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SUMMARY

A static testing programme of four steel piles, two H-piles ané two pipe
piles, was conducted to aid the analysis and design of piles driyen through
11 metre of loose embankment £ill and a 25 metre thick layer of
compressible clayey silt. Two piles, one of each type, were driven to
depths of 39 metre into dense sand and gravel, the remaining two piles were

driven to depths of 32 metre, developing shaft resistance primarily.

Static loading tests were performed thirteen months after the'pi¥gs were
driven. The raw field data were first reduced'to,tabﬁlar form for ahalysis
and further processing. The reduced data were analysed with the aim of
developing a methodology to evaluate the residual loads in the piles -and to
study the effects of downdrag and residual stresses on the distribution of
load in the piles.

The applied test loads were analysed to determine the load level closest to
the failure load of each pile. The measured compression at these load

levels for each section of the piles was converted to corresponding strain.

Previous investigators (Hunter and Davisson, 1969, Hanna and Tan, 1973, and
Fellenius and Samson, 1872) showed that downdrag and residual stresses
influence the distribution of shaft resistance at the pile-soil interface
during a static loading test. Consequently, the distribution of load in the
piles is affected, the extent of which is unknown and unquantified.

The }educed data were also analysed to determine the initial residual
compression and strain in the piles before push and pull testing. Three
cases of residual loads before push testing were considered: The case of
zero residual strain, the case of half the algebraic sum of the increased
locked-in strain induced in push and the increased locked-in stygin induced

in pull (Case 1), and the full sum of the same value of Case 1 (Case 2).
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In both Cases 1 and 2,the residual strain was found to increase linearly
to a peak value in the lower half of the pille, thereafter it decreased or

remained constant.

The residual strain and the measured strain were subsequently converted to
corresponding loads using the linear elastic stress-strain relation for
the materials.

The distribution of initial residual load increased linearly to a peak
value in the lower half of. the pile, follqyed by a decrease with increasing
depth. Peak residual losd ranging from 528 KN to 660 KN (60 tons fo 75
tons) were obtained at depths of approximately 26 metre (85 feet) for
Case 1 and twice this value for Case 2. A major portion of the residual

load originated in the clayey silt formatien.

The loads computed from the strains measured in push testing were added to
the residual load to determine the- adjusted load mobilized in push testing.
The residual loads before pull testing consist of the initial residual load
Plus the load locked-in as a result of the push test. These new residual
‘ZL-oads were subtracted Ei‘om the loads computed from the measured strains in
pull to detérmine the adjusted loads mobilized in pull testing. The loads
from measured strain and the adjusted loads mobilized in sth and pull were
plotted with respect to depth to determine the load distribution curve for
each pile.

The adjusted load distributions in push testing show a linear increase of
load with depth, while the unadjusted distributions show an approximately
constant load. The corresponding toe and shaft resistances are greater in
the lower sections of the pile for the adjusted loads as opposed to the
resistancés for the unadjusted loads. ‘

The mobilized unit shaft resistance was computed by differentiating the
~regression polynomial describing the best curve fit of the load
distributions and dividing the results by the Modulus of Elasticity (E) and

cross-sectional area (4) of the pile.
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When the piles were loaded to failure in push, the unit shaft resistance
" distribution increased linearly for the adjusted loads (Case 2). This
‘distribution is also in close agree;:nent with the measured undrained shear
strength of the soil. When the residual loads are underestimated (Case 1)
or neglected, the unit shaft resistance increased linearly to a peak value
then remained constant or dec-reased after a depth ranging from 20 to 40
times the pile diameter.

The adjusted load distribution in pull testing decreases linearly, while
the distributions of the unadjusted and the adjusted Case 1 loads were
approximatel§ c;mstant. Case 2 distributions showed considerable larger
shaft resistance ani‘l“little or no apparent toe resistance as opposed to
large apparent toe resistance and very small shaft resistance in the
unad justed loads and the adjusted loads of Case 1. Since there cannct be
toe resistance in a pull test, it_is obvious therefore that the residual
loeds for Case 1 were underestimated. Furthermore, the shaft resistance

obtained in the pull testing is erroneous if unadjusted for residual loads.

When the maximum residual load (Case 2) was considered, the distribution of
the unit shaft resistance in pull is similar in geometric configuration and
magnitude to .the distribution obtained in push. The observation suggests

that the mobilized unit shaft resistance at failure is equal in push and
pull.

The results of the analysis support the findings of O'Neill et al. (1982),
Hanna and Tan (1973), Bunter and Davisson (1969) and the hypothesis of
Holloway et al. (1978) on the load and shaft resistance distribution in
test loaded piles.
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GLOSSARY AND NOTATIONS

cross sectional area of pile
shear perimeter area per unit length of pile

diameter of pile

ratio of the measured compresssion of pile to the calculated
compression of the pile considered as a free standing coluamn.

ratio of. the calculated cowmpression of pile due to a load
supported entirely by shaft resistance to the calculated
compression of the pile considered as a free standing column

mean undrained shear strength

. pile embedpent depth

critical depth of pile
modulus of elasticity of pile
modulus of elasticity of soil

ratio of the horizontal effective stress to the
effective stress at the pile shaft )

pile-soil stiffness factor
length of pile P
wall friction ratio, tan O/tan¢

standard penetration index (blows/0.3 metre)

vertical

bearing capacity coefficient for shallow foundations

bearing capacity coefficient at pile toe

effective overburden pressure
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load applied to pile head

incrémental load

ultimate load ;

total static resistance

shaft resistance

toe resistance .

unit shaft resistance along pile shaft

ratio of toe load to applied load at head of pile
shaft resistance coefficient "

empirical coefficient

wall friction angle, effective

soil internal angle of friction, effective
Po;sson's ratio of pilé

Poisson's ratio of soil

movement of pile head

deformation of‘pile'at depth =z

measured deformation of pile

pile compression as a free standing column. 5

measured elastic compressio® of pile due to equivalent shaft load

elastic compression of pile as a free standing column due to
equivalent shaft load '

neasured compression of pile due to equivalent toe load



INTRODUCTION
1.1 GENERAL

A static loading test is the most common method of determihing pile
capacity and consists of épplying an external load to the head of a pile
and measuring the corresponding displacement of the pile. The load is
usually applied to the head of the pile by means of a hydraulic jack and
is measured by the jack pressure manometer or, more accurately, by & lcad
cell. The p‘ydraulic jack reacts against a reaction frame positioned over
the test pile; When load is applied, the pile will deform and displace. The
displacement at the pile ‘head is measured using dial gauges acting against
reference beams. The data measured are presented in a load-displacement
curve. Ordinarily, the test will only establish the ultimate resistance

(failure load) of the pile without separation of shaft and toe resistance.

To measure separately the deformation and the displacement of the pile
under the applied load, use is made of telltales. Telltzles can be rod or
wire extensometers, connected to certain locations in the test pile butgv
standing free from the pile. The telltales will thus tell the deformation
between the pile head and the telltale end. With the use of several
telltales placed at various depths in the piie, the toe and shaft load
components of the soil resistance can be evaluated. Telltale instrumented
pile tests are usually included only for special tests for large and
difficult piling projects.

in 1977, the New Brunswick Department of Transportation and Communications
in co-operation with the National Research Council of Canada, Division of
Building Research, undertook a full-scale pile test-loading programme on
the banks of the Saint John's River at Fredericton. The test programme was
part of a study to obtain design parameters for the design and analysis of

the foundation of a proposed 772 metre long bridge across the river. The
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bridge foundation consisted of concrete piers, supported on piles driven
through a 25 metre thick layer of highly compressible silty clay to toe
bearing in a dense gravel formation., Large volumes of £ill were required
for the bridge approaches. The fill was expected to cause considerable
‘settlement in the clay and subsequent neéative skin friction in. the
compressible silty clay. The pile testing programme consisted of static
loading in tension and compression of four single telltale instrumented

steel piles and a group of three piles subjected to drowndrag.

A first series of static testing of the four single piles was conducted in
October 1977, three months after the piles were driven, and the results
were presented by Bozozuk et al. (1978). The deformation of & pile group
. under downdrag)conditions was also monitored over a ten-month period and
the results were presented by Bozozuk and Keeman (1985). A second series of
static testing on the four‘single piles was performed in August 1978, and

-

the results are presented in this thesis.

-

—

1.2 OBJECTIVES
The objectives of the study reported in this Thesis are:

(a) to determine the Yoad distribution of the piles under compression

(push) and tension (pull) test loading to failure

(b) to quantify the magnitude of the residual locads in the piles

1.3 SCOPE

The investigation included the analysis of four instrumented steel piles:
two H-piles and two pipe piles driven through an. embankment £ill and a
layer of compressible silt and into a competent dense sand and gravel

formation.



The analysis of the test data was performed in four steps.

(1) . reduction and compilation of field data to working data in &

tabular form for anslysis and easy access for further processing.

(2) preliminary analysis of the reliability of the data.

(3) detailed apalysis of test data,.

(4) correlation with similar studies performed by other investigators.

1.4 OUTLINE OF THESIS

The Thesis £first -presents the results of a literature review and
theoretical background of the subject matter (Chapter 2). An account of
field test procedures and soil data at the site is given in Chapter 3. The
compiled test data and a study of their reliability are presented in
Chapter 4. Chapter 5 contains an analysis and discussion of the results.

Conclusions on the findings of the aralysis are presented in Chapter 6.



CHAPTER 2
THEORETICAL BACKGROUND

2.1 GENERAL

Piles have been used for centuries to overcome difficulties of. placing
foundations on soft or weak soils. By means of piles, load from
the superstructure is transferred through weaker upper layers of soil to

deeper, more competent layers.

Axial static test loading of telltale instrumented piles is used to
determine the load deformation behaviour of the piles. The static test is
conducted for two directions of loading, push and pull. The ASTM D-1143 and
D-3689 standards outline the test procedures and data acquisition system of
the push and pull test, respectively, and includes recommendations for the

arrangement of telltales in the test piles.

In this chapter, the theoretical concepts governing the load transfer
behaviour in piles are examined. Also, the shaft and toe resistances of
piles and the féctors affecting the same are briefly discussed. In
addition, the residual strain in driven piles previously investigated is
reported and its effect on the load distribution of statically tested
piles at failure are also discussed. Fipally, the technigues used to

analyse the load distribution from telltale data are presented.
2.2 LOAD TRANSFER

Load transfer in a pile-soil system is a very complex phenomenon and
involves a number of parameters which are difficult to analyse in numerical
terms. Several attempts have been made to develope analytical methods of
load-tfangfer in piles. Most current techniques are based on one of the
following three approaches. )
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(1) Transfer function approach
(2) Rlastic theory approach
(3) Finite or boundary element analysis.

2.2.1 Transfer Function

The transfer function approach is a step integration technique developed by
Coyle and Reese (1966). This technique uses the measured relationéhip
between the pile resistance and the pile movement at various points along
the pile and requires no assumption regarding the linearity of the soil
behaviour. The load transfer in the pile is obtained experimentally by
installing strain gauges or load cells at different depths, Z, along the
pile axis. A plot of the measured axial force, Q, in the pile against
depth, z, is shown in Fig. 2.1(c), the function Q{(z) indicates the load
transfer along the'pile shaft. The slope of the function Q(z) divided by
the pile perimeter area, Ag, per unit length gives the distribution of the

unit shaft resistance, r_, along the pile shaft.

S,

When the curve Q(z) is established experimentally, the vertical
ﬁisplacement, s,, at a depth, z, below the ground surface is known,
provided that the modulus of elasticity of the pile, E, the cross-sectiocnal
area of the pile section, A, and the vertical head displacement of the pile
head, s, are measured during the loading test. Assuming E and A constant,
ther from known strength of materials the following formulae can be

established:

1
&, = a,- — fa(z) dz (2.1)
AE
0
1 dQ
- Crg om e B (2.2)
. A dz

41!
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In theoretical apalysis, the pile is divided into n number of elements
which-a;'e considered as -compressible short colun_ms of length, Li' and
which are acted upon by axial force, /Q*, and shaft resistapce, rgy.-

Various émpirical relations fér the unit shaft and toe resistances have
been established based on the above approach using measured pile load-
" displacement data.

2.2.1.1 Shaﬁt and toe resistance

The static resistance, R, of a pile is the sum of the toe and shaft

resistance components, Rt and RS, as follows:
R=R +Rg | (2.3)

In a push test, both components are present, while in a pull test, only the

. shaft component is acting, that is, Ris equal to R;,. It is important to

recoghize that R, is the mobilized resistance resulting from the applied

load Q and not necessesarily equal to the ultimate resistance.

The unit shaft resistance, re, is a function of the horizontal soil

pressure against the pile shaft, which is proportional to the effective
overburden stress,- 0‘,':’, as follows:

rg = Kg O'ztan5 (2.4)

where K, denotes the ratio of the effective horizontal stress to the
. ’
vertical effective stress at the pile shaft and 0 is the effective wall

friction angle.

The unit. toe resistance, r., is also a function of the effective overburden

t‘l

stress, O, at the toe, as follows:

z!

r = &Ny (2.5)



Where Nt is the bearing capacity coefficient at the toe. N, is usually
about three times the bearing capacity coefficient of shallow foundatioss,
Nq (Canadian Foundation Engineering Manual, 1985).

Investigations of single piles indicate that there is very little increa§2h~
of toe resistance or unit shaft resistance below a certain critical dépth;
Vesic (1969), Mohan et al. (1963), and Robinsky and Morrison (1964)
suggested that during pile driving and static locading, a high zone of
Etraining, volume change, and arching may develop in the soil arcund the
pile above the pile toe level. Consequently, the value of toe and shaft
resistance evaluated from the test loading data would cease to be
proportional to the overburden stress and become constant below a certain
depth. The presence of residual loads in the piles were not accounted for -

in the above mentioned papers.

Meyerhof (1976) stated that the relations for unit shaft and toe
resistance, Egs. 2.4 and 2.5, are not valid for piles driven in
cohesionless soils beyond the critical-depth, D.. D, is equal to an
enmbedment depth, D, of about 10b to 20b, where b is the pile diazeter.
Thus, below the critical depth, modified or new relations are required to

estimate the toe or unit shaft resistance.

The Mohr Coulomb shear strength envelope, Fig. 2.2, suggests that the
shearing resistance engaged at the pile-soil interface %s smaller than the
soil shear strength. Burland (1973) accounted for this redﬁction of
strength in clay by introducing a beta-factor which is equal to the ratio
of the average shaft resistance to the effective overburden pressure. The
beta-factor also includes the influence of the ratio between the horizontal
and vertical overburden pressure in the soil. Bozozuk {1972) and Bozozuk et
al. (1978) introduced an M-ratio to account for a reduction between the
soil strength and the pile shaft resistance. M is defined as the ratio of
the effective wall friction, tan 5: 'and the effective soil friction,
tan ¢ »

For additional details on the effective stress approach, the critical
depth, and M-ratio, see the Canadian Foundation Engineering Manual (1985).
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Meyerhof (1976) suggested that the unit toe and shafr resistances for long
piles depend on limiting values of toe and shaft resistances. For embedment
ratios, N/b, greater than 10, the unit shaft and unit toe resistances are
obthined from empirical equations using the Standard Penetration Index, N,
of the soil glong lthc pile shafe, |

By correlating the results of pile test loads with soil parameters,
Vijayvergiya and Focht (1972) proposed an alternative method to compute
the unit shaft resistance in piles driven in clayey soils. Vijayvergiya and

Focht (1972) found that the average unit shaft resistance, r_, is the sum

sl

. F
of the oesn effective overburden stress, 0;. and twice the pean undrained )

shear streagth, ¢,,, of the soil alonxg the pile, modified by an empirical

u
coefficient >\, as follow:

g = A G + 2¢,) O (2.6)
The cocfficiént. A, was found to have a close correlation with the
cmbedaent depth, D, of the pile. It was observed that A decreased almost
linearly with increasing depth, then remained constant for depth greater
than 20 metre (100 feet}. Conmsequently, Eq. 2.8 indicates swmaller capacity
for very long piles driver in clay and g reduction of unit shaft resistance

in the lowver region of piles.

Values of A are known oaly for typical clay profiles, therefore, values for
specific site conditions will have to be apprc'ximated froo empirically
known values froo similar profiles. The equation requires great accuracy in
the deteroination of effective vertical st=xess and the undrained shear

strength of the clay profile for accurate estimation of the pile capacity.

Fig. 2.3 fllustrates how the lcad distribution ina pile subjected to an
applied load is governed by the mobilised sheft resistance. The shape of
the load distribution is a straight line for 2 constant unit shaft
resistance as shown by Example {a). Examples (b) and (c) show parabolic
load distributions for linearly increasing and decreasing unit shaft

resistances. ZExamples (d) and (e) are illustrations of unit shaft

~

Py



resistance and corresponding load distributions as presented and discussed
by Vesic (1970, 1977a) and Kezdi (1976).

The transfer function approach assumes that the displacemert along any
element of the pile is not effected by the shaft load transferred by other
elements excépc through the pile itself. In reality, however, the transfer
of shaft load by any element to the soil affects points below and above the

considered element, consequently, the concept of a unique load transfer is
not true {Vesic 1970).

2.2.2 Elastic Theory Approach

The elastic Eheory approach assumes that the soil in which the pile is
ecbedded is an ideal linear, elastic solid .defined by deformation wmodulus
and Poisson's ratio of the soil. The approach considers the effect of the
transfer of shaft load to the soil above and below the section of the pile
dnalysed. Several investigators have developed various analytical solutions
based on the elastic theory. D'Appolonia and Romualdi (1963) presented an
analysis based on the elastic theory to analyse the mobilised shaft
resistance in toe bearing H-piles driven to bedrock through 40 feet of sand
and gravel and subjected to a static loading test. The measured shaft
resistance approximated a constant distribution and agreed reasonably with
the computed shaft resistance. Eowever, the static test was not taken to

bearing failure and residual strain was not considered in the analysis.

Poulos and Davis (1968) and Poulos (1968) presented a theoretical approach
to the analysis of a single axially loaded incompressible pile im a linear
elastic soil by considering the pile as 2 number of uniformly loaded
cylindrical elements. The L/b ratio and the compressibility characteristics
f the pile were considered. The results of the analysis was stated to show
reasonable agreement betwecn the predicted and experimental resulrts,
However, the assumption of incompressibility of the pile material and the

neglect of residual strain reduces the applicability of the analysis.

. . g
Mattes and Poulos (1969) analysed the settlement of compressible piles

enmbedded in a linear elastic so0il and subject to loads well below the
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failure load. The influence of the compressibility on the shaft resistance
and the pile settlement distributioo—was examined and compared to the
behaviour of incompressible piles. The results indicate that as the piles'
become more compressible, the shaft resistance near the head of the pile
increases and the transfer of load to the toe decreases. Also, for a given
load and pile geometry; the settlement of the pile heéd increases and ‘the
toe settlement decreases as the pile compressibility decreases. Residual

strain was not considered.

Alsé Butterfield and Barner jee (1971) have presented an analysis in
calculation of the settlement of single axiaslly loaded piles in
homogeneous and linearly elastic soil. The effect of both radial and
vertical displacement of pile and soil was alsc considered. Again, theé pile
load was assumed smaller than the bearing capacity and the residual load

was not included.

Poulos (1977) suggested that effect on analysis of settlement of piles of
negative skin friction (which is the cause of residual'strain) may be
analysed by incorporating an external soil movement in the basic analytical

equations. However, the paper does not state how this would be done.

Randolph and Wroth (1978) analysed the settlement of piles by modifying the
equations developed by Poulos and Davis (1968) and Poulos (1968) for
considering inhomogenity or non-linearity of the soil surrounding the
piles. The analysis also consi&ered-the effect of a weak stratum of soil in
the lower portion of the pile. The final analytical equations presented an
approximative closed-form solution for a single cylindrical pile embedded
in a non-homogenecus, non-linear soil. Reasonable agreement was obtained
when the results were compared to the results of similar numerical

techniques. Residual strairn was not included in the analysis.

All the above mentioned references concentrates on the settlement of a pile
or pile group loaded to a level well below the bearing capacity.
Furthgrmore, the analytical techniques do not consider residual strain in
the piles. Therefore, the references do not provide any information
applicabdle to the objectives of this thesis.
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2.2.3 Finite Element Analysis

Attempts have been made to use finite element and boundary element analyses
to predict the pile settlement behaviour. These methods allow the
introduction of the stress history of the pile-soil system along with non-
linear and stress-dependent response of the soil.

Balaam et 'al. (1975) used finite element analysis to study the load
settlement behaviour of a single axially loaded pile. The pile énd soil
were analysed as separate bodies and equilibrium and compatibility of the
pile and soil at the pile-soil interface were imposed to obtain a solution
of the pile settlement. The effects of pile installation process on the
pile settlement behaviour was also considered by introducing & disturbed
zone around the pile having a different strength and deformation
properties than the undisturbed zone. The possibility of slip at the pile-
soil interface was allowed for by specifying a limiting shaft resistance.
The results of the analysis showed that the settlement behaviour of the
pile is influenced by the load on the pile, the strength properties, and
the extent of the disturbed soil zone. Reascnable agreement was observed
between the predicted solution and measured distributions of soil

settlement around piles in London Clay. Residual strain was not considered.

Baner jee and Davis (1977) used the boundary element method to analyse the
settlement and load distribution of single piles in a non-homogeneous soil
whose modulus of elasticity increased linearly with depth. The results of
the apalysis were stated to be comsistent with experimental results and to
indicate more realistic prediction of single piles and pile group behaviour
‘when compared to techniques by Poulos (1968) and Butterfield and Baner jee
(1971). The results also indicated that the assumption of non-homogenity of
the soil reduces the shaft resistance between piles in a group. Banner jee
and Davis (1978) improved on the above technique to allow for greater
computational effeciency and easier selection of soil meduli in the

analysis. Residual strain was not considered in the analyses.
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The Teferenced analysis techniques deal with pile settlement and load
distribution for loads smaller than the pile capacity. Furthermore, the
solutions do not account for the presence of residual-strain in the piles,
and, therefore are of little relevance to the objectives of this thesis.

2.3 FAILURE LOADS

Methods to analyse pile failure loads have been reviewed and discussed by
Fellenius (1980). The failure criteria suggested for use by the Canadian
Foundation Engineering Manual (1985) are the Davisson Offset limit Load,
the Brinch-Hansen 80% ?ethod. and the Chin-Kondner method.

Davisson (1972 and 1975) assumed that a limit load of the pile is reached
when the head displacement of the pile is equal to the sum of elastic
compression of the pile as 8 free standing column, elastic compression of
the soil at the pile toe, and plaétic compression of the soil at the pile

toe.

Brinch Hansen (1963), suggested that the failure load of a pile load, Qu’
and the displacement, A, of the pile occurs when the co-ordinates of the
point, 0.80 Q, and 0.25 &, also lie on the pile load-displacement curve.

Chin (1971), postulated that the load displacement curve was approximately
hyperbolic, therefore, the ratio of the pile displacement to the head load
plotted versus the pile displacement will develop a straight line having a
slope equal to the inverse of the ultimate load.

2.4 RESTDGAL STRAIN

Strain that remeins in impact driven piles after driving or develops before
static testing is referred to by the term residusl strain. Such strain is
the result of the mobilization of shear stresses along the pile. The
corresponding locked-in loads in the pile arz"in static equlibrium.

\
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Fellenius and Samson (1976), Cooke (1978), and others indicated that
neglecting residual strains when evaluating loads in test loaded plles
leads to erromneous conclusions of load' distribution in the pile bf
overestimating the shaft resistance at the expense of the toe resistance.

Locked-in loads irn driven piles can be caused by driving. Holloway et al.
(1978) and Briaud and Tucker (1985) rationalized that for each hammer blow
during driving, a pile first moves downward, then rebounds and oscillates
around a final position. The rebound is due to the unloading of the upward
acting shaft and toe resistances and simultaneous elastic lengthening of
the pile due to the unloading. The upward movement is sufficient to
reverse the direction of the shaft shearing resistance in the upper portion
of the pile from positive to negative. '

Static equilibrium for zero head load is attained when the negative skin
friction in the upper portion of the pile equals the positive shaft and toe
resistances in the lower portion of the pile. The residual load
distribution at the end of driving, and the measured load distribution

ad justed for residual load in compression and. tensions are shown in
Fig. 2.4,

Holloway et al., (1978) discussed the effect of residual stresses on load
transfér behaviour'in piles, as is indicated in Figs. 2.5e and 2.5b. When
an applied load, €, mobilizes a linearly increasing unit shaft resistance
distribution Curve 1 in an initially unstressed pile, a corresponding load
distribution, Curve 1, results. If the pile is subjected to residual strain
correspoﬁding to unit shaft resistance according to Curve 2, the resulting
residual load distribution is Curve 2. If this strain is deducted from
Curve 1, the resulting apparent load distribution is represented by
Curve 3, corresponding to an apparent Curve 3 unit shaft resistance.

Fig. 2.5b illustrates the corresponding behaviour of a pull tested pile.

Robinsky and Morrison (1964) investigated steel piles driven in sand
formation and suggested that driving and reconsolidation of the surrounding
soil induced residual strain in the piles. Fellenius and Broms (1969)

investigated concrete piles driven into a soil profile of clay, silt, and
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sand, and showed that the reconsolidation of the remoulded clay resisted by
shaft resistence in the underlying silt and sand layer.

Hanra and Tan (1973) subjected model piles, 15.9 mm to 38.1 mm in diameter
and up to 1.8 metre in length to push testing. In a first test series, dry
sand was placed around a set of piles which were permitted to settle during
placement of the sand. A second set of piles was fixed at the head during

placement of the sand.

In the free head condition, and no external compressive load, the placement
of sand induced negative skin friction between the sand and the pile in
the upper portiomn of the pile. In the lower portion, positive shaft
resiétance was induced. 'I'he_' negative and positive shear sbove and below the
neutral plane combined into a residual load distribution.

In the £fixed head condition of the second test series, the settling sand
induced negative skin friction along the entire pile length which was

resisted by a restraining force at the pile head. L 3

Both test series included e static push test following the placement of
" sand with the load applied and removed in five equal steps. When the intial
residual load distribution was neglected, considerable smaller ‘shaft
resistance was computed in the lower portions of the pile as shown in
Fig. 2.6. However when the initial residual load was accounted for, the
load distribution during application of an external push load was as shown
in Fig. 2.7. At an applied load 0.11 XN, most of the load was resisted in
the upper portion of the pile. At 0.19 KN, the initial residual load in the
upper portion of the pile was fully overcome, and only 4. minor portion of
the applied load reached the pile toe.

When the restraining force in the fixed- head pile was released, the
negative shaft resistance reduced. The load distributions in load:l.ng and

unloading in the fixed head piles are shown in Fig. Z.8.

The study by Hanna and Tan (1973) demonstrated the occurrence of the

reversal of shear stresses along the pile shaft during load application.
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Fellenius and Samson (1976), discussed locked-in compression in a shaft
bearing pile in clay which was tested forty-three days after the pile was
driven. The authors showed that more realistic load distribution and
greater accufacy”ﬁf the to;?:esistance approximation were achieved when
the locked-in compressior (residual strain) was considered in the ahalysis.

Hunter and Davisson (19691 evaluatéd the results from full-scale loading
tests in push followed by pull testing on six piles each instrumented with
a telltele at the toe. Large apparent tension loads occurred at the pile
toe in the pull tests. Since it was not possible for tension loads to exist
at the pile toe in a pull test, the authors concluded that residuai loads
were present at the start of the push test. The true load distribution in
push, Curve 6, Fig. 2.9, was obtained by adding the residual load at the
end of a pull test (Curve 4) to the compression loed (Curve 1) minus the
residual load of a compression test (Curve 2).

Similarly, the residual load at the end of the pull teét, Curve 4 of
Fig. 2.9, was subtracted .from the pull test load (Curve 3) to give the
real load distribution, Curve 5 in the pull test. The final distributions
adjusted for residual loads are shown in Fig.-2.10. '

The shaft resistance according to the adjusted load distributions was

approximately 30% higher im push than the shaft resistance in pull.

Cooke (1978), recorded residual loads when tubular steel piles were jacked
into clay. The residual load first increased linearly with depth to a peak
value in the lower quarter of the pile, then remained constant to the pile
toe.

Cooke (1978), discussed that driving piles in clayey soil caused extensive
displacement and remoulding of the surrounding soil, resulting in a change
in soil stress and pore water pressure. The change of stress in the soil is
accompanied by the development of related forces in the pile itself.
Equilibrium between the soil and pile forces for no external load, results
in a residual force system'locked in the pile, which must be considered in

the analysis of a loading test.
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O'Neill et al. (1982) found that for piles driven in overconsolidated clay,
the true shaft load transfer in a push test is the diffgrehce of the
applied load in push and the sum of the apparent toe load in pull and the
toe load in push. The true shaft load transfer wés approximately equal to
the pile capacity in pull, suggesting that the peak shaft load transfer

was independent of the direction of loading.

2.5 TELLTALE-INSTRUMENTED PILES

Telltales are deformation gauges that measure the axial compression bétween
the head of the pile and the base of the telltale. For several telltales
distributed evenly over the length of the pile, the compressions for a
section of the pile is obtained from the differenmce between two telltale

neasurements.

Telltales have been used in static loading tests to study the stress-strain
behaviour of piles and to determine the load distribution of piles. The

average load Q,,, acting in a pile or a sectionm of a pile is:

-

N AL .
Qye = 4E — F———e—" (2.7
. o
where A = average cross sectional area of pile

or section considered
E = modulus of elasticity of pile
AL = length of pile or section considered
L = elastic shortening or lenghtening of

pile or section considered

The parameters A, E and L are usually known at the start of a loading test

and AL is measured during the test.

The averege load acting in each section of a telltale instrumented pile is

determined from Eq. 2.7 ghd is assumed to act at the mid-point between the
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two telltales. The load distribution of the pile is obtained by plotting
the average locads acting along the pile with respect to depth.

Leonards and Lovell (1978) analysed the load distribution of driven piles
using .the deformation of the pile recorded by a toe telltale. Leonards and
Lovell (1978) proposed that, for a load, Q, applied at the head of a pile,
the measured elastic compression of the pile is:

Al

QL
o, = C — (2.8)
AE

t
C ' denotes the ratio of the measured compression (or extension) of a pile

to the elastic compression of the pile considered as a free standing coluamn.

Similarly, the contribution of the pile compression due to the portion

resisted along the pile shaft is:

AL = L — (2.9

~ where C denotes the ratio of the calculated compression of the pile due to
a load Q supported entirely by shaft resistance to the calculated

compression of the pile considered a2s a free standing column.

Leonards and Lovell estahblished the relation:

c'-¢C
Q& = e (2.10)

where ¢ is the ratio of the toe resistance to the total mobilized
resistance ( Re =CR).

- ' . ) - -
The ratio C is known from measured data and C is determined from an

assumed distribution of unit shaft resistance.

A plot of ¢ versus the inverse of the head load Q is a straight line when

the change of compression AL, for a change of load dQ is constant, then,



AE AL ,
film — — (2.11)
L dQ

where n is a constant and fhen
n > 1, the pile is yielding er buckling
n < 1, the shaft resistance is not fully mobiiized.
n = 1, the shaft resistance is fully mobilized.

A detailed outline of the development of the above theory is giver in
Appendix A.

Fellenius (1980), discussed the applicatiocn of Leonards and Lovell theory
to engineering practice. Lee'(1986), developed a computer program for the
method to determine the shaft and toe loads in a pile. The program
incorporates  the effects of residual stresses in the pile and uses the

deformation measurement recorded by three telltales.

2.6 DEFORMATION MODULUS *

Struq;ural steel is a homogeneous material with approximately linear
streé§=ﬁgfain behaviour irn an unconfined stress state. Under bi-axial
stresses, . the deformation modulus of a homogeneous material changes when
the confining pressure is equal and greater than the axial stress. However,
as the axial stress becomes exceedingly greater than the confining
pressure, the effect of confinement on the deformation modulus becomes

negligible and the modulus can be approximated from an unconfined test.

For composite columns, such as a pipe pile filled with concrete, the
behaviour differs from the above. Neogi et al. (1569) discussed the
structural action of composite steel concrete columns under applied loads.
Because the Poisson's ratio of concrete is smeller than that of thg steel,

-
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at a smell applied load, the steel will have a limi transfer effect
on the concrete core. With increasing longitudinal strain, the lateral
expansion of the concrete becomes greater than that of the stee®® Radial
pressure will develop gt the concrete to steel interface setting up
circumferential stresses in the steel tube. Load transfer from/ the steel
tube to the concrete core occurs, as the steel tube cannot sustain the
stress longitudinelly in the presence of a circumferential tension stress.
The load transfer results in a variable combined modulus of elast:.c:.ty and
a considerably greater structural strength than the sum of the individual
compressive strength of the steel and the concrete. Therefore, the use of
Kirchoff's Law to determine a constant modulus of elasticity of a compound
column of steel and concrete is approximative, only.
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CHAPIER 3

FREDERICTON PILE TESTING PROGRAMME

3.1 SITE PLAN

The test area was located in a newly constructed embankment fill on the.
South bank of the Saint John River in Fredericton. The embankment fill
served as part of the redevelopment of the bank area for the approach and
abutment of the bridge. Fig. 3.1 includes a plen over the area and the
location of the test site.

3.2 SOIL PROFILE

The soil deposits at the site were investigated by 41 borings and the
results have been presented by Bozozuk et al., (1978). A complete section
through the f£ill embankment, dregded fill, and soil and bedrock profile
along the bridge centre line is indicated in Fig. 3.2 and given in detail
in Table 3.1.

During the Winter of 1977, an 11 metre high embankment was constructed on
the South shore of the river in line with the proposed bridge location. The
-test fill was constructed in two stages. The first stage was constructed in
water to Elevation +3.0 m, which served as the working base for the
installation of the field instrumention. Thersecond stage was constructed
to Elevation +5.0 m, the average in-situ density of the £ill was 1825
kg/m . k

During the Summer of 1977, after construction of the main test area,
dredged.granular fill was placed around the main test area. The average
density was 1800 kg/m . The upper 4 metre layer of the subsoil on which the

dregded fill was placed was a deposit of organic silts, sand, pebbles,

t
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gravel, and wood. The consistency of the material was low éo medium
plasticity, the angle of internal friction was 31°. and the assumed density
was 1680 kg/m3. Below this layer, a formation of gray layered élayey-silt
extended from Elevation - 6.0 m to -12.5 m. The average water content
ranged from 23 to 38 percent,‘the 1tquid limit was 29 percent, and the
plastic limit was 9 percent, The averaée érain size distribution was 40
percent clay and 60 percent silt. The average wet density was 18&0~kg/m3
and the maximum in-situ vane shear strength ranged from 40 KPa to 50 KPa.

i -~
From Elevation -12.5 m to Elevation -18.0 &, the soil consists of a brown
layered clayey silt with properties similar to those of the above layer.
The water content ranged from 29 percent to 37 percent, the average liquid
limit was 34 percent and the plastic limit was 12 percent. The grain'size
distribution was 45 percernt clay and 55 bercent silt. The average wet
density was 1840 kg/m3 and the in-situ vane shear strength ranged from 60
KPa to 90 KPa.
At Elevation -18.0 m, a 1 metre thick layer of varved brown clay and silc
was found. At Elevation -19.0 m, a layered brown clayey silt formation was
encountered. The formation extended to Elevatior -26.0 m. The water
content ranged from 35 percent to.&S.percent, the average liquid limit was
40 percent and the plastic limit was 20 percent. Tfe average grain size
distribution was 64 percent clay and 36 percent silt. The average wet
density was 1840 kg/m3 and the in-situ vane shear strength ranged {rom
a0 K%? to 120 KPa.
At Elevation -26.0 m, a very dense gravel formation with sand and stone was
encountered. Undisturbed samples for this formation was not possible. This

formation extended to Elevation -41.0 m where bedrock was found.

~

3.3 TEST PILES

Four driven piles were tested: two steel H-piles and two closed-toe steel-
pipe piles as shown in detail in Figs. 3.3 and 3.4. The E-Piles (Piles !
and 4) were size HP 305 mm by 132 kg/m (12 HP 74), while the pipe piles
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{(Piles 2 and 3) were 329 mm outside diameter by 8 mm thick wall closed-
toe piles, of weight 62 kg/m. Pile 2 was filled with concrete immediately
.after driving. The oeasured compressive strength of the concrete was 35 MPa
at 28 days snd the average slump of the coucrete mix was 170 om. The
oodulus of elasticity was 27 GPa.‘ ) -

The piles were placed along two lines 3 metre spart, as shown in Fig. 3,50

The centre-to-Centre spacing between the piles was 2.27 metre (seven pile

din:-.etrers) along eacl_xline. The upper 11 metre of each pile was coated

wvith asphalt to counteract negative skin friction expected to develop in .

the test £ill.

Pile driving dinsgrans of the four piles are given in Appendix B. The
driving of Piles ! and 2 was terminated at the predetermined depth of 39
metre in the . very dense sand and gravel formation. Piles 3 'and & were
driven to 8 depth of 32 metre in a clayey silt layer, leaving the pile toes

2.5 oetre above the dense sand and gravel formation.

3.4 PILE INSTRUMENTATION

Each pile was instruiented with eight telltales. The telltales consisted of
3 6 ap rod concentrically placed inside a 19 =o Q.D. steel tube. The inner
rcd 1s a stress—free reference for the deformation messurements, while the
outer pipe acted as a guide. The outer pipe was continuously welded to the

outer casing of the pipe piles or the ianer web of the E;piles.

The locations of the telltales in each pile are also shown in Figs. 3.3 and
3.4 The first telltale was installed immediately below the asphalt coated
length of the pile, at a depth a of 11.1 metre below the surface of the
exbanioment £ili. The remaining seven gauges were installed at depths of
equal intervals over the remaining length of the pile with one telltale
placed at the toe,

Cial-gauge oounts were used to support dial gauges and electric linear

varigble displacement transducers (LVDT) to monitor the deformatio:z
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response of each pile under applied load. This system ptociuced continuous
measuresent and recording of all deformation to a precision of 0.0025 mn.
Measurement of the pile head movement relative to the surrounding ground
was done independently using two dial gauges installed diametrically
opposite on the head of the pile, each acting against a steel reference
bran. The precision was 0.025 mm. Optical survey provided a secondary set
of pile head movements. o

3.5 TEST FRAME

A steel. reaction frame consisting of twin girders was positioned over the
piles as shown in Fig. 3.6. Each steel/&irder was positioned directly over
each row of test piles. These werz sfﬁpported by steel towers anchored to
heavy reinforced concrete footings,” which were in turn anchored to eight HP
304 mo, 80 kg/nﬁ, steel reaction piles driven to toe bearing in the dense
sand and gravel"formation. The twin towers were cross-braced for adc‘.itional
stiffness. The minimum centre ’t"o centre spacing between the reaction piles

and the test piles was nine pile diameters. | T \,

Each test pi—ié was fitted with a 75 am thick steel bearing plate for a 5 MN
calibrated load cell and a 5 MN hydraulic jack. Two 50 mm thick steel
reaction plates were also welded to the top and bottom flanges of each

girder directly above the test piles to -distribute the applied load.

3.6 PENETRATION RESISTANCE

In July of 1977, the four test piles were driven through the embankment
fill, with a B-225 Berminghac diesel hammer. The hammer rac weight was
13.69 KN and the rated energy was 40.0 KNm. The penetration resistance of
the piles passing through the granular £ill was 20 blows/0.3 metre. Piles 3.
and &4 were terminated at a resistance of 56 blows/0.2 metre and 31
blows/0.3 metre, respectively., Piles 1 and 2 were terminated at a
resistance of 143 blows/0.3 metre and 251 blows/0.3 metre, respecti vely;.

The pile.a driving diagrams are given in Appé_ndix B.
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3.7 . TEST PROCEDURE

The test method used was in the form of a constant rate of loading with the
load applied in increments of 90 EN (10 tons) every 10 minutes. The gauge
readings on the pile head were taken at every 1, 3, 6 and 9 minutes from
the start 6f applying a load increment. The compression loads were removed
in 50 KN and 100 KX incremehts, while the tension loads were removed in
three to five increments. The piles were tested in the order of Piles 3, 4,
2, and 1. Occasionally, the lcad was maintained constant for periods longer
than 10 minutes.

3.8 RESULTS OF PREVIOUS FREDERICTON TESTS

In October of 1977, in a first series of testing, the four piles were
statically test loaded to failure in push and pull. The analysis of the
test data was presented by Bozozuk et al. (1978), which enabled the
formulation of effective stress. equations to estimate the magnitude of the

shaft resistance of- piles loaded rapidly to failure.

Initial field measurements of pile compression prior to static testing
indicated that the friction piles, Piles 3 and 4 had peak residual loads
(downdrag load) of 535 KN to 625 KN (60 to 70 tons) ard the toe bearing
piles, Piled 1 and 2 had residual loads of 625 EN to 690 KX (70 to 100
tons). The measured load distributions are indicated in Fig. 3.7.

The shaft resistance was estimated using Eq 2.4, using the M factor. The M
factor was computed using a soil friction angle of 31° and a coefficient of
wall friction of 0.445. Tables 3.2 and 3.3 show the estimared resistances

in pull and push and failure loads of each pile.
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CHAPTER 4

STATIC PILE TEST DATA

v

4.1 REDUCED DATA

A second series of static test loading was performed thirteen months after
the piles were driven and the r#sults have been aralysed in this thesis.
The raw test data were reduced to working data and compiled in Tables Cé.l
through C4.8 of Appendix C, for Piles 1, 2, 3, and 4, respectively. The
original system of imperial units of measurement has been retained.
. r

‘Tables C4.1 through C4.8 show the measured compression by each telltale for
incremental values of the head load to the maximum applied test load. The
unloading of the applied load in regular increments until complete removal
of load is also ',shown in the lower portion of the tables. It is noted that
compressions remained in the pile after the complete removal of the applied
load for both push and pull tests. The tables show the overall telltale
gauge length to the base of the telltale and the cross sectional area of
. the pile including the telltzle guide pipe at the base of each telltale.
The deformation measurements are in 1/10,000 inch (0.000, 25 mm) and the

load measurements are calibrated load cell values in short tons.

Measurements of-applied load versus the pile movement are presented
graphically in Figs 4.1 through 4.8. The head movement of each gile is
presented in lcading to a maximum head load and the suBsequent unloading.
The head movement -curve represents the sum of the toral pile compression
and the toe movement of the pile in the soil. The difference between the
compression curve of the toe telitale and the head' movement curve
re.presents the movement of the pile toe. For the purpose of clarity, the

telltales measurements are presented in the loading stages only.
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4.2 Mﬁ? DATA

-

Preliminary analyses of the test data were conducted to ascertain validity
and reliablity of the data and to determine the various pile-soil
parameters for use in the main load-distribution analysis. The accuracy of
the recorded applied load, recorded deformation, and modulus of eia;ticity

of each pile was investigated.
4.2.1 Applied Load

The hydraulic jack used for applying the load was affected by internal
friction and eccentric load distribution. Consequently, the use of the load
cell was important. However, on numerous occasions, the load cell used
during testing leaked, creating a potential source of error of load
measurement. In one instance during push testing of Pile 3, the error in
the load cell was large enough to warrant unloading from approximately 70
tons and restarting the test using a2 replacement load cell.

Calibrated load-cell measurements were made for the push testing of
Piles 1, 2, and 4, in additior to the jack measurements. However, due to
- leaking of the load cell,.load cell measurements were unavailable for the
push test of Pile No. 3 and all pull tests. For these tests, jack
manometer pressure measurements were utilized, which were converted to load
by means of correlation equations from linear regression analyses of
calibrated load cell measurements versus hydraulic-jack manometer pressuie

readings for Piles 1, 2, and 4.

4.2.2 Modulus of Elasticity

The modulus of elasticity (E) for the non-concreted steel.piles (Piles 1,
3, and 4) was 200 GPa (29 x 108 psi). The calculated stiffness value
(AE/L) of each telltale gauge length (L) was determined using (E) and the
average running cross sectional area (A) of the pile over the respective

telltale gauge lengths.
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The modulus of elasticity of the concreted pipe pile (Bile 2) in
compression was 43.6 GPa (6.32 x 108 psi), as calculated from Rirchoff's
law for composite materials. The modulus of elasticity of Pile 2 in
tension was based singularly on the modulus of elasticity of the steel

pipe, the contribution of the concrete core was neglected for tensile
strength.

Preliminary andelyses showed that the concretéd pipe pile Gﬁle.Z) failed
structurally before the bearing failure was reached. A plot of-the chord
modulus (increment of load over increment of strain) versus the head load
of each telltale of Pile 2 (push test) is indicated in Fig. 4.9. The curves
show the unstable behaviour of the modulus of elasticity of the pile with 7
res}ect to depth and applied load. At smell load levels, the combined
modulus of elasticity of the pile ranges from a peak range of 104 GPa to 35
GPa (15 x 106 psi to 5 x 10% psi) for Telltales 1A and 2B, respectively.
For larger loads, the value is smaller than 7 GPa (1 x 108 psi). The
fluctuating and unstable behaviour of the pile modulus in the load region
- of 2200 KN to 2670 KN (247 tons to 300 tons), is due to a constant
maintained applied load at 2200 RN (247 toms).

Further evidence of unstable behaviour is also shown in the load
compression curves in Fig. 4.2 which are nonlinear beyond an applied head
load of 2&&6 KN (275 tomns). Furthermore, a substantial compression of
16.9 om (0.665 inch) remained in the pile after complete removal of head
load, suggesting that the pile had exceeded the steel yield stress during
loading. Preliminary calculations on the steel alone, indicated the stress
" exceeded the yield strength of 248 MPa (36é§ﬁj when the applied load was
greater than 2060 KN (231 tons).

During test loading of Pile 2, it was observed that water was coming out of
the pile, suggesting that the water-filled cracks and voilds in the pile

were being closed expelling the wéter.

The pull test of Pile 2 was conducted subsequent to the push test. The load
movement curves in Fig. 4.6 displayed non-linear behaviour at very small

stress levels, confirming that the pile was deformed beyond its linear
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elastic limit in the push test. The Pile 2 test data were considered
unreliable and no further analysis was made. Bowever, the data are

presented for inspection and continuity.

4.2.3 Constant Loading

During test loading, frequent adjustment of the jack pressure was
necessary to ﬁaintain the applied loads. In few instances, the applied load
was kept constant for periods ranging from 12 to 48 hours. The most
noticeable of these was maintaining a constant load level of 2290 KN (257
tons) for 32 hours on Pile 1 during the push test. Also, Pile 2 was
subjected to 2 maintained constant load of 2200 KN (247 toms) for 39 hours
during the push test. ' ' -

Changing the method of load application from increassing the load every 10
_minutes to maintaining the load constant for a long period of time affected
the shape of the load movement curve subsequent to the chénge as shown in
Figs. 4.1 and 4.2. This behaviour was more pronounced in the head movement
curves, than in the individual telltale compressﬁon curves. The head
movement curves do not display asymptotic behaviour -at the maximum load
applied. For each push test, six increments of load deformation
measurements beyond the load maintained constant during the loading test
are considered to provide unrepresentative data and have not been used in

the load distribution analysis.

424 Deformation Data

The pile compressions were recorded with a 6.35 mm (0.25 inch) range dial
gauge and a system of machined 6.35 mm (0.25 inch) steel spacers. For a
continuous and uninterrupted recording of compression, spacers were either

inserted or removed between the dial gauge and the reference beam as

L]

required. It was assumed that the spacers were exact measurement of 6.35 mm
and the time for spacer operaztion was instantaneous. However, it was

apparent that both assumptions were invalid, as differences ranging from --
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+0.127 mm (0.005 inch) to -0.127 mm (;0.005 inch) existed in the reduced
deformation readings after the spacer operation. The original measurements
prior to the épacer operation were maintained assuming the differences were
non existent and subsequent measurements after spacér operation were
adjusted accordingly. Consequently, a slight inconsistency in deformatiom

neasurements is evident when subtracting the values of two telltales from

each other.

4.2.5 Faulty.Telltales

Telltale 8H at a depth of 30.8 metre in Pile 1 and Telltale SE at depth of
28.80 metre in Pile 4 were apparently faulty because the cumulative
deformations recorded for these telltales were smaller than the
deformations recorded by telltales located immediately above. This is
inconsistent with the system of cumulative deformation measurement by
telltales. It is possible that friction had developed between the telltale
rod and the guide pipe. Therefore, the results of these telltales were
regiected in the analysis. Telltale deformation readings at the toe of

Pile 1 could not be recorded due to damage of the toe telltale during
installation.

4.2.6 Failure Loads

The failure loads for each test: were determined according to the methods
outlined in Section. 2.3, that is, the Davissorn Qffset Limit, Brinch Hansen
. 80% criterion, énd the Chin-Kondner method. The graphical representation of
the failure load analyses for .each pile is shown in Appendix D. The results
are compiled irn Table 4.1 and are compared to the maximum applied load. The
Brinch Hansen and the Chin~Kondner failure loads are significantly higher
than the maximum applied load for Piles 1 and Pile 2 pull test. Both cases
of failure analyses show that, the piles were not tested to load levels

high enough to satisfy the postulated failure criteria. Therefore, the_

failvre loads obtained by both methods were considered unrepresentative. —



% ' - 30 -

For the failure loads not indicated in Table &,i, the measured data do not
allow for the perticular failure criterion to be satisfied.

The peak shaft load transfer were computed using Eq. 2.11 and are listed in
Table 4.1. The peak shaft load transfer in pull equals the applied failure
load in pull for static equilibrium of forces. In the push tests, if the
toe resistance ﬁas fully mobilized before peak shaft load transfer, then
peak shaft load transfer would coincide with the failure of the pile.
Spread sheet calculations to determine values of 'n' in Eq. 2.11 and the

subsequent peak shaft load transfer are shown in Appendix E.

The Davisson Offset Limit Load method r?presents the lower limit of failure
of the conventional failure criteria used and indicate more realistic and
representative values of failure loads. The Davisson failure loads and the
peak shaft load transfer were considered as a guide to determine the loads
closest to the failure load.

—
ot



CHAPTER 5

ANALYSIS AND DISCUSSION

3.1 INTRODUCTION

~ .
(L

The residual strain in a pile driven in clay soils is due primarily to
strains induced by driving and reconsolidation of the surrounding soils
before static testing. A second component is induced due to compressive
stresses remaining in the pile after a complete loading and unloading cycle
from a2 static test. |

The residual load is a direct function of the residual strain. The total
load acting in the pile durifxg static testing is the sum of the residual

loads and the loads mobilized during testing.

5.2 ANALYSIS OF RESIDUAL STRAINS

A typical plot of the head load on a pile versus total strain (including
residual strain prior to static testing) is shown in Fig. 5.1. The strain

1
cycle consist of a loading curve in push commencing at an origin, Point O,

offset from the true origin, Point O, by the amount of initial residual

strain in the pile. The curve returns to a positive increased locked-in

. Y 1

strain, Point A, at a distance, A, from Point Q¢ on the abscissa. The
strain cycle in pull commences at this point. In unloading to zero load
from the maximum pull load, the curve returns to negative locked-in strain,

T 1
Point B , at a distance, B, from Point A .

The position of the true origin, Point O, is unkncwn. However, Point O must
1

lie between Point 0' and Point B. Since the initial residual strain is a

function of the position of Point O, the magnitude of the initial residual

t
strain may vary £rom mirimum value of zero when Point 0 lies at Point 0

8
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and a8 maximum value equal to the differepce of A and B when Point O lies at
Point Bz

For the purpose of this analysis, the initial residual strein is computed
for three positions of the trueorigin, thgt is, when Point O lies at the
Peint Oa at the mid-point between Points O'and Bz and at Point Bt In.
other words, the initial residual .strain is assuméd to be zero, half the
maximum po%siple residual strain, or the maximum possible residual strain,

respectively.

It should be noted that the value of residual strain in a push test,
‘Distance A, is a negative value when Point A is located to the left of
. origin‘Oz This would be due to a2 reduction of shaft resistance at the
pile-soll interfsce caused by the loading test, and results in an elastic
lengthening of the pile. When this is the case, the initial residual
strain cannot be smaller than the absolute value of A.

Ordinarily in a2 static loading test, fhe inirial residual strain prior to
push testing is unknown and unaccounted for in the analysis of the test
data. Fig. 5.2 shows an exaﬁple of a strain cycle in push and pull of
unknown initial residusl strain as recorded by Telltale 2B of Pile 3. The
strain cycle commences at the apparent origin, O'on the apparent zero
axis, that is, the'fecorded strain is measured relative to the apparent

zero axis, as opposed to the true zero axis.

"Tables 5.1 through 5.3 show the increased locked-in compressions A, the
lengthening of the pile in pull, B, and two cases of computed residual
compression for each telltale prior to push testing for Piles 1, 3, and 4.
Case 1 of compufed residual compression is half the maximum residual
compression and equal to 0.5(B-A). Case 2 of the computed residual
compression is the maximum residual compression and equal to (B-A). The
nissing values for various telltales were either not recorded or were
erronecus as mentiocned in Chapter 3.

Figs. 5.3 through 5.5 show the distribution of residual vompression with

respect to depth, the residusl compressions are plotted at the location of
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the telltale ends. The figures indicate that the ma jor portion of the
residual compression originated in the compressible clayey silt formation.
Reasonable agreement is found in the distributions for Piles 1 and &, for
each tase of residual load analysis, Pile 3 appears to be gféater by S0Z.

Tables S.1 through 5.3 also show the average initial residual strains priép
to push testing for each section of the piles. The residual strain i;
computed as the ratio of the difference of Tesidual compression of two
telltales and the length between the telltales. For the upper telltale, the
strain is the ratio of the residual compression recorded by the telltale
and the length of the telltale.

e e

Figs. 5.6 through 5.8 show the distributions of residual strain, plotted as
a constant over each telltale length considered. For comparisen, the
strains measured by Bozozuk et al. (1978) three months after the piles were

installed (before first series of testing) are also shown.

The measured and computed distributiéns of residual strain increase
linearly f£from the pile head to a peak value irn the lower half of the
pile. Below the peak value, the strain reduces with increasing depth. The
residual strain distribution measured by Bozozuk et al. (1978) and half the
maximum possible computed residual strain distribution (Case 1) are similar
in magnitude to the measured values, the latter being slightly greater in
the lower region of the piles. The distribution of the maximum possible
strain (Case 2) is greater than the measured strain distribution and almost
twice the value in the middle third of the pile. However, with the increase

of time and further consolidation of the compressible clay formation, the

residual striin must increase. It appears, therefore, that the strains

computed for Case 1 underestimate the true residual strain acting in the

second test series.

Since the pull tests were conducted after the push tests, the residual

compression in the pile before pull testing is equal to the sum of the

initial residual compression before push testing and the incz;ased locked-
h

in compression, A, after push testing. Similarly to the puSh tests, two

_possible cases, Case 1 and Case 2, of residual coﬁpression before pull
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testing are computed. The values at the end of each telltale and the
resulting residual strain between telltale ends are shown in Tables 5.4

throughi% 1, 3, and 4.

L

5.3 . ANALYSIS OF LOAD DISTRIBUTION

5.3.1 Push Testing

The applied loads closest to the failure load for load distribution
analyses in push were 4100 XN, 2080 KN, and 1600 KN (461 tons, 234 tons,
and 180 tons) for Piles 1, 3, and &4, respectively. Preliminary analyses
have shown that no considerable difference in results were obtained when an
immediately higher or lower load level than the above values were choosen.
Tables 5.7 through 5.9 show the measured compression at these load levels
for each telltale, the change of compression between two telltales, the
measured strair between two telltzales, the residual stra:l.n before push
testing, and the sum of the measured and residual stra:ms (total or
adjus.ted strain). The tables also show two cases of residual load amalysis,
the computed or unadjusted load (without residual load) from the measured
strain, the residual load from the residual strafin, and the total or -
adjusted load (with residual load) from the total strain. The loads were
computed from Eq. 2.7, for known values of AE.

The residugl load, the unadjusted load, and the adjusted loads (with
residual load) were ‘plotted at the mid-point between the telltales used as
shown in Figs. 5.9 through 5.11 for Piles 1, 3, aid 4. The load
distribution curves were obtained using the best possible curve fit of the
coordinates while neglecting highly scattered points. The re‘sulting

regression polynomials describing the curve fit are given in Appendix F.

The distributions of residual load are similar ir most aspects. The peak
residual loads ranged from 445 KN (50 tons) for Pile 3 to 670 KN ('/"5 tons)
for Pile 4, for Case 1 and twice the amount for Case 2. The values
occurring at depths of 22.5 metre to 25.5 nmetre (75 feet to 85 feet). The
distribution increases linearly to & peak value then remains comstant or

1Y
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decreases in the lower third of the piles. Similar distributions were
obtained by Hanna and Tan (1793) in model test piles.

Ehe various load distributions have a definite geoqetric pattern depending
on the type and extent of load adjustment carried out. The unadjusted load
distributions indicate é unit shaft resistance decreasing in magnitude with
depth. Also the adjusted load distributions (Case 1) with half the maximum
possible residual load indicate a unit shaft resistance which is
approximately constant with increasing depth. The adjusted load
distributions with the maximum possible residual load (Case 2) indicate a
'unlt shaft re51stance increasing in magnitude with depth.

] 4

Both the two adjuéied load distributions (Cases 1 and 2) show distinct
increase of load in the lower portions of the piie'as opposed to the
unad justed load distribution (no residual load). Reasonable agreement
exists in the upper half of the piles for both cases of adjusted load
distributisn while considerable differehce is observed irn the lower half,

which is due to the greater magnitude of residual loads computed for
Case 2.

-

The load distributioms, also show that very small loag§ were mobilized in
the upper '11.3 metre (37 feet) of the piles, suggesfing that the bitumen
coating in this section of the pile was partially effective in reducing

residual loads and shaft resistance.

The unit shaft resistance distributions in the clayey silt layer were
obtained by differentiating the regression polynomials describing the locad
distribution curve and dividing the results by the shaft perimeter area of
the piles. The calculations to determine the unit shafeiresistance are
given in Appendix F. The shaft perimeter area of the H-piles is assumed to
be.square sectlon equal to the flange width of the piles. The results of
the above procedure, when applied.to Piles 1, 3, and 4, are shown in
Figs. 5.12 through 3.14, respeftively. The measured shear strength

distribution of the soil at the time of the first series of static testing

-
is also indicated. : K\\\“
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The unit shaft resistance distributions are in reasonable agreement for
each case of analysis in the uppqg_ﬁélf of the pile. Hovéver. considerable
difference is observed in the lowéf half. The upadjusted distribution is
constant or decreases after a peak value at depths of approximately 40b,
The Case 1 adjusted distribution lies between the unadjusted distribution
and the adjusted distribution of Case 2, and is of considerable smaller
value than the .oeasured shear strength. The Case 2 adjusted distfibutions
for Piles 3 and 4 show a linear increase of unit shaft resistance, the
values are in reaéonable agreement with the measured shear strengtﬁ of the

surrounding soil.
~ /

The unit shafr resistance distribution for Pile 1 shown in Fig. 5.12 is a
product of the derivative of the linesr regrei;ign curve fit of the load
distribdbutions andeis constant for all three cagbs of analysis. The value of
the unit shaft .-resistance decreases Qith incr asing order of residual load
ad justoent. Increased residﬁal load results a corresponding increase of
toc resistance ahd_a decrease in shaft resistance. Consequently, the rate

of change of unit shaft decreases cor:espondingiy.

Furthermore, the distribution o¢f unit shaft resistance in push is
epproximately constant in the region of the compressible clayey silt fer
Pile 1. It is alsec possible that the pile-soil shear strength of Pile 1 was
aot fully cobilized, because the pile was not tested to £failure as
supported by the failure plots of Pile 1 of Appendix D. This would
contribute zo a constant or decreased rate of change of unit shaft

resistance.

5.3.2 Pull Testing

The applied loads closest to the failure loads inm pull were 1975 XN,
1510-8N, and 1110 XX (222 tons, 170 tons, and 125 tons) for Piles 1, 3, and
4, respectively. The computed strains and loads for the pull tests were
detersined similarly to the above push tests. The lengthening'of the pile.
geasured by each telltale, the difference of lengthening between two

:élltales‘and the corresponding strain, the residual strain before pull,

+

-

™~ -
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and the difference between the measured and residual strain (total or
adjusted strain) are shown;in Tables 5.10 through 5.13. The residual loads
from residual strain, the load computed from measured strain, and the total
or adjusted load from total sf;gfn were calculated using Eq. 2ﬁ?and‘grc

" given in Tables 5.10 through 5.13.

The load distribution curves in pull were obtained similarly to the curves

in the push tests and are shown in Figs. 5.15 through -5.17. Small residual
L .

loads are present in the pile before pull for Piles 3 and 4, and are almost

+

negligible in.the lower regions of the piles.

.

-3
The unadjusted load distributions are parabolic having considerable

apparent toe resistance and small shaft resistance. Although slightly

greater in <toe resistance, the distributions are in reasonsble agreement

ped

with the adjusted Joad distridutions of Case 1. The adjusted load

distributions, Caser2, are linear and ﬁarabolic. As in the push tests,
reasonable agreement exist in ‘the upper half of the piles. However, a
small apparent toe resistance was fougd in Pile 4, while no toe resistance
and''no negative shaft resistance were observed the lower sections of Piles
1 and 3. h

o

Generally, when the residual loads are .not included or underestimated in

the analysis of the pull test, large épparent toe resistance and little or

no shaft resistance are evident.

An apparent toe tension resistance is found in the piles for the pull tests
of the “unadjusted distributions and Case 1 of the adjusted distributions.
It is obvious that the residual loads prior ﬁ6 pull testing for these
distributions were also underestimated. Underestimation of residual load is
most obvious in the lower seéﬁions of the piles where the initial residual
strain was partially reieased ddring the unloading of the applied push
load. That is, the increased lgcked-in strain ;alue. A, was }ecorded as a

negative value,

Case 2 produced slightly large residual loads before pull testing. The

corresponding adjusted load distribution iz the lower sections of Piles 1

S -
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and 3 ipdicate a zero o} negative.load transfer. Ideally, in a pull test
the load distribution is a gradual decrease to zero load at the pile toe.
It appears that éhe computed res%dual load before pull testing for Case 2
is slightly overestimated for these piles. The residual load before pull
for ?ile 4 is a close approximation of the true value, although slightly
small, it results in an appfoximate ideal load distributio$ and unit shaft

resistance distribution.

The unitz shaft resistance in pull was determined similarly to the unit )
shaft resistance in push. The calculations are showp in Appendix F and the
distributions. in Figs. 5.18 through and 5.20 for Piles 1, 3 and &
respectively. The gnadjusted unit shaft ;:esistance distributions in pull
for Piles 14 3, and &4 are approximately constant with slight indication of
an increase with depth. As in the push tests, the unadjusted and adjusted
(Case 1) distributions are in close agreement in magnitude and geometric
configuration. Both distributions show linear increase of resistance with
depth and lie within + 10% of each other. The adjixsted distribution Case 2,

is also a linear increasing .distribution for Piles 1 and 4. However, the
rate of increase of unit shaft resistance Is"almost twice as large as the
Case 1 and the unadjusted values.

. y
The distribution also correlates closely with measured shear strength.
Similarly, close correlation of unit shaft resistance distribution with
the measured shear strength was shown for the Case 2 of the push tests. The
presence of an apparent toe resistance would probably account for the

decrease of unit shaft resistance in the pull test of Pile 4.

—

5.4 DISCUSSION ‘ .

The residual loads in the piles are due to downdrag resulting from the
action of the compressible clayey silt formatior under the weight of the
surcharged embankment fill. Bozozuk et al. (1978) recorded initial
residual loads of magnitude ranging from 445 KN to 890 KN (50 to 100 tons)
in the first.three months after installation of the piles. It was expected

that during an additional periocd of ten months, the residual loads would
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increase until the excess pore water pressure in the’ clayey silt formation
has dissipated. and consolidation of the formation has ended. The computed
results of the analysis, Qase 2, confirm this and show that for this
extended period of time the maximum residual load is increased to range
from 940 KN to 1245 KN (106 to 140 tons)

Case 1 produced reasonable agreement of computed residual loads with the
measured values recorded by Bozozuk et al. (1978). Since it was expected
that the computed residual loads would be greater than the recorded
values, the computed values of Case 1 appears tolunderestimate the residual
loads present in the piles.
b4 .

The residual loads of Casz 1 also resulted in apparent toe load in the
ad justed load distribution of the pull tests. Since there cannot be toe
loads in the pull test of a pile, the computed residual loads underestimate
the true residual loads.

The unit shqf; resistance in push is greater than pull by 50% to 73% for
the unadjusted and Case 1} ad justed loads. However for the Case 2-adjusted
load, a very close agreement is obtained, and the unit shaft resistance
distribqtiou in both push and pull correlates closely wiih measured shear
strength. This is probable indicative of the true position of the zero axis
and implies that the true residual compression'lies closer to the values
computed in Case 2 than those in Case 1.

Generally, a correct analysis of load distribution is only possible when

H . . .
the investigation considers the presence of residual loads in the piles.

The geometric configuration of the residual strain and residual load
distribution before push testing is similar to those reported by Hanna and
Tan (1973). In each case, the distribution increases linearly and reaches a
peak value in the lower half of the pile then remains constant or decreases
with depth. The f£indings are consistent with a neutral plane present in
pile$. The adjusted and unadjusted load distributions are also in
reasonable agreement with corresponding distributions in model test piles
investigated by Hanna and Tan (1973). Similar agreement is found with model
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load distributions considering the presence of residual loads as
suggested by Briaud and Tucker (198S). '

Both the adjusted and unadjusted lead distributions in the push and pull
tests and their corresponding unit shaft resistance distributions are
qensistent with the load transfer behaviour of piles as hypothesised by
Holloway et al.(1978).Aiso the equal magnitude of umit shaft resistance
in push and pull tests (Case 2), closely support similar findings by
0'Neill et al. (1982). This suggests that the mobilised unit shaft
resistance is independent of the direction of loading.

The resulté of the investigation by Hunter and Davisson (1969) are outlined
in Section 2.4, and are consistent with the results of Case 2 of the
present analysis, However, the adjusted distribution in the pull test by
Hunter and Davisson (1969) is a gradual and even distribution of load in
the lower section of the pile to zero toe load. In the present analysis,
that same.technique results in an overestimation of the residual load
leading to no load transfer in the lower sections of the Piles 1 and 3,

which indicates the necessity of using several telltales in the piles.

A relative comparison of the load distributions of Mohan et al. (1963) and
D'Appolonis and Romualdi (1963) is equivalent to the unadjusted load
distributions of Piles 3 and 4, since the presence of residual loads were
not considered by the investigators. The lack of consideration of residual

loads in the piles in push testing would probably account for the constant

"shaft resistance, a decrease rate of increase, and a negative shaft

resistance found in the lower section of the piles tested by these authors.
However, both papers developed analytical techniques based on the transfer
function and the elastic theory approach and obtained results that were in
reasonable agreement with their experimental results. It appears that the
developed analytical techniques could be adjusted to measurements without
disclosing the neglect of residual loads in the piles.

The results of the present apalysis indicate thet when the residual loads
were not considered or underestimated, the unit shaft resistance appears to
be constant or decreasing at "critical depths™ of 20b to 40b. When the
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maximum residual load were accounte& for there is no "critical depth" and
the unit shaft resistance increases linearly for the entire length of the
pile. Also, the unit shaft resistance correlates closely with the measured
shear strength of the soil. It is proposed that the concept of critical
depth may be incorrect and caused by inadequate analysis of test data.
It must be recognized that the accuracy of the load distribution and the
unit shaft resistance distribution is a function of the technique used to
determine the residual ‘load in the piles. The technique is only .approximate
and depends on the assumption of the true zero load axis location of the
load strain cycle. The results suggeggj?hat'the true origin, 0, lies
further left of position adopted in Case 1, especially for lower sections
of the piles. Consequently, the residual loads prior to push testing and

pull testing are apparently larger then Case 1 values and slightly smaller
than Case 2.

The computed strain or load value is a function of two telltale
measurements, while a shaft resistance value is a function of three
telltale measurements. The results of strain and load in the piles were
computed based on the differences of telltale measurements. Therefore, the
scatter of computed strain and load is due to the imprecision of the data
used and the inconsistent telltale measurement with respect to each other.
The precision of the deformation measurement was measured to 1 in 10,000
inch. However, errors in measurement of 1 in 1,000 ineh cannot be
eliminated and would translate to a valve of 9.6 KPa (0.09 tsf) of computed
unit shaft resistance.

The accuracy of the unit shaft resistance is also a function of the
accuracy of the regression polynomial describing the load distribution
coordinates and the derivative of the polynomial. Errors in the regression
polynomials are greatly amplified when the equation is differentiated and
the results inverted. Although accuracy of the polynomials was indicated by
a correlation coefficient of 0.97, even an extremely small change in slope
of the distribution curve is translated in exaggerated values of shaft
‘resistance‘as shown in the lower sections of Pile 4, push test.
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The results of the analysis also indicate that the use of telltales in
static tests is inadequate to evaluate the true load distribution of a.
pile. Evaluation of pile capacities from telltale measurements -are
approximate, and only holds good when the presence of residual loads
development during driving in the piles are minimal or zero. Im this case,
the assumption of load strain origin at the start of the push test, holds
good. However, when large residual loads are anticipated, provisions must
be made to determine the magnitude of residusl loads in the piles,

otherwise the telltale measurement alone in a static test is insufficient.

'The accuracy and effeciency of the system of telltale measurements in
static tests are lacking. An improved'system of control in static tests is
required. The system must be cépable of measuring loads acting in driven
piles, commencing at the time of driving. A system of control using load
cells incorporated or systemic with the piles before driving appears to be
the ideal solution. Cocke (1978) used a similar technique in tubular jacked
piles to obtain extremely accurate.locad distribution.

A 10% to 30% increase of pile capacity is observed when the results of the
present analysis were compared to the results obtained by Bozozuk et al.
(1978). Similar increase of individual shaft and toe capacity were also
observed. It must be recognised that the results obtained by Bozozuk et al.
(1978) were computed using soil parameters measured at the time of the
first series of testing. The relations developed by Bozozuk et al. (1978)
to estimate the shaft resistance would support the present computed shaft
resistance of the piles providing there is an increase of soil strength and
a decrease of pore water pressure during the period between the two series
of static testing. Laboratory measurements of the soil shear strength along
the pile shaft and the pore water pressure at the time of the second series
of test loading were not available for analysis. Consequently, it was not
possible to check the accuracy of Bozozuk et al. (1978) relations, and to
/

compare the predicted and the computed shaft resistances.
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CHAPTER 6
CONCLUSIONS

The analysis-of load-displacement measurements of piles recorded im static
push and pull tests indicates that residual loads are present prior to push
and pull testing in piles driven in a compressible clayey silt formation.’
The residual loads are due to a negative skin friction induced by the
compressible clayey silt formation and resisting positive shaft resistance
in an und;rlying soil layer.

An improved and modified technique was used to determine the magnitude of
the residual load. The results of the analysis indicate that the
approximate magritude of the residual loads can be evaluated sucessfully

from a push and pull static test.

The resilts of the analysis confirm that the predicted residual loads in
the piles over a period of thirteen months are greater than the measured
values obtained in the initial three months after driving. The results also -
indicate the approximate range of the residual lcads. The residual loads
tend to increase linearly to a peak value in the lower half of the pile,
then remain constant or reduce with increasing depth. The results are
copsistent with the presence of a neutral plane in the piles.
<

The results indicate that the true residual loads in the piles should be
computed for the position of the load strain origin close to the end of the
~pull test, that is, Point B'.

The adjusted ioad distribution decreases linearly having greater shaft and
toe resistance in the lower sections of the pile, as opbosed to the
unadjusted and partielly adjusted lcad distributions.
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The pile-toe capacity increases in push test when the residual loads are
considered while the shaft resistance decreases corréspondingly. Large
apparent toe resistance and little or no shaft resistance are evident in
the pull test when the residual loads were not considered or

]
underestimated.

When neglecting residual straiﬁ, the unit shaft resistance distribution
increases linearly then remains constant or decreases below "critical
depths" of 20b to 40b. There is no "critical depth" when the naximum
residual leads are comsidered’and the unit shaft resistance increases

linearly for the entire length of the pile.
When the maximum possible residual load are considered, the unlt shaft
reslstance is approximately equal in magn:.tude in the push and pull tests,
supporting the findings of O'Neill et al. (1982). The unit shaft
resistance also correlates closely with the measured shear strength of the
soil. 4

. 1
The results of the analyses are consistént with the hypothesis and findihgs
of previous investlgators as outlined in Chapter 2, in partlcular the
findings of Hanna and Tan (1973) and Hunter and Davisson (1969) The
results also support the hypothes:Ls of Holloway et al. (1978) on the load
and shaft resistance distribution in driven plles.

Further analysis and the use of more accurate test data are required to
substantiate the findings of éhe unit shaft resistance distribution in push
testing. The use of load cell is recommended as a means of measuring
directly the loads acting in various locations of the pile and would also
alleviate the problems and errors occuring in the measurement of the load

deformation data.
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Elev.

(m)

Soil )
Description

Density In-Situ Vane

kg/m3

Shear strength
(KPa)

()

+9.0
" to
-2.0

-2.0
to
-6.0

-6.0

to
-12.5

-12.5 .

tc
-18.0

-18.0
to
-19.0

-19.0
to
-26.0

-26.0
to
—41.0

-41.0

Loose sand and - °

random dredged
£111

Fine sand, gravel
with traces of
organic silt

‘and pebbles

Gray clayey silt.
40% clay, 602 silt

Gray brown layered
clayey silt

Varved brown
clay and silt

Brown clayey silt
64% clay, 367 silt

Very dense gravel
and sand

Bedrock

1825

1680

1840

1840

0

90-120

14

10 35-45 40

64

20

20

N is the Stardard Penetratioh Index (blows/0.3 metre)



TABLE 3.2 | AXTAL PULL LOADS First Fredericton Test ...
Estimatpd Shaft Resistance Measured
— Fajlure

File ‘Depﬁh of . Clayey Silt Dense Gravel Total Load
No. Pepetration .

(m) (RN} (KN) (KN) _(RN)

1 39.6 935 490 1425 1245

2 38.8 . 935 - 445 1380 | 1470
3. 31.7 . 710 . . — 70 675
4 31.5 710 — 70 s

After Bozozuk et al. (1978) .
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TABLE 3.3 AXIAL PUSH LOADS = First Fredericton Test

Pile Depth of Estimated Resistance Measured
Ne. Penetration Fajlure

Toe Total Load

Clayey Silt Dense Gravel . _ 7

(m) (EN) (RX) (RN) (&) (RN)

1. 39.6 1690 890 2708 2850 3425

1690 890 * 755 3335 3425

.2 . 38.8 1690 800 12458 3735 3645

3 31.7 1335 S 175 "1510 1555

4 31.5 1335 —_— 45 1380 1379

(a) denotes estimstion from Vesic (1977) using*actuval area of plle toe
of box enclosing

(b) denotes estimation from Vesic (1977) using 503

pile toe

After Bozozuk et al. (1978)

3
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I/
TABLE 4.1 'FATLURE LOADS (EN)
METHOD OF PIIE No.
ANALYSIS -
1 2 4
Push Pull Push Pull Push Pull Push Pull
\ RN KN o) KN RN RN KN §

MAXTMIM azoo 3090 3800 2625 2190 1620 1995 1320
' APPLIED 472)  (347) (427)  (295) (246) (182) (224) (148)
LOAD _ ‘

- {XDavisson 4100 1935 3780 1185 1885 1555 1640 1105
Limit (461)  €224) . (&25) (133) (212) (175) (184) (124)
L_oad . . :

Brinch 7955 3920 3905 2145 1840 2080 1150
Hansen 80% (894)  (328) (439) . (241) (207) (234) (129)
Criterion . : :
Chin 7223 7115 4420 3530 2400 2090 -

. (8B12)  (800) (497)  (442) (270) (235)
Leonards and 2795 1680 1185 1885 1405 1395 845
Lovell (314)  (189) (133) (212) (158) (157) (95)

All units in

brackets are in tons.

-
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Table 5.1 Pile 1: H-Pile: Push Test Residual Compression
lCASE 1
Tell. Length Increased Locked-in Assumed Residual Residual Strain

No. Compression Compression °

Strain Telltale
(4) (B) 0.5(3-14]) Length
(ft)  (inch) (inch) (inch) (1x10™3)

23 37.1 i
6F 50.2. - 0.0237 0.0803 0.0285 0.0473 Head-6F
3¢ 633 0;0177 0.1223 0.0525 0.1526 6F-3C
7G 76.4 0.0082 0.1570 0.0745 0.1399 3C-7G
D 89.5 0.0061 0.1980 0.1021 . 0.1752  7G—4D
3H 102.7 . '

S5E 115.8 0.0400

1A 127.9
CASE 2
Tell. Length Increased Locked-in Assumed ReSidual Residual Strain

No. : Coppression Compression

(4) (B) OQS(B—IAli Strain Telltale

(ft) {inch) (inch) (inch) (1x107~) Length
2B 37.1
6F 59.2. 0.0237 0.0803 0.0570 . 0.0946 Head-6F
3C 63.3 0.0177 éi0.1223 - 0.1050 ‘ 0.3053 - . 6F-3C
76 76.4 0.0082 0.1570  ~ 0.1490 0.2798  3C-76
4D 89.5  0.0061 0.1980 0.2040 . 0.3504  7G-4D
8E 102.7
S5E 115.8 0.0400,

1A 127.9
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Table 5.2 Pile 3; Pipe Pile: Push Test Regidual Compression
CASE 1
Tell. Length Increased Locked-in Assumed Residual Residual Strain
No. Conpression Compression
Strain Telltale
(&) (B) 0.5(B-{ A] ) Length
(£t) (inch) (inch) (inch) (1x10~3) -
2B 37.1 0.0687 0.0792 0.0053 0.0117 Head-2B
- s '
6F 46.5 0.0599 0.1072 0.0237 0.1617 2B-6F
3C 56.9 0.0455 0.1560 0.0556 0.2572 6F-3C
7G 66.2 0.0312 0.1898 0.079% 0.2110 3C-7G
4D 76.4 0.0150 0.2329 0.1089 0.2622  7G-4D
8H  86.2 ~0.0023 0.2742 0.1383 0.2393  4D-8H
S5E T96.1 -0.0046 "0.2889 0.1468 0.0711 BH=-SE
1A 104.9
CASE 2
Tell. Length Increased Locked-in Assumed Residual . Residual Strain
No. Compression Compression
Telltale
(A (B) éB—A) ) Strain, Length
(fr) (inch) (inch) inch)” (1x1073)
2B 37.1 0.0687 0.0792 0.0106 0.0238 Head-2B
6F 46.5 0.0599 0.1072 0.0474 0.3234  2B-6F
3c 56.9 0.0455 0.1560 0.1112 0.3144  6F-3C
76 66.2 0.0312 0.1898 0.1586 0.4220  3C-76
4D 76.4 0.0150 0.2329 0.2178 0.4844  7G-4D
8H 86.2 -0.0023. 0.2742 0.2766 0.4786  4D-8H
SE 9.1 -0.0046 0.2889 0.2936 0.1422  8H-SE
14 104.9 ”




Table 5.3 Pile 4; B-Pile: Push Test
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Regidual Compression

CASE_1
Tell. Length Increased Locked-in  Assumed Residual  Residual Strain
No. Compression Compression
+ Telltale
(A) (B) 0.5(B-[AL) St:rain3 Length
(fc) (inch) (inch) (inch) (1x10™~) -
28 37.1 - +0.000% 0.0082 0.0036 0.0080 Head-28
6F 46.9 ~-0.0009 - 0.013¢9 0.0074, 0.0361 2B-6F
3C 56.7 -0.0085 0.0293 10.0189 0.0977 6F-3C
7G 66.2
4D 76.4 -0,0583 . 0.0524 0.0555 0.1557 3C-4D
EH 86.2 -0.0689 0.0635 0.0662 0.0926 4D-8H
5E. 96.1
14 104.9 -0.0807 0.0772 0.0790 0.0568\\.8H—1A
@
~ CASE 2
Tell. Length Increased Locked-in  Assumed Residual .Residual Strain
No. Compression Compression
. Telltale
(&) (B) ! (B-}1Al) Strain, Length
(ft) (inch) (inch) (inch) (1x10+
2B 37.1 +0.0009 0.0082 0.0072 0.0160 Head-2B
6F 46.9 -0.0009 0.0139 0.0148 0.0646  2B-6F
3C 56.7 -0.0085 0.0293 0.0378 0.1916 6F-3C
76 66.2
4D 76.4 -0.0583 5o 0.0524 0.1106 0.3115 3C-4D
8H 86.2 ~-0.0689 0.0635 0.1324 0.1853 4D-8H
SE 96.1
14 104.9 -0.0807 0.0772 0.1579 0.1136 8H-1A
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Table 5.4 Pile 1; H-Piles; Pull Test Residual Compression before Pull
CASE 1
Telltale Length Residual Compression Residual Strain Before Pull
No. before Pull
T Strain, Telltale Length
(fr) (inch) (1x1073)
2B 37.1
6F 50.2 0.0522 0.0866 Head-6F
3C 63.3 0.0702 0.1148 6F-3C
7G 76.4 0.0827 0.0795 3C-7G
4D 89.5 0.0960 0.0846 7G=4D
88 102.7
5E 115.8
1A 127.9
CASE 2 N
Telltale Length Residual Compression  Residual Strain Before Pull
No. before Pull .
. Strain_ Telltale Length
(ft) . (inch) | (1x1073)
2B 37.1
6F 50.2 0.0807 0.1339 Head-6F
3C 63.3 0.1227 0.2671 6F-3C
7G 76.4 0.1572 £.2194° 3C-7G
4D 89.5 0.2101 0.3365 7G—4D
8H 102.7
5E 115.8
1A 127.9
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Table 5.5 Pile 3; Pipe Pile; Pull Test Residusl Compression before Pull

CASE 1
Telltale Length Residual Compression Residual Strain Before Pull
No. before Pull
Strain_ Telltale Length

(ft) (inch) (1x10-3)

28 37.1

6F 46.5 ) 0.0873 0.1564 Eead-6F

3C 56.9 0.1061 0.1506 6F-3C

76 66.2 o

4D 76.4 : 0.1240 0.0765 3C-4D

8H ' 86.2 .

S3E 96.1 - 0.1422 , 0.0769 4D-SE

1A 104.9

CASE 2 - | .

Telltale Length Residual Compression Residual Strain Before Pull

No. before Pull .
. Strain, Telltale Length

(£r) (inch) ' (1x1073)

28 37.1

6F 46.5 0.1072 0.1921 Eead-6F

3C 56.9 0.1560 0.3873 6F-3C

7G 66.2

4D 76.4 0.2329 0.3286 3C-4D

88 86.2

S5E ‘ 96.1 . 0.2843 0.2174 4D-5E

147 104.9 |
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Table 5.6 Pile 4; H-Piles; Pull Test Residual Compréssion before Pull

CASE 1 .
Telltale Length Residual Compression Residual Strain Before Pull
No. before Pull ]
Strain_  Telltale Length
(££) (inch) (1x1073)
28 37.1 0.0045 0.0101 Head-28
6F 6.9 | '
3C 56.7 0.0104 0.0250 2B-3C
76 66.2 |
4D 76.4 0.0000 0.0000 3C-4D
88 86.2 0.0000 0.0000 4D-8H
SE 96.1
1A 104.9 0.0900 | 0.0000 SH-14
CASE 2
Telltale Length Residual Compression Residual Strain Before Pull
No. before Pull .
: Strain_ Telltale Length
(F£) . (inch) . (1x10™3) :
2B 37.1 ‘ 0.0082 0.0184 Head-2B
6F 46.9
3C 56.7 0.0293 | 0.0897 2B-3C
7G 66.2 . -
4D o T6.4 0.0523 0.0972 3C-4D
8H 86.2 0.0635 0.0952 4D-8H
SE ' 96.1

14 104.9 0.0772 0.0610 BH-1A
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5.7 - Pile 1: B-Pile: Push Test

Table
_—-‘"'—\

CASE1 .

L4

Load = 461 tons

Tell. Length Measured Change Measured Residual Total AE Load from

load from Total

No. Compr. in Strain . Strain Strain Measured = Residual Load
Compr. 3 3Strain Strain '
. 1x1073  1x1073  1x10°3 1x10” .
(£t) (inch) (inch) (=) ) (-) (tomn) (tom) (ton) (ton)
28 37.1
6F 50.2 0.6794 0.6794 1.1280 0.0473 1.1861 418 472 20 492
3C 63.3 0.8084 . 0.1290 0.8206 0.1526 0.9732 409 342 56 398
7G 76.4 -0.9219 0.1135 0.7229 0.1397 0.8626 409 = 299 53 352
4D 89.5 1.0248 0.1029 0.6555 0.1752 0.8310 399 261 .70 331
8 102.8
SE  115.8 1.2028  0.1780 . 0.5640 0.1420 0.7060 394 222 56 278
1A . 127.9
-
CASE 2
Tell. Length Measured Change Measufe gat~Jotal AE Load from Load from Total
No. Compr. in Strain Strain Tain Measured Residual Load
Compr. - ' Strain Strain
1x103  1x1073 1153‘%\%;;9=3
(fr) . (inch) . (inch) (=) =) (=) on) (ton) (ton) (ton)
2B 37.1
oF 50.2  0.6794 0.6794 i.1280 0.0946 1.2226 418 472 40 511
3C 63.3 0.8084 0.1290 0.8206 0.3053 1.1259 .409 342 112 454
7G 76.4  0.9219 0.1135 0.7229 0.2798 1.0027 409 299 111 410
4D 89.5 1.0248 0.1029 0.6555 " 0.3505 1.0059 399 261 140 401
8H 102.8
5E 115.8 1.2028 0.1780 0.5640
14 127.9
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Table 5.8 Pile 3; Pipe Pile; Push Test . loed 234 toes
CASE 1 -
-Tell. Length Measured Change Measured Residual Total . A€ Load from Loed from Tozal
No. Compr. in Strain Strain  Strain Measured Residual Load
Compr. 3 : 3 ‘ 3 Strain Strain
1x10™ - 1x103 - 121073 1x10-3
f) (inch) (inch) . (-)‘_ (=) (=) (ton) (ron) {tonm) L)
2B 37.1 0.4637 0.4637 1.0410 0.0117 1.0532 215 225 3 iy
6F 46.5 0.5170 00533 0.4685 0.1617 0.6302 215 101 35 13
3C 56.9 0.5481 0.0311 9.2491 . 0.2572 0.5063 208 52 53 s
) 7G 66.2 .0.5677 0.0196 0.2144 0.2110 0.4600 208 AS 51 o
& 76.4 0.5792 0.0116 0.0939 0.2422 0.3361 196 i8 48 S5
8  86.2 0.5842  0.0050 0.0425 0.2393  0.2818 196 & 4T 55
S5E . 96.1 0.5993 0.0151 .G.1271 - 0.0711 0.1982° 187 25 i3 37T
1A 104.9 - . i
CASE 2
Tell. Length Measured Change Measured Residual Total AF lLoad from Leed Srom Temal
No. Compr. in Strain Strain  Strain ¥easured  Residual Load
Compr. . Straic Strafs
. 1x1073  1x1073  1x1073 1x1973
. (ft) (inch)  (inch) (=) (=) (=) (ton) ton) {ter) o)
2B 37.1 0.4637 0.4637 1.0410 0.0238 1.0648 215 24 & S
6F 46.5 0.5170 00533 0.4685 0.3234 0.7882 215 83 : 0 Ige
3¢ 356.9 0.5481 0.0311 0.2491 0.5144 0.7635 208 52 ice 138
G 66.2 0.5677 0.0196 0.2144 0.4220 0.6364 208 &5 s =2
4D 76.4 0.5792 0.0116 0.0939 0.4844 0.5783 196 8 ) i3
&3 ~ 86.2 7 0.5842 0.0050 0.0425 ‘0.&786 0.5211 196 8 &4 g
5B 96.1 0.5993 0.0151 0.1271 0.1422 C.2693 187 24 % e
1A 104.9 »
—_——
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Table 5.9 Pile 4; H-Pile: Push Test Load = 180 tons

CASE 1 - _

Teil. Leagth Measured Change Messured Residual Total AE Load from Load from Total
No. Coopr. in Strain Strain - Strain Measured Residual Load
. Coapr. train Strain

S | Ix1073 1x1073  1x1073 1x1073
- (fe) (inch)  (imeh) ) . -) (=) (tom) (tom) (ten)  (tom)

23 37.1 0.1806 0.1806An‘0.405£ 0.008C G.4134 418 169 4 173 .

GF 46.9 0,206l 0.0255 0.2135 0.0361 0.2500 418 90 15 105

3¢ 56.7 0.2271".  0.0210 0.1785 0.0977 0.2762 408 73 40 113

7G 66.2 _ T ;" & »

4D  76.4  0.2638 ° 0.0167 -0.0707 0.1669 .0.2376 399 28 67 95

8H 86.2  0.2489 0.0051 0.0431 0.0879 0.0130 , 399 2 50 52

se 9.1 G- « | '

147 71049 . 0.2519  0.0003 0.0133 0.0524 0.0657 389 1 24 25

) CAsé 2 | R
Tell. Length Measured = Change Measured Residual Total AE Load from Load from Total
No.. - Compr. in train Strair  Strain Measured Residual Load
. Compr. ‘ Strain Strain
o 1x1073  1x1070  1x1073 1x1073 §
(fr) (imch)  (inch) . (-) (=) . (=} (ron) (tor) "(ton) - (tom)
28. 37.1  0.1806 0.1806 _0.4054 0.0160 0.4214 418 169 - 7 176
6F 6.9  0.2061  0.9255 0.2155 0.0646 0.2805 418 90 .27 o7

3C 56.7 0.2271  0.0210 0.1785 0.1936 0.3701 408 73 - 78" 151
{

76 66.2 ' éﬁi , 3
. N |

4 76.4, 0.2438  0.0167 0.0707 0.3115 0.3822°°399. 28 . 126 152
§E  86.2 0.2489 .0.0051 0.0431 0.1853 0.2285 399 2 8 91

sE. 9%6.1 _ o ) b

14 104.9: 0.2519  0.0003 0.0133 . 0.1136  0.1269 389 1 Aé(fﬂhﬁag
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‘Table 5.10° "~ Pile 1; B-Pile; Pull Test ) load = 222 tons
CASE 1
Tell. Length Measured Change Measured Residual Total AE load from Load from Total
No. Compr. in Strain Strain  Strain » Measured Residual Load
Compr. 3 3 Strain Strain
11073 1x1073  1x1073 1x10-3 ,
. (Et) (iach): {(dimnch) (=) . (=) (=) A(ton) (ton) {(zon) (ton)
2B 37.1 . . -
6F 50.2 0.3230 c:5}.3230 0.5360 0.0866 0.4494 418 224 36 188 -
3C_ . 63.3 0.4070 O.QB&O 0.5303 0.1148 0.4135 409 217 . &7 170 -
7G 76.4 0.4776 0.0292 0.4490 0.0795 0.36%5 4C¢ 183 32 151
4D 89.5 0.5428 0.0652 0.4147 0.0846 0.3301 399 165 33 132
88 102.8
SE 115.8 0.6711 @ 0.1283 0.4065 0.1420 0.2645 394 166 56 104
14 127.9 . o Cote - '
. . \ -
CASE 2 .
Tell, Length Measured Change Measured Residual Total AE Load from Load from Total
No. Compr'. in Strain Strein  Strain Measured Residual Load
Compr . . -z Strain Strain
| 1x1073 7 1x1073  1x1073 1x1673
(fr) '(inch)l_ (inch), (=) (=) (=) (ton) (tonm) {ton). -(ron)
: {
2B 37.1 ) ) |
6F 50.2 0.3230 0.3230 0.35360 0.1335 0.4027 418 224 - S6 168
3¢ 63.3  0.4070 0.0840 0.5303  0.2671 0.2632 408 217 108 108
7G 76.4 7 0.4776 0.0706  0.4490 0.2194 °0,2296 409 183 G0 94
4D 89.5  0.5428 0.0652, 0.4147  9.3365 0.0782 399 165 136 31
g  102.8

SE 115.8 0.6711 0.1283  0.4065
1A . 127.9 . o

e ]
n
f
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Load = 170 tons

Table 5.11 Pile 3; Pipe Pile; Pull Test
il Sa—
CASE 1
Tell. Length Measured Change Measured Residual Total ' AE  Load from Load from Total
“No. Compr. in. Strain Strain Strain Measured Residual Load
Compr. ‘ Strain Strain
1x10-3  1x1073 1x1073 1x10~3 '
(f) (inch)  (inch) (-3 (=) (=) (ton) (ton) (ton)  (tomn)
28 37.1 7
. S i
&F 46.5 0.4267 0.4267 0.7€46 0.1564 .- 0.6082 215 164 34 130
3C 56.9 0.5173 0.0906 0.725% -0.1506 0.5753 206 149 30 119
7G 66.2
.AD 76.4 0.6457 0.1284 0.5487 0.07%4 0.4;53 200 110 16 94
8H 56.2
SE 96.1 0.7388 0.0831 0.3988 -0.0769 0.3219 190 77 16 61
. . . ' fk
14 - 104.9
CASE 2
" Tell. Length Measured Change Measured Residual Total AE Load from Load from Total
No. Compr. in Strain Strain Strain Measured Residual Igad
Compr. ’ Strain Strain <
_ 1x1073  1x1073 1x1073 1x1073 .
‘&ft) {inch) - (inch) {=) (=) (=) (ton) (ton) {ton) (ton)
28 37.1
6F 46.5 0.4267 0.4267 0.7646 0.1072 0.6574 215 164 23 141
3 $6.9  0.5173 0.0906 0.7259 0.1560 0.5699 206 149 32 117
7G 66.2
4D 76.4 0.6457 0.1284 0.5487 0.2329 0.3160 200 110 47 63
8  86.2 - .
SE 96.1. 0.7388 0.0931 0.3988 0.2843 0.1145 190 77 55 22
1A 104.9
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Table 5.12 Pile 4; H-Pile; Pull Test Load = 125 tons
\
CASE 1
- Tell. Length Measured Change Measured Residual Total AE Load from Load from Total
No. Conmpr. in Strain Strain  Strain Measured Residual Load
Compr. 3 * Strain  Strain
1x10 1x103. 1x10° 1x103
(fr) (ineh)  (inch) (=) (=) (=) (ton) (ton) (ten) (ton)
- i
2B 37.1 0.1315 ~ 0.131> 0.2953 0.0184 0.2769 418 124 8 116
6F 46.9 .
3C 56.7 0.1929 0.0614 0.2605 0.0897 0.1708 414 108 37 71
7G 66.2
4D 76.4 0.2489 0.0560 0.2368 0.0972 0.1396 407 96 39 57
8H 86.2 0.2698 0.0210 0.1769% 0.0952 0.0817 404 71 38 33
SE 9.1
1A 104.¢  0.2990 0.0292 0.1300 0.0610 0.0690 399 53 25 28
CASE 2
§ : ) -
Tell. Length Measured Change Measured Residual Total AE Load from Load £rom Total
Ne. Compr. in Strain Strain  Strain Measured Residual Load
Compr. Strain  Strain
- 1x103 1x103 . 1x10%  1x103
{(ft) {iach) (inch) (=) (=) (=) {ten) {ton) {ton) (ton)
28 37.1 0.1315 0.1315 0.2953 0.0184 0.2769 418 124 8 116
6F 46.9 |
3C S56.7 _ 0.1929 0.0614  0.2605 0.0897 0.1708 4l4 108 37 71
76 66.2
4D 76.4  0.2489  0.0560 0.2368  0.0972 0.13%6 407 96 5 36 57
88  86.2 0.26§é 0.0210 0.1769  0.0952 0.0817 404 71 28 3z
SE 86.1
1A 104.9  0.295%0 0.0292 0.1300 0.0610. 0.0690 399 53 25 28
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Fig. 2.1 Load transfer function in Piles.
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Fig. 2.2 Mohr Coulomb Stremgth Envelope at Pile Soil Interface
(modified after Kezdi 1976)
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«Fig. 2.9 Load distribution in push and pull.
(after Hunter and Davisson, 1969)
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Fig. 3.2 Profile of soil formation, embankment till and test
; piles (after Bozozuk et al, 1978)
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Fig. 3.7 Residual load distribution prior te first series of

push testing (modified after Bozozuk et al.1978)

—

.\\
. . AXIAL LOAD, tons .

XN & o 00 W o 0 W W 0 X o © BT N & & B
ilIl]llilIlll‘ill'llirillilli—l]]illll“l
PILENG. | g| Puend.z I'--‘ PILE XO. 3 | putmo. 4

I = .
3 .
[
— b " 4.
-—1 P
[ —
= A
—
- A=
— * ‘ ' - X
I
' -5
Lttty IS U SN T T OO T T T T I O Ay A

CtPTH, m



HEAD -LOAD Q ' (TONS)

«Bb—

14 2B 3 4D

GH 7G |6F SE

HEA ?
T 28 1
7T &F |

-7 ~

e o @O ) b

-4 |
|
504 - VT3t {
z |
3 4 ' — R

. ! ; i T : T .
it 1900 200C 3506 £300 506C 5000
MOVEMENT (11080 INCHD
—
Fig. 4.1‘ Pile~1l: ¥-Pile; Push Test; Load lovement data

N

5000 8060



HEAD L.0AD O (TONS)

-85-

|
=
i
f
T

HEAD

I
T
v
i
7
TT
[

-

2B
S
3

43

8N
58

! 1]{

i T

: ; . = T T ; . ] T -
0 2C0 400 600 Bhﬂ 1G00 1200 1400 1600 1800 2000 ZéEU ZEUG 2600 280G 30038

HOVEMENT  (1/10CC INCH)

Fig. 4.2 Pile 2; Pipe pile; Push Test;—Load Movement data



HEAD LOAD @ (TONS)

86~

ZSD a 0 e . W
225
200
175-
150
125
« HEAD
100 - J7 28
a TT &F
75 a 77 3C
o 1T 7C
30 o TT 40
- 17 BH
95 — ~ T 5E i
- TT 1A ;
0 |
0 .

0 20 40 o0 800 1000 120 1406 160 180D 200
MOVEMENT (171000 INCH )

Fig. 4.3 Pile 3; Pipe pile; Push Test; 1,387 Movement data




HEAD LOAB Q (TOHS)

-87~-

- ~
250 -
|
!
g Fia N
Fis N
200 alma
algin
P uf 'I
8 2B | 3C 4D
150 1
%-i 7G 6F SE

| |
HEAD a

&

- 1T 28
o 17 &F
.
Qe
°

T 3¢
T 40
1T B4
- TLSE
i IA

r

200 400 00 800 1000 1200 1400 160G
MOVEMENT  (1/1000 INCH)

Fig. 4.4 Pile 4; H-Pile; Push Test; Load Movement data

1800 2000



(TONS)

"HEAD LOAD @

-B8-,

1090

Pig. 4.5

© L. [ =1
2600 3000 4060 SO0 5000
MOVEMZNT  (1/100C INCH)

Pile 1; H-Pile; Pull Test; Load MMovement data



HEAD LOAD ) (TONS)

-89-

a HEAD
- 7728
C iT BF
|
~]
o

i1 3C
T4
T 8H
- 7Y 5¢
o il 1A

-

RN : i I P g ! . i P
366 500 CIIH r_IZELU lSB{J 1800 2300 2400 2700 3000
MOVEMENT  ( i/10C0 "INCH)
Tig. 4.6 _?ile 2: Pull Test; Load Movement data



HEAD LOAD @ (TONS)

-90-

1A

i

-
1o

Fig. 4.7 Pile 3; Pipe pile; Pull Test; Load “ovement datla

%o 40 600 80 1000 1200 1400 1800
| MOVEMENT (1/100C INCH)

: "
1800 2000




HEAD LOAD Q (TONS)

-91-

i AOH ORa
LR
| o

AN B

e |
un

[g¥] wn
i o
SN SRS WU SURUU S

S B

HEAD
T 28
T &F
T 3C
T 4d
T1 B
i1 5t
a 1. 1A

. e omDVp D

g

SE

!
|
|
|
|
L
|
|
|
i
|

Fig. 4.8

I 1 T T =7 7 I
400 © 600 800 1900 1200 1400 16GO-

'MOVEMENT  (1/10080 INCH)

Pile 4; H-Pile; Pull Test; Load Yovement data

1800 2000



CHORD MODULUS (1% E6 PSD)

—- Y

23 -
o TELLTALE 1A
20— o TELLTALE St
xaxhgigxzn - TELLTALE BH
TELLTALE 40
o TELLTALE 3
- : o TELLTALE 6F /
B - TELLTALE 2B
10 S /
S h" \JA
g T T

T
50

Fig.

z
100

HEAD LOAD (TONS)

Pile

oy

1 !
150 200

Concreted

]
230

Pipe pile; Chord Modulus distriburion




LOAD

300

-93-

zero

true

initral
residual

strain

raro at start of

-300

PULL

-3

0
STRAIN

Fig. Ss1 Typical example of load strain cycle for driven piles




LOAD (TONS)

-94-

PILE NO. 3
TELLTALE 2B

zero “at start of
push test

PUSH

e

PULL

.

Fig. 5.2

Example of {nduced load strain cycle befnre push testiag

(Pile 3)

I
-4

O .
STRAIN (1/1000)

T

—
L4



DEPTH (FEET)

95—

o CASE 1 0.5(8-A)
e (ASE 22 B-A

50

Fig. 5.3

[
250 300

200
(1/1000 INCH)

100 150
RESIDUAL COMPRESSION (4

Pile 1; BE-Pile; ‘Residual compression at telltale ends.

Sand

Fli

Compressiblo

Silty

Danse
Sand

Clay



DEPTH (FEET)

-100—
-110—
-1207

-96-

-130

o CASE {1 0.5(B-4]
e (ASE 2 B-A

50
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APPENDIX A

Leonards and Lovell Theory
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Telltale instrumented steel piles were used by Leonards and Lovell (1578),

to analyse the load distribution of driven piles. Legnards and Lovell
. . ) F o

(1978) formulated that the measured elastic compression pile of under a

head load Q and resisting shaft and toe load Rg and R, ,respectively, is:

QL
A= € = (D
AE
The pille compression as a free standing column is,
QL
Ac- — (2)
AE

where C' denotes the ratio of the measured compression of the plle to the

elastic compression of the pile considered as a free standing column.

Similarly, the elastic compression of the pile due to shaft load Rg is,
' RGL .
bg= ¢ —% (3)
AE

The pile compression as a free standing column due to eqﬁivalent shaft load
R, is, :

’

At T (4)

where C denotes the ratio of the calculated compression of the pile due to
a load R, supported entirely by shaft resistance to the calculated

compression if the plle was considered as a free standing 5Lumn.

™S
N
Elastic compression due to toe load is, & ' {
3
R.L
Ly = — (5}
AE

A Ayta, (6
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_ B .

for static equlibrium of “forces on the pile,

Q =R +R; | )
rearranging and substitution in Eq. 7 .
b
AEL,,
— =(C'Q (8).
L
R.L - R.L
By = C—— .4 b L9
AE AE .
AEA
— = CRg +R, (10)
L
Re = (@ = R,)
AEA,
— = CRg + (Q-R)
L —
C'Q¢ = CRg + (Q-R).
Rg =~ C R, = Q= C'Q
Rs(1 - €y =q(1l -¢c")
Let ' R, = «Q - an
Ry = ol -
g C'=-C .
& A — (12)
1 -¢
c' -« : -
1 - @

If the distribution of unit shaft friction is estimated then C may be
determined without any knowledge of the shear resistance, or assigning any
’,/x values to the distribution. The value (¢ 1s then obtained from Eq. 12,

consequently the toe and shaft loads are determined.

' The shaft resistance of the pile was fully mobilized, when differentiating
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Eq- Blvith respect to Q, then

AE : dc’
“ w C'+ Q— =on (14)
- L dQ dqQ

sizmilarly differentiating Eq.

]

AE ddm dR, dR dC

_ - + S R === 1 (15) -
L dQ dQ ©de - .dQ -

‘ ..
a {3 3 constant value when segments of the load deformation curve is

linear. For n'a constant value and :éarranging and integrating £q. 14,

then ' ’ .
dc* {n-C)
——— . — (16)
dQ Q
: (o -k
C'' &= ——— : (17)
Q

For amy range of Q over which n is constant a plot of C' versus 1/Q is a

stTtaight line with interzept n and slope k.

Similarly for the case when the shaft frictiornal resistance is fully

aoblized at a head load Q= Q_ less than the pile failure load such that Q

o
> Qg- then R is constant and equal to the fully moblized value.

- RS - Rsm = X (18)
' dRr
.0 . (19)
dQ
4R
T
-— = 1 - (z20)
dqQ ' : '
de
subsituting in Eq. 15 . n =1+ R~ ' (21)
. dQ '

froa the above equation n anf Ry aTe constants. The pfobabil#ty is very

-
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low,that when B is counstant that dC/dQ is constant, hence dC/dQ is taken
to be zero. Then n is equal to l.

-

A plot of Q versus neasured will be parallel to a plot of Q
versus (QL/AE) calculated. Then, '

AE dA

L R 2D
L dQ

Various values of n represent different stages of moblization of shafs

resistance or load transfer. From Eq. 22, when

. N
n > 1 the pile is yielding or buckling or a reduction of/ighft resistance
after full moblisation has accur.

n { 1 shaft resistance is not fully zmoblised, but may have reached a

maximun constant value

n = 1 shaft resistance  is fully apblized.
o

A :
Using the above criteria the head load at which the shafz sesistance is

/

fully mobilized is approximated.

*
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FREDRICTON FILE TEST PULL TEST

o ——— ats e e s s ——— e e — e p—
—_————=mamTTemEmas —— ———_—m—mmmmEmooE _—=== et 1 T ¥

PILE NO. 1
H=-PILE

REDUCED READINGS

TELLTALE SE - 8H 4D 76 3C &F s
{
LENGTH (FEET) 115.8 102.7 B89.54 746.42 &3.3 S0.2 I7.08
X — AREA (5@ IN) 26.86 26.86 27.52 27.S2 28.19 28.19 28.8%
. HEAD LDAD HEAD
(SHORT TONS) MOVEMENT COMPRESSION ‘ (1710000 INCH)
0 o . o ¢ Q o o 0 o
53 1830 1546 1124 1290 1152 . 948 774 631
&S 2250 1889 1355 1565 1391 1168 934 738
78 2630 ' 2200 1564 1792 14604 1338 1079 873
7 : 3070 2340 1794 2095 1838 1548 1234 <8
?7 © 3560 2928 2055 2400 2103 1771 1413 1139
108 . 4010 o244 2269 2651 2323 19SS 1560 1255
118 4430 3373 2494 2914 2550 2149 1715 1376
130 S000 3922 2732 3192 2765 2357 1880 1507
140 S350 4224 2911 3382 2990 2526 20T 14678
T 151 =820 4347 3134 3641 3214 2713 2185 1734
185 &360 _ 4927 3I3FS 3944 3480 297 23865 1893
177 7000 9325 3&67 4272 I7SS 3175 2553 2044
189 . 7630 3680 3917 4537 4009 3392 2728 2182
200 837¢ - 6038 4173 4849 4264 TbH14 2909 2I08
211 2420 6388 4430 5148 4527 3847 3096 2482
222 10890 | 6711 44687 S428 4776 4070 I2I0 2598
235 127490 . 7033 4951 S726 S048 4307 3407 2757
246 14300 7385 S210 &016 S313 4537 3618 2913
251 17570 7721 B54%90° &3T9 SS5 4789 3817 3079
272 + 20330 . 7737 S7ST &&35 S863 S018 4008 32T
284 23800 T 6059 6957 6103 5274 4202 IIT9s
. 293 27400 ~———= 6343 7285 &439 S523 4419 IS5
310 F1100 == 6621 7510 6721 5771 48617 3715
320 J&E300s ———=— 419 7899 7023 L0001 48345 3864
326 44100 === 7210 =~——= 7321 4274 5040 4046
347 65800 ———= 7311 ——— 7418 4544 S268 4111
249 435200 L Tem— 8279 7134 6293 S361 4208 3323
129 42800 ———— 423536 S009 3263 3IT4S 2687 2078
72 61200 ——=— 3171 3852 3184 2604 1905 1373

0 SB&6OO ——=r —-— 1980 1570 1223 803 =64



FREDRICTON PILE TEST
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PUSH TEST

PILE NO.1i
H-PILE

REDUCED READINGS

TELLTALE
LENGTH (FEET)

X = AREA (S@. IND

S 8H 4D 76
115.8 102.7 B89.54 7&.42

26.8&4 26.86 27.52 27.52

. HEAD LOAD HEAD
(SHORT TONS) MOVEMENT
0 )
22 4580
45 730
6 . 8&0
&7 1030
79 1180
90 1330
101 1520
112 1770
124 1910
135 2150
146 2370
157 2640
168 2900
180 3190
191 3480
202 3780
214 4090
225 4430
236 4900
257 S360
258 5860
258 6500
270 5690
280 6940
262 7310
304 7830

ThBLE C4.2
3C &F 2H
63.3 30.2 37.08

28.19 .28.19 28.85

{1/10000 INCH)

COMPRESSION
Q Q Q Q
451 4356 4302 449
715 &89 &85 702
844 8iz2.- gi2 826
PF6 253 954 70
1169 1112 1122 1128
1341 1269 1280 1287
1308 1418 1442 1436
1668 1577 14613 1579
1872 1740 1783 1780
2087 1923 1587 1949
2319 2114 2194 2145
2571 1831 2434 2762
2830 2541 2567 2579
3180 2745 2898 2883
3341 2958 T14Q 2994
3724 3179 3389 3224
3IF8SE  3IJIB8L Is21 3435
34i{71 3600 3875 36535
45023 3848 41860 3907
4814 4§4Q077 84384 4137
S112 428& 44846 4352
32 HOURS

33402 44469 4908 4519
3568 44603 S03T 45676
SB12 4797 5259 4874
6112 5014 S3513 S094
6482 5370 S81T 353539

0 0 O
429 03 370
&70 524 o0
78BS 732 &31
F1i8 853 753

1066 983 B&3
1208 1210 970
1350 257 1072
1497 1368 1178
1647 1495 1284
1816 1639 1403
1986 1790 1525
2181 1952 1656
2375 2114 1799
2556 2268 1912
2744 2427 2037
2945 2898 2171
3128 2755 229S
S324 2916 2423
3543 3098 2571
3745 3267 25%S
3935 3413 2811

MAINTAINED LOAD

4061

ST03 2B&9
4203 3633 2983
4379 3782 310t
4567 3937 3222
/4788 4114

So60

“continued
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continued .

e

182

FREDRICTON PIILLE TEST - PUSH TEST TABLE C4.2
=34 3 31 J 4 -1 ] ==='--“‘==!'—"'"'_—-—======== _____ ===————.-‘=======————-—-_.____—.=
PILE NO.1 *
H-PILE
REDUCED READINGS
" TELLTALE SE 8H 4D 76 3c &F 2B
LENGTH (FEET) 115.8 102.7 89.54 76.42 &3.3 S0.2 37.08
X — AREA (SQ. IN) 26.86 26.86 27.52 27.52 28.19 28.19 28.85
HEAD LOAD. HEAD -
(SHORT TONS) MOVEMENT COMPRESSICN {1/10000 INCH)
314 8470 &893 S5355 46151 54844 S038 4320 I519
326 P00 72467 SBQ3I 6447 589% 5257 4498 T4&58
337 F&670 7641 6058 6744 6164 S482 4581 3801
348 10360 8017 6311 7055 6416 5701 4859 39356
360 11040 8429 6589 7365 6709 S944 S060 405S
370 11710 8800 6855 7681 6980 6175 5242 4734
382 12400 91468 7103 7978 7230 6385 S5416 4362
393 13940 9S61  T73&E6 BIFITI 7499 £&1S  T&E00 4508
404 15760 FSSS 7535 8615 7774 6854 S793 4656
416 15600 10338 7893 8922 8040 7078 S974 4800
427 16430 10772 8155 ©2460 8342 733 6185 4949
438 1735Q 11168 8435 9557 8&21 7571 46381 5127
450 18320 11589 8742 9892 8913 7820 4585 5287
451 19480 112028 9041 10248 9219 BOB4 6794 5451
472 18750 12610 9460 10727 <4644 8445 7078 5641
427 18850 12055 9022 10285 F133 7957 &&27 S213
370 17770 11074 8107 9281 8199 7114 588& 4597
314 16100 492 6971 8002 7055 4114 5081 3I9&0
281 15400 BB4S 6396 7344 H£449 5584 44633 3600
225 13720 7106 3234 S981 S2T9 4572 3802 2943
169 11910 S464 4012 4651 4115 3611 3007 2333
T 112 10000 S737 2970 . 3264 2947 2S99 2203 1687
56 8060 2058 1824 1892 1781 14607 1495 1074
0 =230 —-400 -&1 82 177 237 191
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EREDRICTON FILE TEST FULL TEST TABLE C4s 3

PILE NQ. 2
PIPE FPILE

REDUCED READINGS

TELLTALE ) 1A SE 8H . 4D >C &F 2B

" LENBTH, (FEET) 127.9 117.8 102.7 89.5& &3.8 S0.2  37.1
X - AREA (SQ IN) 25.86 26.86 26-86 27.52 28.19 28.19 28.8S
~HEAD LOAD HEAD
{SHORT TONS) MOVEMENT COMPRESSION (1/1Q000 INCH)

0 0 o 0 o o o 0 o
53 2470 2340 2128 2320 1957 __ 1484 1378 1115
61 3110 2809 2558 2725 23II5 1867 1607 1297
72 3640 3438 F119 3299 2826- 2230 15905 1539
85 _ 4370 4106 T699 3886 IITZO 2599 2204 1779
93 | 5080 4742 4270 4456 3819 2954 T493 2012

103 5870 SS00 4923 S101 4377 3361 2821 2277
113 - 6520 6109 S510 5683 4850 3I70S 3I044 2497
123 7240 6717 6096 6188 5376 4042 3345 2707
134 © BOTO 7546 4743 6913 S923 5449 3686 2980
145 8840 . B271 7363 7519 644% 4831 3997 3230
158 9890 3266 8233 BIFE 7085 S31& 4470 I614
170 10740 9979 8844 9004 7887 SB808 47946 3591
182 11690 10894 9573 9721 8415 4281 S2i6 4216
194 12610 . 11710_10289 10436 9031 &758 5617 4548
206 13600 12573 11008 11158 S&65 7242 6026 4886
216 14480 13310 11643 11833 10231 7646 6382 S1S8
229 15600 14229 12440 12425 10877 8170 &845 S544
244 16910 15286 13374 13546 11706 8816 7399 6007
255 . 18140 16104 14126 14302 123&9 9334 76835 6367
268 19760 . 17049 14991 15174 13145 9947 8345 797
292 22670 18009 1S860.16076 13961 10575 BS11 7296
295 27769 . 18804 146424 16866 14663 11151 9425 7728
207 27750 18432 16229 14514 14262 10921 9131 7538
© 147 25550 ——— 11501 141464 12047 8819 7137 . S57%
87 24000 ———— 9902 12473 10474 9904 5823 4571

Q 16480 - 082 11565 9850 7254 | 3564 2850
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FREDRICTON FILE TEST
=+ =3 4+ 1+ -+ - -1
. .
PILE NO. 2
FIPE PILE
REDUCED READINMNGS
TELLTALE 1A SE SH’ 4D L &F 2B
LENGTH (FEET) 127.9 117.4 102.7 89.54 63.33 50.2 37.08
X = AREA (50 TN} 12.86 12.86 13.52 13.52 14.19 14.85 14.85
HEQD LCAD HEAD
(SHORT TONS) MOVEMENT COMPRESSION (1/10900 INCH)
0 0 0 ¢ o] Iy 0 Q 0
28 &Q0 og S73 &36 S50 S72 564 &S9
o) 10190 10354 sl 1040 P42 957 T 2949 294
&7 1210 1206 1165 1214 1135 1119 1113 1033
79 143X « 1410 1375 1428 1544 1313 1307, 119Q_
Q0 15610 1585 135S 1609 1520 1474 14468 1331
161 18Q0 1783 1735 1807 1712 1656 1&45 1481
112 1990 1975 1952 1996 1904 1832 1814 1622
124 2200 2178 2163 2203 2110 2020 1990 1772
135 2410 2359 2347 2389 2290 218F 2145 1897
144 2620 QET73T 2567 2590 2500 2T72 2329 2044
157 2850 2817 28B04 28495 2737 2584 2525 2208
1469 J100 3044 3IT041 J0ksE 2954 2796 2704 23753
180 I330 3263 3258 3283 . 3144 2957 2870 2489
121 S940 34846 3479 3500 .337é . 3140 3041 2622
202 3790 3717 3715 3731 3596 3IITI7 I226 2770
214 {030 3929 3925 3FTPIS 3ITF7 3509 3IIT77F 2891
205 4280 4184 4173 41791 4034 2709 3559 3038
235 45430 4433 4437 4441 4284 3918 3I735 3189
247 4700 . 4729 4700 4697 4530 4122 I92S  T4TS
259 S3&0 3356 5226 S240 S03IT 45354 4214 3415
270 5550 9320 5389 S418 S190 4674 4386 2 3I723
281 S80C¢ S745 S614 SE20 S404° 4851 4494 3843
292 &£100 8007 TSB&6 5874 S5683 S047 34665 3584
304 &410 6315 6148 4144 S04 $5259 4854 4137
continued ....
< N
~
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CONTINUED
>
FREDRICTON PFPILE TEST PUSH TEST TARLE C4.4
PILE NO. 2
PIPE PILE
REDUCED READINGS
TELLTALE 1A SE 8H 4D SC &F 2k
LENGTH (FEET 127.92 117.4 102.7 89.54 63.83 S0.2 37.08

X — AREA (S IN)

*

12.86 12.86 13.52 13.52 14.19 14.85 14.85
HEAD LOAD HEAD
(SHORT TONS) MUVEMENT COMPRESSION (1/10000 INCH)

315 &790 6668 5474 L4463 L2003 SS03 5073 4315
I26 722 7027 6898 4781 4500 S744 S292 4485
337 T&E70 7389 7210 7106 4803 S991 SS514 4480
349 8180 7808 73515 7476 71S3 4266 S777 4901
360 8700 8262 7925 7882 7S3I0 4599 6099 SiSs
371 P32 8784 B40S B3S52 7976 64984 5453 5469
382 10140 9454 9027 8959 BSL2 7TS07 £949 S930
394 11080 10261 9893 <9690 9PI03 8209 7605 6539
405 125460 11519 11039 10938 10S00 9338 8733 7S5S
4168 1333 14003 13578 13418 12947 11705 11091 9847
427 18090 16683 ~——— 16170 15671 14366 143&6 12289
380 17580 14187 -———— 12537 13149 11884 9751 821
304 16870 13018 11741 11362 11961 10814 8734 8891
250 ———— 127256 11476 11085 9854 105469 8488 g&08
225 1356990 11703 10412 10081 8819 96535 74631 7877
169 13880 < 10179 8911 8S79 7403 8442 4497 &90S
112 12150 8736 7334 7050 5947 7190 5333 S914
o6 10290 6987 S617 S5S381 5362 5835 4045 4383
0 - &980 6447 5322 T041 {4172 3444 2038 T0s2



[
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FREDRICTON PILE TEST . PULL. TEST TAELE C4.5
ma= ﬂ_ﬂ:ﬂ'-' = ================a===========-—.—.-—==——:;_—-¢-==—————============$==
- &5
< -
PILE NO. I
PIPE PILE
- REDUCED READINGS
 TELLTALE 1A SE 8H 4D 75 3C &F 28
LENGTH (FEET) 104.9 96,1 86.2~76.4 66.2 S6.9 46.5 3I7.2
vy
X - AREA (SQ IN) 12.86 12.86 12/84 13.52 14.19 14.19 14.19 14.85S
‘HEAD LOAD HEAD _ -

(SHORT TONS) MOVEMENT COMPRESSIONS (1710000 INCH)
0 0 : 0 o) o) 0 o 0 0 o)
30 1020 927 857 930 801 822 699 443 S73
=3 2140 2038 1919 1952 1732 1637 - 1428 1228 1074
&1 2530 2426 2293 2301 2052 1919 14684 1431 1257
72 3060 2910 2748 2732 2457 2270 2003 1482 1475

83 3660 3424 3I2I2¢ I20S5 2860, 2648 2342 1961 1711
93 4250 3IF03 3I7F1 IL2T 3I2S1 2956 2612 2204 1924
103 4890 4431 4192 4101 3686 3IIIT 2957 2478 2162
113 S470 . 4880 4629 4509 4060 T6&0 I2SS 2717 2319
123 6110 SIS5 S0S&6 4911 4427 3978 3544 2947 2572
134 6940 5906 - S610 SS550 4886 4379 3914 3241 2807
145 7900 &487 6157 S974 S3I90 4799 4195 3549 3083
158 9300 7201 6827 b4604 5963 SIOF 4763 39310 3428
170 11040 7804 7388 7125 6457 S745 S173 - 4267 3735
122 14860 6BL0 6829 6279 S6b&6 S0&0 4521 3726 3213
&% 12500 5948 T4SB S2S50 4639 4137 3587 2727 2388
o - 8810 3176 2889 2742 2329 1898 1550 792

1072
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i .
‘.
/ -
DRI ION BILE TesT o o______PUSH TEST __ TABLE_C3.»
] ,
PILE NO- 3
PIPE PILE
REDUCED READINGS
TELLTALE 1A SE° 84 4D 76 I 6F 28
LENGTH (FEET) 104.7 96.1 86.2 76.4 66.2 S6.9 546.5 37.2

X - AREA (SQ IN.)

HEAD LOAD

HEAD

(SHORT TONS) MOVEMENT

—— s e e s e s e

0
SO
&3
71
79
89

100
110
122
133
147
156
167
178
190N
210
212
an

PR )

—~r oA
Pruga

246

151
103

L=l —
-t o

i9
0

12.8& 12.86 12.85 13.S2 1

0

830
1190
1360
1540
1790
" 2047
2610
2810
3140
3720
3960
4330
4830
5520
6350
7520
9060
11370
16820

15350
15150
12690
1063
)

0

847
1205
1379
1580
1820

b2205

2327
2518
2810
3191
3396
3703
4043
4411
4761
S147
5509
s88Q
6283

4584
3346
1952

S6

-15

-
-

S22 14,19 14.19 14.85

COMPRESSION (1/10000 INCH)
Q o> 0 o) o] ¢ Q
ga7 8ss 831 850 807 800 745
1216 1217 1195 1204 1156 1131 10S1
1397 1397 1374% 1378 1321 1289 1194
1616 1596 1570 1572 1SO7 1463 135
1834 1840 1804 1803 1726 14667 1534
2218 2222 2193 2177 2095 1991 1816
2374 2358 2333 2328 2213 2143 1913
2570 2S46 2SS 2511 IGO0 2TQT7 2161
2864 2832 2808 2776 26484 25I7 2427
3210 3211 JT180 3149 3023 28ss 2578
3419 3414 3782 3340 3203 303 2724
I727 3I713 THE7 TE1l 3454 I2ET . 2922
4021 4042 3986 3912 741 3IS2S 35146
44224 438B& 4334 4237 4059 4013 3404
4785 4743 4684 4S81 43846 4122 I4680
S260 S111 S0&F 4944 4753 444685 3992
S579 S467 5423 SI01 S111 4809 4307
SP93 =842 S72 S&77  S481 S170 44637
6411 4277 6198 6101 SB71  S544 4970
4583 S86 4492 4491 4329 4076 34820
I216 336 F282 3IIIB 3220 3048 2718
1916 1981 1992 2064 2029 1947 1821
-42 43 206 344 492 53 717
-46 =23 150 312 555 599 &87



. . - lal - ’j

®

FREDRICTON PILE TEST ' PULL TEST TABLE C&,7

| PILE NO. &4
- _ B-PILE

. L ‘ REDUCED READINGS

— i — T S r S S Sy T T T SR W S R SR D MR S S S S e A S R M e SR e S ————— T ————

TELLTALE 1A SE.- 8H 4D . 3C 6F 2B
LENGTH (FEET) : 104.9 96.07 .86.22 76.38 56.71 46.71 37.07
X - AREA (SQ IN) o 26.86 26.86 27.52 27.52 28.19 28.85 28.85
AEAD LOAD HEAD - '
(SHORT TONS) MOVEMENT . COMPRESSION (1/10000 INCH)
0 ' -0 0 0 0 0 0 0 0
29 890 799 775 728 691 531 428 363
33 1530 1334 1279 1206 1119 863 696 590
61 1800 1537 1468 1388, 1286 994 801 681
72, _ 2700 1777 1593 1600 1484 1148 927 784
83 2840 2028 1930 1824 1690 1303 1055 892
9% - 3130 2291 2178 2060 1909 1477 1195 1010
104 3720 2535 2408, 2275 2108 1631 1319 1113
114 4320 2765 2632 2493 2298 1779 1439 1213
125 5030 2690 2847 2698 2489 1929 1560 1315
136 - 8370 3208 3027 2871 2664 2087 1685 1436
148 14450 3387 3218 ¢ 3079 2851 2276 1863 1578
106 13890 2831 2684 2553 2344 1815 1445 1202
53 12960 1998 1881 1762 1581 1150 864 693
0 -11380 772 705 635 524 293 139 82



FREDRICTON FILE TEST

R S S R S S T N T S T N e e o e e e e e e e e o

-132 -

PUSH TEST

PILE NO.

H-FILE

4

REDUCED READINGS

TELLTALE

LENGTH (FEET) S

iA SE

T D N . S Sy e . S e . e S — " . . . T S T — — e

TABLE C4.8
ZC &F =B

104.9 96.07 B6.22 75.38 S6.71 $6.91 37.07

(1710000 INCH)

~me-

e e ]
432
&30
73
8464
92
1114
1251
1394
1518
1645
1796&
1935
2061
2200
2347
2460
2605

2040
144%
80%

209
392
S67
561
771
881
87 .
1108
1271
1358
1448
1578
1632
1808
19246
2038
2148
2273

1751
1260

-z
o

X - AREA (SQ IN) 26.86 26.86 26.86 27.52 28.19 28.19 28.85
" HEAD LOAD HEAD
(SHORT TONS) MOVEMENT COMPRESSION
0 0 0 - o 0 o N
17 280 262 206 268 234 232
T4 560 519 446 519 480 4S5
S6 820 763 688 757 715 673
&7 . 980 892" 812 ° 883 842 792
79 1160 1050 1073, 1039 995 933
90 1390 1202 1121 1190 1148 107S
101 1630 1355 1289 1345 1294 . 1212
112 1930 1522 1457 1508 1459 1364
124 2290 1702 1633 1680 1633 1524
135 2750 1858 1801 1B39 1784 1663
146 3310 2020 1975 1898 1943 1807
157 4050 ., 2202 2159 2180 2126 1975
. 168 4960 2372 2325 2346 2293 2133
180 £140 2519 2468 2489 2438 2271
151 7760 2673 2514 2637 2693 2423
202 10140 2834 2782 2807 2747 2489
214 14160 2986 2922 2944 2894 2718
224 18570 3174 3098 3137 3082 2880
168 18090 2475 2438 2463 2625 2282
112 17240 1623 1604 1634 1629 1590
S& 16110 653 617 698 729 844
0 14230 ‘-B07 ~673 -689 -S83 -85



APPENDIX D

Fajlore Load Analysis



- 33

800 e e e b

. . Failure load = 465 tons
s‘u o
480 |

‘zn L
- 380
L'e]
3
~
j —
‘ 300 L
%]
o
= 240 |} —
Q
N -
isg 1L
123 |4

0 . .8 .3 1.2 1.5 1.3 2.1 z.4 2.7

Movement A (nes)

~

Sradgs Pue [; Posw TesT; Dayisson OFFser Certerion



12
10.8 ¢
3.8 i@

- -

2

R 8.7

~

N

z 1
7.8 L

q.\ -

2

]

) 8.5

S

. “E

Q]d 5“ -+

4.3
3.2 |
2‘1 -
1

‘ZG-D;'Q_ Pue 1; PFPuss JesT; Brinei Hansew 80% CriTerion

Criferion ' (nsatisfied

& & "

.22

.44

.86 .3 1.1 1.3 1.5

MovemenT A (ined)

1.7



8
5.‘ L
T 8.8 1
4.4
-
z
Py
? 3.9
‘E -
"y
1
[~
- |
o
)
<] 2.3
2.3
1.8
1.3 L
.8 )

+
4

Feilure Load

3

3
v

_8!2 Tons

OooiZx
aoui’f

He-pas FLe |

.44 B8 .33 1.1 1.3 1.5 1.7

MovemenT A (i

PaSH ‘TEST,‘ Chrn Ca:]’ez:ou

CH)



(Tbus)

Q

Load

_136 -

400 R

Failure Load = 224 +ons

360 4

. 320

230

240

200

160

120

80

40

4} -2 l.&8 2.4 3.2 4 4.2 S.k .4 7.2 a

MovemesT A (ineu)

He- Dwsw PLE l; Perr TesT; Davisson Orrser  Coleron
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20
is
— 16
<
[
N
g .
=~ 14
[, ]
1
2
% 12
~/
q]a‘ 10
. |
8
’ 3
2

-137 -

2 2 2 2 2 A A

Failure load = 399 Tons

_—y S & & e e & & " &= & " e

1.6

2.4 3.2 4 4.2 5.6 .4 7.2 B

MoveMenT A (inew)

J@Q#.ﬁ Fue | ; Part Test; Can CroTerion
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10 —
Faclure Load = 352 +ons

8.2 | __ Criterion Satisfied . !

- e ' 0-.25 Au. = 0_025”
1 0-80 Q =28/ tons T
8.4 1 ' IR
T i {
?lB - - L

8.3 (|

Cix10™® in/7on)

g‘d 5.2

4.4
3.3‘ L 3 ’ - -
4 1
- 2.3 4 , m = ¢c.0004] T
n = ¢.00422 L
2 s — . . . . . —— " ‘ . . . N -
0 -3 1.8 Z.4 3.2 4 4.3 5.8 e. 4 7.2 3

MoveMen]T A (et )

Ao-2g.6 PLE l; Pur TeoT; Brunes Hansen B0% CrTerion



"

475

-139 -

A 3 e & & . i A & . A b

.22

380

285

Q (Tous)

37

Loap

130

142

as

AedaF

— " e & i o b & " " > -

cq’,}' ' Failure load = 425 tons. 1

) Y -1+ .32 1.1 1.3 1.5 1.7 1.2 2.2

MovemeaT A (inew)

BLE Z; Pusy TesT; Dawisson CaiTerion



N —1&9 -
~ l -
10 . PR PO S S S S e e
L 3 ’ ’
' 1 Failure load = $306. 400z |
s.1 1 Criterion Unsatistied L
T g 0.25 4 = 0.0905"
) 0.80 Q@ = 347 fons
. 3.2 .-
7.3
A -~ -
2
L.I ' 8-‘ - -
} @
“
E 2 3
" s.s L
S
x ‘ - L )
\-:, 4.8 o L d
’§]<zs +
.7 EN
‘2.8 1
1.8 |} L
! i1
1 — ,
o C.22 44 I -1 .58 1.1 1.3 1.5 i.? 1.9

MovemenT 4 (west)

2.2

- -
: 572;6@‘4.‘5’-\ PIL‘E 2 ’ PHS# TEsT ; Beunatr Hamsen 8Bofe CriJerion

N

A



5.5
5.0
"5
1.1
~
2
~
I X
J
2
h
o
>
2.7
<
2.2
1.8
1.3
.8

_1'1&1 -
> Failure Load = 510 tons $
i
m = 0.00196 . |
n = g.00670 T
22 - 5% P -1~ .23 3.1 1.3 1.5 1.7 1.8 2.2

£

- MovaMenT A CI-MC.H )

-77/':. .@4? PILZ-. Z; Pus:; 7&5[’, Ciarns Cﬂfﬁﬂlo'u



A

’ .
.- - 300 T e e . ——
$ _ Failure load = 22 tors
L 1'
200 | , ‘ : i
230 +
Ta
53 180
Q
-+~ .
© Nt \ T
e} 150 i 8
A 1
«
3 . R
~ ' 120
g i
80 4 3
30 1
o o ) —
) .2 .4 - .3 1 1.2 1.4 1.8 1.3 2

Mav&ﬂaﬂf a ( fud)

. T :
rd I ’ - ' . )
S D 112 . Pue 3 ; PusH Ts]'; D&wssog -OFFs&] CorTerson
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A
&

: 3“ -

? —— s et e .
);
1 Failure Load = 25/ tons
B.4 1 0.25 Au = 0.09975
0.8 & = 2o/
T Criterion _ UUnsatisfred -
s.3 | ' i
A . -
E sz |
~
-
\J -
3 -
4.8 L
T-
. .
S - -
o
- ‘ -
h

-

2.8 |
1 _
e 2.2 o -
\ ‘ L |
) ) 1.6 L . mo = O.pot25
‘ n = 000314
1 l I . . e
0 -2 .4 .8 .5 1 1.2 1.4 1.8 1.B
MoveMEN] A (mc.u)
7
FreD-grr Pue 3; Pusy Tesy; Brwes Honsen Bo% (RTekion
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8 — e e e
+ Failure load = 293 tons
7.2 -
8.5 ll-
-~ 5.8 [
2
- !
~
s -
:{_ s.1 |1
LY T
'Q
— ‘-‘ .-
4
:J -
S - I
<[
3.0 |
2.3 |}
M = O.go34]
1.6 | o
h = o.ooto?
.9 \ — N
0 2 .4 .6 .B 1 1.2 1.4 1.6 1.3 2

MoVvEM EN? A (m ext)

cz;s.g.g./_z . Pie 3; Pusu JesT; Cain Crifertons
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- 3pp + ‘ - ——
Failare Load = I5] tons
270 "
rd 3o B - ’, +
4
)
2180 |}
ﬁ
w .
s isg ¢ - . ¢
~ _
S !
< 150 1} ; - +
@ .
[~ -
~1
120 | ,
3D 4
) -
60 1
30 i
C. g —
0 .25 .5 .75 1 3.2 1.5 1.7 2 2.2~ 2.5

MaVEM&N]' 4 (ines) .

;7;5-,23.4./5 | PILE 3 Pute 7'&57'; dessrou._CerE-g!ou



12.5
11.3
10.2
8.0
P
Ry
~.
-4
L'}
2
- 8.7
‘s
o,
~ 5.8
K=
i3
' 3.3
2'1
1

-14pn -

b 2 "

L

-

Failuse Load = 20] tons
Criterion Unsetistied )

.8 1 1.2 1.4 1.8 1.8 2

MOoVEMENT A (iney)

7:’5':-344;: Piue 3; Pulr TesT; Brined Hansen 8o0% Caferron
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20 bt bt
+ Failure Load = 235 tons | T
is.0 L 4+
i8.0 | w
TR
£ -
\ - L
3
2 .
~ 12.0 ¢ +
-~ .
1
Q -
bl i0.0
~t
|
8.0 4
6.0 Il
4.0
2.0 -
.1 . - . .
D .2 -4 .5 .8 1 1.2 1.4 1.6 1.2 2

> .
T DS Pug 3 ;

—

Movemen] & (ines)

Puu_ TesT 5 Cum CrTorsong
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de

12 e
T ¢ Fd.r'/krc Load = 25/ tons

1c.8 |

-

s‘?

B.s

7.4

-3

6.2

(1x (o

3.8
2.8

1.6

0 -2 .4 .5 .B 1 1.2 1.4 i.&8 1.2

'Mavr:'u&n]' & (inew)

ke

7‘}:"@ Zeré /DILE 4,‘ p&'-SAl 75571' CH’N CR:T&Q;N
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250

P

Fm'/urc. Load = 184 f‘ms
225 :

200
125

150

o} (mcu)

125

Load

ipg 4§

50

25

c .2 .4 -5 .3 1 1.2 1.4 i.8 1.8 2

Movemen] 4 (ines)

c—fG-Qf»&/;! ).DN.E'4} Pas# TE:»]'; Dewssou OFrseT CRI7E£!0N



(1x 10 tned/ToN )

L)
&

'7&;}._3 Yt B

1]

12

10.9

8.8

8.7

7.8

&.5

5.4

4.3

3.2

2.1

_1':50 -

.-

Failure load =

224 tons
0.25 - 8u F 0.102
080 Q& = [79 +ons

p.00142
0.00347

n!

n.=

.2 -4 .B .3 1

Prl.é

1.2 1.4 1.6 1.8

MovEMEN] 4 (f”‘#)

®

4; Pusu TesT; Brinen Hansen 8Bo%h Calerion
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200 o S

A

Failute [oad = 124 tons
180

180

140

120

igg

Load @ (IMS)

50

40

20

0 .2 -4 .8 D 1 1.2 1.4 1.6 1.8 2

Movemen] 4 ( nes)

TG ) 48 Pie 4; PuL 755/' ; Davisson OFrse] (CejJerion

&



- _1 Sz ——

rFy

12 e R S PP
T Feilure load = 148 fons - T
10.8 1 0.25 du = o0.1435 " l
| 086 Q@ = /18 toms )
. s.? o’ b of
~ 8.5 |
: !
|
~ 1 1
3
3 ?." L ] -~
? o -
[
-~ 8.2 }
N 1
w - -
s.1 | ) ' ‘ 1
Sl | ‘
3.8 1
2.8 | '
1.6 | m =0
. n = O.ood4{y
.5 - .
o} .2 .4 .B .3 1 1.2 1.4 1.8 1.3 2

MovemenT & (wex)

- .
TC 3..;5/? P/L}:-, 4 J PalL 7esT ; Brined Hamsen Bov. CerJerion



11

10
g
~~
z a
-
~
k=4
g .
~ 7
-
-1
e
> 8
<
QIE 5
3
I
2
1

+

+

b Y . A e Y & & A 2

FGJ/KI‘(. Load = 182 tons

m = coos4d
n = oocrésf
.2 -4 .. .2 1 1.2 1.4 .G 1.2 2
Moveden] A (mc#) )

?I:. 5.4:.3,0 PII.E' 4 ’ PuLL TE&T p C&"N Cé’f&RJoM



APPERDIX E

Spread sheet Calculations From Eq. 2.11

-



LOAD SE
Q Q
393 LB1&2
&5 . 7998
75 7911
87 . 8448
. 7 1.086
103 -808%
118 L9149
120 .3138
140 - 8450
151 . . .8216
1a3 - 385¢
177 . 7954
189 -8277
200 L21QS
211 . 8903
222 .83
234 - TR74
247 7148
280 T2E2

272 . 083e
284 -1g.1
295 0
310 8
20 10
2= Q
J47 %]

- 4845 w

LE401

. Tuds

PILE NQ. 1 FULL TEST
COMPUTED N VALUES
TELLTALE NO.
8H 4D 76 =C

O O O 5]
L7188 .9371 .9838 1,00l
. 6507 .8823 Q014 .9133
L5422 7945 8764 .8967
L7067 1.0460 L2628 9964
L8822 1.174 1.199 1.222
L6578 JBT8S .Q052 .91&7
STEAS 10013 1,027 1,087
L2704 L3919 (8109 .3499
L6050 L7315 1.018 L9251
L6852 L9085 L9217 .9T1s
CTI52 L9721 1,003 1.0I3
55587 L9020 L8890 .9T14
L7082 .9144 9580 L9910
<7885 1.022 1.Q4% 1,104
7897 1,046 1,082 1.1681
LFERT LPBGG 1,029 L.itt
L7438 .9S61 1.02Zs8 1.082
-&T7I4 L8588 92246 . 9=7PT
- 7280 .9546 .F818 1.062
LTH0B L9497 1.011 1.044
8519 1,033 L9052 1.1&9
L8727 1.143 1.382 1.240
8284 .8T42 L8509 L9040
S0T 10113 1.TE7 L.280
1.53% -S0.7 2.238 2,427

&F 2R
Q Q
1.014 1,118
L2580 9938
.915% .9817
9784 1.0&67
1.2435 1.324
9281 L9302
1,076 1,136
9549 1.0325
1.058% 1,138
. FPE9T7 1.0uaT
1.042 1,150
L9332 1.3Q13
1.013 1.080
1.1&3 1.24646
1.181 1.319
. 8450 9907
1.w2d 1.244
1.117 1.127
1,074 1,199
1.105 1,197
1,122 1.28C
L.Z70 1.374
.F1a7 .9871
1.507 1.413
2,784 2.317
L7540 L2900
-

.1
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-?r‘

PILS NO. Z PULL
COMFLTED N VhlLUES

STELLTALE NO.

L7135 L6979

S22 L8950

SS0s L8456
s¥3 L Qes0
* Q -

¥l .9242

.08 1.05%
237 .8=40
TS 994
ol Lt U9Te8
-5°80- LP0TT
1T.102 ,924845
LE252 1.0

EAPN S B B
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&1 8197
72 .7436
83 .7897
PSS . 8095

-~ 156 -

FILE MO.3Z FULL TEST

COMFUTED N VALUES

TELLTALE NO.

-S904 _T233 L7061 .8a337F
.8388 .93T1 .9434 .9815
LB6FS 161 L9952 .97564
» 7694 .8228 .8763F L8839
-8184 .F03 .8719 .921%
1.040 .88s82 .9306 3532
L8471 049 L2412 ,9494
-F031 .FS2O T8I0 1. 006
L7942 .8442 8735 .8BO9
L P38 1.220 .9931 1.010
.F249 .8095 1.0%90 1.058
~T386 1.018 1.049 1,087

NB86%6 LP11T L9798 11006

-10.8 -11,5 =-11.8 —-12.2

=C

T8zer

1.024
1.024
- 9367

. 95954

8721
1.013
1.069
. F3I99
1.081
.89251
1.411
1.1¢4
-12.9

oSF

.ST02
1.01S
1.012
L2108
1.012
-FEFE
-9939
1.Q560
2177
1.066
1.117
1.172
1117
-12.1

&

1.063
1.091
1.1¢1
1.014
1.073
1.0&65
1.082
.8722
1.245
1.063

1.255

1.327
1.27¢
%)

[
'

LU



)

LOAD

.-/\

ae

O
29
S3
&1
72

-
-

.54

104
114

125

1386
148

FILE nNO. 4 PULL TEST
COMPUTED N VALUES

TELLTALE NO.

1A SE gH 4D SC &F

< .
7043 .7473 .78&%9 .8434 ,38849 .864&2
-8334 .8794 .934% .9453T 1.001 .5814
8300 .8&57 .9344 .9&E2 1.037 1.009
8932 .5089 .967S 1.020 1.084 1.077
.8408 1.235 .9200 .9554 ,9816 .9844
-9788 1.010 1.€77 1.129 1.224 1.19s
-B173 .B428 .8831 .9230 .9752 .953s
-8360 .F120 .9949 .9791 1.041 1.02%
-8374 .8753 .93S5 .9843 1.055 1.034

7302 L6595 L7106 L8116 1.001 .S61T .

-5996 .&99F L8543 L8473 1.197 1.I&9

2F

. 9287
1,051
1.104
1.113
1.050
1.273%
1.001
1.080
1.102
1.178
D380

w—
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PILE NO. 4 PUSH TEST
COMPUTED N YalLUES

TELLTALE NO.

LOAD 1A SE 8H 4D 2w SF - ZR

O
17 L4808 .4144 .530& .5T46 8461 9993 1.1S
34 .4717 L4828 5906 L8571 L8133 .919T 1.004
S& L3460 JTTE2 .4T27 4924 L5144 (ETRS | Ta9T
&7 .T&EF L3IBST L4582 LSI22 L6707 748! L 30SO
79 .4108- ., 7430 .52 .S878 .7285 .7845 .8835
FO L4T11 L1492 .S491 L8412 L8004 3785 L5940
101 . 4340 52237 ,5&36 .6119 L7722 .837° L9077
112 4737 .8223 (5927 .6915 .8587 .9403 1.019
124 .468 .50156 .573T .5685 .82487 .8997 .9gr0
135 4425 .S223 ,5782 .46328 .7835 .8511 .91&83
145 .4595 5410 .2145 .s084 .S1ls .8717 .947
157 5162 .S721 1.Q25 .748&8F .9449 1.0%s 1.117
168 .4822 .S1s81 L2036 .&%99 _290F .9540 . 8306
180 3822 4079 4787 .S557T0 LTII LTS8 L9774
191 .4368 .453% .93I82 1.0589 .8T867 .9540 1.0725

<202 L4587 .SR23T L4187 L2287 £ 572 1,009 9591

214 L3932 .3I9PF0 L4567 .5647 1.1i8T .T110 .Be3S

224 .5Bbo 45.50 L B68T 1.004 1.4995 1,178
N



APPENDIX F

Calculation of Shafﬁ Resistance Distribution



Pile 1:

Pull Testing: Unadjusted load (without

.- ..
Equation of loed distribution curve: y =

- 159 -

residual load)

- 0.015x2 + 4.792x - 300

dy/dx = - 0.03x + 4.792
1/§dy/dx)
r g = _
. L 4 —————
x y 1/(dy/dx) oA T
(tons) (feet) (tons/ft) (£r2/fe) (tsf)
224 19.79 0.519 4.1 0.131 .
222 23.59 . 0.535 4.1 0.126
217 32.56 0.582 4.1 0.142
183 73.67 1.432 4.1 0.349
165 81.39 6.329 4.1 1.540




G

- 160 - —

Pile 1: -~
Pull Testing: Adjusted load (with residugl_ldaﬂ, Case 1)

Equation of load distribution curve: y = 0.001980x2 + 0.2496x - 150.9
dy/dx = 0.00396x + 0.2496

1/(dy/dx)
- ' rs =
As -
x y 1/(dy/dx) . Ag T -
f
(tomns)  (feet) (tons/fr) (£t2/ft) . (tsy)
.222 9.00 0.887 4.1 0.216
188 33.99 1.006 . 4.1 . 0.245
170 51.25 1.084 4.1 ] 0.264
150 68.90 1.186 4 0.289
132 '83.45 - 1.294 4.1 ©0.316

104 103.50 1.513 4.1 0.369




- 161 - | .

Bile 1:

Pull Testing: Adjusted load (with residuel loads .Case 2)

N rEquationlof load distribution curve: ¥ = 0.000933x2 + 0.2067x - 90.1
dy/dx = 0.00187x + 0.2067

1/(dy/dx)
..‘rs -

AS -

X o 'y o /(dyldx) T L Ag L Tg
, (toms) (feet) : (rons/ft) (gtg/fgi (tsf) .
222 1,680 11:603 4.1 0.39;
168 ot 29.i0 : 1.923 A -o_Léé
108 . | 56.90 2455 .1 ©0.5%
R 9% '62.50 2.618 41 0.638
) ‘31 »éz.g 3.788 4.1 ' 0.923

10 88.0 b.4bk 4.1 1.084




- 162 -

Push Testing: Unadjusted load (without residual load)

Equation of load distribution curve: y = 0.00008x2 + 0.424x - 191
dy/dx = 0.000167x + 0.424

i 1/(dy/dx)
& -
Ag
x y 1/(dy/dx) Ag T

(tons) (feet) o (tons/ft) : (£t2/ft) (tsf)
472 9.36 2.898 4.1 0.707
342 55.70 2.726 ‘ 4.1 0.664
299 71.64 2.674 . 4.1 0.652

261 86 .50 2.630 4.1 . . 0.642




Pile 1:
Push Testing: Adjusted load (with residual load, Case 1)

Equation of load distributiom curve: y = 0.4500x - 230

- 163 -

dy/dx = 0.4500

1/(dy/dx)

T, = -
AS

x y 1/(dy/dx) Ag T
(tons) (feet) (tons/ft) (ftszt) (tsf)
462 8.60 2.?20 4.1 0.542
398 50.90 2.220 4.1 0.542
352 71.60 2.220 4.1 0.502
331 81.10 ?.220 5.1 _0.5&2
278 105.00 2.220 4,1

0.542

e



- 164 -

Pile 1:
Push Testing: Adjusted load (with residual load, Case 2) P

Equation of load distribution curve: y = 0.564x -300
dy/dx = 0.564

] 1/(dy/dx)
* Fs *
Ag
(tons) (feet) ( * = (toms/ft) ' (fe2/Et) (tsf)
511 11.79 1.773 . 4.1 0.433
454 &4 .00 1.773 4.1 0.433
410 68.76 1.773 - 4.1 0.433
401 73.80 - ©1.773 4.1 0.433

"350 102:6 1.773 "4 0.433




- 165 -

Pile 3:

Pull Testing: Unadjusted load (without

residual load)

Equation of load distribution curve: y = -0.8037x + 153
dy/dx = -0.8037
- 1/(dy/dx)
rs B er—
AS
x y 1/(dy/dx) . Ag T
(tons) (feet) (tons/ft) (£22/ft) (tsf)
170 16.37 1.243 4.12 - 0.302
164 ¢ 21,20 T 1,243 4.12 0.302
i .
149 33.25 1.243 4.12 0.302
110 64 .59 1.243 3.75 0.331
77 91.10 1.243 3.61 0.334
)
!
3




- 166 -

Pull Testing: Adjusted load (with residusl load, Case 1)

Equation of load distribution curve: y =

0.00122x% + 0.543x% — 125.6

dy/dx - 0.00242x + 0.5-?3
' 1/(ay/dx) .
Ty = ' ' -
A )
X - y 1/(dy/dx) Ag Tg
~ (tons) - (feet) (tons/Tt) (££2/£t) (tsf)

- 170 1.048 4.12 0.256
130 1.168 3.90 - 0.300
119 1.204 3.76 _0.320
94 1:2‘97 3.70 0.351
61 1.447 3.59 0.414
35 1.592 3.50 _0.455

.M



Pile 3:

© = loY -

Pull Testidg: Adjusted load (with residual load, Case 2)

—a- .

Equation of locad distribution

dy/dx = 0.00539x + 0.0433

curve: y = 0.00269x% + 0.0433x - 85.7

1/(dy/dx)
- ‘___.;rs -
AS
x v 1/(dy/dx) Ag T
{ tons) (feet) (tons/ft) (Fr2/ft) (ts£)
\
170 0.740 1.042 4.12 0.253
141 26.30. 1.245 s.i2 Y 0,302
117 43.90 1.484 3.90 0.380
a .
63 72.40 # 2.611 3.75 . 0.696
22 83.6 6.173 3.60 1.506
10 88.0 4444 4.1 1.084
¢
D



Pile 3:

- 168 -

Push Testing: Unadjusted load (without residual load)

Equation of load distribution curve: y = - 0.00088x> + 0.582x - 88.1

dy/dx = 0.00176x + 0.582

1/(dy/dx)
g = ————-
Ag
x v 1/(dy/dx) Ag re
(tens) (feet) (toms/ft) ftz/ft) C (tsf)
F ———
234 C.0% 5.876 ‘ 4.12 1.430
224 1.88 5.326 4.12 1.290
icl 38.29 2474 3.0 0.634
52 60.21 2.040 3.75 0. 544
45 63.69 1.988 ' 3.75 G.530
24 74 .64 1.853 3.75 0.494
18 77.91 1.817 3.71 10.503
8 83.50

1.761 3.61 0.483




- 169 -

Pile 5:

Push Testing: Adjusted load (with residual load, Case 1) .

M‘_\\hgaahtion of lo;d distribution curve: ¥y --0.00(_)502::2 + 0.5920x - 111

! ay/ax = -0.001x + 0.592
1/(éyfdx)
Tg = T .
AS
--; y | 1/(dy/dx) Ag Ty
Atons) (feet) - ' (tons/ft) : (ftzlft) (tsf)
234 0.04 2.800 6,12 0.680
s 136 39.77 2.195 3.90 0.536
105 54.37 2.055 - 3.75 0.530
9%:5 58.79 2.020 3.75 0.538
66 74.11 1.902 3.61 Ot 0.507
55 79.45 1.863 3.6 0.516

37 89.78 1.802 3.61 0.499




i - 170 -

Pile 3:
Push Testing: Adjusted load (with residual load, Case )

Equation of load distributioﬂ curve: y = 0.0011x2 + 0.155x - 103
dy/dx = 0.0022x + 0.155

1/(dy/dx)

I'S - ————
AS
x Y 1/(dy/dx} ’ Ag | rg
(tons) (feet) (tons/ft) (Frl/fr) (tsf)
234 6.70 1.493 4.12 0.362
229 10.10 1.517 4.12 0.368
169 45.60 1.898 | 3.90 0.486
159 50.80 1.980 3.90 0.508
132 63.60 2.247 3.75 0.599
113' 71.70 ' 2,475 3.75 0.660

102 76.00 2.639 3.61 0.731

30 62.80 3.773 3.61 1.045




-171 - . §

Pile 4:
Pull Testing: Unadjusted load .(without residual load)

Equation of load distribution curve: y = ~0.00035x> + 0.078x2 - 6.35x + 264
dy/dx = -0.00105x% + 0.156x -6.35

1/(dy/dx)
rg = ————=
h Ag
x ¥ | 1/(dy/dx) - Ag rg
(tons) (feet) (tons/ft) (£%/f) (tst)
125 7.18 0.308 4.10 ©0.075
124 10.40 0.318 4.10 0.078
108 48.70 0.572 410 0.139
96 65.10 0.945 4,10 0.231
7 82.40 1.763 4.0 " 0.430

33 95.70 0.991 4.10 0.241

-



- 172 -

Pile " 4:
Pull Testing: Adjusted load (with Tesidual load, Case 1)

Equatiomof load distribution curve:y = 0.00019x> - 0.037x2 + 3.185x~ 188
dy/dx = 0.00057x% - 0.0745x + 3.185

1/(dy/dx)
Tg= ——
AS
x y 1/(dy/dx) Ag . ry
(tons) (feet) - '* .(toms/ft) - (£22/ft) (tsf)
125 1.27 0.359 4.10 0.090
119 16.70 0.418 . 4.10 0.102
97 55.00 0.757 . 4.10 0.185

71 87.98 1.300 4.10 0.317

53 95.87 1.194 4.10 0.291




- 173 -

Pile 4: ' _ {
Pull Testing: Ad}ﬁsted load (with residual load, Case 2)

Equation of load distribution curve: y = -0.00017x> + 0,039x2 —~ 3.488x + 164
dy/dx = -0.000516x2 + 0.0778x - 3.488

1/(dy/dx)
I'S =
AS

x y 1/(dy/dx) Ag Ts
(tons) (feet) (tons/ft) (ft2/fr) (ts£)
125 1630 0.547 .7 " 4.10 0.133
116 15.95 0.711 4.10 0.173
71 51.86 1.169 4.10 0.432
57 60.57 1.379 ) 4.10 0.334
33" 85.80 0.673- © 4,10 0.164

28 93.80 - 0.384 4.10 0.142




Pile 4:

.-17[“

Push Testing: Unadjusted load (without residual 1oad)’

Equation of load distribution curve: y = -0.00062

dy/dx = ,0.001251/1 0.560

5%X2 4 0.560x - 87.5

1/(dy/dx)
rg = —————-
_ A
x y 1/(dy/dx) A, I
(tons) (feet) (tons/ft) (£e2/f8) (tsf)
180 - 6.90 2.983 4.10 0.728
169 10.71 2.863 4,10 0.698
9% 42.16 2.237 4.10 0.546
73 49.90 2.130 410 0.520
28 72.30 1.904 4.10 0.465
2 86.38 1.795 O 4.10 0.438
1 86.91 1.790 4.10 0.438 ~



- - 175 -

Pile 4:

t A

Push Testing: Adjusted load (with residual load, Case 1)

Equation of load distribution curve: y = 0.00157x2 + 0.245x - 101
dy/dx = 0.003l4x + 0.245

1/(dy/dx)
o L]
Is = .
Ag
x ¥ 1/(dy/dx) : Ay Tg

(tons) (feet) (tons/ftr) (££2/£1) (ts£)
180 - 6.32 Lo 4.10 0.301
173 - 11.83 1.269 4,10 ‘ 0.310
113 53.45 1.660 ' 4.10 . 0.407
105 58.16 1.739 4.10 0.424
G5 63.75 1.841 4,10 0.449~
52 84.21 2.451 4.10 0.598

25 94.19 3.091 4.10 0.753



. . 2176 -

Pile 4:
Push Testing: Adjusted load (with residual load, Case 2)

Equation of load distribution ¢urve: y = 0.000096x° - 0.0266x% + 2.62x - 171
dy/dx = 0.00028Ax - 0.0532x + 2.62

1/(dy/dx)
Ig = ————-
AS
X y l/(dy/dx) Ag . Tg
(témsl (feet) (tons/ft) (££2/£¢) (tsf)
180 . 3.70 0.428 . 6.10 0.104
176 12.65 0.467 4.10 0.114
-
151 52.70 0.888 4.10 . -+ 0.217
117 74 .50 | 3,105 4.10 0.758
91 80.80 6.547 4.10 1.5%4

49 95.30 1.426 4.10 0.248






