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National foreword

This British Standard is the official English language version of
EN 14731:2005.

The UK participation in its preparation was entrusted to Technical Committee
B/526, Geotechnics, which has the responsibility to:

— aid enquirers to understand the text;

—  present to the responsible international/European committee any
enquiries on the interpretation, or proposals for change, and keep
UK interests informed,;

— monitor related international and European developments and
promulgate them in the UK.

A list of organizations represented on this committee can be obtained on
request to its secretary.

Cross-references

The British Standards which implement international or European
publications referred to in this document may be found in the BSI Catalogue
under the section entitled “International Standards Correspondence Index”, or
by using the “Search” facility of the BSI Electronic Catalogue or of British
Standards Online.

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, the EN title page,
pages 2 to 24, an inside back cover and a back cover.

The BSI copyright notice displayed in this document indicates when the
document was last issued.

Amendments issued since publication

Amd. No. Date Comments

____Documents

Document Sharing Hub

Full document details: BS EN 14731:2005


http://www.avadocuments.com/doc/bs-en-14731-2005
http://www.avadocuments.com/doc/bs-en-14731-2005

EUROPEAN STANDARD EN 14731
NORME EUROPEENNE

EU ROPAISCHE NORM September 2005

ICS 93.020
English Version
Execution of special geotechnical works - Ground treatment by
deep vibration
Exécution de travaux géotechniques spéciaux - Ausfiirung von besonderen geotechnischen Arbeiten
Amélioration des massifs de sol par vibration (Spezialtiefbau) - Baugrundverbesserung durch

Tiefenrtittelverfahren

This European Standard was approved by CEN on 8 August 2005.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European
Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references concerning such national
standards may be obtained on application to the Central Secretariat or to any CEN member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by translation
under the responsibility of a CEN member into its own language and notified to the Central Secretariat has the same status as the official
versions.

CEN members are the national standards bodies of Austria, Belgium, Cyprus, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, ltaly, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia,
Slovenia, Spain, Sweden, Switzerland and United Kingdom.

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

Management Centre: rue de Stassart, 36 B-1050 Brussels

© 2005 CEN Al rights of exploitation in any form and by any means reserved Ref. No. EN 14731:2005: E
worldwide for CEN national Members.

Documents

Document Sharing Hub

Full document details: BS EN 14731:2005


http://dx.doi.org/10.3403/30096468U
http://www.avadocuments.com/doc/bs-en-14731-2005
http://www.avadocuments.com/doc/bs-en-14731-2005

EN 14731:2005 (E)

Contents page

L = N 4
1 1T o o - 5
2 LT 4B LA = =] =T = Lo - 5
3 Terms and defiNitioNs ... ——————— 6
4 Information needed for the execution of the WOIK ... s 7
41 L= LT 7
4.2 Special features for ground treatment by deep vibration ... 7
5 Geotechnical iNVestigation...........ccceiiiiiiiic e nnr e ee s nnn e e e e e s 8
5.1 LT =T LT 8
5.2 Specific aspects for deep vibratory compaction...........ooiii e ——— 8
5.3 Specific aspects for vibrated stone COIUMNS ... e nnnnees 9
6 Materials and ProdUCES.........cooiiiiieiii e 9
6.1 L= T - | 9
6.2 Materials for deep vibratory compaction ... e 9
6.3 Materials for vibrated stone COlUMNS...........ccoiiii e 9
7 Considerations related t0 deSigN.......cccccciiiiiiiiirriire e s s e e s s nn e e e e eenan 10
71 L= 5 = - 1 10
7.2 Selection of treatment Method..............e e e 10
7.3 [ TS T T V=T ) o 1o PR 1
7.4 Extent and layout of treatment.............oo i 1
7.5 Sequence Of treatmMENt ....... ... e s nnr e e e e e e e s e nnrr e e e e n s e s nnnnnees 1
8 =Y o U1 12
8.1 L= =T 12
8.2 RS T o (=Y o =T = 1o o O PPPPPRSRRRRR 12
8.3 SetHING QUL ... e 12
8.4 JLIL 22 17111 12
9 Supervision, testing and MONItOrING .........cciiiiiiiiiiirrr e anr e 13
9.1 Supervision and MONIEOTING.........cciiiiiii e mn e ar s s ame e s smn e e s s nnnenan 13
9.2 I3 £ T 14
10 LT o o - 15
10.1 Records in connection with the execution of the ground treatment..........ccccccvieiiiirienccccceeeeee, 15
10.2 Records at completion of the ground treatment .............cccooviriiniin s —— 16
1 RS T 01T e F L =0 [T =Y 4 =T 4L 16
T € T 0 1= 16

Documents

2 Document Sharing Hub

Full document details: BS EN 14731:2005


http://www.avadocuments.com/doc/bs-en-14731-2005
http://www.avadocuments.com/doc/bs-en-14731-2005

EN 14731:2005 (E)

7 7 1 -1 16
11.3  Environmental ProteCion...........ooi i 16
11.4  Impact on adjacent STFUCLUIES ........ccccceeiiieiii i r e s s s s e e e s e e s e s s s nnnne e e ee s s s snnnnnnens 17
Annex A (informative) Deep vibratory compaction..........cccceeimmiminiiiini 18
Annex B (informative) Installation of vibrated stone columNns..........ccoo i 20
B.1 (6= 3 =T o N 20
B.2 L T o B £ =T I e o X T 20
B.3 LA L= < T Y o= P 21
B.4 Dry bottom-feed ProCess........cccviiiiiiiiiiiii i ———— 22
=1 o Lo T = o3 7 24

Documents

Document Shgring Hub

Full document details: BS EN 14731:2005


http://www.avadocuments.com/doc/bs-en-14731-2005
http://www.avadocuments.com/doc/bs-en-14731-2005

EN 14731:2005 (E)

Foreword

This European Standard (EN 14731:2005) has been prepared by Technical Committee CEN/TC 288
“Execution of special geotechnical works”, the secretariat of which is held by AFNOR.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by March 2006, and conflicting national standards shall be withdrawn at
the latest by March 2006.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Cyprus, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland
and United Kingdom.
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1 Scope

This European Standard is applicable to the planning, execution, testing and monitoring of ground treatment
by deep vibration achieved by depth vibrators and compaction probes.

The following types of treatment are covered by this European Standard:

— deep vibratory compaction to densify the existing ground;

— vibrated stone columns to form a stiffened composite ground structure by the insertion of granular
material which itself shall be densified. Generally, stone columns have a diameter greater than 0,6 m and
lower than 1,2 m.

The following treatment methods are covered by this European Standard:

— methods in which depth vibrators, containing oscillating weights which cause horizontal vibrations, are
inserted into the ground;

— methods in which compaction probes are inserted into the ground using a vibrator which remains at the
ground surface and which in most cases oscillates in a vertical mode.

Treatment methods are outlined in Annexes A and B.
The following treatment methods, among others, are not included in this European Standard:
— methods in which sand or stone columns are installed by means of impact or top vibratory driven casing;

— methods in which very stiff columns are formed either by the addition of cement to granular material or by
the use of concrete or any other binder;

— dynamic compaction and other methods in which some form of treatment is applied to the ground surface;

— explosive compaction.

2 Normative references
The following referenced documents are indispensable for the application of this European Standard. For

dated references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

, Drill rigs — Safety

, Piling equipment — Safety requirements

, Eurocode: Basis of structural design

EN 1997-1:2004, Eurocode 7: Geotechnical design — Part 1: General rules

prEN 1997-2, Eurocode 7: Geotechnical design — Part 2: Ground investigation and testing
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3 Terms and definitions
For the purposes of this European Standard, the following terms and definitions apply.
Additional descriptions of some of the ground treatment methods are given in Annexes A and B.

31

deep vibratory compaction

type of ground treatment by deep vibration in which the main purpose is to densify the soil. The treatment is
applicable to many granular soils and normally results in increased strength and stiffness, reduced
permeability and reduced susceptibility to liquefaction

3.2

vibrated stone columns?)

type of ground treatment by deep vibration in which a depth vibrator is used to form continuous stone columns
from the maximum depth of penetration up to the ground surface, and hence to form a stone column/soil
structure which should have an increased strength and stiffness compared with the ground in an untreated
state. The treatment is applicable to a wide range of soils and in granular soils some densification may also be
achieved. Three installation processes, the dry top-feed process, the wet process and the dry bottom-feed
process are described in Annex B

3.3

vibrating tool

item of equipment which is inserted into the ground to cause vibration at depth; commonly a depth vibrator
containing oscillating weights or a compaction probe inserted into the ground using a top vibrator which
remains at the ground surface

3.4

depth vibrator

basic component of ground treatment equipment used in the installation of vibrated stone columns and in
vibro compaction, which vibrates horizontally by means of an eccentric weight rotating about its longitudinal
axis, and penetrates into the ground. The penetration in the ground can be made easier by air or water
flushing

3.5
top vibrator
vibrator which remains above the ground surface

3.6

compaction probe

tool for deep vibratory compaction which is inserted into the ground to transmit vibrations from a top vibrator
which remains at the ground surface; wings, drainage or water flushing can be provided to facilitate the
compaction process

3.7

deep vibro compaction

technique in which a depth vibrator is used to compact granular soil with or without the formation of stone
columns

3.8

dry top-feed process

method of installing vibrated stone columns in which the hole formed by the depth vibrator remains open and
specified granular material is fed directly into the top of the hole and compacted by the vibrator in stages (the
process is described in Annex B)

1) Commonly termed vibro stone columns.
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3.9

wet process

method of installing vibrated stone columns in which flushing water removes soft material, stabilises the hole
and allows specified granular material to reach the tip of the depth vibrator where it is compacted (the process
is described in Annex B)

3.10

dry bottom-feed process

method of installing vibrated stone columns in which specified granular material is delivered directly to the tip
of the vibrator via a feed pipe attached to the vibrator, with the vibrator remaining in the ground during the
construction of the column to maintain the stability of the hole (the process is described in Annex B)

4 Information needed for the execution of the work
41 General
411 Prior to the execution of the work, all necessary information shall be provided

41.2 The information should include:

a) any legal or statutory restrictions;

b) location of main grid lines or reference points for setting out;

c) condition of structures, roads and services adjacent to the work;

d) suitable quality management system, including supervision, monitoring and testing.

4.1.3 The information regarding the site conditions shall cover, where relevant:

a) geometry of the site including boundary conditions, topography, access, slopes and headroom
restrictions;

b) existing underground structures, services, known contaminants and archaeological constraints;

c) environmental restrictions including noise, vibration, displacements, pollution and effects of seasonal
variations in weather including frozen surface layers;

d) future or ongoing activities such as dewatering, tunnelling, deep excavations and raising of site levels.
4.1.4 Other information which will be required is described in Clauses 5, 6, 7 and 8.

4.2 Special features for ground treatment by deep vibration
The information required in relation to the practical aspects of the execution of ground treatment shall include:
— specific project design objectives which the execution of the ground treatment is intended to fulfil;

— water supply and slurry disposal requirements for the wet process of installing vibrated stone columns.
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