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EXPERIMENTALLY DERIVED RELATIONSHIP
BETWEEN UNDRAINED SHEAR STRENGTH
AND DRIVEN PILE SETS

ABSTRACT

This report presents the results of field testing relating to the driving of foundation
piles using a variety of standard commercially available plant under normal

operating conditions.

Piles were driven into cohesive soils in which shear strength testing was
undertaken. The driving energy used and the base area of each pile were
normalised on the basis of the energy input per unit area of pile base relative to
the standard conditions of NZS:3604 Appendix D.

A relationship between shear strength and normalised pile set has been derived.
A practical application of the relationship is presented as an aid to foundation

design practitioners.

Ultimate pile capacities were evaluated on a theoretical basis and compared with
pile testing undertaken for the preparation of NZS:3604 Appendix D.
Recommendations are made regarding the use of static and dynamic pile capacity

formulae.
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1. INTRODUCTION

1.1 Background

Since the introduction of NZS:3604 in 1978 many thousands of light timber framed
structures have been successfully erected with foundations constructed using driven

piles installed in accordance with Appendix D of that standard.

Appendix D specifies pile dimensions, minimum pile driving energy input and for
design purposes gives a table of maximum pile sets of 25 mm, 50 mm, or 100 mm
for different combinations of floor, wall and roof loadings together with joist spans

and pile spacings. (Ref. 7)

Designers of these structures have always faced a difficulty in predicting the depths
at which the pile driving set criterion will be achieved especially in deeply weathered
soils. If piles are too shallow and the design set is not achieved, additional longer
piles must be driven or a closer pile spacing used. If piles are too long material

wastage occurs when pile tops are cut off.

In practice the initial piles driven on a site are effectively test piles. Following their
driving pile lengths and spacings are modified as required. Most piling contracts
however are let on a lump sum basis requiring a reasonable estimate of pile lengths

to be made at the time of tendering.

Economies could be achieved in the design of bearers and the selection of pile
spacings if information was made available to the designers enabling them to

estimate the founding depths at which different pile sets would occurred.

A simple relationship has not been available whereby soil testing data from a typical
geotechnical investigation could be related to the design pile set criterion of

NZS:3604 giving an anticipated pile founding depth.
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1.2 Objectives

The initial objectives of this research were:

(1)  To perform a series of pile driving tests using a variety of standard

commercially available plant under normal operating conditions.

(2)  To drive piles comprising differing materials, diameters and lengths into

cohesive soils of widely ranging strength characteristics.

3) To define a series of acceptance criteria to ensure that only high quality

data is used in the analysis.

()] To derive a relationship between a soil parameter readily measurable by
field testing, and pile sets normalised to NZS:3604 Appendix D driving

criteria.

During the course of the research information became available leading to a

broadening of the objectives :

(5) To compare the ultimate capacity of driven piles using dynamic analysis,
static analysis, and relationships derived from pile load testing for

NZS:3604.
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2. TEST SITES

2.1 Introduction

Pile testing was performed under the author's direction in conjunction with
geotechnical investigations and the construction of foundations on residential and
commercial projects in the Auckland area. These projects were constructed over
several years and were undertaken as a normal part of the consulting engineering
work in which the author is engaged. During the period of enrolment for Project

D further testing was undertaken to augment the earlier material.

Pile testing data was obtained from the raw test results of about 1000 driven piles
installed at over 30 sites. Following the implementation of the pile test
acceptance criteria (outlined in Section 4.2) this data base was reduced to 31 piles

located at seven sites in the Auckland area.
2.2 Locations

The localities of the seven sites in the Auckland area from which pile driving test
data was obtained for use in this study are shown on Fig. 2.1. General

information about each site is given in Table 2.1.
2.3 Borehole Drilling

At each locality a geotechnical investigation was undertaken in conjunction with
the foundation design for the particular structures to be erected. Boreholes were
drilled and subsoil information obtained from which pile design criteria were

evaluated.

The borehole drilling methods were chosen according to the anticipated soil
conditions and pile founding depths. At all sites except D and F hand augered

boreholes of 70 mm diameter were drilled until a target depth of usually 5 m was



Page 4

reached or the high strength of the soil prevented further augering.

Shear strengths were measured at regular intervals down the boreholes using a
Pilcon shear vane. Soil samples were taken for further examination and
laboratory testing. Most boreholes were extended using a Scala penetrometer
until effective refusal with this device was reached (three consecutive blow counts

of ten or more blows per 50 mm increment).

At sites D and F the site geology indicated that the depth to the underlying
basement materials was in the 20 m to 30 m range, consequently machine
boreholes were drilled. Continuous coring was taken with Pilcon shear vane
testing in each core run prior to extrusion. In the higher strength or sandy
materials standard penetration tests (SPT) were undertaken. Pocket penetrometer

testing was also used.

The logs of boreholes from sites A to F are attached in Appendix A.

2.4 Soil Conditions

At all sites except D and F soil types comprised residual silts and clays formed by
weathering of the Waitemata Formation . Undrained shear strengths (s,) in these
materials at the level at which sets were measured varied from 54 kPa to 250 kPa
with remoulded shear strengths of 27 kPa to 79 kPa. Sensitivity ratios ranged

from 1.6 to 2.7 indicating that the soils were of low sensitivity.

At sites D and F soil types comprised Pleistocene alluvium in the form of silts and
clays. Undrained shear strengths (s,) at the pile tips varied from 30 kPa to 160
kPa with remoulded shear strengths of 12 kPa to 63 kPa. Sensitivity ratios ranged

from 1.9 to 2.5 indicating that these soils were also of low sensitivity.
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Fig. 2.1 Locations of Pile Test Sites
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Test
Ref No

1

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31

Site Location

A - Stephanie Cl. Glenfield

B - Melford St. St. Marys Bay

C - The Esplanade Castor Bay

D - Lincoln Rd. Lincoln
E - Seaton Rd. Murrays Bay

F - Barry's Point Rd. Takapuna

G - Pinchgut Rd. Kuakapakapa

Soil Type

Residual Waitemata
Residual Waitemata
Residual Waitemata
Residual Waitemata
Residual Waitemata
Residual Waitemata
Residual Waitemata
Residual Waitemata
Residual Waitemata
Residual Waitemata
Residual Waitemata
Residual Waitemata
Residual Waitemata
Residual Waitemata
Residual Waitemata
Residual Waitemata
Residual Waitemata
Residual Waitemata
Residual Waitemata
Residual Waitemata
Residual Waitemata
Pleistocene Alluvium
Pleistocene Alluvium
Residual Waitemata
Pleistocene Alluvium
Pleistocene Alluvium
Pleistocene Alluvium
Residual Waitemata
Residual Waitemata
Residual Waitemata

Residual Waitemata

Soil Description

Silt some sand, trace clay, sl.-mod. plastic,
light grey with orange staining.
Silt, clayey white- grey orange.

Silt clayey, white grey yellow brown.

Clay silty, yellow white grey.

Clay sl. silty, white grey orange.

Clay silty, light grey mottled orange.

Silt sl. clayey, yellow brown limonite staining,
occasional grey mottles.
"

Clay silty, highly plastic, light grey,
orange mottles.
Silt sandy, low plasticity, light grey,
orange mottles.
Silt sandy, sl. plastic, light grey, yellow brown.

Clay, trace sand, highly plastic, grey with
black organic fragments.
Clay, trace sand, highly plastic, greenish-grey with
black organic fragments.
Clay, highly plastic when remoulded, grey.

Silt trace sand, non plastic, It.grey orange mottles,
weathered siltstone gravel.
Silt trace sand, non plastic, It.grey orange mottles,
rootlets.
Silt trace sand, non plastic, It.grey orange mottles,
weathered siltstone gravel.
Silt trace sand, non plastic, It.grey orange mottles,
rootlets.

Table 2.1 General Site Information
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3

3.1

PILE DRIVING EQUIPMENT

Introduction

The piles installed at the seven sites in this study were driven by standard

commercially available equipment. Five different pile driving companies were

involved and each rig was built to suit a particular process and the ease and

economy with which piles could be installed by the specialist contractors in

competitive tendering situations.

3.2 Pile Driving Rigs

The types of vehicle on which the rigs were mounted included the following:

(1

(2)

3)

Four wheel drive trucks and tractors with hammer weights of up to 320
kg. The light weight of these machines and their manouverability allowed
access to difficult sites but generally limited their use to domestic

situations requiring smaller piles.

Track mounted hydraulic excavators with hammer weights of up to 560
kg. The masts on these larger machines were capable of accommodating

longer piles of larger diameter capable of resisting greater loads.

Track mounted crane rigs of up to 35 tonne with hammer weights of up
to 3200 kg. These large rigs could instal piles in sections of up to 12 m
length which were then connected to the previously driven section using
the appropriate method for the type of pile material. The application of

these large piles is usually limited to commercial sites.
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3.3 Driving Hammers

At all test sites pile driving rigs used drop hammers for driving the piles. Two
different types of hammer release mechanism were used, clutch released or

hydraulic released.

3.3.1 Clutch Release Mechanisms

Onssites A, D, F and G, hammer weights ranged from 180 kg to 3200 kg and were
lifted by a wire cable and winch. When a clutch on the winding drum was
released the falling hammer dragged the cable reversing the direction of the drum

and allowing the hammer to fall onto the pile head .
The use of this type of driving method presented the following difficulties:

(1)  To control the drop height the operator read markings on the mast of the
rig often at steep angle up from the position where the controls were
located. The operator adjusted the hammer lift height by eye estimating
the difference between the top and bottom of the pile stroke, (usually

within a tolerance of about 5% to 10%).

(2) At the bottom of each stroke the operator applied the brake on the
winding drum, preventing the drum from over running and tangling the
cable, then disengaged the clutch to lift the hammer for the next stroke.
These operations took a fraction of a second to perform. If the brake was
applied before the instant of hammer impact the hammer acceleration
would be reduced before hitting the pile but sufficient stretch in the cables
would take place to still allow the impact to occur.

The timing of the brake application could therefore vary the energy input
considerably. When an accurate set measurement was required however,

operators usually concentrated closely to give the maximum energy input.
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3.3.2 Hydraulic Release Mechanisms

On sites B, C and E, hammer weights ranged from 275 kg to 560 kg and a
variation on the above driving method was used. A double acting hydraulic ram
pulled the cable raising the hammer. At the end of a one metre stroke the
hydraulics returned the ram quickly to its initial position causing minimal
resistance to the cable and hammer. The design of the hammer assembly allowed
for the set of the pile following the previous hammer blow maintaining a standard

one metre hammer drop height.
3.4 Pile Helmets and Driving Caps

With the smaller timber piles the driving hammers fell directly onto the pile head
without the use of pile helmets or driving caps. These piles were not subject to
hard driving onto bedrock and consequently the pile heads were not usually
damaged by this installation method. Where minor damage did occur sufficient

excess pile length was usually available to enable the pile top to be sawn off.

In the case of the steel tube piles a short dolly with timber packing over a steel

cap was used. The timber packing was replaced after driving every few piles.

Driving of the reinforced concrete piles was achieved using a short helmet with
a synthetic lurethane laminated packer. This packer cushions the blow on the
concrete and unlike timber will not char when subjected to the heat generated by
prolonged driving. (Ref. 10 & 13)
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4,

4.1

PROCEDURE

Introduction

This section describes a set of criteria applied to the raw pile data base to

determine the suitability of data for inclusion in the study. The methods used for

pile set measurement are also presented.

4.2 Pile Test Acceptance Criteria

In order to ensure that high quality data was used in the analysis, a set of

acceptance criteria was formulated with respect to pile installation and soil

testing results. To be included in the data base of the study each of the following

nine pile test acceptance criteria conditions had to be met:

(1)

(2)

3)

4)

Piles needed to be located within 3 metres of a borehole, unless multiple
boreholes drilled on the site indicated that minimal lateral variability of

soil conditions occurred in the area where the piles were installed.

The soil conditions over the depth where the set was measured were found

to be uniform in the adjacent borehole.

Boreholes were tested at regular intervals using a hand held Pilcon Shear
Vane calibrated in accordance with BS1377 within the previous 12

months.

Piles driven into cohesive materials only were considered (silts and clay).
(Data from non-cohesive soils in which scala penetrometer testing was
undertaken was initially included but discounted due to inconsistency of
results. Scala testing often has additional friction on the rods during

testing and results can vary laterally especially when the depth is

approaching an interface with stronger underlying materials.)
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(5)

(6)

(7)

8

9

During pile installation the pile sets, hammer drop heights, pile diameters

(top and bottom) and lengths were all accurately measured.

The formed building platform on which piles were driven was accurately

levelled relative to the positions from which boreholes were drilled.

When piles were driven through high strength material lubricants (eg.

water), were not used to reduce the driving resistance.
The piles were driven continuously without delays which would otherwise
give an apparent set improvement with time as excess pore water

pressures dissipated and shaft skin friction took effect.

The pile ends were square and the hammer drops axial.

From the raw data base of 1000 test piles available for potential inclusion in the

study, it was found that only 31 piles met all the above acceptance criteria. The

project analysis uses test data from these piles.

4.3 Pile Set Measurement

At the seven sites used in this study pile set measurements were recorded using

the techniques normally used by each of the piling contractors. On some sites

cardboard set cards were attached to piles and a datum beam held close to the

pile allowing a pencil mark to be made during driving. On other sites a chalk

mark was made directly onto the pile.

All piles were driven to either a pre-defined depth below ground level, refusal or

a minimum set in accordance with NZS:3604 Appendix D driving requirements.

Consequently temporary compression measurements were not always recorded.
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5. TEST RESULTS

5.1 Introduction

Borehole soil testing data together with data recorded from pile testing in

accordance with Section 4 is presented and discussed.

5.2 Soil Testing Data

The results of field shear strength testing using a Pilcon shear vane are given in
Table 5.1. Peak and remoulded shear strengths are recorded for the level at
which sets were measured. Soil sensitivity ratios of peak to remoulded shear

strength are also given.

Peak and remoulded shear strengths were measured over the driven depth of each
pile shaft and the mean shear strength calculated applying a weighting for the
thicknesses of the various layers identified on the borehole logs. Any other tests

which were undertaken on the soil at the pile base level are also included.

5.3 Pile Driving Data

Table 5.2 records the data obtained from each pile driving test. Pile materials
comprised predominantly Tanilised timber (26 piles) with 2 piles being spiral

welded steel tube and 3 piles using steam cured reinforced concrete.

The diameters of pile tops and bases were measured together with pile lengths
allowing pile masses to be calculated. Pile densities were assumed to be 600
kg/m? for timber (following discussions with pile installers (Ref. 4 & 6)), 7850
kg/m?® for steel and 2400 kg/m* for reinforced concrete. = Hammer masses
recorded were as given by each contractor. Driven pile depths, hammer drop
height and driving sets per were recorded by the author or staff working under

his direction.
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Test SitePile Dist.from Fndlevel Fnd.level Fnd.Level
Pile to BH on Borelog Su (Peak)
Corr. (kPa) Corr. (kPa)

Ref No Ref No

10

n

12

13

14

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

#1 0.5m to BH1 1.2

#1 1.5m to BH2 2.6

#2 3.9m to BH2 1.6

#8 2.0m to BH2 2.3

#14  2.9m to BH2 3.2

#17  2.6m to BH1 23

#24  1.6m to BH1 2.8

#25  2.8mto BH1 24

#29  1.6m to BH1 3.0

#30  0.8mto BH1 3.1

#31  2.6m to BH1 29

#5  2.9m to BH5 2.7

#13  2.4m to BH5 2.1

#14  1.0m lo BH5 2.0

#15  1.6m to BH5 2.0

#16  0.4m to BHS 2.6

#19  2.2m to BH5 2.0

#20  2.0m to BH5 2.0

#21  2.6m to BH5 2.2

#25  2.9mio BH2 2.7

#27  3.7m to BH2 29

#B 21 1.8mto BH3 3.4

#B821 1.8mtoBH3 8.4

#33 29mtoBH 1 4.3

#P7 4.8mtoBH3 15.2

#P7 4.8mtoBH3 19.7

#P7 4.8mto BH3 23.7

#1 0.6m to BH1 2.0

#1 0.6m to BH1 3.0

#2 2.6m to BH1 2.0

#2 2.6m to BH1 3.0

140
100
95
108
54
92
1
m
73
73
73
132
132
132
132
132
132
132
132
154
200 *
30
52
250 *

83

160
73
103
73
103

Estimated

Su (Rem)

69
43
54
46
27
48
54
54
4
41
41
79
71
71
71
79
71
71

71

35
55
63
46
38
46

38

Fnd.Level Fnd.Level
Su (Pk + Rem)/2 Sensitivity
Corr. (kPa) Ratio
105 2.0
72 23
75 1.8
77 2.3
41 2.0
70 1.9
83 2.1
a3 2.1
57 1.8
57 1.8
57 1.8
106 1.7
102 1.9
102 1.9
102 1.9
106 1.7
102 1.9
102 1.9
102 1.9
21 2.5
59 2.4
81 1.9
112 2.5
60 1.6
71 2.7
60 1.6
71 2.7

Fnd.Level Mean Shaft Mean Shaft

Other
Tests

wC 42

WC 41
LL 63, P138

WC 56

wC a7

Su (Peak)  Su (Rem)
Corr. (kPa) Corr. (kPa)
145 80
94 43
87 43
98 45
85 41
89 47
70 37
64 34
72 38
73 39
72 38
128 70
128 74
127 74
127 74
126 74
127 74
127 74
128 74
145 .
148 -
95 47
58 26
140 64
92 30
95 36
100 39
158 59
141 51
158 59
141 51

Table 5.1 Soil Testing Data
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Test
Ref No

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31

Pile
Type
Timber
Timber
Timber
Timber
Timber
Timber
Timber
Timber
Timber
Timber
Timber
Timber
Timber
Timber
Timber
Timber
Timber
Timber
Timber
Timber
Timber
Steel Tube
Steel Tube
Timber
Concrete
Concrete
Concrete
Timber
Timber
Timber

Timber

Pile base
Dia. (mm)
140
145
145
160
150
145
175
170
170
170
170
175
150
150
150

175

150
175
175
175
250
250

150

Pile top
Dia. (mm)
155
165
165
180
175
170
200
195
195
195
195
195
165
165
165
195
165
165
195
200
200
250
250

175

275x 275 275x275

275x 275 275x275

275 x 275 275x275

200

200

200

200

225

225

225

225

Pile Length
(Total, m)
2.0
3.0
3.0
3.6
3.6
3.6
4.2
4.2
4.2
4.2
4.2
3.0
2.4
24
2.4
3.0
2.4
2.4
3.0
4.2

4.2

4.2
18.0
27.0
27.0

4.2

4.2

4.2

4.2

Pile

Mass (kg) Depth(m) Mass (kg Height (m)

21

34

34

49

45

42

70

66

66

66

66

49

28

28

28

49

28

28

49

70

70

780

780

53

3267

4901

4901

90

90

90

90

Driven

1.2

2.6

1.6

2.0

2.0

1.8

2.0

2.0

2.2

2.1

2.0

2.0

1.9

1.8°

1.8

2.4

1.8

1.8

2.0

3.4

3.6

3.0

8.0

3.9

14.0

18.5

2.0

3.0

2.0

3.0

Hammer

180

320

320

320

320

320

320

320

320

320

320

275

275

275

275

275

275

275

275

275

275

3100

3100

560

3200

3200

3200

545

545

545

545

Drop

1.0
1.5
1.5
1.5
135
1.5
1.5
1.5
1.5
1.5
1.5
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.2
1.2
0.9
1.0
1.0
1.0
0.9
0.9
0.9

0.9

Set/Blow
Rec. (mm)
8.5
30
35
27
45
40
30
25
30
35
35
20
18
21
20
11
24
25
25
5.5
7
200
144
10
75
47
28
22
16
26

15

Table 5.2 Pile driving Data
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6  ANALYSIS OF RESULTS

6.1 Introduction

In order to evaluate the results from Section 5 using data from piles of different
diameter driven with varying energy levels, the measured sets have been

normalised using three alternative methods:

6.2 Gross Energy Input

In this method recorded pile sets are normalised by applying a factor to give an
energy input per unit area of pile base equivalent to the minimum which would
be achieved under NZS:3604 Appendix D.

Piles installed in accordance with NZS:3604 1990 Appendix D Section 5.1 are
required to be driven:
"..by a hammer having a mass M of not less than 200 kg falling freely
through a distance h of not less than 480/M metres (where M is in
kilograms)... The free fall of the hammer has been defined so as to ensure
that the hammer will deliver to the top of the pile not less than 4800 ] of
energy per blow. (Ref. 7)

This is a gross energy input and was based on the original 1974 research data for

Appendix D in which the hammer mass was 450 Ib (204 kg) and the drop height

94.5 in (2.40 m). (Ref. 2)
W.g.h = 204 x9.81x240 = 4803 |

A tractor mounted fence post driving rig was used with the hammer being lifted
by a wire cable attached to a pulley system activated by a hydraulic ram. This
was a similar system to the hydraulic release mechanism outlined in section 3.3.2
above. The net energy delivered to the pile head was assessed applying an 80%

efficiency factor to the hammer drop height. (Ref. 2)
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In normalising the sets on a gross energy input basis the gross energy delivered to
the head of each pile tested in the current study was divided by 4800 to give the
Gross Energy Ratio in Table 6.1.

Allowance has been made for the variation in pile base area by dividing the base
area of each pile by the minimum pile area allowed in NZS:3604 (a 140 mm dia.

pile driven small end first), to give the Area Ratio in Table 6.1.

The above two ratios are combined by dividing the Area Ratio by the Gross
Energy Ratio to give the Normalising Factor (Gross) which is applied to the
recorded sets giving the Set/Blow Norm (Gross). The resulting variation in shear
strength with normalised set is plotted in Fig. 6.1 giving a relationship with a

comparatively small scatter.

Regression analysis was undertaken as detailed in Appendix B with the resulting

best fit curve:

— -0.02322 SET
Supeaw = 240e

or in terms of set:

set = 236 -43.1 log. sy pran

This relationship is plotted on Fig. 6.1 and gives 86.21% explained variation with

comparatively low residuals.

The above formulae are limited to a reliable range of about 30 kPa and 200 kPa

peak corrected shear strength. The set is normalised as explained previously.

Other relationships which are presented in Sections 6.3 and 6.4 do not achieve
as good a correlation. Appendix C details the practical application of the upper

formula with typical examples working through the Normalising Factor (Gross).
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Test

Ref No Mass (kg) Height (m)

10

1

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Hammer

180

320

320

320

320

320

320

320

320

320

320

275

275

275

275

275

275

275

275

275

275

3100

3100

560

3200

3200

3200

545

545

545

545

Drop

1.0
1.5
1.5
15
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.2
1.2
0.9
1.0
1.0
1.0
0.9
0.9
0.9

0.9

Gross Energy  Gross Energy

Input (J)

1766
4709
4709
4709
4709
4709
4709
4709
4709
4709
4709
4856
4856
4856
4856
4856
4856
4856
4856
4856
4856
36493
36493
4944
31392
31392
31392
4812
4812
4812

4812

Ratio

0.37
0.98
0.98
0.98
0.98
0.98
0.98
0.98

0.98

0.98
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
7.60
7.60
1.03
6.54
6.54
6.54
1.00
1.00
1.00

1.00

Area

Ratio

1.00

1.07

1.07

1.47

1.47

147

147

1.56

1.15

1.56

1.56

1.56

3.19

3.19

4.91

4.91

4.91

2.04

2.04

2.04

2.04

Normalising
Factor
(Gross)

2,72
1.09
1.09
1.33
1.17
1.09

1.59

1.50

1.50
1.50

1.54

0.75
0.75
0.75
2.04
2.04
2.04

2,04

Set/Blow
Rec. (mm)
8.5
30
35
27
45
40
30
25
30
35
35
20
18
21
20
11
24
25
25

5.5

200
144
10
75
47
28
22
16
26

15

Set/Blow
Norm. (mm)
(Gross)
23
33
38
36
53
44
48
38
45
53
53
31
20
24
23
17
27
28
39
8
11
84
60
1
56
35
21
45
33
53

31

Table 6.1 Normalised Sets (Gross Energy Basis)
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Fig. 6.1 Shear Strength vs. Normalised Set(Gross Energy Basis)
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6.3 Net Energy Input

The normalised set in Fig. 6.1 does not take account of the large difference in net
energy transmitted to each pile and available to cause the driving action. In this
method the previous approach is extended by making an allowance for the
variation in efficiency factors for hammer drop heights, coefficients of restitution
and hammer blow efficiencies. These factors together determine the net energy
input at the pile top which can then be compared with the standard energy
available under NZS:3604 driving conditions to produce a set which has been

normalised on a net energy basis.

In Table 6.2 an 80% efficiency factor has been applied to all hammer drop
heights. There is some debate from pile driving companies that this is too
conservative especially with the hydraulically operated release mechanisms. In
the absence of any specific test data on individual rigs the general value given in

literature was adopted. (Ref. 1)

The coefficient of restitution (e) varies with the type of pile driving hammer, pile
material and pile head condition (helmet, packing, dolly, driving cap, etc.). Three

different values of (e) were applied to the piles used in the study as follows:

(1) Drop hammers striking the tops of timber piles, e = 0.25.

(2) Drop hammers driving steel tube piles with a short dolly and timber
packing over a steel cap, e = 0.32.

(3) Drop hammers driving reinforced concrete piles with a short helmet and

synthetic lurethane synthetic packer, e = 0.40. (Ref. 13)

Blow efficiency (n) calculations then follow using the relationship:

n = W+ Pe?
W+ P
where: W = hammer weight

P = pile weight

coefficient of restitution

e
(Ref. 1)
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The Net Energy Input is calculated from:

Exer = hammer mass x g x drop height x hammer efficiency

x blow efficiency

The Net Energy Ratio is the ratio of the Net Energy Input for each pile to the Net
Energy Input for a standard 140 mm dia. pile driven to NZS:3604 conditions as
given in Section 6.2 above. It is assumed that this standard pile is of 2.7 m length
(the mean pile length covered by the standard), and that the taper complies with
NZS:3605 1977, Specification For Load Bearing Round Timber Piles and Poles.
(Ref. 8). At a density of 600 kg/m?® the pile mass is 28.15 kg giving the following
net energy calculation using the above equation:
Ener 3600 = 200 x 9.81x 2.4 x 0.8 x 200 + 28.15 x 0,25’
200 + 28.15

= 3331

The Net Energy Ratio and the Area Ratio are combined to give the Normalising

Factor (Net) which is applied to the recorded sets giving the Set/Blow Norm (Net).

The resulting variation in shear strength with normalised set is presented
graphically in Fig. 6.2. Attention is drawn to the locations of the numbered points
corresponding to the four piles with greatest driven depth, (more than 4 m).
Three of these points have moved a significant distance from the best fit line when
the normalising factor includes the net energy, (compared with Fig. 6.1).
Reference to Fig. 6.2 shows that for these piles the Net Energy Ratio has almost
halved from the previous gross energy ratio. This is due mainly to the low blow
efficiencies used (0.49 to 0.58) compared with the other piles (0.81 to 0.92), and
increased coefficient of restitution (0.40) compared with (0.25 to 0.32). These
variations occur partly as a result of the large pile masses involved (up to

4901 kg).
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Test
Ref No

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31

Coeff. of
Rest. (e)
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.32
0.32
0.25
0.40
0.40
0.40
0.25
0.25
0.25

0.25

Blow
Eff (n)
0.90
0.91
0.91
0.88
0.88
0.89
0.83
0.84
0.84
0.84
0.84
0.86
0.91
0.91
0.91
0.86
0.91
0.91
0.86
0.81
0.81
0.82
0.82
0.92
0.58
0.49
0.49
0.87
0.87
0.87

0.87

1277

3427

3427

3296

3331

3354

3134

3161

3161

3161

3161

3338

3547

3547

3547

3338

3547

3547

3338

3147

3147

23927

23927

3637

14457

12352

12352

3340

3340

3340

3340

Net Energy Net Energy

Input (J) Ratio

0.38

1.03

1.03

0.99

1.00

1.01

0.94

0.95

0.95

0.95

0.95

1.00

1.06

1.06

1.06

1.00

1.06

1.06

1.00

0.94

0.94

7.18

7.18

1.09

4.34

3.71

3.71

1.00

1.00

1.00

1.00

Area

Ratio

1.00

1.07

1.07

1.31

1.47

1.47

1.47

1.47

1.56

1.56

1.56

1.56

3.19

3.19

4.91

4.91

4.91

2.04

2.04

2.04

2.04

Normalising  Set/Blow

Factor Rec. (mm)
(Net)
2.61 8.5
1.04 30
1.04 35
1.32 27
1.15 45
1.07 40
1.66 30
1.55 25
1.55 30
1.55 35
1.55 35
1.56 20
1.08 18
1.08 21
1.08 20
1.56 11
1.08 24
1.08 25
1.56 25
1.65 5.5
1.65 7
0.44 200
0.44 144
1.05 10
1.13 75
1.32 47
1.32 28
2.04 22
2.04 16
2.04 26
2.04 15

Set/Blow
Norm. (mm)
(Net)
22
31
36
36
52
43
50
39
47
54
54
31
19
23
22
17
26
27
39
9
12
89
64
11
85
62
37
45
33
53

31

Table 6.2 Normalised sets (Net Energy Basis)
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Fig. 6.2 Shear Strength vs. Normalised Set (Net energy Basis)
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6.4 Shaft Resistance

In this method an allowance is made for the energy absorbed during driving due

to skin friction on the pile shaft.

During the driving of the longer piles (8 m to 22.5 m, Test Ref No 23, 25, 26, 27)
it was noted that as the pile bases passed through layers of comparatively low
strength the sets did not increase as much as expected, indicating that shaft skin

friction was absorbing energy.

In the analysis of ultimate pile bearing capacity the skin friction component is
taken as the mean shaft peak shear strength weighted by an adhesion factor alpha,
which Flaate has evaluated as a function of s, (peak) and plasticity index PI, (as
reported in Ref. 9). The alpha factor allows for the amount by which the soil
adjacent to a pile shaft regains strength after the completion of driving and

adheres to the shaft providing skin friction.

The author suggests however that during the driving process the soil adjacent to
the pile shaft will be in a highly disturbed state and the driving resistance
provided by shaft adhesion will be a function of s, (remolded) rather than s,

(Peak).

In tables B1, B2, B3 and B4, in Appendix B, a series of alpha factors, 5%, 10%,
20% and 50% have been applied to the mean shaft s, (remolded) acting on the
pile giving a pseudo-static shaft skin friction during driving. This has been added
to the assumed pile base resistance during driving (9 s,q..y Ap) to give the total
driving capacity. The previous Normalising Factor (Gross), derived in section 6.2,
is then reduced by the proportion of the total driving capacity attributable to shaft
skin friction, to give the Final Normalising Factor (Gross). This in turn is applied
to the recorded pile set per blow to give the Set/Blow (SF Norm) which is plotted

as the four graphs shown on Fig. 6.3.

The above procedure is repeated in tables B5, B6, B7 and B8 with the same alpha

factors but using the Normalising Factor (Net) which incorporates the net energy
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delivered to the pile top. These results are plotted as the four graphs on Fig. 6.4.

A comparison within each family of these graphs shows that with increasing alpha
factors the data points move closer to the y-axis, as would be expected. The
effect is greater on deeper piles given their larger shaft areas. The degree of

scatter in the data however increases with the alpha factor.

A comparison between these two families of graphs shows that normalising on a
net energy basis displaces the curves further along the x-axis and introduces more

scatter due mainly to the deeper piles as discussed at the end of Section 6.2

above.
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Fig 6.3 Shear Strength vs. Normalised Set

(Gross Energy Basis, Shaft Friction Allowance)
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Fig 6.4 Shear Strength vs. Normalised Set
(Net Energy Basis, Shaft Friction Allowance)



Page 27

7 ULTIMATE PILE CAPACITY

7.1 Introduction

The results of pile testing undertaken previously for NZS:3604 are reviewed and
compared with the results of the current research for ultimate pile capacities

using both static and dynamic analyses.
7.2 Research For NZS:3604

During the course of the research access was gained to the results of a program
of load tests carried out for TRADA in 1974. A report was prepared by Cooks,
Lapish and Compton, consulting engineers (CLC) presenting pile set vs. ultimate
pile capacity relationships together with a specification for pile loading and the
required driving criteria. This specification formed the basis of NZS:3604
Appendix D, Short Driven Timber Piles (Ref. 5). The piles used in that earlier
research comprised timber piles of 140 mm nominal diameter, 1.83 m (6 ft)
length and were driven into the ground for a depth of 1.22 m (4 ft). The gross
energy input during driving was 4800 ). The data base comprised 32 piles
driven at ten sites in the south Auckland area. Pile sets and temporary
compressions were measured. The piles were loaded to failure using a trailer

mounted hydraulic pile testing rig held down by screw augers. (Ref. 2)

In the analysis of that data CLC derived the following relationship between
measured pile sets and the actual ultimate pile capacity (compressive loading):

Set = -150.63 log Pyy + 150.80
Rearranging the original relationship in terms of ultimate pile capacity,
converting the units to kN and simplifying gives approximately:

e
148

Pur = 10 (set in mm)

CLC also calculated P, ,; (dynamic) for the same piles using the Hiley formula

and plotted a best fit line through that data. Table 7.1 shows the test data and

the above two relationships are both plotted against the recorded sets in Fig. 7.1.



Page 28

Test

Ref No

17

12

13

211

2/2

2/3

31

3/2

33

41

4/2

4/3

5N

5/2

513

5/4

5/5

6/1

6/2

6/3

71

712

713

81

8/2

8/3

9/1

9/2

9/3

10/1

10/2

10/3

CLC
Set/Blow
Rec. (mm)
50
36
43
110
94
98
82
62
62
149
229
116
98
67
76
91
71
60
80
68
49
50
45
43
46
51
18
21
25
36
65

45

UIt. Pile Cap.(total) Ult. Uplift Cap.

Fleld Test Field Test
(kN) &N)
47.5 14.8
77.8 30.4
70.7 26.5
26.5 16.6
22.0 8.8
26.5 15.0
37.0 21.2
35.2 14.1
53.2 35.7
14.1 5.7
6.0 0.4
10.7 4.3
17.8 7.7
20.5 8.8
22.7 7.
17.8 12.4
21.2 10.7
36.9 16.7
31.9 22.0
30.4 16.3
51.3 31.1
43.6 24.8
45.2 26.5
47.5 19.4
47.9 21.2
47.8 24.8
51.3 60.2
70.7 50.9
69.0 46.0
60.2 37.2
44.2 18.4
59.4 311

Ult.Pile Cap.
Dynamic Analysis
Hiley Equ. (kN)
66.7
92.5
77.2
30.8
36.0
34.8
42.0
54.2
54.5
23.2
15.3
29.9
343
50.0
43.8
37.4
47.4

56.0

50.2
68.9
68.0

72.6

64.6
157.2
135.0
116.0

90.5

56.2

73.6

Ratio of
UPC Hiley/
UPC Test
1.4
1.2
1.1
1.2
1.6
1.3
1.1
1.5
1.0
1.6
2.6
2.8
1.9
2.4
1.9
2.1
2.2
1.5
1.4
1.7
1.3
1.6
1.6
1.6
1.5
1.4
31
1.9
1.7
1.5
1.3

1.2

Ratio of
Ult. Uplift Cap/
UPC Total
0.31
0.39
0.37
0.63
0.40
0.57
0.57
0.40

0.67

0.40

0.70
0.50
0.45
0.69
0.54
0.61
0.57
0.59
0.41

0.44

0.62
0.42

0.52

Table 7.1 CLC Test Data
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Figure 7.1 CLC Test Results
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It can be seen from Fig. 7.1 that the Hiley formula defined the upper edge of the
envelope of measured pile capacities. Table 7.1 shows that comparing individual
test results Hiley over-predicted the ultimate capacity by factors of 1.1 to 3.1
times. This range of factors was also found by Yonge and Hudson-Smith (Ref.
14). In Fig. 7.1 the ratio of the best fit curves for the Hiley prediction to the
actual ultimate pile capacities is about 1.5 to 2.0 over the 20 mm to 100 mm set

range.

For design purposes the CLC report recommended using the best fit curve for
ultimate pile capacity with factors of safety of 2 or 3 depending on the

combination of dead and live loads.

7.3 Current Research

During the research for this present project various relationships were used to
predict the ultimate pile capacities on a theoretical basis as shown in tables

7.2.a&b.

Initially a static analysis was used combining base and shaft resistance giving:

Puir stanc = 9SuAp + asyAg (Ref. 12)

In the analysis actual pile dimensions and shear strengths at the pile base and
along the shaft were used. In Fig 7.2 these results are plotted against measured
pile sets normalised for area and gross energy input to NZS:3604 Appendix D

requirements as discussed in Section 6.2 above.

The analysis found that with piles of greater than 4 m driven depth the
proportion of the pile capacity contributed by skin friction was 85% to 89%,
compared with piles of less than 4 m driven depth where this proportion was
generally in the 60% to 70% range. In the pile testing undertaken by CLC piles
were also tested by withdrawing them vertically out of the ground to assess uplift
resistance and hence skin friction. In table 7.1 the proportion of Py

(compressive) attributed to skin friction from the field test results averages 52%.
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The method of normalising the sets to a common basis which the author has used
makes no allowance for pile shaft area. Consequently the four longest piles in the
study (8.0 m to 22.5 m driven length) gave a significantly higher ultimate capacity
for a given normalised set than the remainder of the piles in the data base. Other
variations on the normalising technique were used to attempt to overcome this
problem however the capacities of the shorter piles in the data base became
distorted as a result. In the absence of a significant number of deeper piles,
which would have otherwise allowed a more detailed analysis, the author chose
to delete the data from those piles of greater than 4 m driven length from this part

of the analysis.

The ultimate pile capacity was then modelled dynamically using the Hiley
formula. The standard method as outlined in Building Industry Authority -
Approved Document B1 - Structures Foundations, Appendix A was applied:

PULT HILEY = Wxhxn

S + C/2 (Ref. 1)
where: W = hammer weight
h = drop height
n = efficiency of blow
= set

C = temporary compression

Individual pile and soil properties were used to derive the temporary compression
values and other efficiency parameters. In analysing the longer piles the
problems outlined above also occurred and consequently these piles were also

deleted from the analysis. The results are plotted in Fig 7.2.

The static analysis as plotted on Fig 7.2 correlates within 6% to 33% of the
results of actual pile capacity testing as shown by the CLC Relationship on Fig
7.1 The results derived from the Hiley formula give values in the range of 1.3 to
3.0 times as great as the statically derived results, when comparing individual

piles. This range of ratios is similar to that found in Section 7.2,
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Test Pile base Pile Length Fnd.Level

Ref No Dia. (mm) (Total, m)

1 140 2.0
2 145 3.0
3 145 3.0
4 160 3.6
5 150 3.6
6 145 3.6
7 175 4.2
8 170 4.2
9 170 4.2
10 170 4.2
1 170 4.2
12 175 3.0
13 150 24
14 150 24
15 150 24
16 175 3.0
17 150 24
18 150 24
19 175 3.0
20 175 4.2
21 175 4.2
22 250 1.0
23 250 11.0
24 150 4.2

25 275x275 18.0

»

6 275x275 27.0

27 275x275 27.0

28 200 4.2
29 200 4.2
30 200 4.2
3 200 4.2

Su{Peak)  Su (Peak)
Corr. (kPa) Corr. (kPa)

140 145
100 94
95 87
108 98
54 85
92 89
m 70
m 64
73 72
73 7
7 72
132 128
132 128
132 127
132 127
132 126
132 127
132 127
132 128
154 145
200 148
30 95
52 58
250 140
83 92
107 95
160 100
73 158
103 141
73 158
103 141
* Estimaled

Mean Shaft Pile Adh

i SeU/BI: /B A d Elast. A ed Elast. A d Quake A d Tolal
Factor Alpha * Recorded Norm. for Area Comp. Pile Hd. Comp. Pile  Soil Beneath Pile Temp. Comp.
(mm)} & Energy.(mm) Cc (mm) # Cp (mm) # Cq (mm) # C(mm) #
0.25 8.5 23 2.0 14 35 6.9
0.30 30 33 1.0 1.1 2.0 4.1
0.30 35 a8 1.0 1.1 2.0 4.1
0.30 27 36 2.0 25 25 7.0
0.30 45 53 1.0 1.3 15 3.8
0.30 40 44 1.0 13 2.0 4.3
0.35 30 48 2.0 2.9 25 74
0.35 25 38 2.0 29 2.5 74
0.35 30 45 1.0 15 1.5 4.0
0.35 35 53 1.0 1.5 15 4.0
0.35 35 53 1.0 15 1.5 4.0
0.30 20 kb 2.0 21 35 7.6
0.30 18 20 2.0 1.7 5 7.2
0.30 21 24 2.0 1.7 3.5 7.2
0.30 20 23 2.0 1.7 35 7.2
0.30 11 17 2.0 21 35 7.6
0.30 24 27 2.0 1.7 3.5 72
0.30 25 28 2.0 17 35 7.2
0.30 25 39 2.0 21 3.5 7.6
0.25 5.5 8 2.0 29 4.0 8.9
0.25 7 mn 2.0 4.4 5.0 14
0.30 200 84 2.0 2.6 1.0 5.6
037 144 60 2.0 2.6 15 6.1
0.25 10 1 3.0 44 4.5 1.9
0.30 75 56 0.5 2.2 1.5 4.2
0.30 47 35 0.5 6.5 2.5 95
0.30 28 21 0.5 6.5 4.0 1.0
0.25 22 45 1.0 15 1.5 4.0
0.25 16 33 1.0 2.9 2.5 6.4
0.25 26 53 1.0 15 1.5 4.0
0.25 15 n 1.0 29 25 6.4

* Funclion of Su & Pl

¥ Building Industry Authority. B1 Structure - Foundations.

Appendix A - Hiley Formula, Table A1 Temporary Compressions.

Table 7.2.a Analysis of Ultimate Pile Capacity
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Test
Ref No

10

n

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Ult. End Bng.
9Su Peak
&N)
19
15
14
20
9
14
24
23
15
15
15
29
21
21
21
29
21
21
29
33
43
13
23
40
56
73
109
21
29
21
29

=9 Su
x Base area

Uit. End Bng.
9Su Rem.
&N)

10

6

12

1

17
11
1
1
17
11
1

15

24
37
43
13
11
13

1

Ult. Skin Fr. Ult. Pile Cap.
Su Peak based Total Static Anal.
(kN) 9Su + Sk.Fr. (kN)
20 40
36 51
20 34
31 51
26 35
24 37
29 53
26 48
32 47
31 46
29 44
45 73
36 57
34 55
34 55
53 81
34 55
34 55
45 73
73 106
78 122
67 80
135 158
70 109
425 482
580 653
743 851
53 73
71 100
53 73
71 100

= circumf. x driven depth
x mean shaft Su x alpha

Ult.Pile Cap.
Dynam.Anal.
Hiley Equ. (kN)
107
107
93
108
71
80
93
110
99
85
85
140
164
144
150
226
129

124

316
248
118
163
228
188
239
369
139
174
119

183

= hammer mass x g x drop ht.
x hammer eff. x blow eff.
l(set rec.+ Temp. Comp./2)

Ratio of
UIt. Skin Fr./
UPC Total
0.51
0.71
0.59
0.62
0.75
0.63
0.55
0.53
0.68
0.67
0.66
0.61
0.63
0.62
0.62
0.65
0.62
0.62
0.61
0.69
0.64
0.84
0.85
0.64
0.88
0.89
0.87
0.72
0.71
0.72

0.71

Table 7.2.b Analysis of Ultimate Pile Capacity (Cont.)
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Ultimate Pile Capacity kN
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Figure 7.2 Predicted Pile Capacities
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8. DISCUSSION

During the course of the study difficulty was experienced in obtaining data for the
two extreme ends of the shear strength range under consideration. Most Pilcon
shear vanes have a testing range limited to less than 200 kPa shear strength. As
a result there are few data points at the upper end of the strength range included
in the study. The two which were included at 200 kpa and 250 kpa were both
above the range of the shear vanes being used. These values were estimated on
the basis of the strain which had occurred up to the maximum reading and the
difficulty of augering the soil compared with other sites on which shear vanes

with stronger springs had been used.

At the lower end of the range few sites were located with uniform layers of
cohesive soil in the 20 kPa to 50 kPa shear strength range. After several months
of reviewing projects with driven pile foundations a suitable low strength site was
found. The contractor was briefed regarding the driving of three piles adjacent
to a borehole however, due to a problem with the timing of access beneath
overhead services, these three piles were driven before the author arrived at the

site to measure sets above the pile founding depth.

Discussions were undertaken with various people in the piling industry regarding
factors which contribute to the variability of pile driving resistance (Ref. 4, 6, 13).

Some of the responses are listed below:

M Excessive pile taper, causing increased displacement of the soil as pile is

driven reducing the sets.

(2) Large knots causing swellings on the pile surface and increasing driving

resistance.

(3)  Timber saturation in newly treated piles giving a larger pile density and
effecting the ratio of pile mass to hammer mass and hence driving

efficiency.
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4) High ground water levels, reducing driving resistance through lubricating

the pile especially in cohesive materials.

(5)  Set improvement with time, through leaving piles during lunch break or

overnight before measuring the set.

(6) Pile orientation, driving piles large end first can reduce skin friction during

driving.
(7) Formation of an annular gap around piles during driving in stiff clay

The present study has focused on cohesive soils. There is scope for repeating this
study in granular soils provided a suitable soil parameter is chosen to which the
pile sets can be related. The author attempted a correlation with the Scala
penetrometer in non-cohesive soils but could find no strong relationship due to

inconsistency of results.
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9.

CONCLUSIONS

The important findings of the study are concluded below:

(1

(2)

3)

(4)

A relationship has been derived between the undrained shear strength of
cohesive soils and the normalised sets of driven piles. The relationship is
shown graphically on Fig. 6.1 and can be expressed mathematically as:

-0.02322 SET
Surean = 240 e

The above formula is limited to a reliable range of about 30 kPa to 200
kPa shear strength soils with driven pile depths of up to 4 m. The sets
should be normalised to NZS:3604 Appendix D driving conditions as

discussed in Section 6.1.

The practical application of the above formula for design purposes is
outlined in Appendix C in which the required shear strength at the pile
founding level can be derived for a particular set given the pile base

diameter, hammer mass and drop height.

The statically derived ultimate pile capacity (compressive) as discussed
in Section 7.2 gives results which are expected to correlate closely with
the actual ultimate pile capacity, when sets are normalise for area and
gross energy input, provided driven pile depths are less than 4 m. Whilst
individual results will vary a best fit curve using least squares curve fitting
techniques applied to a statistically significant sample size is expected to

give close correlation.

The Hiley formula can be used to estimate ultimate pile capacities for
design purposes provided that in the case of piles of less than 4 m driven
depth in cohesive soils, a factor of safety of about 5 is applied to the static

design loads.
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(1

(2)

(3)

@

(5)

(6)

7)

(8)

9)

(10)

REFERENCES

Building Industry Authority, 1992, Approved Document B1: Structure,

Foundations, Wellington.

CLC Consulting Group Ltd (Lapish, E. B., & Melville-Smith, R. W.), 1974,
Technical Report In Support Of Draft Specification For Driven Short

Timber Pile Foundations For Light Timber Frame Construction, Auckland.

Gentleman, R., 1995, An Introduction To Statistical Computing Using R,
University of Auckland.

Grover, M., 1995, (Manager, Auckland Pile Driving and Drilling Co Ltd.),

Personal communication.

Lapish, E., 1995, (Director, CLC Consulting Group Ltd), Personal

communication.
Marks, K., 1995, (Director, Pole Specialists), Personal communication.

NZ Standards Authority, 1978,1984,1990, NZS:3604, 1978, 1984, 1990,
Code Of Practice For Light Timber Frame Structures Not Requiring
Specific Design, Wellington.

NZ Standards Authority, 1985, NZS:3605, 1977, Specification For Load
Bearing Round Timber Piles and Poles, Wellington.

Simons, N.E. & Menzies, B.K., 1977, A Short Course In Foundation

Engineering, Newnes-Butterworths, London.

Tomlinson, M.]., 1977, Pile Design and Construction Practice, Viewpoint

Publications, London.



Page 39

(11

(12)

(13)

(14)

Walls, K. L., 1994, A Critique Of NZS:3604, Master of Philosophy thesis
(Architecture), University of Auckland.

Whitaker, T., 1970, The Design of Piles Foundations, Pergamon Press Ltd.,

London.

Yonge, J., 1995, (Director, Gilberd Hadfield Pile Company Ltd.), Personal

communication.

Yonge, ). & Hudson - Smith, E., 1986, Design and Construction Aspects of
Driven Timber Piles, Symposium on Pile Foundations For Engineering

Structures, NZ Geomechanics Society, Hamilton.



APPENDIX A

Borehole Logs



Location A AT
jobNo: T A4/EC/ 14 /
Poject- _ Stephqnie C/ose LOG OF BOREOI‘;L(%I'-_MEMRL&&;
Borehole Location-  CerTre of /ot
Surface Elevalion:- - Sample Data
Surface Conditions:- G-M (X3
oo '_g oy ] g fg-n
- Sla " < c | g £ _§ &
5 Soil/Rock Description 213 g‘ Z122| £|.8_ |8 *E g = é
F: Ble| E|S138| 5|2eE|s5|8 § £ :
S| S [=) SIES| E|&E52(28|S U 5 %
FlL- Sandy ST non - Ms‘hc
rqyish 3 hY- /e B ”/ Vio2 - Scala,
TRy Sk b it (phtrey molfes - “I FTRn | et agje
SAND, camdnTe.d, hard, brown ‘- o o) ure B
s =, ol - 4
s:z..r Some Sard, mjhor cfs x. X| L VIS L
% | ML | VISE '
4"” “pcdd, ,afas?ﬁ-t o = - x - B REs B ]3
%5 72X H
6/0@0(7 wirth @ﬁﬁ?”{i‘bﬁﬁ / )(-KJ.C i - Vi4d B .3'
f‘\;f:?‘,jha{? with oiq'avz s?&m.rvy x| D R:So —— H
IRz /e N i VRl'Il i &
mez clay 7 Vido B H
xx [ " Red i 3
x L viés | -
£E.O0 8. /5m " R4 -
— —_. 2 D __
L L
E== —3 D —
— — 4 D —
— 5 D [
Date Logged: Zq/ ¥/e5 Observalions: 2 2 Fred Thomas Dr
Logged BY SHE / UT;e-wunablse 10 penetrate . Bﬁ:(ai‘logeznslrse%
Shear Vane No, D.R.2992 with shear vane RILEY NEW ZEALAND
CONSULTANTS LTD Ph 489-7872

Shear Vane Testing Based on BS 1377

Engineees and Geologhts

FAX 489-7873.




A2

Location B

N QLT SINVIINSHOD 4451510 Py sy ey v
NIz N A3 .ni.&huﬁ”.‘__.ﬁ NNMN}\ ¥a oz..o»iwuﬂ.%_
ch.ﬂﬁn_:_!n“ r..l‘ OIARO 9j2fez 22120
— a - _
N b ‘goF
. L2 4 X ¥
=i /15410 r— | —
] 1 |%¥]
J 1
= il 1 X x|
|| tv>. |.| Xl -
i 1| M\K
] B b
] x| i 2010 b4 ySu ey
#5nTC t %X : —
] 1 B Bhyo i Lmerog oo
- s 1y — — - — — =
=] AT ] ..x -
] 1 Ikx
. b 24 ~'|.dt ¥
At a ] 8@20 ‘¢ w«\wt.ﬂ_{s —
E 1 1S Fahep s
A -
] ] m.xn \W\.\H W) \N‘Seuo
] 17751 b
7 ely — - D.
- 28410 1= ] s P&ovo ¢ §iis Awro |
1 { |2 10909,
] 3¢ _ wyQ
] Nwwr i Y wb\:\u«w\ rosday qper
] ~ W dbioo (Agis ARZ CTHS
i & v.wA UNG4] ¢ YDA
R EEIAEBEBE :
m. g w M w 3" 3 mm w s |2 m.. ONdIIDS3Q YOONI0S g
i3C 3
umey )
e s — A Do
Sy TET oo oo
(L pury 1xg wuxy)
..... e ]
£"FI0HOE 40 D01 ELD ]

Z926Ar XV$ !‘. FZisR D] JUTA N
i oLsIvINEKeD wremewe | GZSE 0 s
) W Sieauad 0) Qe = iy L D~ "wmovuwwo._
Pty - o ww\w\ﬁ o1 dreg
= p ¢ —] —
il . v —] —
] § s
3 w N S kA  and
7 2200 © e Plke| * Foebysigen hgisys Az
3 1 Ix
1 by L o
I....hm.nr.w ey 3 [x 4
NEd /o R 1 b3
- IJIUJ a.\a_ﬁ .s__n_\m.vh) - Kw“bvw{m%
S by p -x. ko B2 Lover LTS mu.sqouumv
7 sp0 . xz||1|I|II|
i a0 kw SDwrR
- | | B X=| N/ I
] ey | 172|~ e e t.:lOV% Lenpays
- SpA _ o gﬂ.\: ao%vb. IS Av72
E g 1 X N
] ] "3y rasdsy ‘Syarsf
] . (poy=sprooup) 7704
= AEAERER £(§ g
§ W m £13%|54" w m._ g m ek uodi0s3q POYAIOS 5
Pecff” R HE
e sy s AR S
by Fog  wowl sewmi
{s3dny puey £\Q ukigl)
..... P=N] 2, DAY
7" 3I0HTIOG 40 DO A




A3

Location C

urreg ¢

wowg

oItpuIg weg

98/01/¢ 11vd 9811130

q1.# Iu9PIOITy Y] DATeaQL ) SI{NSIy Juvp
ftasdoy ing

ool — NNl s

77078 159 S8t S

pusg 13809

cerved XV = /ZE1 SE Uo psTeq Bupes) suBA ey
o HET—o a suva meys 2662HQ "ON OM_1>
an m.E(h._:nzoo ATUd UM sjueued of SKRUN= dLf) rdrorY :Aq peBBoy
lo.!:.!.l“tﬂ IsuofeAleSq O 065 :peBBo emql
— q — o
] ] we'y @ TIOHIHOG JO ONI
-4 -4
b | S.d ] .
a EHE! 4 Y 4 i
- d EBElessscsssscmecoasiicnsie okt Lo NO1
- sty -
= osi A2 — |
sy TN EES3Buimows eBvwso *Ae.8 iy ‘opemid A '1IS A3AVID
—1 NM .n ] € — eBuwio pofow £e.8 16yl ‘onswid AUBIY "AVID ALVS
u_ ISA ] Bujuow aBue.o ‘A onswd AluBiy *L1IS ATAYID
- ey .
. 2ot Al-T - 3
] 1LY 3
= zeL A8 z— sbueio pemow Ae.6 1yBy =
I_ —
— nwo— L a s .In._ abueso pepiow Aeill Sweliouou -
- 4 ] 48,0 yrep ‘Selio ‘opswid Auby 'Av1O ALTIS
- - e
= wwalS 1= p
1 -} wucrsnpu) auriso ka8 18P [2U0Y8EI00
1 | e e e |
- oy - =
— zxIAlLD — l
& 5 7 ‘AauB puw abuwio 0 pexpual| “opswid Aybry *Awp Ay
7 wla g wami5 puw Awp pexpusew) T
J [e] o [~]
Ol EHEE R EHEEE g
MMW gt (W 3|5a @ 3 M vonduaseq ¥20H / I1os E
32 |3= B m B g _Is
L _ H .m pessesd SUORIPUOD GGG
m. m vive = g ws unieq (W] 60201 UOREAS[E SORMNG
NMVS - uerd ws sen UO[EGT eoyelog
{5390V GNVH @ w6z —eloig|
e speuBdvgey| e
BG"370H3YOg 40 ©O1 Zoia ONr

L5
-
SI¥LIW 9°T 3308 30 ON) L
1ea3uad 01 NP b=
Ajucwyy $SIt -
= pivouy 5L |- X =
Supuiers uowy| awos ‘19wdod | X
pues *A2u6 yawp *j111s ‘Kake(d ‘NS - X
= u
= WYY ww O pueq oWy | ||Im. X m... T8l
- X
L
[ X
= 52110m A316 |PUOYSEIIO f— X =T
bujuyers [ X]
S1juomy| umosq mot13k euoyseade [ |X
$19y20d £aked $$3| awos !M: X L
- IX
$31720w uIN04q 3dand awos ‘Aaked> [T X
= 5 ol
W g [ - p°l pueq Kakeyd ssa; L X b
= unop paydva, {y0sdoy swos | X
= (1| X Til
S3(110W UMOIQ RO | 3K Jwos H X 1
-+ £3.6 3yBhy *pp0as tKaked Apbys s | X
o o = 141
sugysnduy |}0sdol wwos b
‘4246 qyby ‘wnipaw "s3pys Apugem g 7
09 0s ov OE o0t ©o@ 02 o 02
NOWLdIYIS3Ia M09
X unn ainont N W 18w £°0/SM019
m 2] X 30IVA .M. GNOWAYY 'L'd'S
v 4 LW JUsSYd -] Qi34
3 m LsigNn O aNva
B inawnoo Funisiow i|=
usiann 0 wixviul 'wana
% LNO! \/
£ D AL (wd¥) HLONIWLS HYIHS

65198 ON €OF

Z ON

98/0(/6 W €472 $19W 13ATY HILYM ONAQHD

AVE ¥OLSVD

133HS IQYNY WdSI IHL

3409

riSOLr 3INOMJITIL ° ONVIVIZ MIN ‘0L GNVINDAY 'teisC XOd "O'd

‘dl? 'OQ SNIHIINIONT T10SdNS

aus

w §9-0a( 13431 a3dnNA3Y




A4

Location D

nﬁmwu.vw.wco:u e s ol ._mwm nonmﬂﬂ."xﬂ i w1eeujBue Bufinsuod o8t mowiss n._m-.___fouun
N sioeujBue Bujnsuos PraveTidoy 03 o51-.01 oo i, S 10-cc XO8 Aapspeod’l Jejiliq
SI0EE X08 5701 3¥ 0IWpLeM] b aics e)|14Q alLl SINVLINSNOD A3TIY TUO|INAISNNGO e/ peys|uld ejeq
Y 1 OL7 SINVLINSNOD A3 suojleAIesqO A paysiuld wimg it :%* adsws  Aq pabor Wik psums wimg
oy %— Ledooy’s pabBoy L0/9/t  peuinis  ejeQ = T T3
] cosufr] s X
] ‘s K
6l 1 Sd fel — &5 X x
: ////// %
] ootn -
] N P27 R X
3 / *
914 / 2 —— 8- .x.vw
/ / wszeen [ X
<. .
W 2| £ m|XX] “koxs eniq .»:uﬁn.-..__ S.l..unm ﬁ.
L= 7 - N
w ST9r TIGEN0M 0 el ./ ] xlx
524 A ol
A W ] - / sotn = X
7 poon pafwdep Jo 93133 ¥ ATA POYTIs - . E |
- <~ Arresyuelio ‘unolq W §°91 - 091 [ - a9 E
/ , = aT“ ..|.m 1 / ] LR : X ,x
= - —
= b e = X.
- g £ 7] E | res
. ! W 294 U] | = N 4 E ~° | tpuss Lragdris pues jo -“-w.m- :m«m -
i 4 2 - / 3 WX X | 4023 qawp ‘A3ydtaswid mop "LIIS —w»ju. F
51 e 4013 on1q ‘4s4 Wwp Q'O - SZ°S1 m TR o 5 = 5
/ g LR == B O (e I ////// z e :
- 4 3 = | =
h, — - 25 1
" sed [ ol //// \ oot ] _—
3 el b v ] L % peuyras L[edjusdio “unoiq pwp w Z°y |
/ st [T i -.x. 1 A STLETE S s ] L &
- 121 m— - H .|
/ SLd U . 4313 7 X=
- - oniq ‘m SZ°ST = 0'{1 Puws JO 9dWAY
79 4 €1 - / hec1-2e AT U _—
= 1k NN 1 18
\ L \ E oot puseop oot S
/ oord ] g ////// I I sl -~
: || d [ \ W == o [
/ s ootd o] B . ////// 15 E i
- . - — 7 -
/ L] ] % LA T ] X
— - Ans3 1q “4a1F yep 1 -
/ //// m .uﬂm.i E 3 zwd = haparaseid iz.!ﬂh VD ALS ////// - ] (-
- — = T =. [
1] P 23 *wsbusy w0 L5 TA| I 3 o=
/ 2 R ' I e PR e il emefhindy N 1 Fs oo wtoss
o | 3 ] " doad wnpg *Aead wirp ‘oM LLTT = L:M: E s T 114 .»:u«u"“-ﬂz .»<“u AT1S
== . - El L] 40 - -
w | I P e e R N |8 ] T |
1 w | fl iyl e deeiey vees Taiea & ‘iais towes ARV - o =
—
ss355|e|se|FEz e 2 [32| 8] 2 [eslse £ sssse|Feldem ey = 85|87 [£38 3
R EEI R4 m z=2l 2| % 3=es F4 2|FE|2c|l=es2| E |ZG| 2| 3 1352 uojidpusseqg Yoy ; (9% =
- m@ cla=|s2j2 35 % [68|a| =2 |5 = uojidposeg %¥20H / |IoS ) - na slaF|*zsl-28 R ez|2| 2 |22 2
« 2% |2|83)"2[ &7 5 I52|5 | 28] 5 < #2323 |a|=8| z| 27 @ [F5|a|Z [*°] @ s
~ %3 |2 3| 5 |= |eR|al3 = - = I R L B
s= = = zZ|= T 306 135 (SUG[i|pucy eovpng m o s a o
= " e < TORNG 7 mms 5 VGRS $SePAG| T E
I1dWYS W 115 5% [ucji#co] 9|oqeiod m._ LAES WYid Alis 535 UO|IN307] e[oyeI0E
JTrE s v e fiseleid | SOt ERS TN o) f19eTo%d
€ JTOH3HO49 40 DO T Ton F € JTOH3HOH™ 40 D01 T Tow T




Location E

A5

Job No: 89211 i ;
- LOG OF BOREHOLE..1..
Project: 48 Seaton Road, Murrays Bay (..70..mm @ HAND AUGER)
Borehole Location: see site plan SAM'IP'kE 5 3
Surface Elevation: 33.65  (m) Datum: site 3 » 04 £E
Surface Conditions: grassed fil g g 5| =%
E E E €9 g 2| 2F
— o et {7 =~ o E
%;é Soll / Rock Description ‘é 2 E 2 (29 % QEE %g g Egg
G 5|S5|8|8|=8| & pa £(28p o3r
FILL, clayey silt, moderately plastic, yellow brown, & MH Vst M H
some greyish brown topsoll >< /
ML
[ topsoll, siity, greyish brown, trace of dacaying topsoll C = \4;34 if
= O SO ! X
H clayey siit, yellow brown, topsoll, greyish brown < 60% » -
___________________________ Y I I e A -
orange, yellow brown, light grey vst| m Ro3 |
U L
Topsoll, greyish brown rF N St\w 2
Iy = -
CLAYEY SILT, highly plastic, orange, yellow brown, |% | MH[— Vst D ‘F’l15§4 I
soma light grey X = =
[moderately plastic, ] - [, V136 s
x( 1 [ D lrsa L
ML
some limonite gravel 2.2 -2.35 m X o ~
g S N V136 -
T -l D _|Re3 L
o)
n x - =
---------------------- x B V172 =
é light grey, some orange _ 3 D A75 I
é > ~ o ™
2 - R B
8 SILT, slightly plastic, light grey, yellow brown, orange % | ML N VSt L
] » L / ) V106 =
b St R52 H
x =
x X I B
SANDY SILT, slightly plastic, light grey, yellow brown XN N H =L
. —4 D _|ure —
X F EstYz50 5
% |5 L
X =
< [ D_|ute =
CLAYEY SILT,moderately plastic, light grey, orange  |%=~ [ MH|_ -
A ML
End Of Borehole at 4.8 m - -
__5 =
Date Logged: 13/12/89 |observations: ) 110 WAIRAU RO
Loggedby: GuH UTP =unable to panetrate wit RILEY CONSULTANTS LTD 0% 19025 Nofmt shone
Shear Vane No.: DR2992 shear vane
Shear vane testing based on BS 13 consuling epglneors mm




Location F A6

B |

LOCATION:

o ek
erE /o Eg};;g EE
! % ::r g . 4 %;%‘ig%{iig‘gg
% o - ’ W i/ /! 181§ » 2
Uy E-m#f R AT VAT /////,l/////i’/ﬂ??%:é% . Eii
- IR 3RJz89k E
2 ls[@EsTar ¥ T [e0 ¢ [ v [ ¥ [t [t [ v] e
& [ © | N I T I S B g gﬂ
m = 148 : 35] by 3.3 i
R i . s a2
8 ’ ’i: :‘ _ “‘\;, = g - — 21 " mmoalfd .
_Il il (T ? ||||| :'F. losns un—hn |||||| _I ||||||||| T -F lllllll T lllllllll -l lllllll Aesyisisns IFNEETY) ¥ 1L ’ g
o | (o] (LIt o LI 7 E £t 3
.3;. x %,.E}";\-y,“ I O B |l' \ \|||||\,‘I E}fé 1
2 polomile seoze o 0 Iyl U o U 1 [ I I U I 555.
¢ | 1§ ] Lo )| ! - %%gig.ﬁ;}s
i e T S ik s
IR et p
1l D N It L 14 :
EIE ¢

T wae
FUACE ELEVATION: (. & |
SURFACE COMOITIONT: e |

Fog—ts
- =
cheyp
T, —

R e
[T pOT 2
CLAY
Maak

Yoy
Crpman
.

¥

_‘-

SOREHOLE

FLISO4DT WATOLE 19

" |[raEx consuLTanTs LTo

LOG OF BOREHOLE 3

MEHl0 i

LARORATORY TESTS

tw; (1]
re

Sheet ) __ ot &

Lieqid Llenir (%)

Wiger Contend (%)
ey Oweniry (ig/ m3)

%M & LS : E

==87/7777 T TR T TR
- 3 0 3 1 0
oS g2 3 %

a8 2 § 3§ Fz{
o | |l ! H

o a ° (2] -]

- n w

LABORATORY TESTS

SAMPLE DATA FIELD TEST3

AL

(wiHidi0

_[AREY CONSULTANTS LTD [rrosct wo: 43134 -

0aN,
QLN

®
ool . .5
P sy B KV ¥t mw o4 o4 R4
o4 oa AR g x 0 A UL 4 xR

SO / ROCK DESCRIPTION

Wngec ¢
BORTHOLE LOCATION: ., - fvbe P
SURFACE ELEVATIOW:  \[.& |

e et emied, S ipe e | <

PEAT |, Weah il
vt
Ty T 5T, 5
s
——
et
3
{309 sam
LTelataelt | as -

Cliy | bgdyy Pl

Ail] Pk, gredia % and
»
By swi, v— (P o7 o

-

-~
&

Sy
o

L " hea
e

-

DATE STANTED, . 26

PROSLCT:

DRELLIR

L
EEL S FLIBOID

g
i
:
£
g




A7

Location F (Cont.)

[res

2]

45

~shag © RO-B

FHE

R

i

:

0

Axl yop ' P

Appv ' wuousane 4 avoiscvp |§ 2

o | bz

S

LY
M

st

Siis0 434 BNV3S0451197%

)

DD

LEITI

[ENRARENY
JoamAS

ce
H]
NOLLAIIS30 300N / NOE 2,

[ SSNOLLIONDD TS

%+ 7 evuvo

19710 wouwaaa sovans ,

o]

4d8

1 =% |E - o

§ |s- 3 2

- -

=

RLSIL AMOLYNOEYT £
TR R T s

< F70H3"O04d 40 D071

= . TE (N0uwooT ToH0R

¥YS TR uowows
VSISl fon 1roud| GL7 SINVLINSNOD AT

=S R

ELERL ANOLVHOEYTY

l@iHid20

BT

€ 370H34048 40 D071

5 T

el

LS Ele o 1oroud| 017 BLNVLINENOD A3 WY

—



Location G A8

(b No- 95129 OLE
poject:- Py0cHG T RD LOG OF BOREH DuHand.....
Borhole Location:- -
Sample Data
Surface Elevation:: ‘
Surface Conditions:- SadssED _ T ow
2 = %
o ElE| 2| Elus - » _% = .§ &
5 Soil/Rock Description 2lE| e |25 8|58l § g g 3 £
8 5|5 A B HELHER R E
TS L s'\\\-:s ol o SS B %N B
< - -
—'g"‘—"'l' <=w-e c :2,-:.\1«9@L~1 (ia.iht_. 5w [MU |- -
L, Chelimiy ,\} - V208 l:a
e’ i 26 s
'ﬁd&?_lt\m.f sl .w\‘:-oa- oD o 7‘: : :
SHle brone—ich oftesy = < % [l B
[oen] sl < [ 5 [Vito [
ST Aroce s~ ~on plashc 4 €27 |
I|Q_ ey | areog raitla s _/Ix "
L L -
\amonidr, d'nw\v-ﬁ Sl i B
“ - -
*
- N vaut —
vestered  LMsBre Lumps x,:‘ B B
% B
<A b o 1v73 i
* x = — R4&6 =
% v B
" -
%~ = —
> = -
_Fca\-\c\‘r L+ [ V2 —
"y B 32 »
¥ % = L
R L. -
28 -
;L ;3 —D—-woz |
= ~
oy i | |38 B
¥ X | -
x b—
LR —
|- ¢ "y I =
Slighsly  plastic - il lviez [
S 0 & R52 -
Y R
o, L B
* X » =
~ & . -
T Po<keds KL 3«1449 S-\“‘ ‘l~*¥ —4 ...VTI -D_ \nggz __
SiCT ;C.:-a. |~ Plasinc . Ax% i [
am brove~, L(S browa>m X.)‘ I N
* " -
* A . vila -
i x % [l - Rzs -
b
I X ~ i
% R il B
2 L - =
-— iakkel —5 o —
<% - ] B
EOR 5 2m Y T
Date Logged: 222/ Observations: 2 Fred Thomes Dt
Logged Byrnne fors2. 0 cyun 8, perEe G RILEY CONSULTANTS LTD S8 A2 Ns
Shear Vane No.: DRr2992 with shear vare. Consulting Enginneers HEW ZEALIND,
Shear Vane Testing Based on 85 1377 - A aBsTeT3,




APPENDIX B

Analysis



B1

ANALYSIS

Regression analysis was undertaken on each graph presented in the study. The
computer program R was used to perform the analysis. This program was

developed by Robert Gentleman and Ross thaka of University of Auckland.

The least squared method was used to study relationships between the variables
in order to select the most appropriate mathematical models to fit the data.
Various models were used using power transformations including logarithmic and

quadratic.

The following is an example of the analysis which was undertaken for Section 6.2

Gross Energy Input and Section 6.3 Net Energy Input:

The variables referred to are as follows:

set = set/blow (Normalised)

supk = shear strength (Peak)

surm = shear strength (Remolded)
(Note): log refers to natural logarithims (base e)

For fig. 6.1 the best fit curve (the model with the highest percent of variation

explained, 86.21% ) was as follows:

log (supk) = 5.4806 -0.02322 set
which can be simplified to give:
-0.02322 SET

Supea = 240 e

The details of the analysis are as follows:



B2

> regress (set, log(supk) )
Coef

Intercept - 5.48056805 0.068492603-

std Err

t-value p-value
80.01693 0.000000e+00

set -0.02321567 0.001723981 -13.46632 5.240253e-14
C.I.upper
Intercept 5.62065116
set -0.01968974
Percent of variation explained: 86.21
Estimate of error Std dev: 0.1579508
Erxror df: 29
Deg freedom Sum squares Mean square F-statistic
Regression 1 4.524198 4.524198 181.3417
Residual 29 - 0.7235056 0.02494847
Total 30 5.247703

Plot of res vs fitted
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The alternative logarithmic variation gives:

supk = 363.28 - 72.168 log (set)

with 78.11% explained variation.

> regress (log(set), supk)

Coef std Err t-value p-value C.I.lower

Intercept 363.28174 24.978840 14.54358 7.327472e-15 312.19427

log(set) ~72.46778 7.123537 -10.17301 4.465894e-11 -87.03705
C.I.upper
Intercept 414.36920
log(set) -57.89851

Percent of variation explained: 78.11
Estimate of error Std dev: 20.92507
Error df: 29

Deg freedom Sum squares Mean square F-statistic p-value

Regression 1 45313.98 45313.98 103.4900 0
Residual 29 12697.89 437.8583
Total 30 58011.87
Plot of res vs fitted Normal Q-Q Plot
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Analysing a model with both variables logarithmic gives:
log (supk) = 6.9641 - 0.76012 log (set)

with 73.84% explained variation.

The details of the analysis are as follows:

> regress (log(set),log(supk))

Coef std Err t-value p-value C.I.lower

Intercept 6.9640860 0.25973891 26.811871 0.00000e+00 6.4328603
log(set) -0.6701157 0.07407309 -9.046682 6.08912e-10 -0.8216121

C.I.upper
Intercept 7.4953117
log(set) -0.5186192
Percent of variation explained: 73.84
Estimate of error Std dev: 0.2175863

Error df: 29

Deg freedom Sum squares Mean square F-statistic p-value

Regression 1 3.874733 3.874733 81.84246 0
Residual 29 1.372970 0.0473438
Total 30 5.247703
>
Plot of res vs fitted Normal Q-Q Plot
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Remolded shear strength vs set was also analysed

The best fit curve gave:

log (surm)

with 72.37% explained variation.
The details of the analysis are as follows:

> regress (set, log(surm))

4.7937 - 0.023175 set

Coef Std Exr t-value p-value C.I.lower
Intercept 4,79371759 0.116950568 40.98926 0.000000e+00 4.55285339
set -0.02317514 0.002863897 ~-8.09217 1.905656e-08 -0.02907344
C.I.upper
Intercept 5.03458180
set -0.01727683
Percent of variation explained: 72.37
Estimate of error Std dev: 0.2153847
Error df: 25
Deg freedom Sum squares Mean square F-statistic p-value
Regression 1 3.037804 3.037804 65.48321 0
Residual 25 1.159764 0.04639058
Total 26 4.197569
Plot of res vs fitted Normal Q-Q Plot
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Multiple regression was also trialed varying both shear strength (peak) and shear

strength (remolded) with set concurrently giving:

set

with 83.90% explained variation.

The details of the analysis are as follows:

> regress (log(supk), log(surm), set)

Intercept
log(supk)
log (surm)

Intercept
log(supk)
log (surm)

Percent of variation explained: 83.

Coef
209.786084
-36.024470

-1.552570
C.I.upper
244.46598
-18.08812

14.47270

std Err
16.803101
8.690517
7.764563

Estimate of error Std dev: 6.16004
Error df: 24
Deg freedom Sum squares
Regression 2 4745.368
Residual 24 910.7062
Total 26 5656.074
Plot of res vs fitted
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Fitted values

209.786 - 36.0254 log (supk) - 1.5526 log (surm)

t-value p-value C.I.lower
12.4849625 5.480061e-12 175.10619
-4.,1452618 3.647942e-04 -53.96082
-0.1999559 8.431997e-01 -17.57784
Mean square F-statistic p-value
2372.684 62.52776 0
37.94609
Normal Q-Q Plot
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The following tables are referred to in Section 6.4 and comprise the

analysis which took place in the preparation of Figs. 6.3 and 6.4.

Test Pile base Pile top

Driven

Fnd.level Mean Shaft Shaft Skfr. End Bng. Total Cap. End Bng. Normalising

Ref No Dia. (mum) Dla. (mm) Depth (m) Su(Peak) Su(Rem) Su(Rem)Ftr. Driving Driving Normalising

10

1"

12

20

21

22

23

24

25

26

27

28

29

30

k)

140

145

145

160

150

145

175

170

170

170

170

175

150

150

150

175

150

150

175

175

175

250

250

150

275x 275 275 x 275
275x 275 275x275

275 x 275 275x 275

200
200
200

200

155

165

165

180

175

170

200

195

195

195

195

195

165

165

165

195

165

165

195

200

200

250

250

175

225

225

225

225

12

2.6

1.6

2.0

2.0

1.8

2.0

2.0

2.2

2.1

2.0

2.0

19

1.8

1.8

24

1.8

18

2.0

3.4

3.6

3.0

8.0

3.9

14.0

18.5

225

2.0

3.0

2.0

3.0

Corr. (kPa) Corr, (kPa)

140

100

95

108

54

92

i

111

73

73

73

132

132

132

132

132

132

132

132

154

200

30

52

250

a3

107

160

73

103

73

103

80

43

43

45

41

47

37

34

38

39

38

70

74

74

74

74

74

74

74

47

26

30

36

39

59

51

59

51

5.% (kN)
2

3

23
37

48

kN)

19

29
pal
21
21
29
21
21

29

23
40
56
73
109
21
29
21

29

{kN)
22
18
16

22

33
4
24
24
34
24
24

33

46
80
109
157
25
34
25

34

Factor

0.90

0.85

0.89

0.89

0.80

0.87

0.92

0.92

0.86

0.86

0.87

0.88

0.86

0.86

0.86

0.85

0.86

0.86

0.87

0.71

0.74

0.86

0.71

0.67

0.69

0.84

0.85

0.84

0.85

(Gross)

2.72

1.59
150
1.50
1.50
1.50
1.54
1.13
1.13
1.13
1.54
113
113

1.54

1.54
0.42
0.42
nm
0.75
0.75
0.75
2.04
2.04

2.04

Final SeUBlow
Factor  Normallsing Rec. (mm) Norm. (mm)

Factor

244

0.92

0.98

119

0.94

0.95

146

1.38

1.29

1.30

131

1.35

0.97

0.98

0,98

131

0.98

0.98

1.4

0.00

0.00

0.30

0.31

0.96

0.53

0.50

052

1.71

1.73

L4

173

8.5

30

35

27

45

40

30

25

30

35

35

20

18

21

20

1

24

25

25

5.5

i

200

144

75

47

28

22

16

26

15

Set/Blow

21
28
34
32
42
38
44
35
39
45
46
27
18
21
20
14
2
25

34

59

45

40

23

a8
28
44

26

Table B1 Normalised Sets (Gross Energy Input, o = 5%)
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Test Pilebase Plle top

Driven Fnd.level Mean Shaft Shaft SkFr. End Bng. Tolal Cap. End Bng. Normalising Fnal Set/Blow  Set/Blow
Factor  Normalising Rec. (mm) Norm. (mm)

Ref No Dia. (mm) Dla. (mm) Depth (m) Su(Peak) Su(Rem) Su(Rem) Fir. Driving Driving Normalising
&N)

20

21

22

23

24

25

26

27

28

29

30

n

140

145

145

160

150

145

175

170

170

170

170

175

150

150

150

175

150

150

175

175

175

250

250

150

275 x 275 275 x 275
275 x 275 275x 275

275x 275 275x 275

200

200

200

200

155

165

165

180

175

17¢

200

195

195

195

195

195

165

165

165

195

165

165

195

200

200

250

250

175

225

225

225

225

1.2

2.6

1.6

2.0

2.0

1.8

2.0

2.0

2.2

2.0

2.0

1.9

1.8

2.0

34

3.6

3.0

8.0

3.9

14.0

185

22,5

2.0

3.0

2.0

Corr. kPa) Corr. &Pa)

140

100

95

108

54

92

m

111

73

73

73

132

132

132

132

132

132

132

132

154

200

30

52

250

83

107

160

73

103

73

80

43

43

45

41

47

37

34

38

39

38

70

74

74

78

74

74

74

74

47

26

30

36

39

59

51

59

51

10.% &N) &N} Factor
4 19 24 0.81
5 15 20 0.73
3 14 17 0.81
] 20 24 0.80
4 9 13 0.67
4 14 18 0.77
4 24 28 0.85
4 23 27 0.85
5 15 20 0.76
5 15 20 0.76
4 15 19 0.77
8 29 37 0.78
7 21 28 0.75
7 21 28 0.76
7 21 28 0.76
10 29 39 0.73
7 21 28 0.76
7 21 28 0.76
9 29 37 0.77
0 - B N
0 - -

1 13 24 0.54
16 23 39 0.58
13 40 53 0.76
46 56 103 0.55
73 73 146 0.50
97 109 205 053
8 21 29 0.72
10 29 39 0.74
8 21 29 0.72
10 29 39 0.74

(Gross)
2.72
1.09
1.09
1.33
117
1.09
1.59
1.50
1.50
1.50
1.50
1.54
1.13
1.13
1.13
1.54
113
1.13
1.54
1.54
1.54
0.42
0.42
11
0.75
0.75
0.75
2.04
2.04
2.04

2,04

Factor
21
0.80
0.88
1.07
0.79
0.84
1.35
1.28
1.14

1.14

1.20
0.85
0.86
0.86
113
0.86
0.36
1.19
0.00
0.00
0.23
0.25
0.84
0.41
0.37
0.40
1.47
1.51
147

1.51

85

30

35

27

45

40

30

25

30

35

35

20

18

21

20

11

24

25

25

55

7

200

75

47

28

22

26

15

19

24

31

29

35

33

40

32

34

40

41

24

17

12

21

22

30

46

35

31

18

"

32

24

38

23

Table B2 Normalised Sets (Gross Energy Input, oo =10%)
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Test Pilebase Piletop DOriven Fndlevel Mean Shaft Shaft SkFr. End Bng. Total Cap. End Bng. Normalising Fina! Set/Blow  Set/Blow
Ref No Dla. (mm) Dia. (mm) Depth (m) Su (Peak) Su(®em) Su (Rewn)Ftr. Dviving Driving Normalising Faclor  Normalising Rec. (mm) Norwm. (mm)
Corr. (kPa) Corr. (kPa) 20.% (kN) kN) &N) Faclor {Gross) Factor

1 140 155 1.2 140 80 9 19 28 0.69 272 1.86 8.5 16
2 145 165 2.6 100 43 1 15 26 0.58 1.09 0.63 30 19
3 145 165 1.6 95 43 7 14 21 0.68 1.09 0.74 35 26
4 160 180 2.0 108 45 10 20 29 0.67 133 0.89 27 24
5 150 175 2.0 54 41 8 9 17 051 117 0.59 45 27
6 145 170 1.8 92 47 8 14 22 0.62 1.09 0.68 40 27
7 175 200 2.0 m 37 9 24 3 0.73 1.59 117 30 35
8 170 195 2.0 111 34 8 23 30 0.74 1.50 112 25 28
9 170 195 22 73 38 10 15 24 0.61 1.50 0.9 30 27
10 170 195 2.1 73 39 9 15 24 0.61 1.50 0.92 35 32
1 170 195 2.0 73 38 9 15 24 0.63 1.50 0.95 35 33
12 175 195 2.0 132 70 16 29 45 0.64 1.54 0.98 20 20
13 150 165 1.9 132 74 14 21 35 0.60 113 0.68 18 12
14 150 165 1.8 132 74 13 21 34 0.61 1.13 0.70 21 15
15 150 165 1.8 132 74 13 21 34 0.61 113 0.70 20 14
16 175 195 24 132 74 21 29 49 0.58 1.54 0.90 " 10
17 150 165 1.8 132 74 13 21 34 0.61 113 0.70 24 17
18 150 165 1.3 132 74 13 21 4 0.61 113 0.70 25 17
19 175 195 2.0 132 74 17 29 46 0.62 1.54 0.96 25 24
20 175 200 3.4 154 - 0 N B = 1.54 0.00 55 =

21 175 200 3.6 200 - 0 - - - 1.54 0.00 7 -

22 250 250 3.0 30 47 22 13 35 0.37 0.42 0.16 200 31
23 250 250 8.0 52 26 3 23 56 0.41 0.42 0.17 144 25
24 150 175 3.9 250 64 25 40 65 0.61 1.1 0.68 10 7
25 275x275 275x 275 14.0 83 30 92 56 149 0.38 0.75 0.29 75 21
26 275x275 275x275 18.5 107 36 147 73 219 033 0.75 0.25 47 12
27 275x275 275x275 22.5 160 39 193 109 302 036 0.75 0.27 28 8
28 200 225 2.0 73 59 16 21 36 0.57 2.04 1.15 22 25
29 200 225 3.0 103 51 20 29 50 0.59 2.04 1.20 16 19
30 200 225 2.0 73 59 16 21 36 0.57 2.04 1.15 26 30
31 200 225 3.0 103 51 20 29 50 0.59 2.04 1.20 15 18

Table B3 Normalised Sets (Gross Energy Input, oo =20%)
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Test Pllebase Plletop Driven fnd.Llevel Mean Shaft Shafi SkFr. End Bng. Tolal Cap. EndBng. Normalising  Final Set/Blow  SetBlow
Ref No Dla. (mm) Dia. (mm) Depth (m) Su(Peak) Su(Rem) Su(Rem)Ftr. Driving Driving Normalising Factor  Normalising Rec. (mm) Norm. (mm)
Corr. (kPa) Corr. (kPa)  50.% (kN) &N) &N) Factor (Gross) Factor
1 140 155 1.2 140 80 22 19 42 047 2.72 127 8.5 1t
2 145 165 2.6 100 43 27 15 42 0.35 1.09 0.39 30 12
3 145 165 1.6 95 43 17 14 31 0.46 1.09 050 35 18
4 160 180 2.0 108 45 24 20 44 0.45 1.33 0.60 27 16
5 150 175 2.0 54 41 21 9 30 0.29 117 0.34 45 15
6 145 170 1.8 92 47 21 14 35 0.40 1.09 0.43 40 17
7 175 200 2.0 111 37 22 24 46 0.52 1.59 0.84 30 25
8 170 195 2.0 m 34 19 23 42 0.54 1.50 0.81 25 20
9 170 195 2.2 73 38 24 15 39 0.38 1.50 0.58 30 17
10 170 195 243 73 39 23 15 38 0.39 150 0.58 35 20
1 170 195 2.0 73 18 22 15 37 0.41 1.50 0.61 35 21
12 175 195 2.0 132 70 41 29 69 041 1.54 0.64 20 13
13 150 165 19 132 74 35 21 56 0.38 1.13 0.43 18 8
14 150 165 1.8 132 74 33 21 54 0.39 1.13 0.44 21 9
15 150 165 1.8 132 74 33 21 54 0.39 113 0.44 20 9
16 175 195 24 132 74 52 29 80 0.36 154 055 1 6
17 150 165 1.8 132 74 33 21 54 0.39 1.13 0.44 24 1
18 150 165 1.8 132 74 33 21 54 0.39 1.13 044 25 11
19 175 195 2.0 132 74 43 29 72 0.40 1.54 0.62 25 15
20 175 200 34 154 - [1] - - - 154 0.00 55 -
21 175 200 3.6 200 - 0 - - - 1.54 0.00 7 -
22 250 250 3.0 30 47 55 13 69 0.19 0.42 0.08 200 16
23 250 250 B.0 52 26 82 23 105 0.22 0.42 0.09 14 13
24 150 175 3.9 250 64 64 40 103 0.38 111 0.43 10 4
25 275x275 275 %275 14.0 83 30 231 56 287 0.20 0.75 0.15 75 11
26 275x275 275x 275 18.5 107 36 366 73 439 0.17 0.75 0.12 47 6
27 275x275 275x275 22,5 160 19 483 109 592 0.18 0.75 0.14 28 4
28 200 225 2.0 73 59 39 21 60 0.34 2.04 0.70 22 15
29 200 225 3.0 103 51 51 29 80 0.36 2.04 0.74 16 12
30 200 225 2.0 73 59 39 21 60 0.34 2.04 0.70 26 18
31 200 225 3.0 103 51 51 29 80 0.36 2.04 0.74 15 1

Table B4 Normalised Sets (Gross Energy Input, o =50%)
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Test Miebase Plletop Driven Fnd.level MeanShaft Shaft SkFr. End Bng. Total Cap. &nd Bng. Nonluliﬁ‘ Fnal Set/Blow

Ref No Dla. (mm) Dia. (mm) Depth () Su(Peald Su (Rem) Su (Rem) Ftr Driving  Driving Nomnlkhg
Corr, kPa) Corr. kPa) 5.% &N}  (&N) kN)

1 140 155 1.2 140 80 2 19 22 0.90
2 145 165 2.6 100 43 3 15 18 0.85
3 145 165 1.6 95 43 2 14 16 0.89
4 160 180 2,0 108 45 2 20 22 0.89
5 150 175 2.0 54 41 2 9 1 0.80
6 145 170 1.8 92 47 2 14 16 0.87
7 175 200 2.0 m 37 2 24 26 0.92
8 170 195 2.0 m 34 2 23 25 0.92
9 170 195 2.2 73 38 2 15 17 0.86
10 170 195 2.1 73 39 2 15 17 0.86
1 170 195 2.0 73 38 2 15 17 0.87
12 175 195 2.0 132 70 4 29 33 0.88
13 150 165 19 132 74 3 21 24 0.86
14 150 165 1.8 132 74 3 21 24 0.86
15 150 165 1.8 132 74 3 21 24 0.86
16 175 195 2.4 132 74 5 29 34 0.85
17 150 165 1.8 132 74 3 21 24 0.86
18 150 165 1.8 132 74 3 21 24 0.86
19 175 195 2.0 132 74 4 29 33 0.87
20 175 200 34 154 - (1} - 0 ERR
21 175 200 3.6 200 - 0 - 0 ERR
22 250 250 3.0 30 47 6 13 19 0.71
23 250 250 8.0 52 26 8 23 n 0.74
24 150 175 39 250 64 6 40 46 0.86
25 275x275 275x275 140 a3 30 23 56 80 0.71
26 275x275 275x275 185 107 36 7 73 109 0.67
27 275x275 275x275 225 160 39 48 109 157 0.69
28 200 225 2.0 73 59 4 21 25 0.84
29 200 225 3.0 103 51 5 29 Ja 0.85
30 200 225 2.0 73 59 4 21 25 0.84
31 200 225 3.0 103 51 5 29 34 0.85

(Nd)
2.61
1.04
1.04
132
1.15
1.07
1.66

1.55

1.55

1.55

1.08
1.08
1.08
1.56
1.08
1.08
1.56
1.65
1.65
0.44

0.44

1.32
1.32
2.04
2.04
2.04

2.04

Nor-ﬁi‘lec(lﬁl)m(ﬂ-)

234

0.88

0.93

1.18

0.92

0.92

1.52

1.43

1.34

1.34

136

0.92
0.93
0.93
1.32
0.93
0.93
1.36
ERR
ERR
0.31
0.33
0.91
0.80
0.88
0.92
171
173
1.71

1.73

85

30

35

27

45

40

30

25

30

35

35

20

18

21

20

n

24

25

25

55

7

200

144

75

47

28

22

16

26

15

Set/Blow

20
26
33
12
42
37
46
36
40
a7
47
27
17

20

22
23

34

63

47

60
4
26
8
28
44

26

Table B5 Normalised Sets (Net Energy Input, o

=5%)



BI12

Test Pilebase Piletop Driven Fndlevel Mean Shafi Shafi SkFr. End Bng. Total Cap. End Bng.

Ref No Dla. (mm) Dia. (mm) Depth (m) Su(Peak) Su (Rem) Su (Rem) Fir Driving
Corr. (kPa) Corr. (kPa)

20

21

22

23

24

25

26

27

28

29

30

31

140

145

145

160

150

145

175

170

170

170

170

175

150

150

150

175

150

150

175

175

175

250

250

150

275 x 275 275 x 275

275 x 275 275x 275

275 %275 275x 275

200

200

200

200

155

165

165

180

175

170

200

195

195

195

195

195

165

165

165

195

165

165

195

200

200

250

250

175

225

225

225

225

1.2

2.6

1.6

2.0

2.0

1.8

2.0

2.0

2.2

21

2.0

2.0

1.9

1.8

1.8

24

3.4

3.6

3.0

8.0

39

140

18.5

225

2.0

3.0

2.0

.0

140

100

95

108

54

92

111

111

73

73

73

132

132

132

132

132

132

132

132

154

200

30

52

250

83

107

160

73

103

73

103

80

43

43

45

41

47

37

34

38

39

38

70

74

74

74

74

73

74

74

47

26

30

36

39

59

51

59

51

10.% &N) &N
4 19
5 15
1 14
5 20
4 9
4 14
4 24
4 23
5 15
5 15
4 15
8 29
7 21
7 21
7 21
10 29
7 21
7 21
9 29
0 -
0 .
n 13
16 23
13 40
46 56
73 73
97 109
8 21
10 29
8 21
10 29

)
24
20
17
24
13
18
28
27
20
20
19
37
28
28
28
39
28
28

37

24
39
53
10)
146
205
29

39

19

Driving Normalising

Factor
0.81
0.73
0.81
0.80
0.67
0.77
0.85
0.85
0.76
0.76
0.77
0.78
0.75
0.76
0.76
0.73
0.76
0.76
0.77
ERR
ERR
0.54
0.58
0.76
0.55
0.50
0.53
0.72
0.74
0.72

0.74

Normalising
Faclor
(Net)
2.61
1.04
1.04
132
1.15
1.07
1.66
1.55
1.55

1.55

1.56
1.08
1.08
1.08
1.56

1.08

1.65
1.65
0.44
0.44
1.05
1.13
132
1.32
2.04
2.04
2.04

2.04

Final

Normalising Rec. (mm) Norm. (mm)

Factor

2,12

0.76

0.84

1.06

0.77

0.82

141

1.33

1.18

1.18

1.20

1.15
0.82
0.82
1.20
ERR
ERR
0.24
0.26
0.80
0.62
0.66
0.70
147
1.51
147

151

Set/Blow

8.5

3o

35

27

45

40

30

25

30

5

35

20

18

21

20

"

24

25

25

5.5

7

200

144

10

75

47

28

22

16

26

Set/Blow

18

23

29

29

35

13

42

33

35

41

42

24

15

17

16

13

20

21

30

48

37

47
31
20
32
24
38

23

Table B6 Normalised Sets (Net Energy Input, o = 10%)



B13

Test Pile base Pile lop

18

19

20

21

22

23

24

~N

5

»

6

~

7

28

29

30

i

140

145

145

160

150

145

175

170

170

170

170

175

150

150

150

175

150

150

175

175

175

250

250

150

275 x 275 275x 275
275 x 275 275 x 275

275 x 275 275x 275

200

200

200

200

155

165

165

180

175

170

200

195

195

195

195

195

165

165

165

195

165

165

195

200

200

250

250

175

225

225

225

225

Driven

1.2
2.6
1.6
2.0

2.0

2.0

20

2.2

21

2.0

2.0

2.0
34
3.6
3.0
8.0
3.9
14.0
18.5
22.5
2.0
3.0
2.0

3.0

Fnd.Llevel Mean Shaft Shaft SkFr. End Bng. Total Cap. End Bng. Normalising
Ref No Dla. (mm) Dia. (mm) Depth (m) Su(Peak) Su(Rem) Su(Rem)Ftr Driving Normalising
Corr. kP2) Corr. kPa) 20.% &N)  (N)

140

100

95

108

54

92

1m

111

73

73

73

132

132

132

132

132

132

132

132

154

200

30

52

250

83

107

160

73

103

73

103

80

43

43

45

41

47

37

34

38

39

38

70

74

74

74

74

74

74

74

47

26

30

36

39

59

51

59

51

9

1"

13
21

13

22
33
25
92
147

193

19
15
14

20

24

23

15

15

29

21

21

21

29

2t

21

29

23
40
56
73
109
21
29
21

29

Driving Factor
&N) Factor (Net)
28 0.69 2.61
26 0.58 1.04
21 0.68 1.04
29 0.67 132
17 0.51 1.15
22 0.62 1.07
13 0.73 1.66
30 0.74 1.55
24 0.61 1.55
24 0.61 1.55
24 0.63 1.55
45 0.64 1.56
5 0.60 1.08
34 0.61 1.08
34 0.61 1.08
49 0.58 1.56
34 0.61 1.08
34 0.61 1.08
46 0.62 1.56
1] ERR 1.65
0 ERR 1.65
35 0.37 0.44
56 0.41 0.44
65 0.61 1.05
149 0.38 1.13
219 0.33 1.32
302 0.36 1.32
36 0.57 2.04
50 0.59 2.04
36 057 2.04
50 0.59 2.04

Final Set/Blow
Normalising Rec. (mm) Norm, (mm)}

Faclor

1.79

0.60

0.7

0.88

0.58

0.66

1.22

1.16

0.95

0.95

0.98

0.99

0.65

0.66

0.66

0.9

0.66

0.66

0.97

ERR

ERR

0.17

0.18

0.64

0.43

0.44

0.48

1.15

120

115

1.20

8.5

30

35

27

45

40

30

25

30

35

35

20

18

21

20

n

24

25

25

55

7

200

75

47

28

22

16

26

15

Set/Blow

15
18
25
24
26
26
37
29
28
33
34

20

10
16
17

24

33

26

32

2t

25
19
30

18

Table B7 Normalised Sets (Net Energy Input, oo =20%)



Bi4

Jest Pilebase Piletop Driven
Ref No Dia. (mm) Dia. (mm) Deplh (m) Su (Peak) Su{(Rem)
Corr. (kPa) Corr. (kPa)

20

21

22

23

24

~

5

»

6

N

7

28

29

3o

31

140

145

145

160

150

145

175

170

170

170

170

175

150

150

150

175

150

150

175

175

175

250

250

150

275x 275 275x 275
275x275 275x 275

275 x 275 275 x 275

200

200

200

200

155

165

165 |

180

175

170

200

195

195

195

195

195

165

165

165

195

165

165

195

200

200

250

250

175

225

225

225

225

1.2

2.6

1.6

2.0

2.0

1.8

2.0

2.0

2.2

21

2.0

2.0

3.6

3.0

8.0

3.9

14.0

18.5

22.5

2.0

3.0

2.0

3.0

Fnd.level Mean Shaft Shal SkFr. End Bng. Total Cap. End Bng. Normalising Fnal

140

100

95

108

54

92

11

1

73

73

73

132

132

132

132

132

132

132

132

154

200

30

52

250

83

107

160

73

103

73

103

80

41

43

45

a1

47

37

34

K1}

39

38

70

74

74

74

74

74

74

74

47

26

30

36

39

59

51

59

51

Su {Rem) Ftr Driving

50.% (kN)
22
27
17
24
21
21
22
19
24
23
22
41
s
33
33
52
33
33

43

55

82

231

366

483
39
51
39

51

kN)

24
23

15

29
21
21
21
29
21
21

29

13
23
40
56

73

21
29
21

29

Driving Normalising
Factor

{kN)
42
42
3
44
30
35
46
42
39
38
37
69
56
54
54
80
54
54

72

69
105
103
287
439
592

60

80

60

80

0.47

0.35

0.46

0.45

0.29

0.40

0.52

0.54

0.38

0.39

0.41

0.41

0.8

0.39
0.36
0.39
0.39
0.40
ERR
ERR
0.19
0.22
0.38
0.20
0.17
0.18
0.34
0.36
0.34

0.36

Factor  Normalising Rec. (mm) Norm. {mm)

(Net)
2.61
1.4
1.04

1.32

1.07

1.66

1.55

1.55

1.55

1.55

1.56

1,08

1.08

1.08

156

1.08

1.08

1.65
1.65
0.44
0.44
1.05
1.13
132
1.32
2.04
2.04
2.04

2.04

Factor
1.22
0.37
048

059

0.42

0.87

0.84

0.60

0.60

0.63

0.64

0.41

0.42

0.42

0.56

0.42

0.42

0.62

ERR

ERR

0.09

0.10

0.40

0.22

0.22

0.24

0.70

0.74

0.70

0.74

Set/Blow

8.5
30
35
27
45
40
30
25
30
35
35
20
18
21
20
1
24
25
25
5.5
7

200

75
47
28

22

Set/Blow

26

21

18

2

22

Table B8 Normalised Sets (Net Energy Input, o =50%)



APPENDIX C

Practical Application



Cc1

Practical Application

A foundation designer is often in the situation of having to estimate the depth to
which piles must be driven in order to resist design loadings. If foundations have
been designed to NZS:3604 Appendix D the formula derived in Section 6.2 can
be applied to provide an estimate of the required shear strength in cohesive soils
to achieve the set requirements of that appendix. Any variation on the Appendix

D installation specification can be allowed for through normalising the set.

Example:
A Contractor has a pile driving rig with a 400 kg hammer and hydraulic release

mechanism designed to give a 1Tm drop height. Piles are of 165mm diameter base
and are driven small end first. What shear strength material would be expected

to give a set of 25mm per blow under NZS3604 Appendix D?

Solution:
The following formula from Section 6.2 is based on the gross energy relationship:

-0.02322 SET
Supea = 240 e

The above set per blow has been normalised to the standard NZS:3604 Appendix
D driving conditions on the basis of gross energy input per unit area of pile base.

Normalising the set in the example as detailed in Section 6.2 gives:

400 x9.81 x 1.0
4800

0.8175

Gross Energy Ratio

n_x 0.165 2% 4
n x 0.140% 4

1.3890

Area Ratio




c2

Normalising Factor = 1.3890
0.8175
= 1.699

=0.02322 x (25 x 1.699)
Su (PEAK) 240 e

= 90 kPa

Engineering judgement is now required in interpreting the available borehole logs
to determine the expected driven pile depth. It should be accepted that errors
will be introduced if the nine criteria of Section 4.2 are not followed. In the study
it was found that lateral variations in shear strength away from a bore hole had
a major effect. It should also be remembered that the material below the base of
a pile influences the driving resistance and ultimate pile capacity to a depth of

about three pile diameters. (Ref. 10)





