DESIGN MANUAL FOR ROADS AND BRIDGES

VOLUME 2 HIGHWAY STRUCTURES:
DESIGN
(SUBSTRUCTURES,
SPECIAL STRUCTURES
AND MATERIALY)

SECTION1 SUBSTRUCTURES

PART 8

BD 74/00

FOUNDATIONS

SUMMARY

This Standard implements BS 8004: 1986 Code of
Practice for Foundations. It gives guidance on | ateral
loading of piles by incorporating and superseding

BD 32/88 and BA 25/88. It states the requirements for
reinforcement of bored cast-in-place foundation piles.

INSTRUCTIONS FOR USE

1. Remove existing contents pagesfor Volume 2.

2. Insert new contents pages for Volume 2, dated
May 2000.

3. Insert BD 74 into Volume 2, Section 1.
4.  Archivethissheet as appropriate.
Note: A quarterly index with afull set of Volume

Contents Pagesis available separately from The
Stationery Office Ltd.

May 2000

Volume 2 home page [



DESIGN MANUAL FOR ROADSAND BRIDGES BD 74/00

THE HIGHWAYS AGENCY

THE SCOTTISH EXECUTIVE DEVELOPMENT
DEPARTMENT

THE NATIONAL ASSEMBLY FOR WALES
CYNULLIAD CENEDLAETHOL CYMRU

THE DEPARTMENT FOR REGIONAL DEVELOPMENT*

Foundations

* A Government Department in Northern Ireland

Summary:

This Standard implements BS 8004: 1986 Code of Practice for
Foundations. It gives guidance on lateral loading of piles by incorporating
and superseding BD 32/88 and BA 25/88. It states the requirements for
reinforcement of bored cast-in-place foundation piles.

Volume 2 home page [



Volume 2 Section 1
Part 8 BD 74/00 Registration of Amendments

REGISTRATION OF AMENDMENTS

Amend Page No Signature & Date of Amend Page No Signature & Date of
No incorporation of No incorporation of
amendments amendments
May 2000

Volume 2 home page [



Registration of Amendments

Volume 2 Section 1
Part 8 BD 74/00

REGISTRATION OF AMENDMENTS

Amend
No

Page No

Signature & Date of
incorporation of
amendments

Amend
No

Page No

Signature & Date of
incorporation of
amendments

Volume 2 home page [

May 2000



DESIGN MANUAL FOR ROADS AND BRIDGES

VOLUME 2 HIGHWAY STRUCTURES:
DESIGN
(SUBSTRUCTURES,
SPECIAL STRUCTURES
AND MATERIALYS)

SECTION1 SUBSTRUCTURES

PART 8

BD 74/00

FOUNDATIONS

Contents

Chapter

1. Introduction

2. Use of British Standard BS 8004: 1986

3. References

4, Enquiries

AnnexA  Amendmentsto BS 8004: 1986
AnnexB  Guidanceon Lateral Loading of Piles

AnnexC  TheRenforcement of Bored Cast-in-Place
Embedded Foundation Piles

May 2000

Volume 2 home page [



Volume 2 Section 1
Part 8 BD 74/00

Chapter 1
Introduction

1. INTRODUCTION

General

1.1 Thepurpose of this Standard isto implement BS
8004 1986 Code of practice for Foundations.

1.2 This Standard incorporates and supersedes BD
32/88 and BA 25/88. It gives guidance on lateral loading
of pilesand states the requirementsfor reinforcement of
bored cast-in-place foundation piles. Considerable
advances in computing power and program capability
have taken place since BA 25/88. The usefulness of
current computer programsisreviewed in publications
such as Ground Engineering and the reader isdirected to
these.

Equivalence

Implementation

1.5 This Standard should be used forthwith on
all schemesfor the construction and improvement
of trunk roads, including motorways, currently
being prepared, provided that, in the opinion of the
Overseeing Organisation, thiswould not result in
significant additional expenseor delay. Design
Organisations should confirm its application to
particular schemeswith the Overseeing
Organisation. Where contract documents are based
on the Specification for Highway Works (MCHW1)
use of this Standard is mandatory. For usein
Northern Ireland, this Standard will be applicable
to those roads designated by the Overseeing
Organisation.

1.3 Theconstruction of foundationswill
normally be carried out under contracts
incorporating the Specification for Highway Works
(MCHW 1). In such cases, products conforming to
equivalent standards or technical specifications of
other member states of the European Economic
Area, and tests undertaken in other states of the
European Economic Areawill be acceptablein
accordance with Clauses 104 and 105 of Series 100
of that Specification. Any contract not containing
these clauses must contain suitable clauses of
mutual recognition having the same effect regarding

which advice should be sought.

Scope

1.4 This Standard coversthe use of BS 8004:
1986 Code of practice for Foundations for all
permanent highway structures. This Standard gives
guidance on lateral loading of pilesand statesthe
requirementsfor reinforcement of bored cast-in-
place foundation piles. It sets out the Overseeing
Organisation’s particular requirementswhere these
differ from, or are more comprehensive than, those
given in the British Standard.

Mandatory Requirements

1.6 Sectionsof the document which form mandatory
reguirements of the Overseeing Organisation are
highlighted by being contained within boxes. The
remainder of the document contains advice and
enlargement which iscommended to designersfor their
consideration.

May 2000
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Chapter 2
Useof the British Standard BS 8004: 1986

2. USE OF THE BRITISH STANDARD BS 8004: 1986

General

2.1 Thedesign of foundationsfor all permanent
highway structures which are the responsibility of
the Overseeing Organisation shall be carried out in
accordance with BS 8004: 1986 as amended by this
Standard. Where reference is made to any British
Standard, this shall be taken as reference to that
Part asimplemented by the Overseeing
Organisation.

2.2 Theassessment of existing bridge
foundations should be carried out in accordance
with BD 44, the Assessment of Concrete Highway
Bridges and Structures (DMRB 3.4), and BA 55,
the Assessment of Bridge Substructures and
Foundations, Retaining Wallsand Buried
Structures (DMRB 3.4).

2.3 Theamendmentsto BS 8004: 1986, which
are necessary to meet the Overseeing Organisation’s
requirements, aregiven in Annex A tothis
Standard. The amendments are listed under the
relevant clause numbers of BS 8004: 1986.

These amendmentsinclude repeated referencesto
DMRB Standardsto replace British Standards
which are not implemented by the Overseeing
Organisation. Should there be any conflict between
the clausesin BS 8004 or the amendmentsin Annex
A, and the appropriate clausesin DMRB

Standards, the latter shall take precedence.
However, examples not necessarily relevant to the
design of foundations for highway structures have
been retained in order to illustrate technical points.

Advice ontemporary works has been retained
where these may have an effect on the design of the
permanent structure.

2.4 Thereasonsfor the amendmentsarelisted below:

iii)  revisionsto out of date practices and references,
and the introduction of recent Health & Safety
Legidation

iv)  provision of additional advice

(a) “ observational method”

(b) settlement considerations

(c) soil structureinteraction

(d) piletesting

(e) reinforcement in piles
2.5 This Standard retains the design principles of BS
8004 with itstotal factor of safety on the ultimate
bearing capacity to evaluate an allowable bearing
pressure or load. Thisis different from other DMRB
documents covering structural design which adopt a

limit state approach with partial factors applied to both
loading and materials.

Additional Requirements

2.6 Theclausesin BS 8004: 1986 that are
expressed in the form of recommendations using the
word “should” areto be considered as mandatory.

2.7 Wherereferenceismadetothe“life” of the
structure, this shall be taken to mean the “design
life” whichisdefined in BS 5400: Part 1 as
implemented by BD 15 (DMRB 1.3). Thedesign
life for these structures shall be 120 years.

2.8 Boathlong and short term ground and loading
conditions shall be considered so that the final
design satisfiesthe most onerous requirements
encountered during both the construction period and
servicelife of the structure.

i) existing clauses not relevant to permanent 2.9  Wherereferenceis madeto MCHW 1
highway structures (Specification for Highway Works), this should be
read as also referring to MCHW 2 (Notes for
if)  referenceto and consistency withthe DMRB Guidance on the Specification for Highway Works).
Standards
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Guidanceon lateral loading of piles

2.10 Guidanceon lateral loading of pilesisgivenin
Annex B. This supersedes BD 32/88 and BA 25/88 and
supplementsinformation givenin BS 8004: 1986.

Reinforcement of bored cast-in-placeembedded
foundation piles

2.11 Therequirementsfor reinforcement of bored
cast-in-place foundation piles are stated in Annex
C. These supersede BS 8004:1986.

2/2 May 2000
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3. REFERENCES

Thefollowing documentsarereferred toin this
Standard.

3.1. BSl publications.

BS 144: 1990 Wood preservation using coal tar
Ccreosotes.

BS 5400: Part 1: 1988 Genera Statement.

BS 5400: Part 3: 1982 Code of Practice for Design of
Steel Bridges.

BS 5400: Part 4: 1990 Code of Practice for Design of
Concrete Bridges.

BS 5628: Code of Practice for use of Masonry.

BS 7361: Cathodic Protection, Part 1: 1991 Code of
Practice for Land and Marine Applications.

BS 7375: 1991 Code of Practice for Distribution of
Electricity on Construction and Building Sites.

BS 8002: 1994 Code of Practice for Earth Retaining
Structures.

BS 8004: 1986 Code of Practice for Foundations.

BS 8006: 1995 Code of Practice for Strengthened/
Reinforced Soilsand Other Fills.

BS 8081: 1989 Code of Practice for Ground
Anchorages.

BS 8102: 1990 Code of Practice for Protection of
Structures against Water from the Ground.

3.2. Design Manual for Roadsand Bridges. The
Stationery Office

BA 80

BD 10

BD 13

BD 15

BD 20

BD 24

BD 32

BD 37

BD 41

BD 42

BD 44

BD 57

BD 60

HA 34

HA 75

Use of Rock Bolts (DMRB 2.1.7).

Design of Highway Structuresin Areas of
Mining Subsidence (DMRB 1.3).

Design of Steel Bridges. Use of BS 5400:
Part 3: 1982 (DMRB 1.3).

General Principlesfor the Design and
Construction of Bridges. Use of BS 5400:
Part 1: 1988 (DMRB 1.3).

Bridge Bearings. Use of BS 5400: Part 9:
1983 (DMRB 2.3).

The Design of Concrete Highway Bridgesand
Structures. Use of BS 5400: Part 4: 1990
(DMRB 1.3).

Piled Foundations (DMRB 2.1).

Loadsfor Highway Bridges (DMRB 1.3).
Reinforced Clay Brickwork Retaining Walls of
Pocket Type and Grouted - Cavity Type
Construction (DMRB 2.1.1).

Design of Embedded Retaining Wallsand
Bridge (DMRB 2.1.2).

The Assessment of Concrete Highway Bridges
and Structures (DMRB 3.4).

Design for Durability (DMRB 1.3.7).

Design of Highway Bridgesfor Vehicle
Collision Loads (DMRB 1.3).

Ground Investigation Procedure (DMRB 4.1).

Trunk Roads and Archaelogical Mitigation
(DMRB 10.6.1)

BA 25 Piled Foundations (DMRB 2.1).
3.3 Manual of Contract Documentsfor Highway

BA 55 TheAssessment of Bridge Substructures and Works. The Stationery Office

Foundations, Retaining Wallsand Buried

Structures (DMRB 3.4.9). Volume 1 Specification for Highway Works (MCHW 1)
BAS9  Designof Highway Bridgesfor Hydraulic Volume 2 Notes for Guidance on the Specification for

Action (DMRB 1.3). Highway Works (MCHW 2).
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4. ENQUIRIES

All technical enquiries or comments on this Standard should be sent in writing as appropriate to:

Quality ServicesDirector
TheHighways Agency

St Christopher House
Southwark Street JKERMAN
London SE1 0TE Quality ServicesDirector

Director, Road Network Management and
Maintenance Division
The Scottish Executive Devel opment Department

National Roads Directorate N B MACKENZIE
Victoria Quay Director, Road Network Management and
Edinburgh EH6 6QQ Maintenance Division

The Chief Highway Engineer

The National Assembly for Wales

Cynulliad Cenedlaethol Cymru

Crown Buildings

Cathays Park JR REES

Cardiff CF1 3NQ Chief Highway Engineer

Director of Engineering
Department for Regional Devel opment

Roads Service
Clarence Court
10-18 Adelaide Street V CRAWFORD
Belfast BT2 8GB Director of Engineering
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ANNEX A. AMENDMENTSTO BS 8004: 1986 CODE
OF PRACTICE FOR FOUNDATIONS

Theuseof thisannex ismandatory.

Thefollowing Clausetitles are amended:

7.6 Integritytestingof cast-in-placepiles
Deletetitle and replace with: * Non-destructivetesting
of piles’.

Insert thefollowing:

7.6.1 Integrity testing

7.6.2 Dynamic piletesting

Thefollowing Tablesare not implemented:

13 Curing periodsfor usein the absence of control
cubes or steam curing

14  Suggested slump detailsfor typical concreting
situationsfor cast-in-place piles

16 Resistivity and redox potential values

17  Concrete exposed to sul phate attack

Section one. General
11 Scope
Delete Note 1 and Note 2

1.2.41 factor of safety.
Lines 2, 3 delete “or the ratio of the ultimate load to the
applied load”

At the end of Section 1.2, add the following clauses:

1.2.124 nominal loads. Where adequate statistical data
are available nominal loads are those appropriate to a
return period of 120 years. In the absence of such data,
valuesthat are considered to approximate to a 120 year
return period are givenin BD 37 (DMRB 1.3).

Nominal loads shall be used as design loads.

1.2.125 dead loads. The permanent loads defined in
BD 37 (DMRB 1.3), being dead |oads of the structure
and foundation, superimposed dead |oads and |oads due
tofilling material above the foundation.

1.2.126 liveloads. Thetransient loads defined in BD 37
(DMRB 1.3) excluding wind loads which are considered

Separately.

2.1.2.2 The foundation and the ground as an
interrelated system.

At end of last paragraph, add the following new
paragraph: “Where prediction of the behaviour of the
ground and foundation is particularly difficult, it may be
appropriate to adopt the approach known asthe
“observational method” inwhich thedesignisreviewed
during construction. When this approach is used, the
following requirements should be met before
construction commences:

(@ thelimitsof behaviour which are acceptable
should be established:;

(b) therange of possible behaviour should be
assessed and it should be shown that thereisan
acceptable probability that the actual behaviour will be
within the acceptable limits;

(c) aplan of monitoring should be devised which will
reveal whether the actual behaviour lieswithin the
acceptable limits. The monitoring should makethis clear
at asufficiently early stage, and with sufficiently short
intervalsto allow contingency actionsto be undertaken
successfully. The response time of the instruments and
the procedures for analysing the results should be
sufficiently rapidin relation to the possible evol ution of
thesystem,;

(d) aplanof contingency actions should be devised
which may be adopted if the monitoring reveals
behaviour outside acceptablelimits.

Further information on the “ observational method” may
befoundin CIRIA Report 185 (1998) “The
Observational Method in ground engineering: principles
and applications’ by Nicholson D., Tse C-M. and Penny
C. andin TRL Report 228 (1996) “Movement trigger
limitswhen applying the Observational Method to
embedded retaining wall construction on highway
schemes” by Card G.B. and Carder D.R.”

2.1.2.3.2.3 Effect of adjacent cuttings, excavations or
sloping ground.
Line 2, after “excavations’ insert: “, retaining walls’

2.1.2.3.3 Settlement.
Paragraph 1, after end of last sentenceinsert: “athough
these soils can also undergo creep”

May 2000
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2.1.2.4 Movements independent of applied foundation
load.

(e) Line 1, after “internal erosion” insert: “dueto piping
or washing out of fines”

(f) Line 2, after “excavations” insert: “(including future
excavationsfor services)”

2131
Line 6, replace “ CP 102" with: “BS 8102”

2.2.1 Ground exploration and tests

2.2.1.1 General.

Paragraph 2 Line 2, after “BS 5930” insert; “and
appropriate Procedures, including HA 34 (DMRB4.1).”

2.2.2 Allowable bearing pressureon varioustypes of
ground

2.2.2.1 General.

Paragraph 1, after last sentence add: “ Foundations are
sized using the loading combinations givenin BD 37
(DMRB 1.3) with load factors set to unity (ie using
nominal loads), but the structural design of foundations
utilises factored loadsin accordance with BD 37
(DMRB 1.3). Thiscan lead to differencesin foundation
pressure distributions, due to different factors being used
on arange of load sources; for example, the structural
design may need to accommodate some uplift unlessthe
original foundation arrangement isamended.”

Paragraph 4 Line 1, after “in mind”; delete remainder of
sentence.

2.2.2.3.1 Allowable bearing pressure on rocks
2.2.2.3.1.1 General.

Paragraph 1 Line 3, after “wesak layers’ insert: “solution
features, fault zones”

2.2.2.3.1.4 Srong igneous and gneissic rocks in sound
condition.

Line 3, after end of sentence, insert: “ The presumed
bearing pressure may belimited by the compressive
strength of the concrete foundation”

2.2.2.3.1.5 Srong limestones and strong sandstones.
Paragraph 1 Line 2, after “quality concrete” insert:
“such that the presumed bearing pressure may be limited
by the concrete strength”

2.2.2.3.2.2 Field and laboratory observations and
measurement.

Paragraph 2 Line 4, after “Dutch cone” insert: “or cone
penetrometer”

2.2.2.3.2.4 Settlement.
Paragraph 5 Line 2, at end of sentenceinsert: “, and
additional time dependent settlement can also occur due

to creep”

Paragraph 5 Line 7, delete: “machinery,”
Paragraph 5 Lines 8, 9 delete: “or earthquake tremors”

2.2.2.3.3.3 Ultimate bearing capacity.

After Paragraph 1, add new paragraph: “ The ultimate
bearing capacity should al so be checked using long term
soil parameters as changes in pore water pressure can
lead to changesin shear strength of cohesive soils.”

2.2.2.3.5 Made ground and fill.

Paragraph 2 Line 3, replace “ Suitable” with
“Acceptable”

Paragraph 2, after last sentence, add: “ The acceptability
of filling materialsisdefined in MCHW 1 Series 600.”

2.3 Structural consider ations

2.3.1 General

Line7, replace“user’s’ with “Overseeing
Organisation’s”

2.3.2 Interdependence of ground, substructureand
superstructure

2.3.2.1 General.

Line 6, after “ground settlements’ insert: “in order to
determine the distribution of contact pressures and
internal foundation stresses. For such an exercise, |oads
factored in accordance with BD 37 (DMRB 1.3) should
beused.”

At end of clause, add new sentence: “However, soil
structure interaction analyses can be undertaken using
computer techniques such asfinite element and finite
difference methods.”

2.3.2.3 Differential settlements.

After Paragraph 2, insert new paragraphs:

“Differential settlement caused by variability of the
ground should be allowed for unlessit is prevented by
the stiffness of the structure and foundation. For
uniformly loaded foundationswithin natural ground, the
magnitude of differential settlement purely dueto
variability of the ground will usually not exceed 50% of
the calculated total settlement, where the stratigraphy
beneath thewholefoundationisconsistent.

Thetilting of an eccentrically loaded foundation should
be estimated by assuming alinear bearing pressure
distribution and cal culating the settlements at the corners
of the foundation using the vertical stressdistributionin
the ground beneath each corner using el asticity theory
and assuming ahomogeneousisotropic soil properties
for each stratum within the depth to be considered (see
2.1.2.3.3).”

Al2
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At end of clause, add new paragraph:

“Monitoring during construction isrequired as part of
the design process when the “ observational method” is
used (see 2.1.2.2). In this case, the monitoring should be
carried out as planned, and additional or replacement
monitoring should be undertaken if this becomes
necessary. Theresults of the monitoring should be
assessed at appropriate stages and the planned
contingency actionseffected if necessary.”

2.3.2.4 Foundation loads

2.3.2.4.1 General.

Lines5-7, delete sentence “ However .... theseloads.”
and replace with: “ The loads and |oad combinationsto
be considered are given in BD 37 (DMRB 1.3).”
Line8, after “unfactored” insert: “(nominal see
1.2.124)"

Line 9, replace “BS 8100” with: “BS 5400: Part 4: as
implemented by BD 24 (DMRB 1.3)”

2.3.2.4.2 Dead and live loads.

Paragraph 1, after “Dead and live loads’ delete first
sentence and replace with: “ The dead | oads comprise the
permanent |oads defined in BD 37 (DMRB 1.3), being
dead |oads, superimposed dead |oads and loads due to
filling material abovethefoundations.”

Paragraph 2, delete entirely and replace with: “Live
loads are the transient loads defined in BD 37 (DMRB
1.3) excluding wind loads which are considered
separately. The maximum effects of certain transient
loads do not coexist with the maximum effects of certain
others. The effects that can coexist are specified in

BD 37 (DMRB 1.3) but nominal values should be used.
Collision loads are defined in BD 60 (DMRB 1.3).

2.3.2.4.3 Wind loading.

Deleteentirely and replace with: “Foundations should be
sized so that the pressure due to combined dead
(permanent), live (transient) and wind | oads does not
exceed the allowable bearing pressure by more than
25%.”

2.3.2.4.7 Non-vertical loading.

Paragraph 3 Line 8, replace “the Civil Engineering Code
of Practice No. 2" with: “BS 8002. Note: when using
BS 8002 with other Standards, the designer shall ensure
thereiscompatibility between design principlesand
values of factor of safety and partia factors.”

At end of clause, add new paragraph: “Where sloping
foundation bases are used to increase the lateral capacity
of the foundation, the requirements of this clause should
bemet.”

At end of clause, add new clause;

“2.3.2.4.8 Lateral loading. Piles can be subjected to two
types of lateral |oads —those acting at pile cap level and
those acting on the pile shaft through the soil mass. Both
these types of lateral loads shall be taken into account in
design.”

2.3.2.5 Dynamic loads
2.3.2.5.1 General.
Paragraph 1 Line 4, delete last sentence.

2.3.2.5.3 Design considerations.

Paragraph 2 Line 2, delete “machine” and replace with:
“structure, particularly foot and cycle track bridges,”
Paragraph 2 Line 4, delete “machine” and replace with:
“structure”

Paragraph 2 Lines 5, 6, delete “windows, ...... associated
structures’ and replace with: “the structure”

Paragraph 3, delete entirely and replace with: “Vibration
serviceability requirementsfor foot and cycletrack
bridgesare givenin BD 37 (DMRB 1.3).”

Paragraph 6 (a) (1) Lines2 and 3, delete “ asisusual
...... engines’,

Paragraph 6 (a) (3) delete entirely and replace with:

“ Anti-vibration mountings may beincorporatedinto the
bearings beneath the bridge deck. Further informationis
provided in BS 5400 Part 9 asimplemented by BD 20
(DMRB 2.3).”

Paragraph 6 (c), delete entirely.

Paragraph 6 (d), delete entirely.

2.3.2.6 Didtributions of contact pressure under
foundations.

Paragraph 1 Line 3, after “foundation” insert: “(see
2.2.2.1)"

Paragraph 2, after last sentence add:

“However, where concentrated forces act on astrip or
raft foundation, forces and bending momentsin the
foundation may be derived from a subgrade reaction
model of the ground, using linear elasticity. The moduli
of subgrade reaction should be assessed by a settlement
analysis with an appropriate estimate of the bearing
pressure distribution. The moduli should be adjusted so
that the computed bearing pressures do not exceed
valuesfor which linear behaviour may be assumed.
More precise methods, such asfinite element or finite
difference analyses, should be used when ground-
structure interaction has a dominant effect.”

2.3.2.7 Changes in ground conditions after
construction.

Paragraph 6 Line 7, after end of sentence, insert new
sentence: “Further requirementsaregivenin BD 10
(DMRB 1.3).”

Paragraph 7 Lines 1 and 2, replace “blasting or
earthquake” with: “or blasting”

May 2000
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2.3.2.8 Mining subsidence
NOTE Line 1; after “see” insert: “BD 10 (DMRB 1.3)"

2.3.3.2 Shallow foundations.

Paragraph 2 Line 3, after “special anchorages’ insert:
“(see BS 8081)”

Paragraph 2 Line 4, after “ rock bolts” insert: “(see BA
80 (DMRB 2.1.7))”

2.3.4 Exclusion of ground moisture

Line7, replace “CP 102" with “BS 8102"

Line 8, delete: “NOTE. Attention isdrawn to current
building legidation.”

2.4.5 Extracover in reinforced concretewhen cast
against excavated ground

Lines 2, 3,9 and 10, replace “table 3.4 of BS 8110:
Part 1: 1985” with: “BS 5400 Part 4: 1990 as
implemented by BD 24 (DMRB 1.3).”

2.4.6 Retainingwalls

Paragraph 1 Lines 1 and 2, replace “ Civil Engineering
Code of Practice No. 2" with: “BS 8002, BD 41
(DMRB 2.1.1) and BD 42 (DMRB 2.1.2).

Paragraph 2, delete entirely and replace with:

“A distinction needs to be made between the val ues of
soil strength used in determining lateral earth pressures
acting on aretaining wall (see 5.3.2), and those used in
ng the ultimate bearing capacity of the
foundation. Thisis particularly relevant to gravity walls,
and concrete or masonry walls on spread foundations.

There has been increasing use of soil reinforcement
techniquesfor avariety of applicationsfrom vertical
walls and abutments, through to reinforced slopes.
Reference should be made to BS 8006 asimplemented
by BD 70 (DMRB 2.1.5).”

Section three. Shallow foundations
3.1General
Paragraph 2, delete entirely.

3.2Design consider ations

3.2.1 General.

Paragraph 1 (b) Line 6, delete “and 242" and replace
with: “, 242 and 298"

3.2.2 Allowablebearing pressureand settlement
characteristics

At end of clause, add new paragraph:

“In addition to fulfilling the performance requirements,
the design of the foundation width should take account
of practical considerationsrelated to economic
excavation, setting out tolerances, working space
regquirements and the dimensions of thewall or column
supported by the foundation.”

3.2.4 Pad foundations

Paragraph 1 Lines 7, 8 replace “table 11 of Civil
Engineering Code of Practice No. 2 1951” with:

“BS 5400 Part 4 asimplemented by BD 24 (DMRB
1.3).”

Paragraph 1 Lines 9 and 10, delete “ have been used
........ Practice No. 2" and replace with: “are used, the
design should bein accordance with BS 5628 and

BD 41 (DMRB 2.1)"

Paragraph 3 Line 3, replace “BS 8110 or CP 114" with:
“BS 5400 Part 4 asimplemented by BD 24 (DMRB
1.3)"

3.2.6 Raft foundations

3.2.6.1 General.

Paragraph 1 (c) Line 5, replace “2.3" with: “2.3.2.7,
2.3.2.8"

3.2.8.2 Effects of vegetation.
Paragraph 2 Line 5, after “BS 5837”, add: “and the
NHBC Standards Part 4.2”

3.2.9.1 Frost.
Paragraph 3, delete entirely.

4.3.3 Basement or hollow boxes
4.3.3.1 General.
Paragraph 1 Line 8, replace “ CP 102" with: “BS 8102"

4.5.4 Allowablebearing pressureand settlement
Paragraph 3 Line 1, after “finite-element” insert: “and
finite-difference”

4.5.9 Basement watertightness

Paragraph 5, at end add new sentence: “The
requirements given for the utility grade arelikely to be
appropriate for highway structures.”

Paragraph 6 Lines 7, 8 delete “ Guide to .... published by
CIRIA, and replace with: “CIRIA Reports 139 and
140,”

5.2.1 Quality

Line 3, after “British Standards’ add: “as implemented
by the DMRB Standards. The use of permanent timber
isto be treated as an aspect not covered by Standards”

5.2.3Reinforced concrete

Delete and replace with: “ Concrete quality and stresses
should be in accordance with BS 5400 Part 4 as
implemented by BD 24 (DMRB 1.3).”

5.2.4 Sted

Line 2, replace “BS 4360 with: “MCHW 1 Series
1800"

Line 3, replace “BS 449" with; “BS 5400 Part 3 as
implemented by BD 13 (DMRB 1.3)"

Al4
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5.3.2 Deter mination of pressures

Deletefirst sentence “ The earth pressures.... and this
standard.” and replace with:

“Earth pressures, including water pressures, should be
calculated using the design soil strengths defined by BS
8002.”

5.3.3.5.2 Double-wall cofferdams.
Paragraph 2 Line 2, replace “ Civil Engineering Code of
Practice No. 2" with: “BS 8002.”

5.3.3.8.6 Anchors.

Paragraph 3 Line 3, replace “ Civil Engineering Code of
Practice No. 2" with: “BS 8002"

After last paragraph, add new paragraph:

“Further information on anchorsisgivenin BS8081.”

5.3.4.3.3 Workmanship and materials.

Line5, replace “BS 449" with: “BS 5400 Part 3 as
implemented by BD 13 (DMRB 1.3).”

Line 7, after “ Standards’ add: “asimplemented by the
DMRB and relevant parts of MCHW 1"

6.3.5.2 Removal and replacement of weak strata with
strong compact material.

Line 3, after end of sentenceinsert new sentence:
“Compaction of fills should be undertaken in accordance
with MCHW 1 Series 600.”

Line5, at end of sentence, insert: “(see MCHW 1 Series
600)”

6.5.1.5 Use of compressed air in conjunction with other
geotechnical processes.

Paragraph 1 Line 3, after “excavations than”, insert: “ by
dewatering or”

6.5.3 Cast insitu diaphragm walls

6.5.3.1 General.

Paragraph 2 Line 2, after “excluding water”, delete
remainder of sentence.

After paragraph 3, insert new paragraph:

“Design and construction requirements not coveredin
the following sub-clauses are givenin MCHW 1 Series
1600.”

6.5.3.2 Cast-in-situ diaphragm walls used as retaining
walls.

Paragraph 1 Line 10, change “1.5m” to: “1.0m”
Paragraph 1 Line 11, change “about 100mm” to:
“between 25mm and 50mm”

Paragraph 1 Line 16, after “bentonite slurry” insert: “or
aternativeslurry”

Paragraph 1 Line 21, change “1m” to: “1.5m”"
Paragraph 1 Line 25, change “1m” to: “1.5m”"
Paragraph 2 Line 4; after “bentonite slurry” insert: “or
aternativeslurry”

6.5.3.8 Preparation and control of bentonite and other
clay dlurries used in diaphragm wall construction
6.5.3.8.1 General.

Paragraph 1 Line 9, replace “ICE (1978)" with
“MCHW 1 Series 1600 and Specification for Piling and
Embedded Retaining Walls | CE 1996"

6.5.3.8.2 Bentonite.

Paragraph 1 Lines 2, 3, delete “ Specification ......
Materials Association” and replace with: “ Drilling Fluid
Material Publication 163* prepared by the Engineering
Equipment and Materials Users Association”

* at bottom of page 76, replace “Oil Companies....
London WC2P ODX” with: “Engineering Equipment
and Materials Users Association, 14/15 Belgrave
Square, London, SW1X 8PS’

6.6.2 Shallow compaction
Paragraph 4 Line 4, after “ operations” insert: “(see
MCHW 1 Series 600)"

6.6.3 Degp compaction by vibration

Paragraph 1 Line 7, after “such soils”, delete next
sentence.

Paragraph 5 Line 16, after “permeability”, delete
remainder of sentence.

6.6.5 Deep compaction by heavy tamping
Paragraph 1 Line 2, at end of sentenceinsert: “(See
MCHW 1 Series 600)"

6.6.6 Use of vertical drains
Paragraph 3 Line 6, after “wick drains,” insert: “known
collectively asband drains,”

6.6.7 Electro-osmosis
Linel, delete: “(see 6.4.4.2.7)"

6.7.6.10 Cavity grouting.

At end of clause, add new paragraph:

“Treatment of cavities should comply with MCHW 1
Series 600.”

Section seven. Pilefoundations

7.1General

At end of Paragraph 1, add new sentence: “The use of
permanent timber pilesisto be treated as an aspect not
covered by Standards.”

7.2.3Preliminary piles

7.2.3.1 General.

Paragraph 1 Line 9, replace “ICE 1978” with: “MCHW
1 Series 1600”
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7.3.2 Choice of type A suggested procedure for determining the magnitude

Paragraph 8 Lines 1-2, delete “where ..... not occur” and
replace with: “only when it can be demonstrated that
their durability exceedstherequired designlife”
Paragraph 11 Line 5, replace “ (see BRE Digest 250).”
with: “(see BRE Digest 363). Guidance on measuresto
mitigate the effects of sulfate attack on concreteis
contained in BRE Digest 363 “ Sulfate and acid
resistance of concretein the ground.” However, thishas
now been extended and to some extent superseded by the
DETR (1999) Report of the Thaumasite Expert Group
“The thaumasite form of sulfate attack.” Advice should
be sought from both documents.”

7.3.3.3 Axially loaded piles.

Paragraph 1 Line 5 and Paragraph 2 Line 3, delete “BS
8110 .... BS 449" and replace with: “BS 5400 Part 4 as
implemented by BD 24 (DMRB 1.3) and BS 5400 Part
3 asimplemented by BD 13 (DMRB 1.3)”

7.3.3.4 Laterally loaded piles.

Line9, delete” earthquakes’.

Line 14, delete“ or earthquakes” .

Lines 16, 17 delete“ (Civil Engineering Code of Practice
No. 2)"

At end of clause, add new paragraph:

“The analysis and design of laterally loaded piles should
be undertaken with all load factors equal to unity and
lateral earth pressures being determined in accordance
with BS 8002.

Piles can be subjected to two types of lateral loads -
those acting at the pile cap level and those acting on the
pile shafts through the soil mass. Both these types of
lateral loads shall be taken into account in design.
a) Lateral loading at pile cap level. Thefollowing
two groups of lateral loads transferred from the structure
above and acting at the pile cap level shall be
considered:

()  permanent - eg structural reactions, earth

pressure
(i) transient - egwind, temperature effects,
longitudinal liveloads.

b) Lateral loading applied through soil. When an
embankment isterminated adjacent to a structure, such
as abridge abutment or pier, which is supported on a
piled foundation, any underlying sub-soil stratum
undergoing deformation may tend to “flow” away from
under the embankment. Whereit occurs, this effect
resultsin lateral pressuresthat act on the pile shaftsin
addition to other loads carried by the foundation.

Thelikelihood and the effects of lateral loading dueto
dip circlefailure of the surrounding soil and the driving
of adjacent displacement piles shall also be examined.

and the effects of the sub-soil generated lateral |oading
onpilesisgivenin Annex B.”

7.3.5.7 Reducing movements in ground affected by
mining operations.

Before Paragraph 1, insert new paragraph:

“Piles shall only be used at sites affected by mining
wheretherisk of subsidenceisnegligible, because
differential vertical subsidence canwithdraw end
support, disrupt material within the pile group block and
cause shear failure of certain pile types.”

7.3.7 Pile caps

Paragraph 1 Line 15, delete “BS 8110 or CP 114" and
replace with: “BS 5400 Part 4 asimplemented by BD 24
(DMRB 1.3)"

7.3.8 Factor s of safety
Paragraph 1 (b) Line 4, after “safety” insert: “or load
factor”

7.4.1.1.1 Types of timber.

After Paragraph 1, insert new paragraph:

“Timber piles should not be used unlessit can be
demonstrated that their durability exceedstherequired
designlife. In any event, the use of timber in permanent
worksisto betreated as an aspect not covered by
Standards.”

7.4.1.1.3 Preservative treatment.
Paragraph 1 Line 10, replace “BS 913" with: “BS 144"

7.4.2 Precast reinforced concretepiles

7.4.2.1 General.

After Paragraph 3, insert new paragraph:

“Design and Construction requirements not coveredin
the following sub-clauses are givenin MCHW 1 Series
1600.”

7.4.2.2.1 Concrete.

Delete entirely and replace with:

“Materials should be in accordance with MCHW 1
Series 1700

Guidance on measuresto mitigate the effects of sulfate
attack on concreteis contained in BRE Digest 363
“Sulfate and acid resistance of concrete in the ground.”
However, this has now been extended and to some extent
superseded by the DETR (1999) Report of the
Thaumasite Expert Group “ The thaumasite form of
sulfate attack.” Advice should be sought from both
documents. Recommendations on special cementsare
givenin10.4.2.”

Al6

Volume 2 home page [

May 2000



Volume 2 Section 1
Part 8 BD 74/00

Annex A

7.4.2.2.2 Reinforcement.

Deleteentirely and replace with:
“Thereinforcement should be in accordance with
MCHW 1 Series 1800.”

7.4.2.3.1 Concrete.

Paragraph 1 Line 4, replace “BS 8110 or CP 116" with:
“BS 5400 Part 4 asimplemented by BD 24 (DMRB
1.3).”

Paragraph 3 Lines 3-5, replace last sentence with: “For
the different conditions of driving and exposure,
guidance on minimum cement contents and strengthsis
givenintable12.”

7.4.2.3.2 Reinforcement.

Paragraph 1 Line 2, replace “BS 8110 or CP 116" with:
“BS 5400 Part 4 as implemented by BD 24 (DMRB
1.3

Paragraph 3 Line 6, after “BS 5135” add: “, subject to
the requirements of MCHW 1 Series 1700 and BS 5400
Part 3 asimplemented by BD 13 (DMRB 1.3)”
Paragraph 5 Lines 2 and 3, replace from “table 3.4 ....
1985” with: “BS 5400 Part 4 asimplemented by BD 24
(DMRB 1.3) and modified by BD 57 (DMRB 1.3.7)"

7.4.2.4.1 Manufacture and curing

Delete Paragraphs 5 and 6 entirely and replace with:
“Protection and curing of concrete should bein
accordance with MCHW 1 Series 1600 and 1700.

Piles may not be moved, stressed or driven until the
concrete strength is shown to be sufficient in accordance
with MCHW 1 Series 1600.”

Table 13 Deletetable

7.4.2.5.2 Hammer.

Paragraph 3 Lines 5-7, delete last sentence and replace
with: “Driving records should be madefor every pilein
accordance with MCHW 1 Series 1600.”

7.4.2.5.4 Position and alignment tol erances.
Paragraph 1 Lines 1-5, delete first two sentences and
replace with: “ The piles should beinstalled within the
tolerancesgivenin MCHW 1 Series 1600.”
Paragraph 1 Lines 8- 10, del ete sentence commencing
“Piles should not deviate”

Paragraph 1 Line 11, delete “and for raking piles’

7.4.3 Prestressed concrete piles

7.4.3.1 General.
After last paragraph, add new sentence: Further details
aregivenin MCHW 1 Series 1600.”

7.4.3.2.1 Concrete.

Deleteclause entirely and replace with:

“The materials should be in accordance with MCHW 1
Series 1600. The design should bein accordance with
BS 5400 Part 4 asimplemented by BD 24 (DMRB
1.3).”

7.4.3.2.2 Prestressing steel.

Delete clause entirely and replace with:

“Steel. Prestressing steel and ordinary reinforcement
should be in accordance with MCHW 1 Series 1700.”

7.4.3.2.3 Reinforcement.
Deleteentirely.

7.4.3.3.1 Concrete.

Paragraph 1 Lines 4-6, delete “If theratio .... CP 114:
1969”

Paragraph 1 Line 11, replace “BS 8110 and clause 322
of CP 114 : 1969” with: “BS 5400 Part 4 as
implemented by BD 24 (DMRB 1.3)”

Paragraph 2, delete entirely and replace with:

“The stresses produced during lifting and pitching or
under impact should not exceed the design requirements
of BS 5400 Part 4 asimplemented by BD 24 (DMRB
1.3).”

7.4.3.3.2 Prestress.

Paragraph 4 Line 2, replace “BS 8110 .... CP 115 :
1969” with: “ BS 5400 Part 4 as implemented by BD
24 (DMRB 1.3)”

7.4.3.3.3 Prestressing wires and stirrups.

Paragraph 2, delete entirely and replace with:
“Detailing of the prestressing wires should comply with
the requirements of BS 5400 Part 4 asimplemented by
BD 24 (DMRB 1.3).”

7.4.3.4.1 Manufacture.

Paragraph 3 Lines 7, 8, replace “(see clauses ..... CP
115: 1969)" with: “BS 5400 Part 4 asimplemented by
BD 24 (DMRB 1.3)"

7.4.3.4.2 Transfer of prestress.

Paragraph 2 Lines 1-5, delete first sentence and replace
with: “The minimum cube strength of the concrete at
transfer of prestress should be in accordance with BS
5400 Part 4 asimplemented by BD 24 (DMRB 1.3).”

7.4.4Driven cast-in-placepiles

7.4.4.1 General.

After Paragraph 2, add new paragraph:

“Construction requirements not covered in thefollowing
sub-clauses are givenin MCHW 1 Series 1600.”
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7.4.4.2.1 Concrete.

Lines 7-9, replace last sentence with: “ Slumpsfor
concrete should bein accordance with MCHW 1 Series
1600, except for those piling systems requiring adry
mix.”

At end of clause, add new paragraph:

“ Guidance on measures to mitigate the effects of sulfate
attack on concreteis contained in BRE Digest 363
“Sulfate and acid resistance of concrete in the ground.”
However, this has now been extended and to some extent
superseded by the DETR (1999) Report of the
Thaumasite Expert Group “ The thaumasite form of
sulfate attack.” Advice should be sought from both
documents.”

Table 14 Deletetable

7.4.4.3 Design

7.4.4.3.1 Concrete

Replace “ The average” with “For piles having a
permanent casing, the average’

At the end of the paragraph insert “ For piles without
permanent casing, the design should be carried out in
accordancewith Annex C.”

7.4.4.3.2 Reinforcement

Replace“ Therecommendations” with “ For pileshaving
apermanent casing, the recommendations’

At the end of the paragraph insert “ For piles without
permanent casing, the design should be carried out in
accordance with Annex C.”

7.4.4.4.4 Finishing pile heads.

Paragraph 1 Lines 1-8, delete entirely and replace with:
“Concrete should be cast to the level s specified in
MCHW 1 Series 1600.”

7.4.5Bored cast-in-place piles

7.4.5.1 General.

After last paragraph, add new paragraph:

“Design and construction requirements not coveredin
the following sub-clauses are givenin MCHW 1 Series
1600.”

7.45.2.1 Concrete.

Paragraph 1 Line 4, replace “BS 5328” with: “MCHW
1 Series 1700”

Paragraph 1 Line 10, replace “table 14" with: “MCHW
1 Series 1600”

Paragraph 1 Line 12, delete “20N/mm? (200kgf/cm?)”
and replace with: “ 30N/mm?2"

At end of clause, add new paragraph:

“Guidance on measures to mitigate the effects of sulfate
attack on concrete is contained in BRE Digest 363
“Sulfate and acid resistance of concrete in the ground.”

However, this has now been extended and to some extent
superseded by the DETR (1999) Report of the
Thaumasite Expert Group “ The thaumasite form of
sulfate attack.” Advice should be sought from both
documents.”

7.45.3 Design

7.4.5.3.1 Concrete

Replace sentence with “ The design should be carried out
in accordance with Annex C.”

7.4.5.3.2 Reinforcement
Replace*” (see 7.4.4.3.2)” with “The design should be
carried out in accordance with Annex C.”

7.4.5.4.4 Continuous flight augered piles.
At end of clause, add new sentence: “ Additional
requirements are givenin MCHW 1 Series 1600.”

7.4.5.4.5 Reinforcement.

Line1replace”(see7.4.4.3.2)" with “The design should
be carried out in accordance with Annex C.”

Line 3, replace “at least 1m ..... the casing” with: “at
least 3m below the bottom of the casing or to the base of
the pileif thisislessthan 3m below the bottom of the
casing”

7.4.5.4.8 Position and alignment tolerances.
Delete Paragraph 2 entirely.

7.4.6 Steel bearing piles

7.4.6.1 General.

After last paragraph, add new paragraph:

“Design and construction requirements not coveredin
thefollowing sub-clauses are givenin MCHW 1 Series
1600 and 1800.”

7.4.6.2.1 Sed.
Lines2-4, delete“grades 43A .... engineer” and replace
with: “MCHW 1 Series 1800”

7.4.6.2.2 Concrete filling.
Line5, delete “not lessthan 75mm” and replace with:
“as gpecified in MCHW 1 Series 1600”

7.4.6.3.2 Transfer of working load to pile.

Line 8, delete“embedded in the cap” and replace with:
“down to alevel 100mm above the soffit of the
concrete’

7.4.6.3.3 Protection against corrosion.
Paragraph 1 Line 8, replace “CP 1021” with “BS 7361"
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7.4.6.3.4 Lengthening.

Line 6, delete “taken in conjunction with BS 449" and
replace with: “subject to the requirements of MCHW 1
Series 1700 and BS 5400 Part 3 asimplemented by BD
13 (DMRB 1.3)”

7.5.4 Loading testson piles

7.5.4.1 General.

Paragraph 1 Line 2, delete “ settlement” and insert:
“deformation (settlement or lateral movement)”
Paragraph 2 Line 1, delete“ The” and insert: “ Axial”
Paragraph 2 Line 2, after “7.5.6” insert new sentence:
“Lateral load tests should be carried out in accordance
with 7.5.7.”

7.5.5 Pileloading using maintained loads
NOTE Line 2, replace “and ICE (1978)” with: “, ICE
(1996) and MCHW 1 Series 1600”

7.5.5.2 Method of loading.

Paragraph 4 Lines 2 and 3, replace “at least three.....
than 2m” with: “the greatest of threetest or reaction pile
shaft diameters from the test pile, centre to centre, or
2m’

7.5.5.3 Measurement of settlement.

Paragraph 1 (a) Lines 4-6, replace “ A datum ... datum
point” with: “ At least two datum points should be
established on separate permanent objects or other well-
founded structures or deep datum points’

Paragraph 1 (a) Line 7, before “should” insert: “points”
Paragraph 1 (a) Lines 8-9, delete sentence“Itis
preferable.... demolished”.

Paragraph 1 (a) Line 10, before “should” insert:
“points’

Paragraph 1 (c) Lines 1-4, delete first two sentences and
replacewith: “ Two strained high tensilewireson either
side of the test pile may be used instead of the reference
frame. The wires are positioned against scalesfixed to
the pile and the movements of the scalesrelativeto the
wiresaredetermined.”

7.5.5.4 Procedure.

Paragraph 1 Line 2, replace “working load” with:
“design verification load and specified working |oad”
Paragraph 1 Lines 3-7, delete second and third sentences
and replace with: “ The loading and unloading shall be
carried out in the stages given in MCHW 1 Series 1600.
Paragraph 3 Line 1, replace “0.25mm/h” with: “0.5% of
the cumulative settlement, subject to aminimum rate of
0.05mm in 30 minutes’

7.5.6 Pileloading test at a constant rate of
penetration

NOTE Line 2, replace “ and Weltman (1980)” with: “,
Weltman (1980) and MCHW 1 Series 1600”

7.5.6.4 Method of testing.
Paragraph 1 Line 7, replace “0.75mm” with: “0.6mm”
Paragraph 1 Line 9, replace “1.5mm” with: “1.2mm”

7.5.6.5 Ultimate bearing capacity of the pile.
At end of clause, add new clause;
“7.5.7 Pilelateral load test

A pilelateral load test should be undertaken using
maintained loads, similarly to 7.5.5, but it is normally
unnecessary to continue teststo a state of failure. The
magnitude and line of application of thetest load should
simulate the design loading of thepile.

An allowance should be made for the variability of the
ground particularly over the top few metres of the pile
when choosing the number of pilesfor testing and when
determining the lateral pile capacity from the load test
results.

For pile groups, the effect of interaction and head fixity
should be accounted for when determining the lateral
capacity from the results of load tests on individual
piles.

Lateral load tests should only be undertaken on
preliminary piles.”

7.6 Integrity testing of cast-in-place piles

Title, delete and replace with: “ Non-destr uctivetesting
of piles.”

Beforefirst line, insert: “ 7.6.1 I ntegrity testing”

NOTE Line 2, replace “and Fleming et al. (1985)” with:
“, Fleming et al. (1985), Turner (1995), CIRIA Report
144 (1997) and MCHW 1 Series 1600”

At end of clause, insert new clause:

“7.6.2 Dynamic piletesting

Dynamic proof |oad testing involves monitoring the
response of apileto aheavy impact applied at the pile
head. A pile-driving hammer often providestheimpact
and response is normally measured in terms of force and
acceleration or displacement closeto the pile head.

Theresultsdirectly obtained relate to dynamic loading
conditions. Interpretation in terms of static loading
requires soil and pile dependent adjustments, and
corroboration from experience may be required to
correlate testing of thiskind with static load tests as
specified in Clause 7.5.4.

Dynamic proof load testing should be carried out in
accordance with MCHW 1 Series 1600.”
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8.1.1.2 Applications.
Line 4, after “BS 6349” add: “and BA59 (DMRB 1.3)”

8.1.2.2 Timber.

At end of Paragraph 1 add new sentence: “The use of
timber in permanent works is to be treated as an aspect
not covered by Standards.”

8.1.2.3 Sed.

Paragraph 1 Line 3, after “BS 5493" insert: “and
MCHW 1 Series 1800 and 1900”

Paragraph 1 Lines5t0 9, delete: “Steel also has......
depths of water”

8.1.2.4 Mass concrete and reinforced concrete.
Paragraph 1 Line 5, replace “7.4.2 and section ten”
with: “7.4.2, section ten and MCHW 1 Series 1700”
Paragraph 2 Lines 15-16, delete “ at least 80mm of
cover” and replace with: “cover as specified in BS 5400
Part 4 asimplemented by BD 24 (DMRB 1.3)”

8.1.2.5 Bitumen and asphalt compounds.

At end of clause, add new paragraph:

“The use of bitumen and asphaltic compounds should
comply with MCHW 1 Series 2000.”

8.1.2.6 Rock.
Paragraph 1 Line 3, at the end of sentenceinsert: “and
accord with MCHW 1 Series 600"

8.1.3.2 Foreshore work.
Line 6, replace “Civil Engineering Code of Practice No.
2" with: “BS 8002"

8.2.2.5 Use of reinforcement.

Paragraph 3, delete and replace with: “ Cover should be
as specified in BS 5400 Part 4 asimplemented by BD
24 (DMRB 1.3), but greater cover than the minimum
specified isadvisable.”

9.1.2 Archaeological findson construction sites*

*at bottom of page 115, Line 1: replace “the
Inspectorate of Ancient Monuments........ Fortress
House” with: “English Heritage (Historic Buildings and
Monuments Commission), Historic Scotland, Longmore
House, Salisbury Place Edinburgh or Wales, Cadw:
Welsh Historic Monuments’

*at bottom of page 115, Lines 2, 3: replace “112
Kennington Road, London, SE11” with: “BowesMorrell
House, 111 Walmgate, York, YL1 2VA. See HA 75
Trunk Roads and Archadlogical Mitigation (DMRB
10.6.1) for further advice.”

9.2 Design of foundations

At end of clause, add new paragraph:

“The design should be formulated to avoid, reduce or
control risksto health and safety asfar asis reasonably
practicable so that the foundations can be constructed
and maintained saf ely. The designer should comply with
the Construction (Design and M anagement) Regulations
1994 where these are applicable (see Section 11.1.1).”

9.8.7 Current developments
NOTE Lines1 and 2, delete “aBuilding .... in
preparation” and insert: “BRE Digests 313 and 352"

10.2 Timber

10.2.1 General

At end of clause, add new paragraph:

“The use of timber in permanent worksisto be treated
as an aspect not covered by Standards.”

10.2.6.3 Preservative treated timber.
Paragraph 2 Line 2, replace “BS 913" with: “BS 144"

10.2.8 Advisory bodies

Line 2, replace“the Timber Research and Development
Association” with: “TRADA Technology Ltd”

Lines 4-6, replace “ Princes Risborough ... Bucks HP17
9PX" with: “Building Research Establishment, Building
Research Station, Garston, Watford, Herts WD2 7JR”

10.3Metals

10.3.1 General

After Paragraph 2, insert new paragraph:

“Protection of metals against corrosion should comply
with MCHW 1 Series 1900 and BD 42 (DMRB 2.1).”

Table 16 Deletetable.

10.3.5 Corrosion of mild steel

After Paragraph 1 Line 7, delete remainder of clause
including Table 16 and replace with:

“The corrosivity of the ground, water and atmosphere
and resulting protection requirementsfor steel should be
determined in accordance with BD 42 (DMRB 2.1).
Further information may be obtained from Booth et al.
(1967), Morley 1978, and Romanoff (1957).

Ground anchors are often used in foundation engineering
and reference should be made to BS 8081.

Special consideration should be given where abrasion
damage from shingle, sand and silt laden watersis
possible or where floating fendering systems may abrade
piling and the action of ship propellersin shallow waters
may disturb harbour bed material causing abrasion
damage and loss of stedl thickness. Contact of steel with
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wood used, for example, as rubbing strips on jetty
structures, can cause higher than normal corrosion rates
because of crevice corrosion effects between thewood
and steel interfaces.”

10.4 Concrete

10.4.1 General

Paragraph 2 Line 2, replace “BS 8110” with: “MCHW
1 Series 1700, and BS 5400 Part 4 asimplemented by
BD 24 (DMRB 1.3) and modified by BD 57 (DMRB
1.3.7)"

10.4.2 Sulfate attack

Paragraph 1 Line 12, replace “ Digest 250” with: “Digest
363, subject to the requirements of MCHW 1 Series
1700”

Paragraph 1 Lines 16, 17, delete “table 17 .... Digest
250" and replace with: “BRE Digest 363, subject to the
requirements of MCHW 1 Series 1700”

Paragraph 1 Lines 17-20, delete whole sentence.
Paragraph 1 Line 21, replace “table 17" with: “BRE
Digest 363"

At end of clause, add new paragraphs:

“For further information, see BS 6699 regarding the use
of ground granulated blastfurnace slag, BS 3892
regarding the use of pulverised fuel ash, BRE Current
Paper 2/79 for methods of analysis of sulphate content,
and BRE Digests 275 and 276 for interpretation in
relation to fill and hardcore.

Guidance on measures to mitigate the effects of sulfate
attack on concreteis contained in BRE Digest 363
“Sulfate and acid resistance of concrete in the ground.”
However, this has now been extended and to some extent
superseded by the DETR (1999) Report of the
Thaumasite Expert Group “ The thaumasite form of
sulfate attack.” Advice should be sought from both
documents.”

Table 17 Delete table.

10.4.4 Chloridecontent
Paragraph 2 Line 6, replace “BS 8110” with: “MCHW
1 Series 1700”

10.4.6 Frost attack

Line 5, change“5%” to: “5.5%"

Line 8, replace “BS 8110” with: “MCHW 1 Series
1700"

10.4.7 Corrosion of reinforcement

Line 12, replace “BS 8110” with: “BS 5400 Part 4 as
implemented by BD 24 (DMRB 1.3) and modified by
BD 57 (DMRB 1.3.7)"

10.4.8 Unsuitable aggr egates

Paragraph 1 Line 11, replace “237 and 258" with: “325
and 330"

Paragraph 2 Line 3, replace “35" with “357”

11.1.1 Statutory requirements

At end of clause, add new paragraph:

“It isalso necessary to comply with other more recent
statutory regulationswhich arelisted in Appendix D.
Theseinclude the Construction (Design and
Management) Regul ations 1994 which impose additional
responsibilities on the Client, Designer, Planning
Supervisor and Principal Contractor. These are intended
to ensure that health and safety is taken into account and
co-ordinated and managed effectively throughout all
stages of aproject from conception, design and planning
through to construction and subsequent maintenance and
repair. In Northern Ireland, the Construction (Design
and Management) Regulations (Northern Ireland) 1995

apply.”

11.2.5 Electricity
Paragraph 2 Line 3, replace “CP 1017” with: “BS
7375

11.7.2 Use of explosives

Paragraph 1 Line 2, at end of sentence insert: “and
MCHW 1 Series 600"

Paragraph 3, delete entirely.

APPENDI X B. Bibliography
Thefollowingreferenceshavebeen revised:

BRE Digest 35; withdrawn and replaced by:
BRE Digest 357. 1991. Shrinkage of natural aggregates
in concrete.

BRE Digest 237; withdrawn and replaced by:
BRE Digest 325. 1987. Concrete Part 1 : materials.

BRE Digest 250; withdrawn and replaced by:
BRE Digest 363. 1991. Sulfate and acid resistance of
concretein the ground.

BRE Digest 258; withdrawn and replaced by:
BRE Digest 330. 1988. Alkali aggregate reactionsin
concrete.

CIRIA Underwater Report 23 1970: reprinted 1984.

CIRIA Report 44 1982: reprinted with amendments
1992

DAVIS, Sir R.H. 1951, 6th edition, 1955.
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FLEMING, W.G.K. and SLIWINSKI, Z.J. 1977,
replaced by : The use and influence of bentonitein bored
pile construction. CIRIA PG3, reprinted 1991.

HOBBS, N.B. and HEALY, P. 1979; reprinted 1991.

HEALEY, PR. and HEAD, J.M; replaced by : Building
over abandoned mineworkings CIRIA Report SP32,
1984.

ICE 1963; change 1963 to 1936 and add: reprinted
1949.

ICE 1978. Piling — Model procedures and specification.
Instn. Civ.Engrs. replaced by:

I CE 1996 Specification for Piling and Embedded
Retaining Walls Thomas Telford.

SHREIR, L.L. 1976; 3rd edition, 1994.

THORBURN, S. and THORBURN, J.Q. 1977,
reprinted with amendments 1985.

Thefollowingreferencesaretobeinserted.

After BRE Digest 296;

BRE Digest 298. 1987. Theinfluence of trees on house
foundationsin clay soils. HM SO.

BRE Digest 313. 1986. Mini-piling for low-rise
buildings. HM SO.

BRE Digest 352. 1993. Underpinning. HM SO.

After Butterfield,R and Bannerjee, PK;

Card G.B. and Carder D.R. “Movement trigger limits
when applying the Observational Method to embedded
retaining wall construction on highway schemes’. TRL
Report 228, Transport Research Laboratory,
Crowthorne, 1996.

After CIRIA Report 44;

CIRIA Report 139 1995. Water-resisting basements (full
report).

CIRIA Report 140 1995. Water-resisting basements
(summary report).

CIRIA Report 144 1997. Integrity testing in piling
practice by M J Turner.

CIRIA Report 185 1998. The Observational Method in
ground engineering: principlesand applications by
Nicholson D., Tse C-M. and Penny C.

After de RUITER, J. 1982;

DETR (1999) The thaumasite form of sulfate attack:
Risks, diagnosis, remedial works and guidance on new
construction. Report of the Thaumasite Expert Group.
January 1999. The Stationery Office.

After NCB 1965;

NHBC Standard Part 4.2 as amended by updates 1 to
11, 1995.

After TRRL Report No. LR9O0;

TURNER, M.J. 1995. Advice on integrity testing of
piles TRL Report PR113.

Thefollowingreferencesareto bedeleted:

MAISHMAN, D. 1975. Ground freezing in methods of
treatment of unstable ground (ed. F.G. Bell) Newnes-
Butterworth, London 151-159.

STEFFENS, R.J. 1952. The assessment of vibration
intensity and its application to the study of building
vibrations. National Building Studies Sp. Rep. No. 19
HMSO.

APPENDI X C. Further reading

C.1. Books

Thefollowing bookshave been revised:

FLEMING, W.G.K., WELTMAN, A.J., RANDOLPH,
M.F. and ELSON, W.K. 1985; 2nd edition, 1992.

LEGGETT, R.F. 1962; 2nd edition, 1988.
SHREIR, L.L. 1976; 3rd edition, 1994.
TOMLINSON, M.J. 1977; 4th edition, 1994.
TOMLINSON, M.J. 1980; 6th edition, 1995.

APPENDI X D. Recommendationsand statutory
requirementsaffecting the safety, welfareand health
of personsat work

Thefollowing amendmentsshould be made:

Statutory Instrument 1966 No. 95; after title, insert: “as
amended by Sl 1974 No. 209"

The Protection of Eyes Regulations 1974; add:
“(Statutory Instrument No. 1681)”

The Abrasive Whedl s Regulations 1970; add: “ Statutory
Instrument No. 535)”
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Thefollowing should be added tothelist:

After “ Statutory Instrument 1960 No. 688" add:
“Statutory Instrument 1981 No. 399 Diving Operations
at Work Regulations 1981”

After “The Abrasive Wheels Regulation 1970" add:
“Electricity at Work Regulations 1989

Manual Handling Operations Regulations 1992
Workplace (Health, Safety and Welfare) Regulations
1992

Management of Health and Safety at Work Regulations
1992

Provision and Use of Work Equipment Regulations 1992
Personnel Protective Equipment at Work (PPE)
Regulations 1992

Construction (Design and Management) Regulations
1994

The Control of Substances Hazardousto Health
Regulations 1994 (Sl 1994 No. 3246).

NOTE: In Northern Ireland, the equivalent Northern
Ireland Health and Safety L egidlation applies.

Thefollowing publicationsreferred toaretobe
deleted:

BS 449 Theuse of structural stedl in building.
BS 4360 Specification for weldable structural steels.

BS 4449 Specification for hot rolled steel barsfor the
reinforcement of concrete.

BS 4461 Specification for cold worked steel barsfor the
reinforcement of concrete.

BS 5328 Methods of specifying concreteincluding
ready mixed concrete.

BS 8110 Structural use of concrete.
Part 1 Code of Practice for design and
construction.

CP 101 Foundationsand substructuresfor non
industrial buildings of not more than four
storeys.

CP 102 Protection of buildings against water from the

ground.

CP 114 Structural use of reinforced concretein

buildings.
CP 115 Structural use of prestressed concretein
buildings.

CP 116 The structural use of precast concrete.
DD81 Recommendationsfor ground anchorages.

Civil Engineering Code of Practice No. 2 Earth
Retaining Structures.
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ANNEX B. GUIDANCE ON LATERAL LOADING OF

PILES.

B.1. INTRODUCTION

B.1.1 ThisAnnex givesguidance on the requirements
concerning thelateral loading of piles.

B.2. DESIGN PRINCIPLES

B.2.1 Inadditionto the general design principlesalready
covered in this Standard, CIRIA Report 103, Design of
Laterally Loaded Piles (reference B.5.1) provides
additional guidance. Modern analytical methodsand
their suitability for design are discussed in detail in Pile
Foundation Analysis and Design by H G Poulos and E
H Davis (reference B.5.2).

B.2.2 Morerecent developmentsin theanalysisand
design of laterally loaded piles are described in TRL
CR196 (Springman and Bolton, 1990) (reference B.5.3)
and TRL PR 71 (Seaman, 1993) (reference B.5.4).

B.3. LATERAL LOADING

B.3.1 Inrecent timesthere have been cases of excessive
movement of piled foundations supporting abutments
that retain adjacent embankments. The cost of remedial
work hasin someinstances been exceedingly high.
These movements have been attributed to | ateral
pressuresin the underlying ground caused by the
imposed |oading of the embankment. In every casethe
piling was carried out before all the movement caused by
the construction of the embankment had taken place.
Wherelateral pressure may be devel oped dueto this
cause it should be taken into account in thedesignin
addition to the usual loading which hasto beresisted at
pile cap level. In the case of afull height piled bridge
abutment, it is also possible that additional interaction
between thefill and underlying material and the
abutment structure may result in increased lateral
loading on the structure and foundation.

B.3.2 ThisAnnex highlightsthe problemsinvolved,
givesadvice on preventive design and construction
practices and points out the inter-dependence between
the design of the embankment and the design of the
structure.

B.3.3 A study intolateral loading of piled foundations
has been carried out for the Highways Agency. Aswell
asreferences B.5.3 and B.5.4, thefollowing additional
publications contain the results of thiswork: TRL
Project Report 112 “L ateral loading of piled foundations
at Dartford Creek Bridge” (Carder, Gent and Darley,
1994) (reference B.5.5), TRL Project Report 98
“Centrifuge and anaytical studies of full height bridge
abutment on piled foundation subjected to lateral
loading” (Springman, Ng and Ellis, 1994) (reference
B.5.6) and TRL Report 246 “Lateral loading of piled
foundations at Wiggenhall Road overbridge (A47)”
(Darley, Carder and Ryley, 1997) (reference B.5.7).

B.4. DESIGN FOR LATERAL LOADING

B.4.1 Whenthereisalikelihood of any soil-induced
lateral |oading being devel oped during or after the
construction of apile, efforts should be madefirstly to
identify the extent of the problem, and then to determine
the most economical solution. Thiscould be either to
take measures at the construction stage to reduce the
magnitude of the effects, as described below, or to design
the pilesto withstand the predicted lateral loading, or a
combination of both. Detailed consideration of the
design methodology for laterally loaded pilesis
presented in TRL PR 71 (Seaman, 1993) (reference
B.5.4).

B.4.2 Ground Investigation. Where piled foundations
arerequired adjacent to an embankment, for example a
bridge abutment, special attention should be given at the
ground investigation stage to the need to obtain
sufficient and reliable data for the assessment of therisk
and significance of lateral loading. Advice Note HA 34
(DMRB 4.1) Ground Investigation Procedure (reference
B.5.8), gives guidance on the preparation of ground
investigation contracts.

B.4.3 Initial Design Considerations. In certain types of
locations such asriver valleys, the material overlying the
founding stratum for the piles often consists of soft
clays, silts, loose sands and gravels and, occasionally,
peat. When piled foundations are used in such ground
conditionsthe possibility of soil induced lateral loading
ishigh and should beinvestigated; the necessary
measures should be taken as described in the following
sections.
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B.4.4 Design Measures. The structural configuration
may be modified in one of the following waysin order to
minimisethelateral |oading due to movements of soft
strata, or eliminate the need for piling atogether:-

(@ Useof skeletal (spill-through) abutments. This
may obviate the need for piled foundations or at
least avoid high earth-retaining forcesfrom being
applied to the tops of the piles. However, it should
be noted that good compaction of the fill material
within askeletal abutment isdifficult to achieve,
and it may be necessary to lengthen the
superstructure. Advice on the appropriate forces
to be considered when skeletal abutmentsare used
can befound in “Bridge Foundations and
Substructures” (reference B.5.9)

(b)  Useof bank-seat abutments. The benefits of this
are similar to those of skeletal abutments but the
designer usually has more freedom with the
geometry. For instance, the slope of the
embankment may be varied to reducethe
magnitude of lateral forces on piles. The use of
bank-seats normally makesit necessary to
lengthen the superstructure. If piling cannot be
eliminated, there may be problems of driving piles
through the embankment material.

(c) Extendthelength of the structureif thiswill
reduce the height of the embankment at the
abutment location.

B.4.5 Constructional Measures. One or more of the
following measures may be considered at the design
stagein order to minimise the lateral |oading dueto
movements of soft strata, or eliminate the need for piling
altogether:

(@  Construct the embankment allowing sufficient
time, by monitoring with inclinometersif
necessary, for movement of the soft stratato
occur before piling. The movement of the soft
strata may be accelerated, and a stable state
achieved reasonably quickly, by using ground
improvement techniques such asvertical sand
drains, dynamic consolidation of the soft strata or
by surcharging the embankment.

(b) Excavatethe soft stratain the foundation/
embankment areaand backfill with asuitable
filling material with thorough compaction. Thisis
likely to be more expensive than other measures
although it may give greater assurance.

(c) Uselightweight fill for al or part of the
embankment.

(d)  Reducetheamount of deformation of the soft
strata under the embankment by using ground
improvement techniques such as settlement
reducing pilesand lime or stone columns.

As each of the above measures can berelatively
expensiveit isimportant that the economics of the
situation are fully investigated beforethe final designis
adopted. A significant factor will clearly be the depth,
thickness and nature of the underlying soft strata.

B.4.6 Pile Design. When pilesareto be designed for
soil-induced lateral loading, in addition to the normal
requirements, thefollowing procedureisrecommended
for use:

(@  Analysethebehaviour of the soil cross-section
omitting the piles and the pileloads transferred
from the structure, to obtain the soil
displacements perpendicular to the pile shafts
calculated at the position of the piles, over the
wholelength of the pile. Any suitablefinite
element based computer program capabl e of
analysing elastoplastic soil behaviour may be used
for this purpose.

(b)  Apply the above soil displacementstothe
individual pilesaslateral deflectionswith due
regard to their end fixities. Only differential
deflections, ie deflectionswith respect to one end
of the pile, should be used as the applied
deflections. Each pile should be considered asa
free standing frame element without the
surrounding soil.

Any suitable continuous beam or frame analysis
computer program can be used for this. The soil
deflections should beinput asimposed
deflections, either directly if thisfacility exists, or
as“ support settlements’. The points at which the
deflections are applied must correspond with the
soil deformation output points. About 10
regularly spaced deflection pointsalong each pile
should be sufficient. The reactions output by the
program represent the point loads required to
produce the cal cul ated displacement profile.

(c) Obtainthelateral pressuresdevel oped along each
pilewhich would generate the above deflections
by dividing any point load or reaction by the
corresponding length of pile multiplied by the
diameter or the width of the pile. If in any part of

B/2
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the pilethis pressure exceeds the yield stress P, of
the soil, the excess pressure should be
redistributed uniformly along the remainder of the
pile. Each pileisthen to be analysed using the
redistributed total pressure as the applied
pressure. Theyield stress Py isto betaken asthe
greater of thefollowing:

P=3K o/

P=9C

where K, = coefficient of passive earth pressure
o, = effective overburden pressure

C, = undrained cohesion

(d)  Forces, momentsand any other load effects
developed inthe piles at the end of step (c) should
finally be added to the total load effects for both
the serviceability and the ultimate limit states (ie
Y, = 1.0 for both limit states).

The above procedureisasimplistic but
conservative method to calculatelateral forces
and momentsinduced into asinglepile. Thisis
because:

() it makesthe assumption that the presence
of the pile does not influence the ground
movement;

(i) itdoesnot alow for soil yield and flow
around thepile;

(iii) noalowanceismadefor increasein
strength asthe soil consolidates under the
embankment surcharge.

The method can be refined by using “link
elements’ which model interaction between the
soil and the pile (eg Stewart, 1994) (reference
B.5.10).

Appendix A of TRL PR 71 (Seaman, 1993) (reference

B.5.4) describes various design approaches and their
advantagesand limitations.
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Contents

Cl1l. Introduction

C2. Load Effectsand Design Considerations

C3. PileStrength and Stiffness

C4. PilesSubject to Axia Forcesand Bending
Moments (ULYS)

C5. Piles Subject to Shear Forces (ULS)

C6. Shear Reinforcement

C7. Early Thermal Cracking

C8. Buckling

C9. Minimum Reinforcement Requirements

C10.

C11.

C12.

C13.

Curtailment of Reinforcement

Corrosion and Durability/Control of Crack
Widths (SLS)

Construction Considerations Affecting Design

Reference

Figures

C1

C2
C3

C4

C5

Typical applicationsfor cast in place embedded
piles

Use of Annex C —Fow diagram
Pilelengths as defined in section C2

Buckled form of pilesof various depthsin a
uniform medium

Graphof L /L' versusL /L' for pin ended pile
onuniform soil

May 2000

Volume 2 home page [

C/i1



Annex C

Volume 2 Section 1
Part 8 BD 74/00

C1 Introduction

C1.1 ThisAnnex statesthe requirementsfor the
reinforcement of bored cast-in-place embedded
foundation piles. It has been prepared as a stand-
alonedocument.

For the purposes of this Annex an embedded pileis
defined as afoundation pile that is surrounded by
ground capable of providing some degree of lateral
support to the pile, throughout its entire length.

For guidance on the reinforcement of free standing
cast in place pilesrefer to Clause 7.3.3.3.

For guidance on the reinforcement of embedded pile
retaining wallsrefer to BD 42 (DMRB 2.1.2).

C1.2 Reinforcement for bored cast-in-place embedded
foundation is based on the requirements of BS5400: Part
4.:1990, asimplemented by BD24 (DMRB 1.7.1), and as
further modified by the recommendations of TRL Report
144 (1995).

Unitsand symbolsin this Annex are as used in BS 5400:
Part 4: 1990 as implemented by BD24 (DMRB 1.3.1).

Typical applicationsfor cast in place embedded
foundation pile types described above are shownin
Figure CL1.

C1.3 A flow diagram, figure C2, demonstrates the use
of Annex C.

C/2
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T 0 T 1

Retaining Wall Abutment Pier

FigureC1: Typical Applicationsfor Cast-in-Place Embedded Piles
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C2 Load Effectsand Design Consider ations

C2.1 Atthisstagein the design processthe pile
sizeanditsoverall length will have been determined
using nominal loads and net bearing pressures and
frictional resistances as appropriate.

of each party’ srequirements. The geotechnical
engineer must be aware of any performance
requirements, for example, in termsof horizontal
and vertical deflection limits.

C2.2 It should be appreciated that the length of
pile necessary to resist applied bending moments
and horizontal load effects (designated pilelength
A), to satisfy ultimate limit state and serviceability
limit state requirementsfor soil-structure
interaction, may belessthan thelength of pile
necessary to resist axial load effects (designated
pilelength B). The additional length of pilerequired
toresist axial loading is designated pile length C, as
shown in Figure C3.

C2.6 If thegeotechnica engineerisresponsiblefor
supplying the structural engineer with design load
effects acting on apile, they must represent the
most onerous|oad effects upon that element for the
likely range and combination of soil propertiesand
stiffnesses which will operate on the structure. For
example, down drag effectson apile can giverise
totension in apile either due purely to that effect,
or asaresult of combination with other effects such
asbending or uplift forcesresulting from lateral
loading.

C2.3 Therewill beno structural design
requirement for the pile below pile length A to carry
bending moment or shear load effects. Instead this
section of pile (pilelength C) must be structurally
capable of carrying the design axial load effects
only. In such cases, for compression piles, no
reinforcement will be required within pilelength C,
providing the plain concrete can carry the design
axial load effect in accordance with the
requirements of this Annex, and providing that the
buckling resistance of the pile asdescribed in
Section C8, need not be considered.

C2.7 Load effectsshall be provided for both the
serviceability limit state (SL S) and the ultimate
limit state (UL S) conditions using the partial load
factorsin BD 37 (DMRB 1.3) and the partial safety
factor, y,, in BS 5400: Part 4. 1990 as implemented
by BD 24 (DMRB 1.3.1).

C2.8 Envelopediagramsfor axial force, shear
force and bending moments at SLS and UL S shall
be made available including detail s of how the
various effects interact to form the basis of the
structural design.

C2.4 Beforeusing Annex C, designinformation
should be avail able upon the minimum length of
pilerequired purely to withstand any externally
applied moment and horizontal load effects (pile
length A) and thelength of pilerequired to resist
axial load effects (pilelength B). Momentswill be
applied to apilein variousinstances, including
where axial load is applied eccentrically by virtue
of construction tolerancesininstalling the pile.

C2.9 When applying the structural design rulesin
this Annex to co-existent |oad effects, care must be
taken to apply the correct (reduced) partial 1oad

factorsto load effectswhich have arelieving effect.

C2.5 Thedesign of the structural elements of the
pile requires alimit state approach based on
factored load effects. It isimportant that the
structural engineer responsiblefor design of the
structural elements of the pilein accordance with
this Annex communicateswith the geotechnical
engineer to ensure there isamutual understanding

Cl6
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Pile A

Key To Pile Lengths
A : Length of pile subjected to axial forces, shear forces and bending moments
B : Overall length of pile

C : Length of pile subjected to axial forces only

FigureC3: PileLengthsasDefined in Section C.2
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C3

Pile Strength and Stiffness

C3.1 Genegrad

C3.4 Cover toReinforcement

C3.1.1 Pilestrength and stiffnessisrelated to the
size of pile and the strength of concrete used to
construct the pile. An increasein concrete strength
will result in an increasein concrete stiffness, and

Cover to reinforcement shall bein accordancewith
BS 5400: Part 4: 1990 Table 13 asimplemented by
BD 24 (DMRB 1.3.1) plusthe additional
requirements of BS 8004 Clause 2.4.5. The
requirements of BD 57 (DMRB 1.3.7) shall be
deemed to be satisfied.

therefore the strength of concrete used in design has
an effect on both pile capacity and the forces
attracted to the pile.

C3.1.2 For laterally loaded pilesanincreasein
concrete strength resultsin an increasein the
relative differences between soil and pile stiffnesses.
This hasthe effect of increasing the magnitude of
shear forces and bending moments acting on apile.

C3.1.3 For axially loaded pilesconcrete strength
isagoverning factor for pile load carrying capacity
and an increase in concrete strength will directly
reduce any requirement for compression
reinforcement.

C3.1.4 Increased concrete strength, although
allowing greater axia and lateral loadsto be
carried, has the disadvantage of producing agreater
tendency for thermal cracking to occur. The
specification of concrete mixesfor usein piles
therefore needsto be carefully selected to provide
the optimum design solution.

C3.2 Concrete

Concrete shall be in accordance with MCHW 1
Series 1700 and have aminimum characteristic
strength at 28 days of 30N/mmz2.

C3.3 Renforcement

Reinforcement shall bein accordance with MCHW
1 Series 1800.

C/8 May 2000
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C4 PilesSubject to Axial Forcesand Bending
Moments(ULS)

C4.1 Appliedload effects cal culated in accordance
with Section C2 giveriseto axial forces, shear
forces and bending moments acting singly or in
combination within the pile.

C4.7 PilesSubject to Axial Forces(PileLength C)

C4.7.1 Compressive Axial Forces

C4.2 Themagnitude and distribution of load
effects generated in apile are affected by the
interaction of the structure and soil.

C4.3 Themagnitude of load effectsin the pilewill
depend on the strength and stiffness of the
surrounding ground and the stiffness of the pile.
Stiff soils mobilise greater resistance against the
pileresulting in less deflection of the pilebut in
certain configurations may induce greater load
effectsfor agiven load than for the same pile
surrounded by soft soil.

C4.4 Themethod of determining load effects
should take into account the size and complexity of
structure to be supported. For simple structures, a
design based on the piles acting asfreein air
columns down to a calculated depth to fixity may
be appropriate. For more complex structuresthe
determination of load effects on apile should take
account of soil/structure interaction effects. Further
details regarding appropriate techniquesfor such
analysesare contained in Annex B.

C4.5 Whatever method of analysisisadopted for
soil-structureinteraction the requirements of C2
shall be adopted.

C4.6 The pile adequacy shall also be considered at
Serviceability Limit State in accordance with
Section C11.

C4.7.1.1 Theresistance of pile lengths subject to
compressive axial forces, wherethe ground
surrounding the pile has a shear strength

> 20kN/m?, shall be calculated using the following
formulae:

C4.7.1.1.1 For an applied axial force
N <0.4f A, norenforcementisrequired, subject
to the requirements of C12.

C4.7.1.1.2 For an applied axial force

N=>0.4f_  A_providereinforcement in accordance
with Clauses 5.5.3.2 and 5.5.4 of BS 5400: Part 4:
1990 implemented by BD 24 (DMRB 1.3.1). The
requirements of Sections C9 and C12 shall also

apply.

C4.7.1.1.3 Reinforcement provided for an applied
axial forceN > 0.4f | A_shall be at least equa to
the minimum reinforcement requirements stated in
Section C9. The requirements of Section C12 shall
also be considered.

In the aboveformulae:

f , isthe characteristic compressive strength
of the concrete.

A, isthe gross cross sectional area of the pile
at the section considered.

C4.7.1.2 Where the ground surrounding the pile
has a shear strength < 20kN/m? the effects of
buckling of the pile shall be consideredin
accordance with the requirements of Section C8.

Thevalue of P_, caculated in accordance with
Section C8 shall not exceed the applied
compressive axial force.

Minimum reinforcement in accordancewith the
requirements of C9 shall be specified.
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C4.7.2 Tension

C4.7.2.1 Theresistance of piles subject to tensile
axial forcesshall be calculated using thefollowing
formula:

T
0.87f,

where A istheareaof longitudinal
reinforcement (which shall not beless
than the minimum areaof reinforcement
stated in Section C9).

T isthe applied tensile axial load.

fy isthe characteristic tensile strength of
thereinforcement.

C4.7.2.2 Therequirements of Sections 7, 9, 11 and
12 shall be applied.

C4.8 PilesSubject to Axial Forces Combined with
Bending Moments(PileLength A)

C4.8.1 Compressive Axial Forcesand Bending
Moments

C4.8.1.1 Bending momentsin combination with
compressiveaxial forceswill, depending ontheir
respective magnitudes, result in apile at any
particular cross section remaining wholly in
compression or partly in compression and partly in
tension. In certain instancesthere will beno
requirement to provide longitudinal reinforcement.
This condition occurswhere:

i) the ground surrounding the pile has a shear
strength = 20kN/m2

i)  thereisnonettensioninthepileat the
section under consideration

iii)  themaximum compression stressislessthan
04f
cu

For the purposes of these cal cul ations extremefibre
stresses shall be calculated using normal elastic
theory.

C4.8.1.2 If therequirements of C4.8.1.1 indicate
thereisno requirement for reinforcement the further
provisions of Sections C5, C6 and C12 shall be

applied.

C4.8.1.3 Indl other instances the design shall bein
accordance with the requirements of Clauses
5.5.3.2 and 5.5.4 of BS 5400: Part 4: 1990 as
implemented by BD 24 (DMRB 1.3.1). The further
provisions of Sections C5, C6, C11 and C12 shall
also be applied. Minimum reinforcement
reguirements shall bein accordance with Section
Co.

C4.8.1.4 When the shear strength of the
surrounding ground < 20kN/m? the effects of
buckling need to be considered in accordance with
therequirements of Section C8.

C4.8.1.5 Where an axial compressiveforce acting
on apileprovides abeneficia effect, the value of
thisforce must be carefully evaluated, both in terms
of thelikely variation of its magnitude along the
length of the pile and the partial load factor
employed, to ensure an appropriate valueis utilised.

C4.8.1.6 Unlessaccurate positioning of the
reinforcement within the pile can be ensured, the
analysis should take into account the most onerous
orientation to ensure that the required value of
bending resistanceisachieved.

C4.8.2 Tensile Axial Forcesand Bending M oments

C4.8.2.1 Bending momentsacting in conjunction
withtensileaxial forceswill, depending on their
respective magnitudes, result in apile at any
particular cross section remaining wholly intension
or partly in tension and part compression.

C4.8.2.2 Design shall be carried out in accordance
with Clauses 5.5.3.2 and 5.5.4 of BS 5400: Part 4:
1990 asimplemented by BD 24 (DMRB 1.3.1).
The further provisions of Sections C5, C6, C11 and
C12 shall also be applied. Minimum reinforcement
requirements shall be in accordance with Section
Co.

C/10
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C4.8.2.3 Unlessaccurate positioning of the
reinforcement within the pile can be ensured, the
analysis should take into account the most onerous
orientation to ensure that the required value of
bending resistanceisachieved.
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C5 PilesSubject to Shear Forces(ULS)

C5.1 Laterd forcescalculated in accordance with
C2 set up shear forces within the pile.

The shear stress, v, at any cross section shall be
calculated from

whereV isthe shear force due to ultimate loads
b isthepilediameter

d isthedistancefromthe extremefibrewith
maximum compression to the centroid of
thereinforcement in the half of the pile
oppositethe extreme compression fibre

To prevent crushing of concretev shall not exceed

0.75/fg, Or 4.75N/mm?2whichever isthe |lesser,
whatever shear reinforcement isrequired.

Cb5.2 For design of reinforcement refer to Section
C6.

C/12 May 2000
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C6 Shear Reinforcement

C6.1 Shear link reinforcement shall be provided
whererequired in accordance with thefollowing
criteria:

V< ES"Zc ’ No shear reinforcement required
(refer to Section C9)
ES% <vs &v,r Minimumreinforcement (refer
to Section C9).
v &y, * The greater of
AL = Sv b(V'Ech)
> fw or minimum
Yins
reinforcement requirementsin
accordance with Section C9.
where A isthe cross sectional area of all

legs of the links at a particular
Cross section

% isthe applied shear stress

\Y; isthe ultimate shear stressin
concrete calcul ated in accordance
with Table 8 of BS 5400: Part 4:
1990 where the area of longitudinal
reinforcement A_to be used to
calculatev_shall betaken asthe
areaof reinforcement whichisin
the half of the column opposite the
extreme compression fibre. The
effective depth shall betaken asthe
distancefrom the extremefibre
with maximum compression to the
centroid of thisreinforcement. The
web width shall betaken asthe
column diameter.

&, isthe depth factor (refer to Table 9
of BS 5400: Part 4: 1990)

S isthe spacing of thelinksaong the
member

b isthepilediameter

f isthe characteristic strength of link
reinforcement but not greater than
460N/mm?

Y, isthepartiad safety factor for steel
reinforcement

* Ev, shall bemultipliedby 1+

intheseinstances.

where N isthe ultimate axial load (in

newtons). Refer also to C4.8.1.5

A isthe areaof the entire concrete
section (in mmg).

C6.2 The spacing of thelegsof linksin the
direction of the span and at right-anglesto it shall
not exceed 0.75d.

C6.3 Atany cross section additional longitudinal
reinforcement isrequired in thetensile zone (in
excess of that required to resist bending) such that

\Y

Ag 2
=~ 2o, )

where

A, istheareaof effectively anchored
additional longitudinal tensile
reinforcement

f isthe characteristic strength of the
longitudinal reinforcement

V isthe shear force due to ultimate loads

Note: For symmetrical arrangements of
reinforcement thiswill result in atotal
required area of reinforcement equal to 2 x
A spaced evenly round the perimeter of the
pile.

C6.4 Enhanced Shear Strength of SectionsCloseto
Supports

Refer to BS 5400: Part 4: 1990 Clause 5.3.3.3 as
implemented by BD 24 (DMRB 1.3.1)

C6.5 Theminimum reinforcement requirementsin
Section C9 shall be provided.

May 2000
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C7 Early Thermal Cracking

C7.1 Genegrd

C7.1.1 Fully embedded pilesrestrained along
their outer surfaces by the surrounding ground can
suffer from the effects of both externally and
internally restrained early thermal cracking. Dueto
theinsulating properties of the surrounding ground
externally restrained cracking isusually the
dominant factor. Thistype of cracking can
penetrate through the entire concrete section and is
generally horizontal except at positions closeto the
pile head where restraint from the pile cap may
cause vertical cracking. Checks shall be carried out
to ensurethat thelongitudinal steel doesnot yield
and that the cracked pile section shall be capable of
resisting applied shear forces.

C7.1.2 Sections7.2and 7.3 need only be
implemented if reinforcement isrequired to comply
with other sections of this Annex.

f * isthetensilestrength of immature
concrete which may betaken as
0.37 V(f_)

isthe characteristic cube strength of
concrete

cu

C7.3 Shear Resistanceof Sectionsat UltimateL imit
State Subject to Early Thermal Cracking

C7.2 Control of Thermal Cracking

To ensure thereinforcement in the pilewill not yield
beforethetensile strength of theimmature concrete
isexceeded the following equation shall be
satisfied:

C7.3.1 Pilesshall be designed to withstand
applied shear forcesin conjunction with the effects
of early thermal cracking. The shear resistance of
piles subject to early thermal cracking should be
calculated using the following method:

Longitudinal reinforcement shall be providedin
accordance with the following equation:

V. 11sT
A 2 +
0.73f, f

y

where

V isthe shear force due to ultimate loads

T isthetensile axial force dueto
ultimateloads

A isthetotal cross sectional area of

A= Ja* A effectively anchored longitudinal
S f Cc - -
y reinforcement crossing acracked
section
where _ o
fy isthe characteristic strength of

A_ isthetotal cross sectional areaof effect_ively anchored rei_nforcement
effectively anchored longitudinal crossing acracked section
reinforcement distributed evenly
around the perimeter of the pile. Notes

A, istheeffective concrete areaof the pile i) Thefirstterm of thisequationis
which isequal to the gross cross derived from equation reference 61 in
sectional areafor sections up to BS 8110: Part 1, “Structural Use of
500mm thick (diameter). For sections Concrete” with tan a taken as 1.4. The
with adiameter greater than 500mm constant 0.73 is the product of 0.6
diait shall be taken as that area of (constant stated in equation reference
concretewhich lieswithin 250mm of 61), 1.4 (value of tan a) and 0.87
the surface. (y,)

fy isthe characteristic tensile strength of
thereinforcement

C/14 May 2000
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C7.4 Reguirementsfor Longitudinal Reinforcement

C7.4.1 Theareaof longitudinal reinforcement
calculated in accordance with Sections C7.2 and
C7.3 shall be compared to the summed longitudinal
reinforcement requirements, calculatedin
accordance with Sections C4 and C6. The greatest
area calculated in accordance with Section C7.2,
C7.3 and the summed requirements of Section C4
and C6 shall be specified.
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C8 Buckling

C8.1 Theeffectsof buckling shall be considered
when the ground surrounding acompression pile
has a shear strength less than 20kN/mz.

C8.2 Insuch cases minimum reinforcement shall
be provided in accordance with Section C9 for the
length of pile over which buckling needsto be
considered. Reinforcement continuity above and
below the pile length affected by buckling shall be
considered.

C8.3 When considering buckling loadson pilesthe
effect of any lateral displacement of the pile dueto
horizontal loading shall be taken into account.

C8.4 Thebuckling resistance of apile wherethe
surrounding ground has a shear strength less than
20kN/m?2 may be cal culated using the methods of
Francis et a (1962) or Poulos and Davis(1980).
Thefollowing example shows how buckling
resistance of a pile can be calculated and compared
with applied compressive axial forces as described
in Section C4.

C8.5 Buckling load of apile, P_, can befound from:

1 U oer?

P/P.=(r2+B/ne) (C8.5.1)

n = number of half sine waves caused
by buckling load in pile (seefigure C4)

where
P_ = buckling load of a pin-ended strut
inar = T1eEl / L2
B=(L/L")
L =length of pile
L' =length of half sinewave

If L, istheeffective length of the pile considered
asapin-ended strutieP_ = 1PEIl / L ?

Then U(L,/L")2=1 (L/nL' )2+ (L/nL' )2
(C8.5.2)

and equation C8.5.2 is plotted as figure C5.

From figure C5 it isfound that:

ForL/L'<(1/v2),ieL <0.71.L", it can be
assumed that the soil offers no supportand L =L

ForL/L'>(1/v2),ieL>0.71L", it can be
assumedthat L_=L'/ (vV2) and P_ istwicethe
buckling load of apin-ended columninairsoP,
= 2V(EIK).

L" isgoverned by the soil properties and may be
givenby:

L' = (m*.El/K)Y* for auniform soil or

L' = (2re’.El/k )V® where soil stiffnessis
proportional to depthiek  isthe rate of
increasein k with depth

Wherek = coefficient of lateral displacement of
soil and may be taken as

k= 8nk, (1-y)
1.13(3-4p)(1+p)(2(log (2L /b)) — 0.443)

where L = length, b = breadth of pile and E,
= modulus of soil. (reference Glick (1948))

C8.6 Example.

C8.6.1 For atypical uniform soft soil of undrained
shear strength Cu = 10 kN/m?, the modulus of elasticity
of the soil E_ =500 Cu = 5000 kN/m? and p = 0.4 . For
al5mlong, 0.5 m diameter pile:

8m5000(1- 0.4)

k= = 4395kN /m®
1.13(3-4x0.4)1+0.4)2log, (2x15/0.5) - 0.443) 395kNm

L' = (1. E1/4395) = 6.4m (E = 25 x 10°kN/m? and | =
Tb? /64)

L >0.71. L' therefore P_ = 2V(Elk) = 37MN.
whichisequivalent to an applied stress of 188 MN/m?,

well in excess of the 28 day characteristic concrete
strength of say 40 MN/m?2.
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Figure C4: Buckled Form of Pilesof Various Depthsin aUniform Medium (after Franciset al 1962)
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Buckled Form of Pile
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L

FigureC5: Graphof L _/L"and L/ L’ for Pin-Ended Pilein Uniform Sail (after Franciset al 1962)
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C9 Minimum Reinforcement Requirements

C9.1 Wherethe application of this Annex,
including Section C12, doesnot lead to a
requirement for pilereinforcement, thereisno need
to comply with the minimum reinforcements
requirement in this Section. Wherereinforcementis
required to comply with Sections C4, C6, C7 and
C8 it shall not be less than the minimum areas
stated below, or lessthan the reinforcement areas
that might be required to comply with Section C12.

C9.2 Longitudinal Reinforcement

C9.21 Wherereinforcementisrequiredtoresist
bending or axial tension forces, the area of
reinforcement spaced evenly around the perimeter
of the pile shall be not less than 0.3% of the cross
sectioned area of the pile, ? /4

whereb isthepilediameter

C9.2.2 Wherereinforcementisrequiredtoresist
axial compression forces or where the effects of
buckling need to be considered the greater of the
following areas of reinforcement shall be provided:

i) Minimum of 0.3% of the cross sectional area
of thepile

i)  Minimum of 6 No bars spaced evenly around
the perimeter subject to amaximum spacing
of 300mm.

Minimum bar size, shall be 12mm diameter.

i) Not lessthan 0.15N/f , where N isthe
ultimate axial load acting on the pile and fy is
the characteristic strength of the longitudinal
reinforcement.

C9.3.1 Wherereinforcementisrequiredtoresist
axial compression forces or where the effects of
buckling need to be considered the following
minimum area of transverse (link) reinforcement
shall be provided.

Linksshall be at |east one-quarter the size of the
largest longitudinal bar at the section under
consideration.

Spacing of links shall be no greater than 12 times
the size of the smallest longitudinal bar at the
section under consideration.

C9.3.2 Wherereinforcementisrequiredtoresist
shear forcesthe area of reinforcement shall satisfy
thefollowing equation:

0.4bS,
w2
0.87f,,

where:

A, isthecrosssectioned areaof al thelegs of
the links at a particular cross section.

b isthepile diameter
S isthelink spacing

f isthe characteristic strength of link
reinforcement

C9.3.3 For handling and installation purposes
only, in order to contain longitudinal reinforcement,
therequirements of Clause 9.3.1 may berelaxed
provided that the transverse reinforcement specified
isof asuitable size and spacing to ensure the cage
remainsrigid during handling and installation.

C9.3 TransverseReinforcement (Links)

The provision of nominal transverse reinforcement
isrequired to resist buckling, to comply with shear
requirements as stated in Section C6.1 or to ensure
arigid reinforcement cage for handling and
installation purposes.
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C10 Curtailment of Reinforcement

C10.1L ongitudinal Reinfor cement

Longitudinal reinforcement may be curtailed to suit
the applied bending moments, axial and shear
forcesacting onthepile.

Gradual curtailment of reinforcement isto be
considered to discourage horizontal cracking at the
point of sudden curtailment of all longitudinal steel.
For gradual curtailment the following aspects
should be considered:

. Depending on theway inwhich
reinforcement is curtailed, the orientation of
the cage may be significant;

. In the case of pileswherereinforcement is
pushed into the pile after placing the
concrete, therigidity of the curtailed steel
cage shall be designed to ensurethat handling
and installation is not affected. (See Section
C12)

Sudden curtailment of reinforcement can be
accepted provided that the pileis checked at the
point of curtailment to ensureit isadequatein its
cracked state.

C10.2Transver seReinforcement

Transversereinforcement (links) may be curtailed
to suit the applied shear forces acting on the pile, in
accordance with the requirements of Section C6 and
C12.
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C11 Corrosionand Durability/Control of Crack
Widths (SLS)

C11.1 For the general case of afully embedded pile
in non aggressive ground as defined in BD42
(DMRB 2.1.2), ready access to oxygen isrestricted
to adistance of one metre below the surface of the
naturally occurring ground surrounding the pile.
Corrosion action on reinforcement within the pile
below thispointislikely to beinitialy slow and,
once started, quickly stopped by the deposition of
solids. However, if the natural ground at depth
below 1 metreisloose granular material with
brakish or saline groundwater, the requirementsfor
the first metre shall be applied over thistype of
ground.

Where aggressive environments areidentified crack
widths shall be controlled in accordance with the
requirements of Clause 5.8.8.2 of BS5400:Part
4:1990 asimplemented by BD24 (DRMB 1.3.1)
over the length of pile surrounded by ground
classified asaggressive or very aggressivein
accordance with BD42 (DMRB 2.1.2). In addition
to the specification of concreteresistant to
carbonation attack, a protective cover to the
reinforcement or protection with asleeve of anon
corrosive or sacrificial material may be considered.

C11.2 Protection of reinforcement in pilesfrom
corrosion under all conditionsisbest achieved by
good initial siteinvestigation and the provision of
dense durabl e concretein accordance with Sections
C2 and C3.

C11.3 Control of crack widths has little effect on
the corrosion of reinforcement. The control of crack
widthsin accordance with the requirements of
Clause 5.8.8.2 of BS 5400: Part 4: 1990 as
implemented by BD 24 (DMRB 1.3.1) shall be
restricted to any section of apilethat iswithin 1
metre of the naturally occurring ground surface.
The cover for the purposes of this calculation shall
be as stated in Section C3 ignoring the additional
requirements of BS 8004.

C11.5 The effects of sulphate resisting cement and
Thaumasite action should be considered by
referenceto thefollowing documents:

BRE Digest 363: 1991: Sulfate and acid resistance
inthe ground.

DETR (1999) The thaumasite form of sulphate
attack: Risks, diagnosis, remedial worksand
guidance on new construction. Report of the
Thaumasite Expert Group. January 1999. The
Stationery Office.

C11.4 Heavy corrosion can occur when one or more
of thefollowingis present:

. rapid flow of oxygen or carbon dioxiderich
groundwater

. highly acidic groundwater

. heavy carbonation of the concrete
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C12 Construction ConsiderationsAffecting Design

C12.1Whatever design requirement there may be
for reinforcement it shall beincreased if necessary
to ensure arigid cage for handling and installation
purposes to suit the proposed method of
construction.

C12.2 Consideration shall be given to eventsthat
may arise on site during installation of the piles,
and all subsequent construction operations that
could result in the piles being subjected to load
effectsthat are more onerous than design load
effectsalready considered in the foregoing sections.
Thisisof particular importance where no
reinforcement isrequired to meet the other
requirements of thisAnnex. Thefollowing list,
whichisnot intended to be exhaustive, details
considerationsthat could result in adecision to
specify or to increase the quantity of reinforcement
required to ensure the pilesremain serviceable.

. Piles subject to accidental impact from
construction equipment.

. Piles subject to construction operations, for
example breaking down of pile heads.

. Piles subject to load testing, static or
dynamic.

. Piles subject to lateral loading from:

i) differencesin ground levelsdueto
excavation/surcharging of adjacent
areas before propping is effective.

i) passage of construction traffic within
influencing distance of the piles.

iii)  variance between the construction
sequenceimplemented and that
assumed.
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