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Foreword

This European Standard has been prepared by Technical Committee CEN/TC 288, Execution of special
geotechnical works, the Secretariat of which is held by AFNOR.

This European Standard shall be given the status of a national standard, either by publication of an identical text or
by endorsement, at the latest by June 2000, and conflicting national standards shall be withdrawn at the latest by
June 2000.

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

The remit of CEN/TC 288 is the standardization of the execution procedures for geotechnical works (including
testing and control methods) and of the required material properties. CEN/TC 288/WG 2 has been charged with the
preparation of a standard in the subject area of ground anchors, which includes all anchors bonded to the ground
by grout and are tensioned.

The document has been prepared to stand alongside ENV 1997-1-1: Geotechnical Design, General Rules.
Clause 7 "Design considerations" of this standard deals only with those matters which should be taken into account
during the execution stage of ground anchor so that the design of the anchor system may be fulfilled. The standard,
however, provides full coverage of the construction and supervision requirements. An informative Annex D
provides a detailed treatment of ground anchor design.

The standard has been drafted by a working group comprising delegates from 10 countries and is based on the
review of 10 national and international codes of practice.
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1 Scope

This standard is applicable to the installation, testing and monitoring of permanent and temporary ground anchors
where the load capacity is tested. An anchor consists of an anchor head, A free anchor length and a fixed anchor
length which is bonded to the ground by grout. The term "ground" is taken to encompass both soil and rock.

The planning and design of ground anchors calls for experience and knowledge in this specialized field and
although these topics are covered briefly in ENV 1997-1 Eurocode 7 : Geotechnical Design, Part 1 : General Rules
a more detailed treatment of the design of ground anchors is included in an annex to this standard.

The installation and testing phases require skilled and qualified labour and supervision. This standard cannot
replace the knowledge of specialist personnel and the expertise of experienced contractors required to apply the
standard.

This standard does not address alternative systems of anchoring such as tension piles, screw anchors, mechanical
anchors, soil nails, expander anchors or deadman anchors.

The standard establishes and defines principles with regard to anchor technology. Where anchor systems do not

comply with the principles defined in the text, flexibility in the use of these systems is offered by written acceptance
of the Client's Technical Representative.

2 Normative references

This European Standard incorporates by dated or undated reference, provisions from other publications. These
normative references are cited at the appropriate places in the text and the publications are listed hereafter. For
dated references, subsequent amendments to or revisions of any of these publications apply to this European
Standard only when incorporated in it by amendment or revision. For undated references the latest edition of the
publication referred to applies.

Exceptionally the list of normative references contains European Pre-standards which are at the draft stage. If any
of these documents becomes a European Standard the reference shall be checked.

EN 45014, General criteria for declaration of conformity.
ENV 206, Concrete - Performance, production, placing and compliance criteria.
ENV 1991-1-1, Eurocode 1 : Basis of design and actions on structures - Part 1-1 : Basis of Design.

ENV 1992-1-1, Eurocode 2 : Design of concrete structures - Part 1-1 : General rules - General rules and rules for
buildings.

ENV 1992-1-5, Eurocode 2 : Design of concrete structures - Part 1-5 : Structures with unbonded and external
prestressing tendons.

ENV 1993-1-1, Eurocode 3 : Design of steel structures - Part 1-1 : General Rules and rules for buildings.

ENV 1994-1-1, Eurocode 4 : Design of composite steel and concrete structures - Part 1-1 - General rules and
rules for buildings.

ENV 1997-1:1994, Eurocode 7 : Geotechnical design - Part 1 : General rules.
prEN 445, Grout for prestressing tendons - Test methods.

prEN 446, Grout for prestressing tendons - Grouting procedures.

prEN 447, Grout for prestressing tendons.

prEN 10138, Design of prestressing steel - Specification for common grout.
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3 Terms, definitions and symbols

3.1 Terms and definitions

The main terms are used in common with all Eurocodes. For the purposes of this standard the following definitions
apply :

311

anchor

fr : tirant d'ancrage

de : Anker

an installation capable of transmitting an applied tensile load to a load bearing stratum

3.1.2

anchor head

fr : téte d'ancrage

de : Ankerkopf

the component of a ground anchor which transmits the tensile load from the tendon to bearing plate or structure

3.1.3

acceptance test

fr : essai de réception

de : Abnahmepriifung

a load test to confirm that each anchor conforms with the acceptance criteria

314

apparent tendon free length

fr : longueur libre équivalente

de : Rechnerische freie Stahllange

the length of tendon between the connection of the tendon to the stressing jack and a point along the tendon,
deduced from load testing of an anchor

3.1.5

bleed

fr : ressuage

de : Absetzma

the separation of water from grout paste

3.1.6

borehole diameter

fr : diamétre de forage

de : Bohrlochdurchmesser

the diameter of a borehole as defined by the drill bit or casing diameter, excluding any enlargements

317
characteristic internal anchor resistance
fr : résistance interne
caractéristique du tirant
de : Charakteristischer Innerer
Ankerwiderstand
the characteristic load capacity of the anchor tendon

3.1.8

client's technical representative

fr : représentant technique du client

de : Technischer Bauherrnvertreter

represents the client and is fully acquainted with all aspects of the works related to the use of the anchors,
including specialist knowledge of ground anchor technology
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3.1.9

coupler

fr : coupleur

de : Koppelelement

a device for joining lengths of bar or strand which comprise an anchor tendon

3.1.10

creep limit

fr : vitesse limite de fluage

de : Grenzkriechmap

the maximum creep displacement rate permitted at a specific load level

3.1.11

critical creep load

fr : traction critique de fluage

de : Kritische Kriechkraft

the anchor load corresponding to the end of the first linear part of a plot of anchor load against creep rate

3.1.12

datum load

fr : traction de référence

de : Vorbelastung

the level of anchor load from which the anchor head displacement is measured during a stress test. In general, a
value of 10 % proof load is adopted

3.1.13

encapsulation

fr : protection

de : Korrosionsschutzumhiillung

a corrosion protection applied at least to the tendon bond length

3.1.14

external anchor resistance

fr : résistance externe du tirant

de : Herausziehwiderstand des Ankers

the load resistance of an anchor at the interface between ground and fixed anchor length

3.1.15

fixed anchor length

fr : longueur de scellement du tirant

de : Krafteintragungslange

the designed length of an anchor over which the load is transmitted to the surrounding ground, through a grout
body

3.1.16

free anchor length

fr : longueur libre du tirant

de : Freie Ankerldnge

the distance between the proximal end of the fixed anchor length and the tendon anchorage at the anchor head

3.1.17

grout

fr : coulis

de : Verprepmortel

a setting material which transfers load from the tendon to the ground over the fixed anchor length, and which may
fill the rest of the borehole and/or contribute to corrosion protection

3.1.18

investigation test

fr : essai préalable

de : Untersuchungspriifung

a load test to establish the ultimate load resistance of an anchor at the grout/ground interfacaacumntshe

characteristics of the anchor in the working load range Document Sharing Hub
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3.1.19

load loss limit

fr : pert de tension admissible

de : Grenzkraftabfall

the permitted cumulative loss of load at the end of a specified time period

3.1.20

lock-off load

fr : traction de blocage

de : Festlegekraft

the load transferred to an anchor head immediately on completion of a stressing operation

3.1.21

permanent anchor

fr : tirant d'ancrage permanent

de : Daueranker

an anchor with a design life which is in excess of two years

3.1.22

proof load

fr : traction d'épreuve

de : Priifkraft

the maximum test load to which an anchor is subjected

3.1.23

suitability test

fr : essai de contréle

de : Eignungspriifung

a load test to confirm that a particular anchor design will be adequate in particular ground conditions

3.1.24

system test

fr : essai de systéme

de : Systempriifung

a test which is carried out on an anchor system to verify its competence to perform as required

3.25

temporary anchor

fr : tirant d'ancrage provisoire

de : Kurzzeitanker

an anchor with a design life of less than two years

3.1.26

tendon

fr : armature

de : Zugglied

the part of a ground anchor that is capable of transmitting the tensile load from the fixed anchor length to the
anchor head

3.1.27

tendon bond length

fr : longueur de scellement de I'armature

de : Verankerungsldnge des Zuggliedes

the length of the tendon that is bonded directly to the grout and capable of transmitting the applied tensile load

3.1.28

tendon free length

fr : longueur libre de I'armature

de : Freie Stahllange

the length of tendon between the anchor head and the proximal end of the tendon bond length

A typical anchor is shown in Figure 1. Documents
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3.2 Symbols
A, Cross sectional area of anchor tendon
E, Design value of the effect of an action
E, s Design value of the effect of destabilising action
E s Design value of the effect of stabilising action
E, Elastic modulus of anchor tendon
f Friction loss as a percent of P,
T Characteristic tensile strength of a tendon
Jo.1k Characteristic tensile stress at which there is a permanent strain of 0,1%
I Relative area of ribs of ribbed or profiled wire or bar
ks Creep displacement rate
k Load loss
Ly Apparent tendon free length
L, External length of tendon measured from the tendon anchorage in the anchor head to the
anchorage point in the stressing jack
Lpvea Fixed anchor length
Lee Free anchor length
Ly Tendon bond length
Ly Tendon free length
P Anchor tendon load
P, Datum load
P. Critical creep load
P, Approximation to critical creep load
P, Anchor lock-off load
P, Proof load
Py Characteristic load capacity of tendon
Pk Characteristic tensile load at which there is a permanent strain of 0,1 %
R, External anchor resistance
R Characteristic external anchor resistance
Ry Characteristic internal anchor resistance Documents
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Ry Design resistance of an anchor
R, Lower of characteristic internal and external resistances
s Anchor head displacement
t Time from application of load increment or load lock-off
o Slope of creep displacement/log time plot
AP Difference between proof load and anchor datum load
As Measured extension of anchor tendon under load increment AP
Yq Variation factor for anchor load
YR Partial factor on anchor resistance
Key
1 Anchorage point at jack during stressing 6 Soll/rock
2 Anchorage point at anchor head in service 7 Borehole
3 Bearing plate 8 Debonding sleeve
4 Lold transfer black 9 Tendon
5  Structural element 10 Grout body

Figure 1 — Sketch of a ground anchor - Details of anchor head and head protection omitted

4 Specific needs

4.1 General

Ground anchors can only be designed efficiently on the basis of a sound knowledge of the construction project, of
the structural requirements of the anchor and of the geotechnical properties of the ground. Anchor testing and the
verification of design parameters are necessary elements in the construction procedure for econorﬁcal installation
of effective ground anchors. ocuments
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The responsibilities of all parties involved in the design, execution, testing and maintenance of the ground anchors

shall be defined. Table 1 shows, as a guide, an appropriate separation of design and execution activities.

Table 1 — Design and execution activities

Overall design activities

Specialist execution activities

1. Provision of site investigation data for construction of
ground anchors

2. Decision to use ground anchors, required ftrials and
testing and provision of a specification

3. Acquisition of legal authorisation and entitlement to
encroach on third party property

4. Overall design of anchored structure, calculations of
anchor force required. Definition of safety factors to be
employed.

5. Definition of ground anchor life (permanent/temporary)
and requirement for corrosion protection.

6. Specification of anchor spacing and orientation, anchor
loads and overall stability requirements.

7. Specification of minimum distance from the structure to
mid fixed length to ensure stability of the structure.

8. Specification of load transfer mechanism from the
anchor to the structure.

9. Specification of any sequence of anchor loading
required of the structure and the appropriate load levels.

10. Specification of systems for monitoring ground anchor
behaviour and for interpretation of results.

11. Supervision of the works.
12. Specification of maintenance for ground anchors.

13. Instruction to all parties involved of key items in the
design philosophy to which special attention should be
directed.

1. Assessment of site investigation data with
respect to design assumptions.

2. Selection of ground anchor components
and details.

3. Determination of fixed anchor dimensions.

4. Detailing of the corrosion protection system
for the ground anchor.

5. Supply and
anchor system.

installation of the ground
6. Supply and installation of the ground
anchor monitoring system.

7. Quality control of works.

8. Execution and assessment of anchor tests.

9. Evaluation of on-site anchor tests.

10. Maintenance of ground anchor as directed.

Sufficient information to assist in the design and installation of ground anchors should be provided prior to, and

updated during, the execution of the works.

NOTE
contractor or by a consultant.

4.2 Planning of anchor works

The whole design or some parts of the design may be performed by the client, the main contractor, a specialist

The following shall be provided prior to the initial supply and installation of the ground anchor system :

in which the ground anchors are to be located ;

details of the ground anchor project and the construction sequence and programme ;

a site investigation report incorporating a geotechnical classification and engineering properties of the ground

information on all other boundary conditions, including underground services, existing foundations and

requirements relevant to the location and performance of the ground anchors ;

© BSI 04-2000
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The amount of investigative and design work depends upon the type and size of the project, the complexity of the
ground and the degree of risk involved.

5 Site investigation

The ground is a vital element of the ground anchor system, therefore a good quality geotechnical investigation is
essential. A common cause of individual anchor failure at the acceptance testing stage is the lack of accurate
information on the ground conditions local to the anchor.

Since inclined ground anchors are installed as commonly as vertical anchors, lateral variations in ground properties
should be investigated as thoroughly as the vertical variations.

All geotechnical investigation shall be undertaken in accordance with the requirements and recommendations of
ENV 1997-1-1 Eurocode 7, Part 1.

Geotechnical investigation should be extended to site extremities so that the strata profile may be interpolated
between the investigation locations rather than extrapolated outside the area investigated. Where possible it should
be extended to include ground formations outside the actual site if stresses induced by anchors are extended
there.

Depths of geotechnical investigation should be adequate to ensure that :

a) aknown geological formation is proved ; or

b) no underlying stratum will affect design ; and

c) groundwater conditions are well defined.

In addition to the lithology and structure of the ground in accordance with ENV 1997-1 Eurocode 7, Part 1, the
following shall also be known, where applicable :

a) forsoils:

— soil description and classification (grading, moisture content, unit weight, relative density, Atterberg
limits) ;

— shear strength, compressibility and radial stiffness ;
— permeability ;
— ground water conditions ;
— corrosion potential of soil and ground water ;
— existence of stray electric currents ;
b) forrocks :
— classification (geometry of discontinuities, unit weight, degree of weathering, index tests) ;
— rock stratification ;
— unconfined compression strength of intact rock ;

— shear strength and deformability of rock mass ;

— permeability ;
— ground water conditions ; D
ocuments
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— corrosion potential of rock and ground water ;
— existence of stray electric currents.
From this information, it should be possible to determine the likelihood of difficulties relating to :
— potential obstructions to drilling ;
— the process of borehole drilling (drillability) ;
— borehole stability ;
— flow of ground water into the borehole ;

— loss of grout from the borehole.

6 Materials and products

6.1 General

Anchor systems shall be used for which successful experience with respect to performance and durability has been
documented.

All anchor systems shall have been subjected to at least one system test to verify the competence of the system.
The results of all tests shall be documented in detail.

The documented system test shall be approved by the Client's Technical Representative in accordance with
principles stated in this standard.

All materials used shall be mutually compatible. This applies in particular to adjacent materials with a common
interface. Material properties shall not change during the design life of the ground anchor in such a way that the
anchor loses its serviceability.

Anchors involving the use of newly developed materials or methods of execution are permitted subject to the
performance of the anchor and durability of the materials used being proven by system tests and approved by the

Client's Technical Representative to ensure that the serviceability of the anchor system is maintained for the design
life of the anchored structure.

6.2 Tendon

All steel tendons shall comply with the following European Standards :

Construction steel - ENV 1993-1 : Eurocode 3 : Design of steel structures - Part 1 : General rules ;

Steel reinforcement - ENV 1992-1-1 : Eurocode 2 : Design of concrete structures - Part 1 : General
rules ;

Prestressing steel - prEN 10138: Design of prestressing steel ;

- prENV 1992-1-5 : Eurocode 2 Part 1- 5: The use of unbonded and external
prestressing tendons.

Other tendon materials may only be used if their suitability as anchor components has been proven and they are
approved by the Client's Technical Representative.

6.3 Anchor head

The anchor head shall allow the tendon to be stressed, proof loaded and locked-off and,ﬁ reéuired releised,
destressed and restressed. It shall be able to carry the characteristic tensile load of the tando blmﬁn S
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The anchor head shall comply with ENV 1992-1 : Eurocode 2 unless the required deviation is justified. The anchor

head shall be designed to tolerate angular deviations of the tendon from the direction normal to the head, up to a
maximum of 3° at 97 % P, of the tendon.

The anchor head shall distribute the tendon load to the main structure or to the ground in accordance with the
overall design of the structure through designed or tested components.

The anchor head (i.e. the connection between the anchor tendon and the structure) shall be able to adjust to
deformations which may be expected during the design life of the structure.

6.4 Coupler

Couplers shall comply with ENV 1992-1-1 : Eurocode 2, and shall not compromise the required tensile strength of
the tendon.

The tendon should not be coupled inside the bond length.
The free extension of a steel tendon shall not be compromised by restraint of the coupler.

The corrosion protection of the coupler shall be compatible with the corrosion protection provided to the tendon.

6.5 Tendon bond length

In order to anchor the tendon in the bond length, profiled or ribbed tendons, strands or compression tubes shall be
used in this section.

As a guide the following types of steel tendon may be anchored by bond action :
— cold drawn wires profiled after drawing ;

— quenched and tempered wires ribbed during hot rolling ;

— ribbed bars ;

— seven wire strands.

The relative area, f,, of the ribs of ribbed or profiled wires and bars shall be in accordance with ENV 1992-1:
Eurocode 2.

Prestressing steels with a smooth surface with or without special proven anchoring devices may only be used with
temporary anchors when approved by the Client's Technical Representative.

6.6 Spacer and other components in the borehole

All installed tendons and encapsulations shall be provided with a minimum of 10 mm grout cover to the borehole
wall. This may be achieved by the use of spacers or centralizers.

Any component installed and remaining in the borehole should be spaced and located so that it does not reduce
the bond capacity of the anchor. To ensure correct positioning of the tendon(s), the tendon components, the
corrosion protection components and any other component in the borehole, spacers should be located such that
minimum grout cover requirements and complete filling of open volume by grout are provided.

Spacers and centralizers shall not impede grout flow.

When used outside an encapsulation in a permanent anchor spacers should be manufactured from corrosion
resistant materials.

The design of centralizers shall take into account the shape of the hole, e.g. the presence of underreamed bells,
the weight of the tendon and the susceptibility of the ground to disturbance during insertion of the tendon.
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6.7 Cement grout and admixtures

Cement grouts used in the encapsulation and in contact with prestressing steel tendons shall conform in general
with prEN 445, prEN 446 and prEN 447. Where there is conflict between the provisions of this standard and
prEN 445, prEN 446 and prEN 447, the provisions of this standard shall be adopted.

For cement grout used to encase a tendon within an encapsulation or to protect steel tubes, the properties should
be controlled to prevent bleed and shrinkage. Water/cement ratios for anchor grouts outside the encapsulation but
within the borehole should be chosen appropriate to the ground conditions.

High sulphide content cements shall not be used in contact with prestressing steel.

When selecting the type of cement for grout placed in contact with the surrounding ground, account shall be taken
of the presence of aggressive substances in the environment, e.g. carbonic acid and sulphates, of the permeability
of the ground and of the design life of the anchor. The aggressivity of the environment shall be defined in
accordance with ENV 206.

Admixtures may be used for improving workability or durability, for reducing bleed or shrinkage, or for increasing
rate of strength development. The use of admixtures with prestressing steel shall be approved by the Client's
Technical Representative. Admixtures shall be free from any product liable to damage prestressing steel or the
grout itself. No admixture that contains more than 0,1 % (by mass) of chlorides, sulphides or nitrates shall be used.

Where appropriate, inert fillers (i.e. sand) may be incorporated within the grout mix to reduce leakage away from
the borehole.

Laboratory and field tests should be undertaken to verify mixture, mixing efficiency, setting times and performance.
These tests should be undertaken in accordance with prEN 445 where applicable.

6.8 Resin grout

Resins and resin mortars may be used in ground anchor construction as an alternative to cement grout if their
applicability has been proven by a system test appropriate to their application.

Laboratory and field tests should be undertaken to verify mixture, mixing efficiency, setting times and performance.
6.9 Corrosion protection of steel tendon and stressed steel components

6.9.1 General

There is no certain way of identifying corrosive circumstance with sufficient precision to predict corrosion rates of
steel in the ground. All steel components which are stressed shall be protected against corrosion for their design
life. Corrosion protection elements shall be capable of transmitting tendon loads, where required.

The standard of corrosion protection is classified by the anchor design life :

— temporary ground anchors are defined as those which are required to be in service no longer than two years ;

— permanent ground anchors are defined as those which are to have a design life of more than two years.
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Table 2 — Examples of corrosion protection systems for temporary anchors

1. Tendon bond length

All installed tendons shall be provided with a minimum 10 mm cement grout cover to the borehole wall. Where
aggressive ground conditions are known to exist, it may be appropriate to enhance the protection for example by
the use of a single corrugated duct around the tendon(s).

2. Tendon free length

The protection system shall have low frictional properties and allow movement of the tendon within the borehole.
This may be achieved by the provision of one of the following :

a) plastic sheath surrounding each individual tendon, end sealed against ingress of water ;
b) plastic sheath surrounding each individual tendon, completely filled with corrosion protection compound ;
c) plastic or steel sheath or duct common to all tendons, end sealed against ingress of water ;

d) plastic or steel sheath or duct common to all tendons completely filled with corrosion protection compound ;

b) or d) is appropriate for extended temporary use or in aggressive conditions.

3. Transition between anchor head and free length (inner anchor head)

The free length sheath or duct may be sealed to the bearing plate/anchor head, or a metal sleeve or plastic duct
may be sealed or welded to the bearing plate. It shall overlap the free length sheath or duct and for extended
temporary use be filled with corrosion protection compound, cement or resin which is contained at the lower end.

4. Anchor head

Where the anchor head is accessible for inspection and possible re-coating the following protection is
acceptable :

a) a coating of non-fluid corrosion protection compound ; or

b) a combination of corrosion protection compound and tape which is impregnated with corrosion protection
compound.

Where the anchor head is not accessible a metal or plastic cap shall be fitted and filled with corrosion protection
compound for extended use.

Where aggressive conditions are known to exist, a metal or plastic cap shall be filled with corrosion protection
compound.

6.9.2 Temporary ground anchor

The steel components of a temporary ground anchor shall be provided with protection which will inhibit or prevent
corrosion over a minimum design life of two years.

If there is a possibility that the design life of a temporary ground anchor is to be extended on a temporary basis or if
the anchor is installed in ground conditions known to be corrosive then measures, approved by the Client's
Technical Representative, shall be taken to protect all parts of the anchor from corrosion.

Examples of corrosion protection which may be considered to satisfy the above principles of protection to
temporary anchors are described in Table 2.

6.9.3 Permanent ground anchor

The minimum corrosion protection surrounding the tendon(s) of the anchor shall be a single continuous layer of
corrosion preventive material which does not degrade during the design life of the anchor.

The tendon(s) of a permanent ground anchor shall be provided with either :

a) two protective barriers to corrosion such that if one barrier is damaged during installation or an loadi
second barrier remains intact ; or ﬁb&a&m&ﬁts
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b) a single protective barrier to corrosion, the integrity of which shall be proven by testing each anchor insitu (see
annex A) ;

c) a corrosion protection system provided by a steel duct tube-a-manchette type anchor (see 6.10.4 and 6.10.9) ;

d) a corrosion protection system provided by a corrugated plastic duct tube-a-manchette type anchor (see 6.10.4
and 6.10.9);

e) a corrosion protection system provided by a steel duct compression tube type anchor (see 6.10.4 and 6.10.6).

Examples of corrosion protection which may be considered to satisfy the above principles of protection to
permanent anchors are described in Table 3.

6.10 Commonly used components and materials for corrosion protection barriers

6.10.1 Plastic sheaths and ducts

Plastic sheaths and ducts shall conform with relevant European product standards and in particular are required to
be continuous, impermeable to water, resistant to age brittleness and resistant to ultra-violet radiation damage
during storage, transportation and installation. Joints between plastic components shall be fully sealed against
ingress of water by direct contact or by sealants. Where used, PVC shall be resistant to ageing and shall not
produce free chlorides.

The minimum wall thickness of an external corrugated duct common to one or several tendons shall be :
— 1,0 mm for internal diameter < 80 mm ;
— 1,5 mm for internal diameter > 80 mm but <120 mm ;

2,0 mm for internal diameter > 120 mm.

The minimum wall thickness of an external smooth common sheath or duct shall be 1 mm greater than that
required for the corrugated ducts or it shall be reinforced.

The minimum wall thickness of an internal sheath shall be 1,0 mm and an internal corrugated duct shall be 0,8 mm.

NOTE Where two plastic barriers are provided some protection to the inner barrier is provided during installation by the
outer barrier.

Where used for load transfer, plastic ducts shall be deformed or corrugated. The amplitude and pitch of the
deformations or corrugations shall be related to the wall thickness and shall be able to transfer load in a manner
not susceptible to creep losses.
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Table 3 — Examples of corrosion protection systems for permanent anchors

Verification of protection offered

a) All corrosion protection systems shall have been subjected to test(s) to verify the competence of the system. The results ofall tests
shall be well documented ;

b) the Client's Technical Representative will carry out a technical assessment of the results of the corrosion protection system tests in
order to verify that the protection offered by each barrier in the system is achieved. It should be noted that in certain systems the
integrity of the inner protective barrier itself depends on the maintenance of the integrity of the outer barrier ;

c) where only a single protective barrier is provided in the tendon bond length the integrity of this barrier may be checked byan insitu test
such as an electrical resistivity test.

1. Tendon bond length Protective barriers
Offered insitu

The encapsulation may consist of one of the following :
a) asingle corrugated plastic duct containing the tendon(s) and cement grout ; a) one plastic duct

b) two concentric corrugated plastic ducts containing the tendon(s), fully pregrouted (with cement or [ b)  two plastic ducts
resin) within the core and the annulus between the ducts prior to installation ;

c) a single corrugated plastic duct containing a bar tendon or tendons and pregrouted with cement | ¢) internal cement grout
grout. A minimum cover of 5 mm is provided between the duct and bar. The bar tendon(s) have a and surrounding plastic
continuous ribbed outer surface. The crack width of the cement grout between the duct and the bar duct ;
does not exceed 0,1 mm under service loading ;

d) asingle steel or corrugated plastic tube-a-manchette duct not less than 3 mm thick, surrounded by a | d) internal cement grout

minimum of 20 mm grout cover injected under a pressure of not less than 500 kPa at intervals along and s_urrounding steel or
the tube-a-manchette no greater than 1 metre. A minimum cover of 5 mm is provided between the plastic duct ;

duct and the tendons. The crack width of this cement grout does not exceed 0,2 mm under service

loading ;

e) a single corrugated steel duct (compression tube) closely surrounding a greased steel tendon. The | e) steel duct and

duct and plastic cap at the restraining nut are protected by the surrounding cement grout having a surrounding cement
thickness of not less than 10mm, and where the crack widths do not exceed 0,1 mm under service grout
loading.

2. Tendon free length
The protection system allows free movement of the tendon within the borehole. This may be achieved by one of the following :

a) a plastic sheath to individual tendon(s) filled completely with flexible corrosion protection compound plus the inclusion of A, B, C or D
below ;

b) a plastic sheath to individual tendon(s) filled completely with cement grout plus A or B below ;
C) a common plastic sheath for multiple tendon(s) filled completely with cement grout plus B.

a) Common plastic sheath or duct filled with flexible corrosion protection compound ;

b) common plastic sheath or duct sealed at the ends against ingress of water ;

c) common plastic sheath or duct filled with cement grout ;

d) common steel duct filled with dense cement grout.

A lubricant or bond free contact is present within either the individual sheaths or the common sheath to ensure free movement o the
tendon(s) during stressing.

3. Transition between anchor head and free length

A coated, grouted or cast-in metal sleeve or fixed plastic duct is sealed or welded to the anchor head. It is sealed to the free length sheath
or duct and filled with corrosion protection compound, cement or resin.

4.  Anchor head
A coated and/or galvanised metal cap with a minimum 3 mm wall thickness or a rigid plastic cap with a minimum 5 mm wall thickness is

connected to the bearing plate and if removable it is filled with a flexible corrosion protection compound and sealed with tfaSkét If non-
removable it may be filled with cement or resin. \ W / OoCuU mentS
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