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ABSTRACT: This paper presents results of documented soil motions in the ground based on full scale field
tests of vibro-driven sheet piles. A novel simplified analytical view of the transfer mechanisms is presented for
singular and in interlock driven sheet piles, describing the dynamic vibro-pile-soil-interaction at shaft as well at
pile toe. The view comes out of experiences from numerous conducted field tests, based on a range of different
results from self-developed sensors that's been mounted; on the driven piles, left in place on preinstalled piles,
on- and in-depth of the soil at different radial distances in the soil volume beside the driven pile. The vibration
transfer to soil at the pile-soil interface boils down to the pile motion. The motion of the pile is a consequence
of how the driving force enters the driven profile. Results of infield observed soil motion are presented, the ef-
fects of how the pile vibrates both vertically, horizontally as well as transversally and how the motion of the
driven profile connected to the adjoining sheet pile wall, is set into motion as well and therefore also transfers
vibrations into the nearby soil.

RESUME: Cet article présente les résultats du mouvement documenté du sol dans le sol, sur la base d’essais
sur le terrain a grande échelle de palplanches pilotées par vibrations. Une nouvelle vue analytique simplifiée
des mécanismes de transfert est présentée pour les palplanches singuliéres et les serrures couplées, décrivant
I’interaction dynamique pile-sol au niveau de I’arbre du pieu, ainsi qu’au bout de la pile. La vue ressort des
expériences d’un grand nombre de tests sur le terrain, fondés sur divers résultats obtenus avec des capteurs dé-
veloppés par nos soins; sur les pieux battus, laissés en place sur les pieux préinstallés, sur et en profondeur du
sol a différentes distances radiales dans le volume du sol a c6té du pieu entrainé. Le transfert de vibrations au
sol & I’interface pieu-sol se résume au mouvement du pieu, conséquence de la maniére dont la force motrice
pénétre dans le profil entrainé. Les résultats du mouvement du pieu observé dans le champ sont présentés, mon-
trant les effets de la vibration du pieu a la fois verticalement, horizontalement et transversalement, et comment
le mouvement du profil entrainé est connecté au mur de palplanches adjacent qui est mis en mouvement et
transfére donc le sol & proximité.
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1 INTRODUCTION

During vibro-installation of slender steel sheet
piles (SSP) in soil deposits typical the region of
Stockholm Malardalen, several problems can
occur. The aim of the present study is to define
situations, why they occur and how vibrations
are transferred from the driven SSP to the soil
and further in-to the ground.

The paper presents results and experiences
based on analysis of several full-scale field tests,
[1.], [3.]. [5.], and [11.], that have provided in-
sight into the complex motion pattern of vibro-
driven SSP's, and how these motions are trans-
ferred to the soil volume adjacent to the driven
pile. The vibration level in the soil increases
three to five times when driving sheet piles into
dense soil deposits. Due to hard driving situa-
tions, it's often challenging to maintain induced
ground vibration levels below stated limits dur-
ing construction.

The understanding of the complex pile-soil-
interface behavior is an important aspect when
predicting the induced soil vibration levels at-
tributed to the dynamic lateral movements of the
slender sheet pile (and SSP wall) during the in-
stallation phase, [4.]. With knowledge and un-
derstanding of the key mechanisms (lateral as
well as axial movement), of the slender profiles,
their intricate geometry as well as for the eccen-
tric loading conditions, it's possible to take
measures to keep vibration levels below the lim-
its stipulated in the contract.

2 VIBRO-DRIVING FUNDAMENTALS

The operational principle of vibrodriven sheet
piles is visualized in Fig.1. To the left a.) a view
of a single U-profile, the first to form the pile
wall. With driving force Fq, soil resistance along
shaft Rs and R; at the toe together with a bending
moment My, along the neutral axis at the head of
the pile causing the profile to vibrate laterally.
To the right b.) a view of the steady state lateral
cyclic motion when the profile is driven into in-
terlock of a pre-installed wall. With driving
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force Fq, resisting force along shaft Rs, at the toe
R: and in the interlock R together with two
bending moments My, and My at the head.

The two forces; Fq and R, acts eccentrically
on the profile, which causes the slender profile
to vibrate laterally and transversally in a com-
plex manner, [1.], the lateral motion is trans-
ferred to the pre-installed sheet pile wall, as il-
lustrated in Fig.1b.

2.1 Equipment operation

Driving equipment used during the full-scale
field tests consisted of leader mounted hydraulic
vibrators, extensively described in; [3.], [7.] and
[8.]. Operation control of equipment consists of
variation of driving frequency and eccentric
moment as well as inclination of leader/pile in
order to achieve an optimal installation process.

With optimal defined as; high rate of penetra-
tion (read: vibro-driveability) and low levels of
induced ground vibrations.

2.2 Pile-/wall motion

The first SSP profile is driven singularly and the
rest in interlock, as illustrated in Fig.1. Both ver-
tical as well as lateral vibrations are transferred
to soil as well as to adjoining SSP wall causing
motion of both pre-installed wall as well as ad-
jacent soil.

2.3 Soil motion

Soil motion adjacent to the two situations; a.) to
the left and b.) to right in Fig.1, will produce
different wave patterns in the soil volume, [6.], a
pattern related to the motion of the slender SSP
and/or SSP wall, as shown in Fig.3.

2.4 Instrumentation

To get an insight and understanding of the com-
plexity of the dynamic soil-structure interaction
when vibrodriving SSP into the ground. An in-
strumentation system for vibration analysis dur-
ing vibratory sheet pile driving was developed,
described in [2.] and [7.].
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NOTATIONS

S Fq: Driving force

R.: Interlock friction

M, : Bending moment around x-axis
due to eccentric position of Fy

M, : Bending moment around y-axis
due to eccentric position of R
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Figure 1. Simplified view of the dynamic vibro-structure-soil interaction mechanism of vibro-driven
sheet piles, a.) singular pile, b.) with effects of friction in interlock, after [1.].
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3 ANALYSIS AND FIELD RESULTS

Vibration records from conducted full-scale
field tests using sensors mounted on driven SSP
as well as pre-installed SSP wall and in the soil
volume close to the SSP's, [4.], [5.], [9.] and
[10.], have provided valuable insight of the ex-
cessive motions of the driven profile as well as
mechanisms of how motions are transferred to
the adjoining sheet pile wall via interlock and
further into the soil.

Fig.2 illustrates schematically how ground vi-
brations emanating from a singularly driven
SSP, (situation a.) in Fig.1) would give rise to
wave patterns in the soil at different elevations
of the soil volume as the SSP slides by the three
position of sensors MP1 to 3. The axes illustrate
the lateral vs. the vertical velocity.

In MP1 the pattern would suggest mainly
shear waves from the shaft. In MP2 the round
pattern suggests that it's a combination of P-
waves from the toe and S-waves from the shaft.
And MP3 displays a pattern suggesting mainly
P-waves emanating from the toe. This analysis
or view of wave pattern in the soil is supported
by former presented theory regarding vibration
transfer from piles by [5.] and [10.].

3.1 Results

Fig.3 shows results from recorded ground vibra-
tions are plotted against each other, [3.]. The
first row shows results from a singularly driven
SSP in clay, i.e. situation a.) in Fig.1 and the
second row displays results from an SSP driven
in interlock and entering the till, i.e. situation b.)
in Fig.1. The presented velocity curves show
patterns when only effects of shaft are present-
ed, i.e. toe is sufficiently far from the sensor’s
level, (as MP1 in Fig.2) so the measurements are
to be considered mostly shaft-induced.

Result to the left of the upper row, shows the
three-directional wave pattern with little polari-
zation.

Results to the left in the lower row, on the
other hand shows an erratic wave pattern, ex-
plained by the effects of the eccentricity of the
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Figure 2. Schematic of the ground vibrations in
depth below of single SSP motion, after [6.].

two forces, Fq and R, that max out when pile
toe at the same time enters the dense till layer.

The other four graphs illustrates the lateral
Lvel Versus the vertical Ve velocity.
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Figure 3. Shaft related ground vibrations; row above: -soil motion of easy driving (clay) of a singular SSP,
row below: -soil motion during hard driving (till) including effects of clutch friction, after [3].

4 SUMMARY AND CONCLUSIONS

This paper presents a brief background of the
conducted research of induced ground vibrations
from vibrodriven sheet piles. Furthermore, a
simple principle of the dynamic pile-soil-wall-
inter-action is presented.

Results, experiences and analysis of several
full-scale field tests have provided insight into
the complex motion pattern of the SSP's, and
how the motion is transferred to the soil adjacent
to the driven sheet pile.

The wave pattern curves during smooth driv-
ing, (clay) of a singular pile displays a three-
directional pattern with little polarization. How-
ever, with effects of clutch friction present, and
hard driving, the wave pattern curves becomes
more erratic, due to the higher frequency over-
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tones as an effect of the eccentricity of driving
force and friction force in the interlock. The mo-
tion remains three-dimensional, however with
approximately equal magnitude of; vertical-,
longitudinal- as well as transversal components.

5 ACKNOWLEDGEMENTS

The authors wish to acknowledge the financial
supporters of this research project; the Devel-
opment Fund of the Construction Industry
(SBUF), NCC Construction Sverige AB, Her-
cules Grundlaggning AB and Royal Institute of
Technology (KTH). Main author is also grateful
to the Swedish Transport Administration for the
privilege to present this knowledge transfer doc-
ument.

ECSMGE-2019 - Proceedings


https://sbuf.se/Om-SBUF/In-English/
https://sbuf.se/Om-SBUF/In-English/

C.2 - Earthquake engineering and soil dynamics

REFERENCES

[1.] Deckner, F. 2017. Vibration transfer pro-
cess during vibratory sheet pile driving — from
source to soil. Ph.D. thesis, Royal Institute of
Technology (KTH), Stockholm, Sweden. URN:
urn:nbn:se:kth:diva-203936.

[2.] Deckner, F., Viking, K., Guillemet, C.,
Hintze, S. 2015. Instrumentation System for
Ground Vibration Analysis During Sheet Pile
Driving. Geotechnical Testing Journal, Vol. 38,
No.6, pp. 893-905. DOI:10.1520/GTJ20140275.
[3.] Guillemet, C. 2013. Pile-Soil Interaction
during Vibratory Sheet Pile Driving -a Full
Scale Field Study. M.Sc. thesis, Royal Institute
of Technology (KTH), Stockholm, Sweden.
URN: urn:nbn:se:kth:diva-136578.

[4] Viking, K., Bodare, A. 2000. Full-scale
field-test studies of dynamic soil resistance and
induced environmental effects of vibratory driv-
en piles. Proc. of the 25th DFI Meeting Conf.,
N.Y., USA.

[5.] Whenham, V. 2011. Power transfer and vi-
brator-pile-soil interactions within the frame-
work of vibratory pile driving. Ph.D. thesis,
Université catholiqgue de Louvain, Belgium.
http://hdl.handle.net/2078.1/75975.

[6.] Deckner, F., Viking, K., Hintze, S. 2017.
Wave patterns in the ground: case studies relat-
ed to vibratory sheet pile driving. Geotech Geol
Eng. 35:2863-2878. DOI: 10.1007/s10706-017-
0285-x.

[7.] Green, J., and Nilsson, C-0. 2000. Drivbar-
hets- och omgivningspaverkans studier av
spontdrivning med vibroutrustning. M.Sc. thesis
work 00/6. Royal Institute of Technology
(KTH), Stockholm, Sweden.

[8.] Ahlgvist, A. and Enggren, E. 2006. Impact
on Surrounding Environment from Vibro Driven
Sheet Piles, M.Sc. thesis work, Royal Institute
of Technology (KTH), Stockholm, Sweden,
ISBN 1652-599X.

[9.] Athanasopoulos, GA., Pelekis, PC., 2000.
Ground vibrations from sheetpile driving in ur-
ban environment: measurements, analysis and
effects on buildings and occupants. Soil Dyn

ECSMGE-2019 - Proceedings

Earthqg Eng 19(5):371-387. doi: 10.1016/S0267-
7261(00)00008-7.

[10.] Athanasopoulos-Zekkos, A., Woods, R.D.
and Gkrizi, A. (2013), Effect of Pile-Driving In-
duced Vibrations on Nearby Structures and
Other Assets. Technical Report No. RC-1600,
Michigan Department of Transportation ORBP
Number OR10-046.

[11.] Viking K., 2002. Vibrodrivability and in-
duced ground vibrations of vibratory installed
sheet piles. Proc. of the Int. conf. on vibratory
pile driving and deep soil compaction, Louvain-
La Neuve, Belgium.

IGS



