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Page 5.6
trace of the impact load developed near the head of the
pile (at SG6), was similar in form to that at SGl. An
example of this similarity is given in Plate 5.ld which
was obtained during experiment No. 8, Of note in Plate
5.1d is the observation that the amplitude of the initial
peak load recorded at the pile toe (SGl) was less than
that recorded at the head of the pile (SG6) by an amount
of approximately 230N, This feature was common to all
the pile impacts where head and toe loads were measured.
A lcoad difference between the pile head «nd pile toe was
also detec:ed during the immediate post-installation
static load test (see 5.2)., Plate 5.1d also shows that
immediately following the first load peak, the load in
SGé dropped off at a faster rate and by a greater amount
than the lcad in SGl. About 1lOms after the start of
impact, the loads measured at SGl1 and SG6 were
approximately egual, Plate 5.,2a, which gives the load
trace at oG5 during test No. 8, shows a similar rapid
reduction in the mandrel load at the top of the pile
following the initial peak. It is suggested that 1load
shed in friction between the grout and drive mandrel was
the main cause of the measured head and toe 1load
differences, Plates 5,1lb and 5.1d also demonstrate the
simiiarity in the form of the mandrel load and pile head
acceleration traces obtained at similar depths in
separate experiments, Depth related changes in the
response of the model pile to 1impact can be seen in
Plates 5.2a to 5.,2d which were obtained during

experiment No. 8.
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Plates 5.1, a to d

oscilloscope traces of impact records on

the model pile obtained during pile installation. On
the photographs "A" indicates the accelerometer trace,

and "Lll or

Plate 5.1la

Plate 5.1b

Plate 5.1¢

Plate 5.1d

"SGl or €" the strain gauge trace.

Test No. 2. Trace of accelerometer at
pile top and strain gauge group 5Gl at toe
of pile. Depth of embedment approximately
744mm., Third from final hammer Dblow

(followed by Plate 1 Dynamic).

Test No. 9. Trace of accelerometer and
SGl as above, Depth 750mm. Pile toe
penetration 5,62mm. Penultimate hammer
blow (followed by Plate 2 Dynamic).

Test No. 9. Trace of accelerometer and
SGl as above,. Depth 755,62mm, Pile toe
penetration 4,29mm, Final hammer blow
(followed by Plate 3 Dynamic).

Zero for SGl adjusted between each of the
traces shown in Plates 5.la to 5.lc.

Test No. 8., Trace of accelerometer and
strain gauge groups SGl and 8SG6. Depth
approximately 760mm. Third from final
hammer blow. (Note amplitude scale for
the strain gauge groups 1is about twice
that of the Test No. 2 traces.

- Horizontal scale 5ms per division.

- Vertical
division.

- Vertical

scale accelerometer approximately 20g per

scale Test No. 9 strain gauges approxi-

mately 510N per division,

- Vertical

scale Test No. 3 strain gauges approxi-

mately 255N per division,
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Showing four oscilloscope traces . impact records on the

model pile obtained at various (~pths while installing

the model pile during exreriment No. 43,

Plate 5.2a Depth approximately 450mm. Traces of
accelerometer and SG5.

Plate 5.2b Depth approximately 525mm, Traces of
accelerometer and SGl.

Plate 5.2c Depth approximately 650mm, Traces of
accelerometer and SG3.

Plate 5.24 Depth 766mm. Traces of accelerometer and
SGl.

Note: Zero on vertical scale kept constant for

accelerometer, but varied for strain gauge

groups, depending on which

channel as used.

- Horizontal scale : 5ms per division,

oscilloscope

- Vertical scale, accelerometer approximately 20g per

division,

- Vertical scale, strain gauges approximately 255N per

division,
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Soil movements recorded around the toe of the pile
during j—-wact installation are -~ own in Figures 5.2 to
5.5 (located in the rear pocke. of this volume). The
magnitude of the movements has been expressed in the
form of <contour diagrams of theur horizontal (X
direction) and vertical (Y direction) components of
accumulated mcvement. In all the sand grain displacement
diagrams (including Figures 5,10 to 5.17 which show
movements recorded during static load testing), the
grout column or pile shaft above the top of the shoe
collar has been drawn as a straight line., This is a
simpli fication as can be seen by reference to Plates
5.3, a to d. Although these diagrams were compiled from
data obtained by co-ordinating individual sand grains,
it is considered that the contours ac:quately define the
loci of all grains which were subjected to similar
movement components. The contour intervals 1in these
diagrams are given in Wild A7 Stereoplotter units,
where, with the instrument settings used, 1 plotter unit
= 1,18 microns. As discussed in section A.4 of Appendix
A, the "zero" displacement contours in fact locate the
boundaries of detactable grain displacements. They more
correctly correspond to the loci of sand grains with

displacements of the order of 15 to 20 plotter units.

Tue diagrams encompass an area of approximately 330mm x
250mm true scale, around tnhne toe and to the right of the

axis of the pile respectively. A rectangular frame
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oxtending approximately 3 pile diameters tc the side of
:he pile axis and approximately 3 pile diameters below
-he point of the pile shoe, has been superposed on the
lisplacement diagranms, The frame was positioned to
cover the major soil movements and therefore extends in
ttese diagrams to only about one half a pile diameter
above the top of the shoe collar. The boundary of this
frame marks the edges of a 222 element rectangular qgrid
(see Figure 6.7) which was used to estimate soil strains
from the measured sand grain displacements (soil strains

-

are discussed in Chapter & and Appendix D).

5.2 Static Load Testing

During the static load test conducted inmediately after
the 1installation of the pile, the peak load measured
near +<he pile toe (at SGl, see Figure 4.3) at a low
penetration rate, was 1236éN. At the same time, the peak
load recorded at the pile head (SGs 5 2nd 6), however,
was 1335N. This difference suggests that some 149N of
the appliad load was shed in various ways along the
drive mandrel, The main sources of load shedding are
thought to have been due to viscous drag on the drive
mandrel caused by the rising grout column, bouyancy of
= » partly hollow mandrel in the heavy fluid grout, and
contact of the mandrel with the glass front nanel via

the plastic separator strip.
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Five minutes after forced penetration of the pile was
halted, t.e residual toe load (at SGl) remaining after
various load redistributions including soil relaxation
had occurred, was 1138N, while the load measured at the
pile head was 130€N. Load losses along the drive

mandrel thus rose to 168N.

Load/settlement data for %the static load tests carried
out on the model pile under both submerged and drained
soil conditions after curing of the grout shaft are
given in Tables 5.2 and 5.3, and in Figures 5.6 to 5.9.
Figure 5.7 and Table 5.1 indicate the positions during
these load tests at which the plate film exposures of
sand movements were made (Plates 1 to 5 Static). In
Figures 5.6 to 5.9, the various load increments are
shown as L1, L2 ... L6, etc., LO', L6' and Ll1l2' refer to

the loads applied by the reaction beam arrangement only.

After completion of the submerged load test, a period of

25 minutes was allowed for the water to drain from the
sand box, though most of it had escaped after 15 minutes.
The average moisture content of tne sand in which the
'drained' static load test was conducted was 4,57%. It
was measured usiry four sand samples immediately after
completing the test. The average dersity of the moist
soil was 1749 kg/m3. The "apparent cohesion" of the

sand was determined as ¢ = 2,7 kPa.
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It was assumed that at the start of the static load test
on the pile in submerged sand, that all the strain gauge

groups registered no load.

As can be seen in Figure 5.7, the loading procedure
followed a sequance of approximately constant rate of
penetration load increments. Each load increment
resulted in approximately egqual amounts of pile
penetration: 1lmm/load increment average for the test in
submerged sand and 0,33mm/load increment for the test in
drained sand. Load was therefore applied as necessary
to achieve the desired penetration. After each 1load
application, a minimum period of 5 minutes was allowed
during which creep movements, and corresponding load
reductions could occur (see Figure 5.6). Once the rate
of downward creep of the pile was less than 0.02mm in
5 minutes, the next load was applied. 1In Figures 5.3 to
5.9, which show the 1load distribution down the pile
shaft during the submerged and drained tests, the loads
plotted, are those whicn remained in the pile shaft at
the end of the relaxation period (residual load). In
Figure 5.8, however, the shaft load distribution curve
corresponding to the L5 load increment shows the peak
loads achieved. The residual loads after the L5
increment were virtually the same as for the L4
increment. As can be seen in Figure 5.8, the peak load
distribution curve (L53) and the residual load distribu-

tion curve (L4) are almost parallel. This feature was
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It was assumed that at the start of the static load test
on the pile in submerged sand, that all the strain gauge

groups registered no load.

As can be seen in Figure 5.7, the loading procedure
followed a sequence of approximately constant rate of
penetration lcad increments. Each load lncrement
resulted in approximately egual amounts of pile
penetration: 1lmm/load increment average for the test in
submerged sand and 0,33mm/load increment for the test in
drained sand. Load was therefore applied as necessary
to achieve the desired penetration. After each load
application, a minimum period of 5 minutes was allowed
during which creep movements, and corresponding load
reductions could occur (see Figure 5.6). Once the rate
of downward crecp of the pile was less than 0.02mm in
5 minutes, the next load was applied. 1In Figures 5.3 to
5.9, which show the 1load distribution down the pile
shaft during the submerged and drained tests, the loads
plctted, are those whicn remained in the pile shaft at
the end of the relaxation period (residual 1load). In
Figure 5.8, however, the shaft load distribution curve
corresponding to the L5 load increment shows the peak
loads achieved. The residual loeds after the L5
increment were wvirtually the same as for the L4
increment. As can be seen in Figure 5.3, the peak load
distribution curve (L5) and the residual load distribu-

tion curve (L4) are almost parallel. This feature was
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TABLE 5.2 ¢ Loed/Settlement Records tor the Static Louad Test
on the Pile in Subwmetyged Sand
Load v Pile Pile Shatt Loeds Estimated
Step Head 568/ s6 4 5G 3 56 2 56 1 Toe Load  Plate
NO, [ N N N N N N NO,
Lo Vv, 0u 0 0 0 0 0 0 -
Lo U, 04 19 1 wu v v 0 -
Ll 0,21 2220 21u4 luss 1195 Hy2 190 -
U, 23 21ul 2112 160) 147 dda0 75¢ Plate )
(Static)
L2 1,00 2702 cud2 22139 1502 Lis2 1060 Plate 2
(Static)
1,07 2650 2543 2199 1472 1104 1010 -
L3 2,23 vl 2973 2569 L7100 1170 1120 Plate )
(Ssatic)
2,24 o 2850 2475 Lu40 10de 1010 -
La J, el 3332 149 21712 1796 Ii7e 19 WIV] -
3,65 ERRT] Wie 2071 L7106 1iuq (YUY -
LS 5,04 FERY) Jloy 2112 1724 1200 1100 Plate 4
(Static)
9,12 Jug e 2911 PR 15He 1032 970 -
L' 4,8/ 1o 12 13 40 -27 Y] -
Lo 4,00 Y] 0 0 ~44 - 3o Y] -
NOlse wtrut
Canyw SUS= 9N
SGLetIN rI2N then tien tLZN
Accumulated
dote ervur Subs v
at und ot teat BULS AN then 0 tIN 0
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PTABLE 5.3 1 Load/settloement Kecords tor the Static Load Test
on the Pile in Deained Sand
Load p Pile Pile Shatt Loads Estimated
Step Head “ S Toe Load  Plate
NO. e N N N N N N NO.
Lo 0,00 0 0 U -5 -2 Y] -
Lo 0,00 us u2 ol 4 -26 0 -
Ll 0,03 Lile 114 CER 445 Loy 0 -
0,01 e e wdl 449 105 Y] -
L2 0,12 2lol 2152 L1740 1075 ST 400 -
0,12 215% 2149 L1740 1073 571 400 -
L3 0,25 24945 2914 421 1he2 930 700 -
0,25 2943 2904 412 159% 923 Wi -
L4 0,41 e Jiwl dd 32 1850 Li4o 910 -
¢ 41 a2 ERELRY 20424 L4l sl 900 -
LS 0,57 Joid 3509 J02u 1994 1249 1020 -
0, 5% Y FE Y el 1940 1200 9240 -
Lo 0,4l sy 3749 RSN} 2108 133 10 -
0,83 3754 Juiy Jlu9 2044 L2ve 1ud0 -
L7 1,14 1994 Jduu 1305 2ldl 402 1200 -
1,1l Jdoe 3734 1203 210 1iu2 LS50 -
Ly L,u5 4124 ER LYY J4uu 22417 1500 130 Plate o
(Static)
L,u? Auly Jdol 3l 2147 1452 1270 -
L9 2,29 419 40ue Jdue 230l 19449 1300 -
2,31 404l o 352 2211 1470 [ MY -
Liv 2,%0 €291 4047 Jdue 23ul 157 1409 -
2,92 4049 M2 3352 219 1500 1330 -
Lil J.ud 4229 4ulu 494 22u9 louy 420 =
.6 alz) Mo a2 2229 1530 1150 -
Lig! 3,2 Y 94 Uy Y ~4y 0 -
Li2 PR} 0 -5 u -yl =10 0 -
Nolse eCrul
Lanye SGH=+UN
SULSTUN  l2N tlIN o tlN t 2N -
Accumalated
derte wrror 8G5« 0
at end ot test  SGUetYN 120N u RL 0

-
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common to all the load increments. An indication of the
load developed on the pile noe has been obtained by
extrapolating the 1load distribution curves below the
lowermost strain gauge group (SGl). Once it had been
established that the ultimate pile capacity had been
achieved, all externally applied loads on the pile were
removed, and the pile allowed to recover so that the

residual settlement could be determined.

From the data given in Tables 5.2 and 5.3, it can be
seen that removal of the applied loads resulted in the
development of tensile loads at strain gauge positions
SGl and SG2. During the time elapsed between completion
of the "submerged" test and starting the "drained" test,

these tensile loads decreased.

Various aspects of the appearance of the model pile
after 1t had been removed from the soil are shown in
Plates 5.3, a to d. The rough irregular sandy sur face
of the grouted shaft, the smooth virtually plane sur face
of the pile grout where it cured against the plastic
strip, and the bulbous region at the top of the pile
where the grout reservoir was located, are clearly
visibie in these photographs. (Note: The section of
measuring tape shown in Plates 5.3c and d  was
pnotographed with one edge placed against the side of
the pile which was in contact with the plastic strip

lying against the glass front of the sand box.)
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Measurements of the dimensions of the recovered pile
indicated a radius of 42mm at the top of the pile in tu=
grout reservoir., The radius of the shaft formed in the
annulus above the pile shoe showed a roughly linear
taper from 31,3mm at immediately below the reservoir
b:11 to 27,7mm near the pile toe. The following radii
were applicable to pile shaft at the wvarious st 2in
gauge group positions, SGl1 - 27,7mm, SG2 - 29,2mm, SG3 -

30,1lmm, SG4 - 42,0mm.

Despite the use of the methods described in Chapter 4 to
prevent bonding of the grouced pile shaft to the glass
face of the sand box, oonding did occur over some
portions of pile shaft, particularly towards the pile
toe. This was due mainly to leakage of grout around the
plastic separating strip and grout overlapping the strip
at the ¢top of the pile where the grout reservoicr had
been placed during pile installation (see plate 5.3).
The bond w2s broken during the L1 load increment of the
test in submerged sand ¢t a 1load of about 1800 N.
Little movement ~f the pile head was recorded up to this
load, but when the bond broke, the pile moved abruptly
downwards by 0,12 mm, This portion of the load cycle

has not been shown in Figure 5.6.

Figures 5.10 to 5.17 (located in the rear pocket of this
volume) show the soil movements which were recorded 1in

the basal region of the pile during the load tests. As
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with the sand grain displacement ciagrams showing soil
movements recorded during pile installation, the
movements have been expressed in the form of contour
diagrams of the horizontal and vertical components of
accumulated movement. The contour intervals are also
given in Wild A7 stereoplotter units, where 1 plotter
unit = 1,18 microns. As before, the "zero" displacement
contours indicate the limits of measurable soil movements
and more correctly locate the loci of displacements of
the order of 15 to 20 plotter units, The diagrams
encompass an area of about 350mm along the pilr axis and

about 250mm to the cne side of the pile axis.

The rectangular frame superposed on these diagrams
corresponds e the boundaries of a 290 element
rectangular grid (see Figure 6.20) which was used to
estimate soil strains due to static loading. The grid
system used for the static load tests was extended to
about 3 pile diameters above the top of the shoe collar

in order to obtain information on the soil behaviour

along the pile shaft,.

5.3 Summary

i Of ten piles installed under controlled laboratory
conditions, two wer > successful and one of these was
selected for detailed analysis. This pile was

installed to itial depth of 760mm and to a

3
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final depth of 792mm in an homogenous isotropic sand

with an average dry density of 1673kg/m3.

Pile shaft 1loads and head accelerations were
monitored during the impact installation process.
The loads given, however, are not a true measure of
the soi1l resistance only and include friction
between the glass front panel and the pile, (See

Appendix E.)

Load tests to failure were carried out in submerged
sand immediately after installation of the pile and
again after the grout had cured. A third load test,
carried out on the cured pile, was conducted in

drained soil conditions.

Soil movements around the base of the pile, and load
in the pile shaft were recorded during both pile
installalicon and subsequent static load testing.
The soil movement data has been presented in th

form of contour diagrams of the X and Y displacement

components.,

—
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6. DISCUSSICN OF EXPERIMENTAL RESULTS

6.1 Impact Installation Data

The impact data, comprising mandrel load at SGl, pile
head acceleration and derived pile head velocity and
displacement, for the penultimate impact recorded during
pile installation 1is shown in Figure 5.1. In this
diagram, the calculated head velocity and displacement
are shown to be increasing slowly from about 20ms
orwards, although significant head acceleration had
effectively ceased by this time. It is likely that this
apparently continuing movement is due to errors incurred
in measuring acceleration from a photograph of the
accelerometer oscilloscope trace, and can be ignored.
This is a recognised problem in the use of accelerometer
data for the determination of velocity and displacement
(for example, Ormondroyd et al., [(1350]). The first
approximately 15ms of the acceleration curve |is,

however, considered meaningful.

The acceleration vs, time curve in Figure 5.1 shows a
fairly simple cyclical pattern of acceleration and
deceleration decaying to zero, over a period of about
25ms. This pattern jis similar to that 2xpected in cases
of damped impact. When expressed in terms of velocity
and displacement it can be seen that the recorded pile

head accelerations ceased o have a significant

.
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influence on pile head movement at about 1llms, As
regards pile displacement, therefore, the impact event

was effectively complete within about llms.

The curve showing the load induced in the drive mandrel
in response to impact by the drop hammer, shows a
sequence of compressive 1load fluctuations with peak
loads being recorded at 4, 10 and 13ms, followed by
gradual decay to a steady state at about 28ms. It
records the resistance experienced at the pile toe, as a
result of an impact induced, forced penetration of the
pile into the soil as well as drag on the plastic
separator strip and glass/shoe friction. Many materials
are apparently more stiff at high strain rate conditions
than under =2low 1nading conditions. The loads measured
in the drive mandrel during impact may therefore be
underestimates of the true load. The error is, however,

consi.ered to be small.

The peak 1load [ 1450N) recorded at 4ms was probably
composed in part of the ultimate dynamic bearing
capacity of the submerged soil and in part of static
friction against the glass front panel. when the
friction corrections discussed in Appendix E are applied
to this 1load, the soil resistance i3 determined as
1210N. According to the calculated displacemen* curve,
downward movemer.t of the pile into the soil occurred

mainly within the first 11 ms follocwing impact,

o
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Although during this period, the measured mandrel 1load
fluctuated in the range 1150N to 1450N, the 1load
apparently remained at a sufficiently high level to

achieve and maintain failure in the surrounding soil.

At about 11 ms after the start of impact, the mandrel
load decreased abruptly to 900N, This followed slight
upward movement of the pile head as indicated by a
negative section on the wvelocity —curve,. Shortly
thereafter the mandrel load rose again, abruptly, to
1400N, and then decayed gradually to a steady state
under the static weight of the hammer (l162N). Whereas
soil failure was induced during the initial 11 ms at
loads of between 1150N and 1450N, after the pile head
rebound event, a load of 1400N developed at 13 to 1l5ms
was apparently insufficient to cause further toe

penetration,

The load difference of about 230N recorded between SGl
and SG6 in Plate 5.l1d may have had some influence on the
eventual skin friction capacity cf the model pile, It
has been suggested that this load was shed mainly into
the grout column. With each hammer impact on the pile
at this depth therefore, the grout was effectively
"pumped" into the void following the pile shoe with a
force egqual to the head and toe load difference,
Because it is likely that this force would have had some

outward component through the grout, it is possible that

R p—
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the soil at the grout interface was surcharged and

densi fied wich each impact.

It is not certain why the s0il resistance should have
fluctuated during and after the main pile head movements.
The initial stages of the load trace fluctuation may be
due to interparticle friction in the soil and friction
against the glass panel, changing frcm static to sliding
friction. For some materials (see data in Gieck [19793]),
the difference between static and sliding friction
coefficients can be large. In the absence of other
information on which this behaviour micht be interpreted,
it is suggested that the load peaks at 10 and 13ms
indicate either rebound of the soil against the pile
shoe or pore pr ssure effects, or a combination of the
two., Possible rebound mechanisms include decompression
of air voids in the submerged soil, a returning pressure
wave created during initial impact and the development

of temporary local quick conditions.

Mandrel load and pile head acceleration data, obtained
at increasing embedment depths of the model pile during
experiment No. 3, are shown as oscilloscope traces in
plates 5.2 (a to d). There are distinct differences in
the form of the traces obtained at the different
depths. Some of these differences may be listed as

follows:

e e e T e AP TR TN T e - R L | e R B s e S e



(a)

(b)
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(d)

Page 6.5

As the embedment depth increased, the duration of
the impact event decreased from about 23ms at
450mm depth (Plate 5.,2a) t> about 20ms at 766émm
depth (Plate 5.2d) (cf 15ms for experiment No.2 at
750mm depth of embedment [Figure 5.1 and Plate

S.1bl) .

Three load peaks were recorded at both 450mm and
525mm depths, but onrly two thereafter. Further,
at the shallcwser depth, the two major 1load and
acceleration peaks occurred at the same time, but

did not do so at greater depths.

The abrupt drop in 1load, with a concommitant
acceleration peak previously discussed, is present
in all the oscilloscope traces. At the 450mm
depth, however, this event occurred towards the
end of the impact period, but, at greater depths,

i1t occurred between the two main load peaks.

Supplementary peaks began to occur on the 1load
trace at 650mm depth and became marked at the

7656mm depth,

At 450mm the load peaks were sharp, distinct and
widely separated, As the depth increased, the
peaks tended to merge and the intervening load

decrease became less marked.

- o e
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It is clear that depth of embedment has a significant
influence on the load response of the pile/soil systenm
to impact. A major change in the form of the oscillos-
cope trace of the mandrel load was recorded at between
450mm and 650mm embedment, i.e. at length to diameter
ratios of between 7 and 1ll. This change in the response
of the pile to impact, may be related to the concept of
the "critical depth of embedment" suggested by Meyerhof

(L976). Th1s subject 13 discussed further in Chapter 7.

6.1.1 Wave Equation Analysis

The applicability of the wave eguation to the model MV
pile has been assessed by comparing the recorded
behaviour of the model pile during the penultimate
impact, wich tha: predicted by a wave equation computer
program. The program, written by collieague A.,J. Bowen,
was based mainly on the procedures presented by Smith
(1360), and calculates for a pile and hammer system of
given propertieé, the set per blow required to obtain a
pile of specified capacity. Results obtained for pile
set and pile element forces using this program have been
compared with analyses given by Samson et al (1962) and
Bowles (1974). Excellent correlations were obtained
with the published data. For the analysis, the pile was

simulated by the mass-spring system shown in Figqure 6.1,

o R . e
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WAVE EQUATION MODEL PILE

< (Orop Hommer -~ ‘ |

«— Packing spring
- «——= Packing ,or Cap-block =———— S
<@« (ushion, or packing and 1st pile spring
J G HoiMet  —————ie | I
< Pile element N* 1 (3 2kg)
Orive mandrel ——»
I <« 2nd pile spring
“—— Pile element N* 2 (0,6 kg) ﬂ‘. %
i <— Soil spring N°*1 Grout
I <“— 3Jrd pile spring. ! -_,_und
<“—— Pile element N°® 3 (08 kg)
} < Soil spring N* 2.
G Pile Shoe — ﬂ ~
<— Soil spring N* 3 ' f
Figure 6,1 Mass/spring approximation of the model

pile for the wave egquation analysis

Table 6.1 lists some of the data used in the program
calculations. Much of this data was measured directly,
but the derivation of some of the listed values requires
further explanation. In particular, only measured
uncorrected loads have been used in the analysis since

these were the loads experienced by the pile.
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Table 6.1 : Data used in the Wave Equation Analyzis

NO. Ttem Quantity Units How obtained
1 Mass of hammer 16,5 kg Measured
2 Mass ot packing 0,% kg Measured
3 Mass of pile elements
(1) Head 3,2 LT Measured
(11) Mandrel 0,3% kg Measured
(Lil) Toe = case | 0,71 kg Measured
- case i PR xg Calculaced
4 Stiffness of pile elements 05 000 KN/ mm Measuted by fttaln gauges
5 Stiffness of packing 5,65 KN/ mm Measured
6 Stiffness of cushion 1 000 000 KN/ mm Assumed high value
? Co-efficient of Measu ed by falling steel
restitution packing 0,25 ball
8 Co~efficient of
rest.iution cushion 0,55 dormal value for steel
9 Quake at pile toe 1,0 mm Sae text
10 Side damping co~efficient 0.1 ms/ mm See text
11 Point damping co-efficient 0,23 ms/ mm See text
12 Pile capacity = case | 1306 kN See Chapter 5.2
- case 2 512 KN See text
13 Percentage load on tip = cose | 87 ) See text
case 2 93,5 L} See cext

-

in Table 6.1, two cases are given for the data for items
3 (iii), 12 and 13, These two c«ases have been
conzidered in an attempt to estimate the influence of
3-dimensional effects on the wave equation analyses.
For these items, case 1 applies to data for the
semi-circular model pile as installed, while the case 2
data applies to a theoretical model pile as if it were
complete and circular., For item 12, case 2, it has been
assumed that had the model pile been circular, ¢t.e
resistance measured at the pile toe would have been
twice that of the half pile. The percentage load on the
pile tip for item 13, case 2, was estimated on the
acsumption that the frictional 1load shed along the
mandrel wcild have been the same (168N) for both the

half pile and for the therietical circular pile.
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Smith's (op c¢it) damping co-efficients, Js and Jp,
provide . method by which the strengtn of the soil around
the pile toe and shaft under static loading conditicns,
is adjusted upwards to compensate for the greater
apparent strength of - soil when it i3 rapidly loaded
(see Figure 6.2b)., Smith's equation for expressing the
increase of soil strength with loading rate is given 1in

terms of pile element ve ty as:

Rudyn - Rustat (1L + J.Vv)
where Ru = resistance on the pile element

J = damping co-efficient (point or side of

pile)

7 = pile element velocity
In Figure &H,., Rudyn was measured as 1450N. RUgpae
(= 1133N) was obtained from the load tes: carried out
immediately after the pile .ud been installed (see
Chapt2r 5). The peak element velocity shown in Figure
5.1 was 1,l7m/s. On substituting these data into
Smith's equation, the required value of the point
jamping coefticient was calculated as 0.23ms/mm,
Frllowing common practice the value selected for the
side Jdamping <coefficient was approximately 1/3 Jp.
stat are

These values do not change if Rudyn and Ru

corrected for friction on the glass panel.

The pile load meosurad during the static load test which
followed immediately after the installation of the pile

was 1306N. Of this, 1l133N or 37%, was carried on the
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Smith's (op cit) damping co-efficients, Js and Jp,
provide a method by which the strength of the soil around
the pile toe and shaft under static loading conditions,
is adjusted wupwards to compensate for the greater
apparent strength of a scil when it is rapidly loaded

(see Figure 6.2b). Smith's eguation for expressing the

increase -: :0!ll strength with loading rate is given in
tevns 0f 0 2 cle@ment velocity as:
b i V)
layn = RUgpay (& + 3.V

7ierz Ru = resistance on the pile element
b = damping cn-efficient (point or side of
pile)

v = pil2 elerrant velocity

In Figyure 5,.1. ‘“dyw wis neasured as 1450N. Rustat
(= 1123N) was oofta. .~ 3 r-cm the load test carried out
immediately after the »pnlle had been iustalled (see
Chamter 5, . The peak element velccity shown in Figure
5.1 wa: L,i7n/s. On sutstituting these data into
Smith's equation, ‘he required value of the point
jamping coefficient was calculated as 0.23ms/mm.,
Following common practice v value selected for the
side damping coefficient .a: approximately 1/3 Jp.

These values do not change 1 Ruq,, and Ru are
4

statft

corrected for frictiun on the 3'ass pan=2l.,

The pile load measured during the static load test which
followed immediately after the installation of the pile

was 1306N. Of this, 1133N or 37%, was carried on the
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