short walting perlod (42
days) has not contributed to the in-
crease of the bearing capaclity of the
steel tube pile, but has resulted 1in a
slgnificant decrease of the deformation
at fallure,

(3) The contribution of end-bearing to the
ultimate bearing capaclty of steel tube
piles was negligible, as expected,

(&) Tne protruding plate does not seem to
have influence on the ultimate bearing
capacity of the steel tube piles when
tested within the above~described period
of time,

All three plles (No, 3, 5 and 9) were
retested next year ~ i,e,, 1965,

Pig., ? - Test Results Pile No, 9 = 1964

Test results for Plle No. 3 (1965) are shown
in Pig. 8. It 1s obvious that the bearing
capaclty of the pile has greatly increased,
There is agaln very little difference between
fallure load at loading and extracting, in-
Jicatlng that the malin increase is due to the
increase in adhesion along the pile shaft,
The measured rebound seems to have remained
of the same order.,

In Fig., 9 results of the 1965 retesting of
Pile No, 5 are shown., This is the steel tube
oile with the non-protruding end plate, Al=-
though the bearing capacity of this plle in
1764 tests was about the same as for Pile No,
3 (with the protruding plate), the 1965 test
shows a greater bearing capacity, In addi-
tion to a significant increase of the ulti-
mate bearing capacity, the fallure deforma-
tion has markedly decreased.

The difference between the loading and ex-
traction test seeas to indicate a more
significant contributlion of end-bearing.

Plle No, 9 (tapered timber pile) was also

retested in 1965 and the results are given in
Flg. 10, An increase in the bearing capacity
is noticeable, but the percentage 1s not as
high as with the steel tube plles,

The significant difference between loading
and extraction fallure forces could possibly
be attrlbuted to the plle!s tapered shape.
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Fig. 9 - Test Results Pile No, 5 - 1965

In 1965 another three pliles were driven and
tested, These were:

Pile No, 10 - Constant dlameter tlmber pile,
124" dia,; length in ground
43,5 ft,

Pile No, 11 - Constant cross-section (12")
hexagonal precast concrete
"Herkules" type pile; length
in ground 48.5 ft,

242



PILESIN ASTIFFCLAY

tie2 N9, 12 = 5guar2 crass sectlon tapered
trecast concrete plle 3" tip,
14" bitt; leaxin in ground

45,25 ft.

Fig. 10 - Test Results Pile No, 9 = 1965

The pile driving records for these plles are
snown in Fig, 11, It should be noted that
these piles were driven with a drop hammer,

The above-mentioned pilles were tested approx-
imately 12 days after driving.

Fig. 11 - Driving Records Piles No, 11

and 12

10,

The test results of Pile No,
timber) are given 1n Fig, 12,

10 (const, dia,
The ultimate

bearing capacity is high although the deforma
tion at fallure is also considerable, 4s
expected, the rebound is significant., The

larze difference between the loading and ex-
tractlion test results was qulte unexpected
and no explanation for this is suggested,
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Fig. 12 - Test Results Pile No, 10 - 1965

The constant dia. hexagonal precast concrete
pile "Herxules" type (Pile No, 11) was
tested next and the results are shown in

ig. 13. Although the ultimate bearing capa=-
city was considerable, the deformation at
fallure was very large., The rebound was
small, There is quite a marked difference
between loading and extracting forces,

gL ey o

| . ‘ r
Fig. 13 - Test Results Pile No. 11 - 1965

The test results for Pile No. 12 (tapered
concrete) are shown in Fig, 14, At a quite
small deformation a relatively hlgh bearing
capacity was recorded, The marked differ-
ence between the loadinz and extractlion tests
appears to be due to the pile's taper,



STERMAC, SELBY and DEVATA

PILE TYPE BEAR

T ] [ T = -
]
— -.
by o
!’ Ii’k 'NoS 9
A
[ oy s ] . =
l ll : No. D:
! |
| \ .
A ] : N b ) l
| 3 ~
[ . |
| : \ Nal .
L < \\ |
! TEST ) { R .
Pk - N Fig. 15 =~ S f Test Results -
- | 12 g. 15 ummary o es esults
L‘fb : oy Comparison between Theoretical
N LE and Measured Bearing Capacitles
Fig, 14 - Test 3esults Pile No. 12 - 1965 (1) Timber piles when tested approx. 2 wz2eks

DISCUSSION AND CONCLUSIONS
Tnere are nany ways and methods for the in-~ (2)
terpretation of plle load - Chellis (1961).
However, each test should be interpreted in
the light of the pllet's usage. In certain
cases larger deformation or settlements can
te tolerated than in others, It 1s there-
fore emphasized that whatever bearlng capa=~
cities are shown in this paper, they are hy
no means presented as absolute values,
(3)
The significance of tnls lnvestigation and
whatever b2nefit that can be derived from it
is based on the comparison of the behaviour
of various types of piles - i,e., on relative
z2rits of each of them, the absolute bearing (L)
capacity values being in this case, of only
secondary importance,

For the computation of the theoretical ulti-
mate bearing oapaclities, values of 1,500 and (5)
2,500 psf were used,

The ultimate bearing capasity of piles was
computed using the followling expression:

Quit = Cp Ng Ay + Cy Ag

where, (6)
Ca = Average undrained shear strength
of clay for the length of plle,
Cp = Undrained shear strength of clay
at and below bottom of pile,
!’a = Pearing capaclity factor (9).
Ay = Area of plle base.
Ag = =Zffective plle shaft area,
(7)

All tezt rosults as well as theoretical mini-
nxn and maxlirmum capaclties are shown in Fig.
1¢., A careful review of tnese values seems
Lo permit the irawing of the followina
conclusions:

244

after driving, had higher bearing capa-
cities than concrete or steel tube piles,

After one year the bearing capacitles of
the tested oiles had increased; approxi-
mately 50% for the tapered timver pile,
and between 250 and 3007 for the steel
tube piles, However, the final (after
one year) bearing capacity of the
tapered timber pille was still between

40 and 50% higher than that of the steel
tube piles,

Concrete piles tested two weeis after
driving had smaller bearing capacities
than timber piles, but considerably
greater than steel tube piles,

[t would appear that the protruding
plate on the steel tube plles has no
immediate detrimental effect, but that
it may have a long range one,

The comparison of test results of timber
and concrete taper piles with those of
comparable piles, but of constant dia-
meter, does not permit the attribution
of any specilal or significant influence
to the taper,

In evaluating the degree of mobilization
of the strength of the surrounding soil
as adhesion, it appears mandatory that

a clear distinction must be made between
piles of different materials, The re-
sults of this test series seem to in-
dicate that with timber piles possibly
near full mobilization of the strength
of the material as adhesion is being
achleved,

Irrespective of whether the piles are of
steel or timber (for concrete data not
avallable, but it 1s believed that the
same also applies) the degree of
strength mobilization as adhesion in-
creases with time,
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(8) Because it is believed that both the
driving energy and equipment used ex-
hibit an influence on the plle behav-
iour, a direct comparison between the
performance of the plles of the two
test series i1s not fully justified.

The preceding conclusions are not necessar-
1ly @enerally applicable, but it is belleved
that a number of findings would very well
hold true in comparable soils and under simi-
lar driving conditions, It is hoped that the
results of this investigation will contribute
to a better understanding of the behaviour of
piles in stiff clays,
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