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Introduction -The Past - Europe KIVI

» Bronze Age, houses on piles to
prevent flooding

« Romans who were the first to
use piles as the foundation for
bridge abutments. An
impressive example is Caesar’s
Rhine Bridge 55 B.C.

- Qui dit « LIEBIG », dit « extrait de viande ».

Reproduction interdite Explication au verso
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Introduction — The Present, still the same questlonsm!!'

T ————

e

Caesar’s engineers had to answer the
same questions that are posed today:

» what equipment is needed to drive a
pile to a required penetration,

» how many piles are needed and

» how much penetration is required to

obtain the necessary capacity to
support the superstructure safely.

. pan ey
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Introduction- Answers

« Still often today a learning loop of trial and error — research follows pratice

 Learning starts with local experience, performing tests, the use of rule of
thumbs and in the past pile driving formula’s

» The introduction of the wave equation theory (WEQ) gave a deeper
understanding of the stress wave phenomena.

» Before computers became available, wave propagation, stresses, velocities
and displacement could be quantified by means of graphical tools.

« these graphical tools were the basis for the present-day computer algorithm
using the Method of Characteristics (MOC).

Allnamlcs_‘/g
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Introduction — MOC most applied for explaining SW~ ==

« The Method of Characteristics (MOC) is almost certainly the most applied
method for explaining stress wave phenomena by graphics
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FROM ESTIMATE TO PREDICTION HISTORY KlVI

« Several publications about SW history and it O E e e maCTIoN
COI’ltrIbUtOFS Wlth bI’IEf dESCI’IptIOI'lS By: Mohamad H. Hussein' and George G. Goble’, Members ASCE

research that forms the basts of the
ummasized. Beg

« Some contributors will be highlighted and some
added that deserve more attention

grity testing is presented briefly and the history of the
[ s is summarized. Finally a list of American
codes and standards telating to this topic is inchided.

+ It starts with capacity estimates and Pile Driving Formula’s nTRODUCTION
« Rondelet (1802): capacity is a function of pile cross section ;u;g,;«@bc;mﬁ“«f;:;mmmm
with a fixed value of 30 kgf/cm2 (2.94 MPa) e i GRL B b e i USA

e pile.com
* Priacipa, George G, Gole Consulig Enginse, LLC. Boulder, Coforade, USA

Hussein. M H., and Goble. GG, (2004).
A\\namics*'g
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FROM ESTIMATE TO PREDICTION - EYTELWEIN

+ Pile driving formula Eytelwein (1808)

« Seems intuitively correct, became very popular
Bearing capacity R, could be found with the formula:
en. Eh

R =n.s[l +%]

with E,, = Rated Energy, e, = Efficiency, s = permanent set after
a blow, w = weight pile, W = weight ram, n = safety factor
» Proved to be notoriously unreliable, but is still used

« Misconceptions: rigid pile, ignoring soil type and energy transfer in hammer
components

Allnamlcs*/g
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FROM ESTIMATE TO PREDICTION - MARIOTTE = i

» The dawn of stresswave (energy)
propagation awareness

« Marriotte — experiments with a row of
impacting ivory balls (1673)

340593

DE LA
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o /vl«lryzda»lwmat
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Marriotte
on BBC-2

https://www.youtube.com/watch?v=Gz_3-x6lUzE
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Edme Mariotte and Newton's Cradle

Cross, R., (2012)
Allnamics_‘ ',-'\"
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FROM ESTIMATE TO PREDICTION - MARIOTTE - JS!‘!I,

Allnamics_‘ ',-'\"

September 20-23, 2022



27/09/2022

o

v

The Royal Netherlands Society of

Craddle Cartoons

« P
T THINK THE EXECUTIVE PRIILECE Tain, 15 CONG- T His Herp . -
Allnamics&#
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Flexible Impulse Transfer using a Newton’s Cradle e
Inspired Catheter: A Feasibility Study

[T EE S Sy -

2

Sakes ot al. / Elsevier Medical Engineeniag and Physics Flexible Impulse Transfer using a Newton's Cradle Inspired

Catheter: A Feasibility Study|

A major challenge encountered

Aimée Sakest®, Leander Grandia®, Remie Lesher', Lukss Steensers!, Maurice €

e during minimal invasive surgery is e ———
1 transferring high forces through

small and flexible instruments, such i w:
as needles and catheters, due to their ==
low buckling resistance. In this study <=
we have determined the feasibility of ...
using a Newton’s Cradle inspired ——
catheter (patented) to transfer high e S -

A oon e ToOrce impulses - S S

-
. e —— _ ~—=Y e B o i o
r-fra -fra :
.

Fig, 1. Newton’s Crodie mechumisms. Top: Newton's Craie. Botions. Schemati regeesentation of the Newton’s Crudie’s inspesed

caterer e npet il urple = ot
Y
A\\namlcs&# Em
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2KV
PRESENT FOR SW2022 PARTICIPANTS
TRAITHF | M THE DAWN OF STRESS
T cieca WAVE PROPAGATION )
i AWARENESS e

The st person that assoclated a ow o impacting
balls (see figure 2) with energy propagation was pro-
bably Edme Mar oneus?z) Nevertheless, the credits
for this concept went to Newton, even though Mariot-
te was quoted in Newton's Principia (Cross, 2012) And{
it is that the office toy that so effectively illustrates

Www.sw2022.0r8

. Y
Allnamlcs&#
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FROM ESTIMATE TO PREDICTION - HISTORY XV

+ Stress wave phenomena were understood for a long time
but not applied to pile driving

« d'Alembert (1747) discovered the wave equation and
Saint Venant'’s (1867) found the wave equation solution
for impacting rods

« The first observation of stress waves in piles is by Isaacs
(1931), who created an integration technique best
described as a semi graphical one.

 Isaacs developed a mathematical model based on the
successive transmission and reflection of waves, like the
Method of Characteristics (MOC).

. A
Allnamlcs‘#

Saint Venant
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GRAPHICAL TOOLS- - ISAACS LY
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KIivi
MECHANICAL/GRAPHICAL TOOLS - ISAACS (1931) =

(i) tdeal uncishioned impact of a short hammer on a long pile.

) When the impulsive relative velocity vr in the hammer reaches
the top end, it is reflected as a tension impulse vr, 50 that, for

1 L Legendie Lioms of the Pammer ncac to the sop where both impilcs now averlapy

ar % qend: the relative velocity is 2vr, and the stress is zero. By the time mg
- o Pin joint reflected wave has reached the bottom of the hammer the whol

P n Tarmmer has beeh given 8 relrive velpety of 2Vr and il s o

=4 5liding connection the hammer has been eliminated, so that the hammer now has the

.  Fixed fo base (Vmﬁrslr‘)l,ma':dh‘? mk:;;: pile as a mmum pms:ll?d x;‘l velocity

r — it beginwng an ini i thus starts,

M o—l " snd the process 8 repeated. 1F 1 bE the Icngxh ot the harmimer, 1

o] " time required for a complete cycle will be

— 21
\ Bicection of transiain of base Tt oy seconds.

Lj\*_j»—v_m The velociey of the base of the hammer ‘"dr)"lfct h“;:,"f the ple

gianing of the impact is thus (i secon,
Secons ater i e il by L = 26); 4 secongds later it is v(l - )
{(1—2r)?; 6¢ scconds later it is r)(1—2r), and so on. The
| compression wave propagated skong the pile is thus of stepped form
M | as shown in Fig. 5, where the ordinates represent velocities or ia-
A u%[ I3 Jensities of compression, and abscissae, measured from the line
IF (3 | '00 to any portions of the wave, represent the time during which the

; 4 wave has boen travelling, or the disunce tavelled along the pile.

Fig. t4.—Diagram illustrating Principle of Curve Drawing Machine | <
=
E
ER
fe= Cushioned| Iuaxl-)-m«rq Swum—-}-blyvg Pressre —foy-ofo— Wating Pressure —— 5 prm
R 8
iy of Veacdy of i
S { ] iper) | ) P A —
S

=]

i, 5 G Dot Mo, oy teentd || | ///// i Case that will be simulated by
e Time of Penttcarion 0.019 seconds —— — AllWave-PDP
Fig. 11.—Wave Diagram for L = 20, r = 0.13, k = 20, 1 = 3},
g =0.I; ie, a-20 ft. Pile, well cmhum:d, a light Immmn, and
medium Driving. -
Allnamics‘/ %
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MECHANICAL/GRAPHICAL TOOLS - ISAACS (1931) WL

Isaacs Simulation, Short Hammer Long Pile
Velocity [m/s] Velocity [mfs] P Force as funetion of Time at level = 0,000 [m]

@ ’qulu 00 o5 10 L5 zZ0 0o 05 10 15 20 fonE e i e L ]
R n - - L L L

J B B

ave-PDP

Depth [m]

- Pile

¥4
Depth [m]

4 Isaacs Simulation, Short Hammer Long Pile

a5 Tunction of Tire at level = 0.000 [

ebodty [infs] 08
s 10 15 20 25

(= -

|
- |
|
o
O
!
|
|
-

i . Negative depth is : E :: ] —|
Snapshot of a travelling wave according to Isaacs along the ram, o . :
(1931) and Allwave (2022) for "Ideal uncushioned positive values - -
A Do alone the pile Results at end of simulation
impact of a short hammer on a long pile. g the p

A\\namics‘;;
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HYDR./MECH. ENGINEERING — BERGERON (1937)W'.S!!’!.

« Bergeron (1937) proposed a graphical MOC
based method to predict the propagation of
waves in water channels and piles .

« In principle Bergeron already described how to
incorporate phenomena like friction (sudden
jumps) for the propagating of waves with
discrete points along a pile:

Hydraulics and mechanics graphical
MOC analysis examples by
Bergeron

AHHHI‘I’]ICS‘/Q.
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MECHANICAL ENGINEERING — DE JUHASZ (1949) X!

» In mechanical engineering one was
interested in the stresses generated by
impacting rods, and similar graphical
tools as described by Bergeron were
used to study the subject

* An excellent example is the work of De
Juhasz (1949) with impressive graphics
of stress wave propagation for cases
exceeding the elastic limit of the rod
material.

Allnamlcs‘/a

Problem 12. Impact Stress Considerably Above Elastic Limit, in Com-
pression, of Infinite Bor (Fig. 18)

11t International Stress Wave Conference Rotterdam, The Netherlands September 20-23, 2022

19

SOIL MECHANICS — JOSSELIN DE JONG (1956) -Vl

Lines representing the
energy transmission in
the sand

» De Josselin de Jong (1956) applied the MOC to pile driving g
and proposed a model for the toe resistance including
porewater pressure phenomena

» His paper in Dutch from 1956 has been translated by SW2022
organizing committee members into English

SAND CYLINDER

« De Josselin De Jong, G. (1956, 2022), What happens in the
soil during pile driving, English Translated Version, 11t
International Stress Wave Conference, Rotterdam, The
Netherlands, 2022.

Schematic of the
| impedance experienced
by the pile toe from the
% | soil at (a) low and (b)
- high frequencies.

Allnamlcs‘/g
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ROCK MECHANICS — FISCHER (1960)

Engineers

» Fischer (1960) applied MOC with his
grapho-dynamical method and
performed extensive research on the
influence of ram and anvil dimensions for
rods penetration into soil.

Allnamlcs‘/a
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WEQ COMPUTER APPLICATIONS — SMITH (1954) XV

» Another approach with series of springs

and masses, with a finite difference PILE-DRIVING ANALYSIS BY THE WAVE EQUATION
solution of the WEQ By E. A. L. Smith (1960)
s :.j ,ﬁ 53"‘"”1"(:."{“"{ i::.f.;u" ih’{:i:ini“o} iRt i
It seems that Smith was not aware of w)) Stz ompuers vere & m :“J‘.‘J;"z?‘;fi,'fi‘.‘?.i“;::.‘é‘.“:’u;'.“‘; g
troke ! s ns ened the value L 9
the work of Bergeron, de Juhasz and 1 . - Bresnt e (1040, in o Sonceptoo f the wave Eﬁg} Ko
. . Rom—— W, . P s, a the pile-
Fischer (mathematically exact results Eic.,u.c. o m&mafrdﬁyggmgw
Wlth MOC _ 00/0) - Plle Cap i ] imperfect knowledge of the physical conditions lnvolv:d. VienSouripresent
1 0 The mathematical method described herein may, with slight modification, be
i applied to other impact problems such as the design of afoundationfor a forg-
Koz R, ing hammer, or a fendering system for a dock.
K, Ry
« No surfing (manual analysis) of the MOC R .

waves anymore ‘

Point
R; Resistance

Allnamlcs‘/g
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» Voitus van Hamme adopted the MOC approach

similar to that formulated by Bergeron and ‘[»'Ll' ol o
programmed it for the computer application for o e o
hammer design and pile driving prediction i Win [Cutsges s
PILEWAVE. |

Diagram van de
kleef verdeling

» His method assumes that the continuous skin-

friction can be replaced by a great number of Until 1976 there was not any computer program based on
concentrated frictional forces.

MOC available and Voitus van Hamme (1980) stated at
the Numerical Methods in Offshore Piling conference:

It is, however, astonishing that none of the programs known to
the writer is based on a solution of the wave equation with the
exception of the HBG pile driving program PILEWAVE
designed by the writer. /A"namiGSl_?i

11t International Stress Wave Conference Rotterdam, The Netherlands September 20-23, 2022
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Inspiring MOC paper

Engineers

« This paper inspired the presenter to apply R
MOC for developing the wave equation
program TNOWAVE (AllWave nowadays)

Hydroblok and improved
piledriving analysis

AllWave-PDP Screenshot

11t International Stress Wave Conference Rotterdam, The Netherlands
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WEQ COMPUTER APPLICATIONS = "“"

« The presenter has a hydrodynamics background, and his thesis
was based on the Long Wave Theory in channels, which is based At At
n-1 W,,.,
on the MOC I s A
N Al
P
»  While working for the research organization TNO and reading the n IW" / LY
work of Voitus van Hamme the presenter decided to use this Nl \ e Al
straightforward and elegant MOC approach for the development of #
the driveability prediction program TNOWAVE n+l IWn+1 < REEE ERE
» The successor of TNOWAVE is ALLWAVE See keynote paper for additional
formula’s
Allnamics_‘;;
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MISCONCEPTIONS ABOUT MOC R,

The statement that MOC is more exact is true, but
the limiting statements are not correct as proven by
numerous publications for MOC based programs like
TNOWAVE, ALLWAVE, CAPWAP and IMPACT

« There are still misconceptions about the MOC, one
of which can be found in Hussein et. Al. (2004).
That publication discusses the lump mass approach
by Smith and the MOC and the authors state:

Thus, two approaches developed for the analysis of a pile under
impact: the more flexible lumped mass method of Smith and the
Donnell-de Juhasz method of characteristics. The latter method
is more exact for ideally elastic, continuous systems. However, it
is more difficult to apply to the pile capacity problem due to the
difficulty of including a realistic soil, hammer and driving
system model. Attnamics k72

11t International Stress Wave Conference Rotterdam, The Netherlands September 20-23, 2022
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ADVANTAGES OF MOC

There are several authors
mentioning the advantages of MOC
compared to the Smith lump mass
approach, among which

« Voitus van Hamme
« Frank Rausche
« Mark Randolph

11th International Stress Wave Conference
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MOC - Check on Algorithm Performance

A check on algorithm performance and/or
programming can be done by comparing the
outcome with theoretical solutions:

+ a ram with the same impedance as the pile
(which should result in a rectangular pulse
wave)

* a ram with a larger impedance than the pile
(which should result in a step wise decreasing
block shaped pulse).

« check the driveability software you are using
with these basic cases to check their
possibilities and limitations

11t International Stress Wave Conference
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Rotterdam, The Netherlands
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KIVI

The Royal Netherlands Society of
Engineers

« Frank Rausche (1983) stated as MOC
advantages when CAPWAP was
converted from Smith to MOC

High viscous damping forces do not lead to unstability, as the
Smith model does. If soil segments are chosen at every third pile
element and at a 6000 sps frequency, then the CAPWAP/C
analysis is approximately 20% faster than CAPWAP. Further
time savings can be obtained in cases with little or no skin
friction over substantial pile portions (offshore). The response
at time 2L/c is much more accurate than that of the lumped
mass analysis, in particular on long piles. Thus model changes
to avoid phase shifts are unnecessary.

Allnamlcs_‘ﬁ

See keynote paper for additional
statements

September 20-23, 2022

KIvI

The Royal Netherlands Society of
Engineers

Ram and Rod Same Impedance

Welocity as function of Time at level = 0,000 [m]
5

Depth[m]
[
Welocity [mys]

. o 1 2 3 4 s & 7 8 5 1w u
[ Time [ms] ps—

Ram Larger Impedance than Rod

Welocity as function of Time at level = 0,000 [m]
8

Velocity [mys]
-

Depth[m]

. o i Allnamics*/;\

e 1 2 3 4 5 & 7 8 9 1 1

[ Time [ms]
~ AllWave-PDP Simulation Results
September 20-23, 2022
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. . K
Real Measurements with Oscilloscope (1968)

Strain meaurements for case
impedance ram larger than
impedance rod

Fig. 12, Measured strain time diagram
in the middle of the long rod
immediately after impact

Fig. 12. Gemeten spanning-tijd-diagram in het  Fig. 13. Gemeten spanning-tijd-diagram in het
midden van de lange staal onmiddellijk midden van de lange staal onmiddellijk
na de botsing. na de botsing.

Fig. 13, Measured strain time diagram
46 Heron 16 {1968) mo. 2 in the middle of the long rod
immediately after impact

(longer time duration)

Koten van, H., SPANNINGSGOLVEN IN EEN AXIAAL AANGESTOTEN
PRISMATISCHE STAAF (Dutch), “Stress Waves in an axial impacted
prismatic rod”, Heron, Jaargang 16 no. 2, Delft 1968

Allnamics_‘

Measurements performed by Fokke Reiding (TNO), present at the conference

11t International Stress Wave Conference Rotterdam, The Netherlands September 20-23, 2022
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3D FEM Finite Element - 1D MOC Comparison .

Basic Case, Ram and Pile same Impedance, Solid Steel D= 0.2m, Ram = 2m, Pile = 10m

AllWave-PDP, Ram and Pile same Impedance, Solid Steel,

Velocity of the Pile. Velocity as function of Time at level = 0.000 [m]

1 A
4
~ - | Time ms] E JE
: £
£ 14
AR — 5 ]

— 0.0 05 1.0 15 2.0 25 3.0
Time [ms] - .
1D MOC Result, agrees with theory and measurements

3D Finite Element Result, with spurious reflections

Allnamics‘_‘, =
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IMPACT BLOW COMPARISON 1D-MOC AND 3D-FEM K“"

Blow on pile top, case of large monopile, large hammer, large anvil.
(Because of NDA not allowed to show numbers)

1D - AllWave-PDP Result
3D — FEM Result

...........................

..........................

Time ()

Flexibility of anvil seems to be of minor influence on impact blow. ' Alnamics k22
For design and detailing hammer components 3D — FEM is required, but for ‘
driveability studies 1D - MOC AllWave-PDP does an excellent job.

11t International Stress Wave Conference Rotterdam, The Netherlands September 20-23, 2022
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MOC - IMPACT HAMMER NOISE REDUCTION P
MODELLING

* Nowadays a long list of hammer types
(e.g., steam hammers, diesel hammers,
hydraulic hammers, rapid load testing
devices and vibratory drivers) have been
modelled with MOC.

» Also advanced impact noise reduction
systems like PULSE (IQIP), MNRU
(Menck), Blue Piling water vessel ram can

be modelled.
Y
BLUE PILING )
(1aip) Allnamics‘;ﬁ
PULSE MNRU ; .
(1ap) (MENCK)
11t International Stress Wave Conference Rotterdam, The Netherlands September 20-23, 2022
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MOC - IMPACT HAMMER NOISE REDUCTION MODELLING

Steel Ram, No Cushioning

Force as function of Time at level = 0.000 [m]
Max Compr. [MPa]

120
» m e |
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- ]
o E
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100 -
o w0 .
Wy ]
I 80
T so-
° Z 1
H ]
= 207
o
| 0 s 10 15 20 25 30
ol
« - Time [me] —

Steel Ram,Water Cushioning
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The Royal Netherlands Society of
Engineers

o
= A - stresses in the
:" ram and pile as
z H function of depth
H S (negative depth is
" in the ram, positive
* o in the pile
R o s w - " M
- Tmelml ~ | B - Impact force on
Water Ram pile top as function
Mo Compe. (MPa] " Farce as function of Time at level = 0.000 [m] Of tlme
g
" _ a0
. H
H »
® Allnamics‘/;
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FROM SOIL INVESTIGATION TO STATIC AND DYNAMIC SOIL

Rotterdam, The Netherlands

PARAMETERS — ALLWAVE-PDP APPROACH

Sodl Invastigaton

ypes
CPT.SPT, PNIT,
DM, UCS
Convertto
Sol Type, by Soil Data.
Classification e Leaming
Loop
Convertio
equivalent g
and qs
Disgiacarmen '
Veloosy
dopendent capendent
Spring Convert to Soil Damging
Madels Wadel Parameters Models
Acceloration
depengent
Uinear Piasilc: Hymerbolio Density Unear Exponential
Sail Fatigus Sail Faligue
Mocsls Models
Spiing Forces Inerta Forces Damger Forces
Wiul wia) wiv)
Acceleration Velosity
Displacemant
dependent dapendant dependent

Tolal Soi Resistance Fsft)
Welt) = Wiu) +W(a) Wiy}

Update for each Pile Toe Penetration
Level

11t International Stress Wave Conference
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Soll Investigation

Pile Input npat Hammer Input
Convert to Soil Model
Paramelers
MOC Algorithm
Calculations
Soil Fatigue Model,
update for each |, pqate for each
penetration level ple toe
penetration
¥ level
MOC Calculations one
Hammer Blow at one
increasing Penetration Level
Store Results
¥
Final Results

Rotterdam, The Netherlands

September 20-23, 2022

September 20-23, 2022

The Royal Netherlands Society of
Engineers

Allnamlcs‘/g
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FROM SOIL INVESTIGATION TO STATIC AND DYNAMIC SC Vi
PARAMETERS — ALLWAVE-PDP APPROACH

Engineers

g FENERICES XN -a®E &0

Screen Shots

CPT — Soilinvestigation Input Example N

Derived Soil Model Parameters

. A
A\\namlcs‘#
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FROM SOIL INVESTIGATION TO STATIC AND DYNAMIC KIVI
SOIL PARAMETERS — ALLWAVE-PDP APPROACH

Engineers

Screen Shots

i__ “’l ‘“—“-‘I’Trl.-:%-'éﬂllévi.u‘nilﬁo
= | | -
= : s ‘;|
L = 0 _
= | gt
SRD and Soil Fatigue at end of driving ‘ —
The soil fatigue is update at each — i . ;
intermediate pile toe penetration level Predicted values o
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MOC — STATIC SOIL RESISTANCE MODELLING
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* The most applied static resistance model is the linear plastic behaviour, based on quake values (uqi,
ug2) and yield values (Fy1, Fy2). However, a hyperbolic loading cycle approach based on yield strength
Q and shear modulus k is closer to the real cyclic soil loading behaviour of soil.
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SOIL FATIGUE MODELLING

« There are various fatigue models published in the literature (e.g.,
Toolan & Fox (1977), Stevens (1982), AlIm & Hamre (1998), Alm &
Hamre (2001)).

» To the presenter’s opinion the model presented by Fischer et al.
2015 should be considered as it emphasizes mixed fatigue modelling
per soil layer designating each soil layer with a different fatigue
model.

» An interesting development is the Unified CPT-based method
(Lehane et al. 2020).
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ALLWAVE-PDP MIXED FATIGUE MODELLING PER SOIL
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MOC -VIBRATORY DRIVING PREDICTION

The first MOC based publications for
vibratory driving of offshore piles was by
Jonker et al. (1988) and Middendorp et al.
(1988)

For longer piles a wave equation approach is
required to correctly model the shift in strain
state along the pile

For steel piles and a typical vibratory driving frequency of 23Hz
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To behave like a rigid body, it was required that the driving
frequency was chosen to be equal or less than 10% of the
natural frequency of the full-sized pile as a freely vibrating rod,

expressed as:

Or

fa <0.1f, =0.1c,/2L

L <cp /20f,

with fy = driving frequency [Hz], f, = longitudinal natural
frequency of a free slender bar/pile [Hz], ¢, = pile stress wave
velocity [m/s], L = length of the pile [m].

this means that the rigid body assumption is only valid for pile

with a length smaller than:
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MOC -VIBRATORY DRIVING PREDICTION KIV

The Royal Netherlands Society of
o x

‘&‘I:‘J B ;m ;TLT&;B E & % g 5@ o0
[P 5 -
[N B ! Solinvestgation G
i i || : o o |iam| o | S [ | e | e
bl | o e | e e i o
s T ' e - | ,__I
PR PRFEEETE . |
7 = =
7
AllWave-VDP Screenshot
11th International Stress Wave Conference Rotterdam, The Netherlands September 20-23, 2022

41

&
%

MOC - SOIL RESISTANCE MODELLING GEX,
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MOC - VIBRATORY DRIVING PREDICTION 22K,
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Some AllWave-VDP results: pile penetration speed, force and displacement amplitudes toe
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STORY OF THE OCTAKONG

Internal, American Piledriving Equipment, Inc.

In 2010 the companies APE, CAPE-
Holland, APE-China and Allnamics
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FIRST VIBRATORY
DRIVEN MONOPILES
Made Possible by
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teamed up to convince the Chinese
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contractor First Harbor Marine Group

China that a massive multi-unit

\

vibrohammer could be used to drive 49 m

long, 22 m diameter steel caisson pipe

piles weighing 600 tonnes each 25 m into
the bed of the South China Sea, where the

soil consists of silty clay, clay and sand

with SPT N-values ranging from 8 to 40.

The driveability studies were performed

with AllWave-VDP, which showed the

feasibility of driving these gigantic piles

into the bottom of the sea to the required

depth.
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STORY OF THE OCTAKONG ~ K

Also under their belt, APE had Aat de Neef and his team at APE Holland and Peter Middendorp of Allnamics Pile
Testing Experts BV. Aat steered APE China through rough waters along the way. Middendorp, GM of Allnamics, was
able to successfully calculate the skin friction for the 22m diameter piles with the given soil conditions, and was able to do
a drive-ability study for this potentially record-breaking pile.

In November of 2010, Middendorp was able to stand in front of 20 Chinese engineers and explain to them how this very
accurate system works. Allnamics Pile Testing Experts convinced the Chinese contractor First Harbor Marine Group
China that a massive multi-vibro hammer could be used to drive 130 ft long, 72 ft diameter steel pipe piles weighing 600
metric tons each into the bed of the South China Sea. Combining APE’s hammer design. production and operation know-
how with the pile driving simulation and installation know-how of Allnamics made it possible to show the feasibility of
driving these gigantic piles into bottom of the sea to the required depth.

The contract was awarded and APE in Kent Washington headq begani liate manufacture of eight Model 600

Super Kong vibratory driver/extractors, or vibros.
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STORY OF THE OCTAKONG XV,

Completed caisson installation
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MOC - VIBRATORY DRIVING PREDICTION LK

Following the successful vibratory driving at the
Hong Kong-Zhuhai-Macau Bridge project the
contractor Seaway Heavy Lifting opted for the
use of a vibratory hammer for the installation of
the monopiles for the Riffgat project. (de Neef
at al. 2013).

By choosing this innovative way of pile
installation they could adhere to the strict
environmental rules, which apply in Germany,
and keep the environmental impact due to
noise and vibrations within acceptable limits.
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MOC - VIBRATORY DRIVING PREDICTION
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In the view of the author, vibratory
driving and impact driving are
complimentary, and as a minimum
vibratory driving can be used for
stabbing the piles.

If final penetration levels cannot be
achieved by vibratory driving, the impact
hammer can finish the job.

This approach, i.e., performing vibratory
driving predictions with MOC and the
installation of monopiles by vibratory
hammers, are common practice in the
design and construction of offshore wind

energy farms nowadays.

DRIVEABILITY PREDICTIONS WITH SCRIPTING

52

The current development of offshore wind energy
farms may require the installation of hundreds of AllWave
piles. Automation
To perform the design in an efficient way driveability options
studies must be automated, much like many other
processes are automated.

This requires that the MOC simulation programs
allow the option to be operated externally by
scripting methods.

In this case scripting refers to a program or a
sequence of instructions that is carried out by
another program rather than by the computer
processor.

AllWave can be operated by scripts, run on desktops,
company servers and from the cloud.
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DRIVEABILITY PREDICTIONS WITH SCRIPTING AND = v
ARTIFICIAL INTELLIGENCE

» The next logical development is the merger of driveability prediction programs with Artificial
Intelligence to make full use of all the data that has been collected in the 80 years that the Method of
Characteristics has been used for pile driving simulation, modelling and signal matching

« This collected data will surely include all the data that will become available from the SW2022
Demonstration Day/Testing Program.
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» The presenter is impressed with the ingenuity of our forefathers to solve and .
apply the WEQ solution without the assistance of computers Creating the Future

. . . . by
» The MOC graphics method is widely used to explain and understand stress .
wave propagation phenomena. Learning f;:? the Past

» The MOC algorithm has many advantages over the Smith finite difference
method (lumped masses and springs).

* AllWave 1D_MOC yields similar impact blow results as 3D-FEM.

» Soil fatigue model parameters should be updated for each pile toe penetration
level.

» Operating prediction software by scripts and from the cloud and assisted by AI
is already taking place and will be increasingly applied.

» The presenter hopes that Mariotte, Bergeron, Josselin de Jong and Voitus van
Hamme get their deserved place in the Stress Wave Community history.

Knowing the Present
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SURF THE WAVES WITH THE METHOD OF
CHARACTERISTICS
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