BS 8006-1:2010+A1:2016

BSI Standards Publication

Code of practice for
strengthened/reinforced
soils and other fills

bsi.

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/BSI/153731449/BS-8006-1?src=spdf

BS 8006-1:2010+A1:2016

BRITISH STANDARD

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

© The British Standards Institution 2016
Published by BSI Standards Limited 2016

ISBN 978 0 580 92713 3
ICS 93.020

The following BSI references relate to the work on this standard:
Committee reference B/526/4
Drafts for comment 09/30093258 DC, 16/30334776 DC

Publication history
First published October 2010

Amendments issued since publication

Date Text affected
30 June 2012 c1
31 July 2016 A1: See foreword

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/BSI/153731449/BS-8006-1?src=spdf

BRITISH STANDARD

BS 8006-1:2010+A1:2016

Contents

Foreword v

Section 1: General 1

Section 2: Concepts and fundamental principles 177

Section 3: Materials 28

Section 4: Testing for design purposes 41

Section 5: Principles of design 517

Section 6: Walls and abutments 67

Section 7: Reinforced slopes 136

Section 8: Design of embankments with reinforced soil foundations on
poor ground 167

Annexes

Annex A (normative) Assessment of partial material factors for
reinforcements 2171

Annex B (normative) Projects for Highways England, Transport
Scotland, Welsh Government and The Department for Regional
Development Transport NI 218

Annex C (informative) Propping forces 218

Annex D (normative) Site damage test 279

Annex E (normative) Design of base slabs supporting vehicle parapets
for highways 222

Annex F (informative) Design of reinforced soil structures for
earthquake resistance 237

Bibliography 239

List of figures

Figure 1 — Range of applications of reinforced soil 72

Figure 2 — Effect of reinforcement on a soil element 16

Figure 3 — Reinforcing mechanisms in walls and slopes 18

Figure 4 — Forms of reinforcement 23

Figure 5 — Types of seams 35

Figure 6 — Stitch configuration 36

Figure 7 — Bodkin joint 36

Figure 8 — Selection of materials for reinforcement, connections and
facings for reinforced soil structures 40

Figure 9 — Stress/strain relationship for sand under plane strain
loading 43

Figure 10 — Examples of structures in category 1 — Applicable to walls
and slopes 53

Figure 11 — Examples of structures in category 2 — Applicable to walls
and slopes 54

Figure 12 — Examples of foundations in category 2 55

Figure 13 — Examples of structures in category 3 — Applicable to walls
and slopes 56

Figure 14 — Examples of foundations in category 3 57

Figure 15 - Definitions and types of walls and abutments 68

Figure 16 — Common facings used with structures 69

Figure 17 — Load combinations showing partial load factors (see
Table 12) 73

Figure 18 — Design procedure for reinforced soil walls 76

Figure 19 — Initial sizing of structures 78

Figure 20 - Sizing of walls with various geometries 79

Figure 21 — Definition of embedment, D,,, 817

Figure 22 — Ultimate limit states — External stability 82

Figure 23 — Seviceability limit states — External and internal stability 82
Figure 24 — Definition of soil properties and loads 83

This is a preview. Click here to purchase the full publication.

rds Institution 2016 o |



https://www.civilenghub.com/BSI/153731449/BS-8006-1?src=spdf

BS 8006-1:2010+A1:2016 BRITISH STANDARD

© The British Stan

Figure 25 — Pressure distribution along base of wall 84

Figure 26 — Types of slip surface failure 90

Figure 27 - Stability — Effects to be considered 92

Figure 28 — Stresses imposed due to self-weight, surcharge and retained
backfill 95

Figure 29 - Dispersal of vertical strip load through reinforced fill — Tie
back wedge method 96

Figure 30 — Dispersal of horizontal shear through reinforced fill — Tie
back wedge method 96

Figure 31 — Determination of adherence capacity of the
reinforcement — Tie back wedge method 98

Figure 32 — Examples of some types of reinforced soil anchors 99
Figure 33 — Internal wedge stability 707

Figure 34 — Internal wedge stability analysis of simple problem 702
Figure 35 - Variation of coefficient of earth pressure with depth -
Coherent gravity method 104

Figure 36 — Dispersal of vertical strip load through reinforced fill -
Coherent gravity method 1706

Figure 37 - Dispersal of horizontal shear through reinforced fill -
Coherent gravity method 707

Figure 38 - Line of maximum tension for retaining wall — Coherent
gravity method 1708

Figure 39 — Definition of maximum tension line 2 (retaining wall
without superimposed strip loads) — Coherent gravity method 708
Figure 40 — Lines of maximum tension for structures with strip loads —
Coherent gravity method 709

Figure 41 — Definition of line 1 — Coherent gravity method 709
Figure 42 — Examples of structures requiring global stability analysis —
Coherent gravity method 172

Figure 43 — Assessment of serviceability limit state base strength 773
Figure 44 - Check that facing does not bulge 1774

Figure 45 — Check of unreinforced facing height 1774

Figure 46 — Bridge abutments — Typical layout plans for strengthening
elements 123

Figure 47 — Reinforced soil retaining walls 130

Figure 48 — Typical drainage detail for abutment bankseat 737
Figure 49 — Reinforced soil mass acting as drain 132

Figure 50 — Porous pipe at wall face 133

Figure 51 — Drainage details for walls supporting cuttings 1734
Figure 52 — Examples of slope reinforcement 137

Figure 53 — Design basis for reinforced slopes 739

Figure 54 — Ultimate limit states — External stability 740

Figure 55 — Ultimate limit states — Internal stability 747

Figure 56 — Ultimate limit states — Compound stability 741

Figure 57 — Serviceability limit states 7471

Figure 58 — Definition of soil properties and principal loads for
reinforced steep fill slopes 142

Figure 59 — Two-part wedge analysis for internal stability of
reinforced fill slopes 744

Figure 60 — Methods of internal stability analysis of reinforced

fill slopes 146

Figure 61 — Force components in two-part wedge analysis of
compound stability 148

Figure 62 — Force applied to the reinforcement tail of a wrap-around
face 149

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/BSI/153731449/BS-8006-1?src=spdf

BRITISH STANDARD

BS 8006-1:2010+A1:2016

Figure 63 — Wrap-around facing 152

Figure 64 — Wrap-around construction techniques 153

Figure 65 — Reinforced gabions 154

Figure 66 — Reinstatement of failed slopes 756

Figure 67 — Reinforcement used to control only stability of
embankment 163

Figure 68 — Reinforcement used to control both stability and settlement
of embankment 764

Figure 69 — Ultimate limit states for basal reinforced

embankments 766

Figure 70 — Serviceability limit states for basal reinforced
embankments 767

Figure 71 — Procedure for assessing rotational stability by slip circle
analysis 170

Figure 72 — Lateral sliding stability at fill/reinforcement interface 172
Figure 73 — Analysis of foundation extrusion stability 175

Figure 74 — Ultimate limit state stability analysis for basal mattress
reinforcement 178

Figure 75 - Piled embankment configuration 181

Figure 76 — Ultimate limit states for basal reinforced piled
embankments 183

Figure 77 — Outer limit of pile caps 185

Figure 78 — Arching theory according to Hewlett and Randolph 787
Figure 79 - Variables used in determination of T,, 790

Figure 80 — Lateral sliding at fill/reinforcement interface 792
Figure 81 — Typical anchorage options 194

Figure 82 — Variables used in analysis of overall stability of basal
reinforced piled embankments 795

Figure 83 - Serviceability limit states for basal reinforced piled
embankments 197

Figure 84 — Conceptual role of reinforcement in limiting surface
deformations due to subsidence 799

Figure 85 — Parameters used to determine reinforcement 200
Figure 86 — Laying and jointing sequence for basal reinforcement 206
Figure 87 — Advancing mud wave 208

Figure 88 — Inverted “U” construction 208

Figure 89 — Construction of a “U” shaped leading edge 209
Figure 90 - Fill sequence for basal foundation mattress 270

Figure A.1 — Assessment of f,1; 213

Figure A.2 — Assessment of 1, 215

Figure A.3 — Assessment of f,,; 276

Figure D.1 - Schematic layout of test bays 220

Figure E.1 — Design sequence for parapet-supporting base slabs on
strengthened/reinforced soil structures 232

Figure E.2 — Dispersal of load effects through a base slab 233
Figure E.3 — Distribution of pressure beneath a base slab 233
Figure E.4 — Design sequence for a strengthened/reinforced soil
structure that supports the base slab to a high level of containment
parapet 234

Figure E.5 — lllustrative detail of a parapet-supporting base slab at
the top of a strengthened/reinforced soil wall with in situ concrete
coping 236

Figure E.6 — lllustrative detail of a parapet-supporting base slab at
the top of a strengthened/reinforced soil wall with pre-cast concrete
coping 236

This is a preview. Click here to purchase the full publication.

Is Institution 2016 o iii



https://www.civilenghub.com/BSI/153731449/BS-8006-1?src=spdf

BS 8006-1:2010+A1:2016 BRITISH STANDARD

iv

© The British Stan

List of tables

Table 1 - Factors affecting performance 27

Table 2 — Summary references to the relevant component of the main
materials within reinforced soil walls, abutments and slopes 28
Table 3 — Minimum properties of some different types of steel
reinforcement 32

Table 4 — Sacrificial thickness to be allowed on each surface exposed to
corrosion 32

Table 5 — Properties of bolts and screws up to 40 mm stock size 39
Table 6 — Properties of dowels and rods up to 40 mm stock size 39
Table 7 — Examples of [A» design working & life 471

Table 8 — Checklist for investigations of reinforcement products 47
Table 9 — Category of structure depending upon ramification of
failure 52

Table 10 — Partial materials factors for metallic reinforcements 58
Table 11 — Summary of partial factors to be used in Section 6 70
Table 12 — Partial load factors for load combinations associated
with walls 71

Table 13 - Partial load factors for load combinations associated

with abutments 72

Table 14 — Dimensions of walls and abutments 77

Table 15 — Determination of the minimum embedment as a function of
the mechanical height H in metres and the factored bearing pressure q,
in kN/m? 80

Table 16 — Typical vertical movement capacities required for facing
systems to cope with vertical internal settlement of reinforced fill 87
Table 17 — Guide to the effects of settlement 88

Table 18 — Construction tolerances commonly achieved for faces of
retaining walls and abutments 89

Table 19 — Serviceability limits on post-construction internal strains for
bridge abutments and retaining walls 89

Table 20 — Connection loads for the ultimate and serviceability limit
states 176

Table 21 — Summary of partial factors to be used in Section7 137
Table 22 — Summary of partial factors to be used in Section 8 762
Table 23 — Arching coefficient C, for basal reinforced piled
embankments 186

Summary of pages
This document comprises a front cover, an inside front cover,
pages i to vi, pages 1 to 250, an inside back cover and a back cover.

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/BSI/153731449/BS-8006-1?src=spdf

BRITISH STANDARD

BS 8006-1:2010+A1:2016

Foreword

Publishing information

This part of BS 8006 is published by BSI Standards Limited, under
licence from The British Standards Institution, and came into effect
on 31 October 2010. It was prepared by Subcommittee B/526/4,
Strengthened/reinforced soils and other fills, under the authority
of B/526, Geotechnics. A list of organizations represented on this
committee can be obtained on request to its secretary.

Supersession

BS 8006-1:2010+A1:2016 supersedes BS 8006-1:2010, which is

withdrawn.

Relationship with other publications

The use of reinforcement in soils has become an accepted technique
for the construction of retaining walls, steep slopes and basal
strengthening. This code of practice has been revised and updated
to include information about new methods of soil reinforcement
and to bring the document in line with BS EN 1997-1:2004,

NA to EN 1997-1:2004 and BS EN 14475:2006. Reinforced soil
techniques are now used extensively for a range of design lives and
service requirements and are still in an active stage of development,
particularly as far as the use of polymeric materials is concerned.

Information about this document

The start and finish of text introduced or altered by Amendment No. 1
is indicated in the text by tags [~y .

Use of this document

This code of practice embodies the experience of engineers successfully
engaged on the design and construction of the particular class of works.
It has been assumed in the drafting of this British Standard that the
execution of its provisions is entrusted to appropriately qualified and
experienced people.

A code of practice represents good practice at the time it is written and,
inevitably, technical developments will render parts of it obsolescent in

time. It is the responsibility of engineers concerned with the design and
construction of works to remain conversant with developments in good
practice, which have taken place since publication of the code.

As a code of practice, this part of BS 8006 takes the form of guidance and
recommendations. It should not be quoted as if it were a specification
and particular care should be taken to ensure that claims of compliance
are not misleading.

Any user claiming compliance with this part of BS 8006 is expected
to be able to justify any course of action that deviates from its
recommendations.

Presentational conventions

The provisions in this standard are presented in roman (i.e. upright)
type. Its recommendations are expressed in sentences in which the
principal auxiliary verb is “should”.

Commentary, explanation and general informative material is presented
in smaller italic type, and does not constitute a normative element.
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Contractual and legal considerations

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 cannot confer immunity from
legal obligations.
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Section 1: General

1.1

1.2

BS 8006-1:2010+A1:2016

Scope

This British Standard contains recommendations and guidance for
the application of reinforcement techniques to soils, as fill or in situ,
and to other fills. The standard is written in a limit state format and
guidelines are provided in terms of partial material factors and load
factors for various applications and design lives.

This code is to be read in conjunction with BS EN 1997-1:2004,
NA to BS EN 1997-1:2004 and BS EN 14475:20086.

BS EN 1997-1:2004 does not cover the design and execution of
reinforced soil structures. The values of partial factors and load factors
given in BS EN 1997-1:2004 have not been calibrated for reinforced soil
structures. BS EN 1997-1:2004 is not for use in the design and execution
of reinforced soil. The partial factors set out in BS 8006-1 cannot be
replaced by similar factors in BS EN 1997-1:2004.

The code is divided into eight sections. Section 1 identifies the scope,
definitions and notation of the code. Section 2 describes the concepts
and fundamental principles of reinforced soil. Section 3 provides
recommendations for the use of materials where existing standards
are available. Where materials are used that are not covered by
existing standards or where known materials are to be used in ways
not covered by existing standards Section 4 gives recommendations
for the testing and approval of such materials.

Sections 5 to 8 relate to design, construction and maintenance of

walls and abutments, slopes and foundations. They include specific
recommendations for characterization of the soils to be used and other
factors affecting the design and performance of the structures. Emphasis
is placed on quality control both with regard to the consistency of the
properties of the fill and reinforcing materials and to the handling of
the materials on site.

In line with current practice the design methods described are based
on limit state principles. The partial factors included are based on
previous experience and have been calibrated to maintain consistency
with current practice.

The clauses are supplemented by a substantial list of references to
enable the user to consider in greater depth the applications of the
technique.

Normative references

The following referenced documents are indispensible for the
application of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the
referenced document (including any amendments) applies.

BS 1377-3, Methods of test for soils for civil engineering purposes —
Chemical and electro-chemical tests

BS 1377-7, Methods of test for soils for civil engineering purposes —
Shear strength tests (total stress)

BS 1377-8, Methods of test for soils for civil engineering purposes —
Shear strength tests (effective stress)
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BS 1377-9, Methods of test for soils for civil engineering purposes —
In-situ tests

BS 1449-1, Steel plate, sheet and strip — Specification for carbon and
carbon-manganese plate, sheet and strip

BS 2569, Control cable fittings and turnbarrels — Technical specification

BS 3414, Specification for bitumen-based coatings for cold application,
suitable for use in contact with potable water

BS 3692:2001|, /SO metric precision hexagon bolts, screws and

nuts — Specification

BS 4147, Specification for bitumen-based hot-applied coating materials
for protecting iron and steel, including suitable primers where required

BS 4164, Specification for coal-tar-based hot-applied coating materials
for protecting iron and steel, including a suitable primer

BS 4449:2008, Steel for the reinforcement of concrete — Weldable
reinforcing steel — Bar, coil and decoiled product — Specification

BS 5930:1999+A1:2007, Code of practice for site investigations
, Maritime structures
BS 7263-1:2001|, Precast concrete flags, kerbs, channels, edgings and

quadrants — Part 1: Precast, unreinforced concrete paving flags and
complementary fittings — Requirements and test methods

BS EN 771-3:2003+A1:2005, Specification for masonry units — Part 3:
Aggregate concrete masonry units (dense and light-weight aggregates)

BS EN 1990:2002+A1:2005, Eurocode — Basis of structural design

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

BS EN 1997-2, Eurocode 7: Geotechnical design — Part 2: Ground
investigation and testing

BS EN 10025-2:2004, Hot rolled products of structural steels — Part 2:
Technical delivery conditions for non-alloy structural steels

BS EN 10080:2005, Steel for the reinforcement of concrete — Weldable
reinforcing steel — General

BS EN 12229, Geotextiles and geotextile-related products — Method
for determining the microbiological resistance by a soil burial test

BS EN 12878, Pigments for the colouring of building materials based
on cement and/or lime - Specifications and methods of test

BS EN 14475:200€, Execution of special geotechnical works —
Reinforced fill

BS EN ISO 1461|, Hot dip galvanized coatings on fabricated iron and

steel articles — Specifications and test methods
BS EN ISO 10319, Geotextiles — Wide-width tensile test

BS EN ISO 10320, Geotextiles and geotextile-related products —
Identification on site

BS EN ISO 10321|, Geosynthetics — Tensile test for joints/seams by
wide-width strip method
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