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Foreword and disclaimer
This Guide has been prepared by the Pavements & Geotechnical Unit, Engineering Service Section of
Transport of NSW (referred to herein as TfNSW). The Guide is intended for use by Geotechnical
practitioners who have satisfactorily completed appropriate training in anchor design and construction.
Persons or organizations external to TfNSW considering use of the Guide should obtain independent
expert advice applicable to their particular circumstances including advice as to the appropriateness of this
Guide for use by them. The Guide has been written for use within the management structure of TfNSW
and references to responsibility for various actions are expressed in terms of that structure. Persons
external to TfNSW considering the use of the Guide should consider how those responsibilities would be
addressed within their own management structures.
No warranty or representation (expressed or implied) is made by the TfNSW, its employees or agents in
relation to the accuracy, currency or adequacy of the Guide or that it is fit for purpose. TfNSW accepts no
responsibility whatsoever arising (whether by statute, in tort, contract or otherwise at law) out of or in
connection with the contents or use of the Guide.
The Guide is copyright. Apart from any use as permitted under the Copyright Act 1968, no part may be
reproduced by any process without written permission from TfNSW.
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Executive summary
Ground anchors are used in slopes and structures to improve stability and to reduce deformations to
acceptable limits. Ground anchors are present in assets across the TfNSW road network. The condition of
these elements throughout their working life can vary markedly from their as-constructed condition. The
primary objective of inspection and maintenance of anchors is to ensure they continue to operate to their
intended functionality, and to prevent failure that could lead to damage to property or injury to persons.
Ground anchors have been increasingly used in NSW since the 1970s. There are a large number of
ground anchors in service across the state that are not captured in any asset register or as part of any
regular monitoring programme. Further, corrosion protection was not routinely applied when anchors were
installed prior to the mid 1980’s and corrosion of old anchors (severely compromising the structural integrity
of the support element) is a chronic problem.
Currently, Road Slope Management System (RSMS) is used to manage TfNSW slope assets. A key
component of this system is the ranking of slopes using a standardised Slope Risk Analysis. This system
is robust in maintenance of slope assets and could capture the inspection and maintenance data of ground
anchor, together with the Slope Risk Analysis data in the system.
A framework for the inspection and maintenance of ground anchor supported slopes and structures is
proposed in Section 5 of this Technical Guide. This framework has been developed by the geotechnical
engineering team at TfNSW. The proposed inspection and maintenance framework consists of six stages.
The first stage is ground anchor identification, which should ideally be instigated at design stage, but for the
large number of existing anchors, identification is required to be updated and included in the asset
management system. The second stage comprises a detailed desktop study and consolidation of all
related documentation and data, which will inform prioritisation of follow up works. The third and fourth
stages are physical inspections of increasing detail (as required), stage five is maintenance and repair (if
required), and stage six ongoing monitoring.
Ground anchors require maintenance and each slope or structure with anchors should have a management
plan to achieve this for the life of the asset. Implementation of this proposed framework for the
management of ground anchors within the TfNSW road network is strongly recommended. In conjunction
with development of the framework, other recommendations are provided in Section 6 relating to ground
anchor design, installation, monitoring, maintenance and data management.
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1

Introduction

1.1 Overview
The NSW road network includes over 23,000 kilometres of road over widely varying terrain. With demands
to upgrade the capacity of the road network, geotechnical structures supported by actively loaded ground
anchors have been increasingly used since the 1970’s to provide active support as part of an engineering
solution.
Little or no corrosion protection was incorporated in anchorages installed before the mid 1980’s. The
introduction of international standards in the mid 1980’s specified quality assurance procedures that
significantly improved the longer term performance outlook for anchors.
An internal survey by the Transport for NSW (TfNSW, formerly Roads and Maritime Services (RMS)
Geotechnical Engineering group attempted to use corporate knowledge to quantify the extent of ground
anchored elements and their maintenance. This showed:
•

The TfNSW slopes database, RSMS, does not currently enable slopes that have ground anchor support
to be identified.

•

There is no TfNSW monitoring and maintenance programme for permanent anchor supported slopes
and structures.

•

Less than 20 installations could be recalled in a survey of regional asset manager.

•

TfNSW QA Specification R56 Ground Anchors (Schedule of Rates) does not specify that anchor design,
installation and monitoring requirements documentation be provided to TfNSW for every installation.

•

Inspection and maintenance of these anchors is infrequent and usually only carried out subsequent to a
failure.

It is estimated that the road network could have up to 100 major road formation elements that depend on
ground anchor support. These include rock and soil slopes, embankments and retaining structures.
Presently, there is no system within TfNSW that tracks the condition of these support systems. As risk
based asset management procedures mature in TfNSW, maintenance strategy, programme and service
behaviour testing of permanent ground anchorages should be introduced as a matter of urgency to mitigate
risks associated with ground anchors. Without these, the uncertainty of the long term performance of
anchored slopes and structures are a significant management risk to TfNSW.
Maintenance testing and service behaviour monitoring of permanent ground anchorages is increasingly
important in assessing the fitness for purpose of anchored structures. Particularly for anchorages installed
before the mid 1980’s, when the corrosion protection was inadequate (by today’s standards). The risk
factors for pre 1980 anchors are further compounded by partial or absent documentation of their design
and installation, i.e. design intent information has been “lost” and current fitness for purpose cannot be
evaluated.
Loss or absence of “bio data” in TfNSW for this asset set is a key issue that has become apparent in
preparation of this document. A key parallel activity to this guide is therefore creating and maintaining an
effective asset register, or (preferably) amalgamating pertinent anchor data into the already established and
functional RSMS. A unified way of thinking about the evaluation of the integrity of anchors has not been
established in TfNSW and it is evident that anchors are rarely maintained. It is necessary to address the
situation and introduce appropriate countermeasures.
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1.2 Objectives
Ground anchors are relatively complex components. They are significantly more complex than Rock Bolts,
Dowels and Soil Nails both in installation and the corrosion protection details they require. Populating and
managing a large database of slopes is similarly complex when information on a wide range of existing
support, stabilisation and control measures and their conditions are integral to the slope and its condition.
The objective of this technical guide is to propose a framework for the inspection and maintenance of
ground anchor supported slopes and structures, in order to extend the service life of anchored structures or
slopes. It will provide recommendations to improve the long-term durability of anchors by evaluating the
integrity of anchors in service. It will also provide a clear framework within the TfNSW context for asset
managers to take steps in management of ground anchors.

1.3 Scope
This framework has been specifically compiled for permanent cement-grouted steel ground anchors used in
slope stabilisation applications in NSW. It is intended to provide TfNSW asset managers with guidance of
how to initiate and progress investigations of ground anchored slopes independent of their current ARL. It
is also applicable to new anchor installations and temporary anchors. It targets life cycle cost savings by
considering inspection and maintenance in the design and installation of anchors.
This document will cover the following topics:
1. Review standard terminology for ground anchored structural systems and failure types (Section 3)
2. Outline the manner in which the TfNSW slopes database, RSMS is and can be used to manage the
maintenance of ground anchored slopes (Section 4)
3. Suggest a systematic framework for inspection and maintenance of permanent ground anchors (Section
5)
4. Provide recommendations on a way forward (Section 6).
This guide is not:
•

a technical “repair manual” - each anchored slope is likely unique and has (or should have) its own
maintenance plan and associated requirements.

•

an investigation and remediation “cookbook” - this runs the risk of missing aspects that could be vital to
appropriate procedures and safety.

2

Ground and rock support

There are four main types of ground and rock support elements commonly used in NSW. These include
active elements (ground anchors and rock bolts) and passive elements (dowels and soil nails) (Appendix
C). It is evident from inspection reports carried out using the TfNSW Slope Risk Analysis methodology that
incorrect identification of these elements occurs by specifically trained geo-specialists. A brief description
of rock bolts, soil nails and dowels is included in this section, more detail on ground anchor support
systems is included in Section 3.
Apart from ground anchors, many of these elements may be less critical and they are not the focus of this
technical guide. However, it is a good practice to also capture their bio data and other design and
construction details in the RSMS for future and on-going maintenance purpose.
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2.1 Rock bolts
Rock bolts (Figure 5) generally consist of plain steel rods with a mechanical or chemical anchor at one end
and a face plate and nut at the other. They are always tensioned after installation and provide active
compression to the rock due to the tensioning process. For short term applications the bolts are generally
left un-grouted. For longer term (permanent) applications or in rock in which corrosive groundwater is
present, the space between the bolt and the rock can be filled with cement or resin grout.
Corrosion protected rock bolts cannot usually be re-tensioned.

2.2 Dowels
Dowels (Figure 6) or anchor bars generally consist of deformed steel bars which are grouted into the rock.
Tensioning is not possible and the load in the dowels is generated by movements in the rock mass. In
order to be effective, dowels have to be installed before significant movement in the rock mass has taken
place.
Unlike soil nails and rock bolts which act in tension, dowels act purely in shear. Dowels are not stressed
and are passive until there is movement in the base material. Dowels are used extensively to ensure
structures are fixed securely to the base material.

2.3 Soil nails
Soil nailing (Figure 7) commonly uses grouted steel elements to reinforce the soil mass to improve the
overall geotechnical stability. The technique is often used in conjunction with a shotcrete facing for
effective protection and containment of the surficial materials.
Soil nails are sometimes referred to as “passive soil anchors” because of the tension that developed in
them from the ground movements following their construction. Different from ground anchors, they do not
have a free length as they are grouted over their whole length.

3

Ground anchor support

3.1 Details
Ground anchors are actively loaded supports used in slopes and structures to improve stability and to
reduce structure deformation to acceptable limits. They are installed by drilling to a pre-determined
geological horizon for anchorage. The steel tendon can be either steel cable strands or bars. Ground
anchors are “active” elements because they are tensioned up during construction and a positive load exist
in the tendons effectively compressing the ground through the anchor head to provide support and to limit
ground deformation.
Ground anchors consist of three specifically designed parts:
1.

The head; transmitting the anchor force to the structure via the bearing plate. Significant post
tensioning loads can be locked into anchors. The anchor head therefore needs to have adequate area
to spread the load effectively onto the bearing surface.

2.

The free length of tendon; from the head to the bonded length of the anchorage. Between the anchor
head and the fixed anchorage is a debonded section, also called the free anchor length. It permits
effective transmission of the tension load between the two ends.

3.

The fixed length is the designed length of an anchor over which the load is transmitted to the
surrounding ground through a grout body. It is bonded to a predetermined competent geological
horizon by cement grout.
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The components of a ground anchor are depicted in Figure 1.

Figure 1 - Components of a ground anchor (TfNSW QA specification R56)

As ground anchors are highly stressed, corrosion protection of the tendons is an important design and
construction consideration which makes them more complex elements than rock bolts, dowels or soil nails.
Free length is a unique feature, the presence of which allows the ground anchors to be restressed, enables
the tension force in the tendon to be monitored or restored if ground and strand creep occurred.

3.2 Design
Ground anchors can have capacities of up to 1,500 tonnes. The usual range is 20-200 tonnes. The overall
anchor length ranges from about 10 metres to more than 60 metres depending on the support structure and
the ground condition. They are commonly 15-25 metres long. The stored energy in the tensile extension of
the anchor tendons can be enormous. Failure of ground anchors must be avoided as it can be explosive,
potentially catastrophic, and it could have significant effect on the structures that they support.
The design of tendon / ground bonding zone depends on ground conditions and the approach taken to
transfer loads from one to the other. TfNSW QA Specification R56 requires that design is carried out to AS
5100.3 2008 - Bridge Design Foundations and Soil Supporting Structures. Section C12 - Anchorages deals
with anchorages. R56 further indicates that for guidelines on good design practices on ground anchors,
see:
•

British Standard Code of Practice for Ground Anchorages BS 8081 published by the British Standards
Institute;
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•

Geotechnical Engineering Handbook Volume 2 Procedures – Chapter 2.5 Ground Anchors published by
Ernst & Sohn 2003

Ground anchor design should enable appropriate long term maintenance and monitoring to be carried out
with the consideration of whole of life costing for these elements. If required, instrumentation can be
installed during construction stage. The effort / cost of carrying out this long term monitoring is dependent
on:
•

Appropriate design detailing of the anchor head to enable inspection,

•

Accessibility of anchors in order to undertake long term monitoring,

•

Full construction and installation documentation (anchor Bio) being available,

•

An AMP being in place in the TfNSW slopes database (RSMS) for new and existing anchors.

Consideration of ease and cost of maintenance for anchors must be made at design stage. As ground
anchors are tensioned elements they require maintenance over their design life. Provision for basic access
for routine inspections, restressing of cables and other foreseeable restorative work together with durability
in design are critical considerations which are often overlooked. Current TfNSW QA Specifications PS231,
PS331, Geotechnical Investigation and Design and other international standards stipulate these
requirements.

3.3 Installation
Construction of ground anchors entails installation of steel and sheathing components to high quality
industrial corrosion specifications. Given that ground anchor site locations rarely provide satisfactory
“industrial manufacturing conditions”, BS8081 directs towards assembling ground anchors under factory
conditions, where feasible, prior delivering to site.
Ground anchor tendons, when constructed from steel, are usually made of either deformed bar or cable
strand. Bar anchors comprised of rigid steel bars need couplings to achieve longer lengths than can be
handled as single bars. The joints at these couplings are inherently susceptible to corrosion, and for this
reason, the use of this type of anchors has declined in the past 30 years.
Strand anchors, also known as cable anchors, do not have this limitation as they can be fabricated as one
continuous element with only the fixed length being rigid, while the free length can be coiled for easier
transportation and installation.
Construction/ installation details should always accompany anchor asset information sheets. They are
needed to enable interpretation of results of any load testing carried out for maintenance purposes.
Post installation, TfNSW QA Specification R56 requires that the information outlined in Table 1 (below) is to
be provided to the asset owner. However, Table 1 is rarely explicitly identified as a requirement of contract.
Through examination of historical records and discussion with regional asset managers, it is clear that there
is currently no link between these anchor assets and the slopes they support. Provision of this information
as part of the as-built information should be stated as a requirement in the contract documentation.
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Table 1 - Schedule of Identified Records as Part of As-Built Information required by TfNSW QA Specification R56
Annexure R56/C2
Clause

Description of identified record

2.1

Evidence that each supplier of prestressing components and tendons has in place a third-party certified
quality management system to AS/NZS ISO 9001.

2.2

Documentation with Lot numbers for each tendon coil or bar, and NATA accredited certification of
conformity with supply standards.

2.3

Certification and evidence of conformity with the nominated TfNSW approved ground anchor system
and supply standards for all anchorage components.

2.4

Certification and evidence of conformity of grout.

2.5

Certification and evidence of conformity of tendon sheaths and anchor ducts.

2.6

NATA test report certifying conformity of corrosion inhibiting compound.

4.1

Working drawings and Engineer’s certification of necessary modifications to accommodate the
approved ground anchor system.

4.2

Certification from Anchor Supervisor that work conforms to the Specification.

5

Results of testing of Proof and Suitability anchors.

6.1

Detailed drawings showing anchor system, including provisions for monitoring, and completed
assembly schedule.

6.9

Conformity records for each assembled anchor and assembly schedule.

7.4.4

Conformity records for drilling, cleaning and testing of each borehole.

7.5

Anchor insertion and water testing records.

8.7

Records of grouting of each anchor.

9

Load testing calculations and records.

9.6

Anchor assessment records.

10.7

Set of completed stressing forms for each anchor.

12.1

Drawings and cross-sections for monitorable anchors, with details of bearing plate or anchorage
casting, prestressing head, protective cap, provisions for corrosion protection and provisions for
carrying out Lift-off Tests.

12.2

Monitoring records for each monitorable anchor.
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3.4 Deformation and failure
Ground anchor failure can occur if design loads and / or deformation limits are exceeded. Depending on
the mechanism, failure can occur progressively or rapidly. Ground anchor failure mechanisms include
failure of the steel tendon, ground mass, ground-grout bonded zone, grout-tendon zone, or anchor head
(see Figure 2). These may be grouped broadly as:
•

Structural failures – these include failure of the steel tendon or its component parts by rupture (often as
a result of corrosion), crushing or bursting of the grout column surrounding the tendon.

•

Geotechnical failures – these include bond failure (slippage) at the ground-grout-tendon interfaces and
ground material failure within the soil or rock supporting the anchorages.

•

Excessive movement due to displacement of the anchor head or the bonded anchorage at the distal
end. These could be associated with long-term deterioration of the system rendering it inoperative.

Figure 2 - Structural and geotechnical failure mechanisms (Kim & Cho, 2012)

A summary of failure modes and possible causes of failure for ground anchor elements is presented in
Appendix A. This summary is not exhaustive, and is intended to assist readers to evaluate the likelihood of
any of these mechanisms present in an asset.

3.5 Inspection and maintenance
Inspection and maintenance of anchors is required to maintain performance at the required level during
their service life, and also to extend their service life as far as possible. Ground anchor inspection and
maintenance is a specialist task. Consideration of ease and cost of maintenance for anchors, and an
anchor management plan with scheduled inspections should be made at design stage.
A suggested framework for inspection and maintenance is outlined in Section 5.

4

Road slope management system

4.1 Current system
Slopes on the TfNSW road network are itemised within the Slope Asset Register and managed under the
RSMS. TfNSW has made significant advances in the management of its slope assets, with ongoing
development and implementation of the TfNSW Guide to Slope Risk Analysis, at version 4 dated March
2014.
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The TfNSW Guide to Slope Risk Analysis requires rigorous uniformity of assessment of slopes by
specifically trained professional geotechnical engineers and engineering geologists. The purpose is to
deliver a transparent risk ranking (ARL) for all slopes which is captured in the RSMS database, enabling
risk to be managed on a justifiable basis. This approach differs from the more rigorous first principles
investigation approach to individual slope stability assessment documented by the AGS in 2007. It is a risk
ranking tool – and does not therefore seek to secure the stability of all slopes named in the register.
The output of a field SRA includes a 9 page Slope Description Record and 3 page Summary Report. Of
this 12 pages collected data and interpretation, little is digitised within the RSMS, and the remainder of the
information is filed manually. The consideration of ground anchors within this current system is addressed
in the following section.

4.2 Ground anchor management within current RSMS
The existing RSMS attempts to capture the inclusion of ground anchors in slopes during a routine Slope
Risk Analysis via “Part J” of the Slope Description Record (See Figure 3, below). Identification of ground
anchors during a Slope Risk Analysis is often either not consistent (anchors have been incorrectly identified
as bolts, or omitted) or not possible as the anchors are hidden behind an architectural façade, vegetation or
shotcrete (for example). Even if ground anchors are correctly identified in the field, the information on Part
J of the Slope Description Record only acts as part of the supporting documentation to the actual slope risk
assessment and is therefore not entered into the RSMS database. The slope description record is a “carryover” from the previous earlier versions of the Guide to Slope Risk Analysis which were based on a scoring
methodology. These earlier versions are vastly different from the current Version 4 which is based on
probabilistic methodologies. The Slope Description Record has been retained to merely act as “checklist”
for assessors therefore the details captured in Part J are not entered into RSMS meaning there are no
searchable details of existing support, stabilisation and control measures and their condition within the
database.

Figure 3 – “Part J”, TfNSW SRA sheet for recording active support elements, specifically ground anchors
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In addition to the details required on Part J, the Guide to Slope Risk Analysis does require slope
assessment to be made independent of remediation or stabilisation measures such as anchors (Version 4,
page 24). This requirement states that in order to undertake the SRA, the design intent and installation/
maintenance details of referenced support elements “must be understood” such that an evaluation of the
current performance, and likely future performance, of the slope and support system can be made.
Unfortunately, the existing RSMS database does not attempt to capture or manage design, installation and
maintenance information of anchored supported slopes and structures. There is nowhere in the database
to store “anchor bio” information such as WAE drawings, design intent, management plans etc. Further,
the RSMS in its current configuration is not efficient for use as a monitoring tool, as it does not have a
reporting function or allow set up of a monitoring plan with alerts for inspections. Ideally, a slope
management system should allow scheduling of regular inspection and maintenance alerts.
Over their working life, ground anchors (as opposed to many other support elements) require a rigorous
inspection and maintenance regime to ensure they continue to operate efficiently. The Slope Risk Analysis
is currently the only formal means by which many ground anchors may receive any kind of assessment
(assuming that they can be readily observed). However, the level of assessment of observed anchors will
be highly dependent on the expertise of the assessor as this is not a core component of slope risk analysis
procedure. Furthermore, even if anchors could be accessed for assessment, elevated work platforms,
specialist tools and other means to aid access is likely to be required which is beyond the scope of a typical
slope risk assessment. It is therefore inappropriate to expect that the inspection of anchors carried out by
SRA trained personnel within the scope of work for slope risk assessments is sufficient as the only anchor
inspections for the following reasons:
•

Corrosion of a ground anchor head could only be observed if an assessor was equipped to remove
anchor head covers, and clean back grease etc. for close inspection.

•

Total loss of tension could be observed if the anchor plate and or stressing head could be moved by
hand and the movement interpreted. There would likely be significant WH&S implications if assessors
with their current training and equipment carried out this activity.

•

Corrosion of the tendon could only be observed if the protection cap and or anchor head could be
removed.

•

Loss of bond could only be observed if an anchor head AND tendons could be pulled from the hole and
deemed to have lost bond at the far end of the anchor hole. Again, given the weight of tendons and
anchor head components, the WH&S implications of carrying out such activities within a routine SRA by
hand are unlikely to be tolerable from a work safe perspective.

•

A partial loss/gain of tension could not be observed. This would require a full set of anchor head
stressing equipment to establish the lift off load.

•

The defects associated with ground anchors (corrosion, loss of bond, loss of tension) can only
contribute a maximum of 5 out of 70 scoring points, rendering their contribution of scoring negligible.
However, this scoring system has no influence on the slope ARL and therefore anchor corrosion
observations are effectively invisible within the database.

•

From anecdotal discussions with experienced engineering geologists, they would not consider that they
personally understand and appreciate ground anchor technology to be able to make anything more than
visual observations of anchor head locations.
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4.3 Management of ground anchors internationally
The management of ground anchors varies around the world depending upon local practice, such as the
use of different standards and codes and variation in environments (and associated risk elements) in which
anchors are used. Consequently, there are many standards, codes and guides which can be referred to. A
brief outline of the British Standard and the Japan Inspection and Maintenance Manual are included below.
Code of practice for grouted anchors: British Standard 8081 (2015)
BS 8081:2015 is a full revision and complete restructuring of the British Standard code of practice for
ground anchorages. It gives recommendations for the design, construction, stressing, testing, monitoring
and maintenance of grouted anchors.
This new code of practice is proactive in recommending responsibilities for maintenance aspects as the
following excerpt shows:
7.6 Ongoing maintenance and monitoring
7.6.1 The asset owner should be responsible for the ongoing maintenance and ultimate
decommissioning of ground anchors. Specialists can be appointed (who may be the same as those
responsible for the original works) to assist with ongoing duties of management, interpretation and
monitoring.
7.6.2 The handover information should include clear guidance on monitoring requirements,
acceptability criteria and actions that may be necessary in the event of anchors failing to meet the
service requirements during their working life.
Inspection and maintenance manual for ground anchors: Japan Anchor Association
The Inspection and Maintenance Manual for Ground Anchors produced by the Japan Anchor Association
draws on over 50 years’ experience in ground anchor installation and observation. The manual provides a
comprehensive maintenance scheme to support the long term safety, stability and functionality of anchored
elements.
A key aspect of the Japanese scheme is the ongoing requirement for detailed inspection and regular
maintenance. Chapter 3 of the Manual established an efficient and rational way in conducting the initial
inspection of ground anchors and interpreting the results of an inspection. Japan is an active seismic area
with very steep terrain, and they have a large number of anchored elements in operation, including older
(pre 1980s) anchors without corrosion protection. The frequency of inspection and testing recommended is
consequently rigorous. Ongoing maintenance and prompt application of countermeasures to any identified
deficiency is seen as critical for extending the life of anchors to their maximum potential.

4.4 Management of Anchor data in RSMS
All anchor inspection, monitoring and testing records and any associated management plans should be
captured and stored in pdf format. As the key slope database in Transport it is reasonable to keep them in
the RSMS in a sub-folder within SRA records. Each anchor record including the Anchor Management Plan
(AMP) should be grouped under the relevant slope identification number to enable ease of retrieval and
actioning of any other requirements such as further inspections, risk re-ratings and scheduling of
maintenance.
The RSMS in its current configuration is unable to support the management of ground anchored slopes and
structures. It is at present incumbent on individual area Asset Managers to identify and manage the risk of
anchored slopes in an ad hoc manner. Adding a subfolder within SRA records in the RSMS would be
needed if it was used to track and trigger ground anchor inspections, monitoring and maintenance.
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5

Framework for inspection and maintenance of ground
anchors

5.1 Framework summary
The primary objective of inspection and maintenance of anchors is to prevent the failure of anchored
structures or slopes that could lead to damage or injury to property or persons. The functionality of anchors
needs to be maintained at, or above, the required standard throughout their service life and as such their
integrity requires ongoing re-confirmation. Early detection of anchor defects to mitigate unacceptable
deformation or failure can be effectively achieved through adoption of a vigorous inspection and
maintenance process.
The inspection and maintenance framework proposed in this guideline consists of six stages. The first
stage, ground anchor identification, is split into two parts considering the large number of ground anchors in
service across the state not yet captured in any database or as part of any regular monitoring programme.
The proposed framework is presented in the flow chart in Figure 4.
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Ground anchors
identified

Identification
at Design
Stage
(Proposed)
(Stage 1a)

Identification
in existing
slope or
structure –
during slope
inspection
(Stage 1b)

Desktop Study –
Collation of
existing
information.
Activation of AMP
(Stage 2)

Site surface
detailed inspection
(undertaken
periodically or adhoc)
(Stage 3)

Integrity
investigation (if
required)
(Stage 4)

No integrity
investigation
required

No maintenance
required

Maintenance and
repair (if required)
(Stage 5)

Inspection
completion and
continuous
monitoring
(Stage 6)

Figure 4 - Framework for inspection and maintenance of ground anchors

The following sections provide brief commentary on each step in the framework, when a given step might
be required, and how to identify the need for further work. The summary in Table 2 indicates typical
expectations with regard to the frequency of implementation of each stage of the framework.
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Table 2 - Typical frequency of framework implementation
Stage

Description

Frequency

1a

Ground anchor identification (proposed)
– design stage
Ground anchor identification (existing)–
routine slope risk assessment

Once.

1b

2

Desktop study (data consolidation and
AMP activation)

3

Site-specific detailed anchor inspection
and AMP updated

4

Anchor integrity testing and AMP
updated
Maintenance and repair

5

Inspection completion and future
monitoring

6

Minimum once, nominally within 5 years
post installation during the routine slope
risk assessment, and as-required in
response to an emergency situation.
Once within one year of routine slope risk
assessment (Stage1b) or construction of
new anchors (Stage 1a).
Once within one year after Stage 2 is
activated and identified the need. Then asrequired, nominally once every 5 years.
Minimum once, nominally within 5 years
post installation, then as-required
As required.
As required.

As indicated in Table 2, ground anchor elements require regular inspections and assessments throughout
their working life. The condition of ground anchors can vary markedly from their as-constructed condition.
Thoughtful planning on such aspects as ease of maintenance should be undertaken prior to site works to
ensure a safe and satisfactory outcome.
Consideration must always be given to work health and safety, accessibility, economy, timing and
environmental aspects when undertaking ground anchor testing, monitoring or maintenance. An integrated
approach between relevant sections, such as geotechnical, structural, environmental, traffic management
and work health and safety, often achieves a best project outcome in a timely and cost effective manner.

5.2 Stage 1a – Ground anchor identification (proposed), design stage
Where ground anchors are included in any slope or structure design solution, there are particular design
considerations to reflect priorities for whole-of-life asset management, as follows:
•

The necessity of inclusion of these actively loaded elements should be carefully planned. Ground
anchors require ongoing maintenance and could be costly and time-consuming. For this reason their
adoption in a slope or slope structure should be decided carefully and only used as other options are
exhausted.

•

Consideration of ease and cost of maintenance for anchors must be made at design stage. Provision
for basic access for routine inspections and for restressing of cables and other foreseeable restorative
work are critical design elements but are often overlooked. Some of these important considerations
include provision of access tracks, space for testing/ restressing equipment. For example the presence
of any facing/façade in front of anchors will require removal for maintenance and the process for this
could be a significant planning and approval logistic process especially when the maintenance section
occurs within a heavy traffic area.

•

Slopes and structures supported by ground anchors need to have an appropriate inspection and
maintenance strategy, i.e. AMP, initially developed at the time of design, and completed postconstruction and incorporated into RSMS forming a part of maintenance programme. TfNSW QA
Specification R56 Ground Anchor should be updated to mandate such AMP.

The AMP should include design details, Work as Executed (WAE) details and a monitoring and
maintenance schedule for the life of the slope or structure. A Proforma is provided in Appendix B to help
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develop the AMP. While each AMP will be site specific, the basic aims and inclusions for a typical plan are
outlined here:
•

Aim of maintenance – i.e. to ensure continued effective performance of anchors

•

Details of site access to allow monitoring and maintenance (including access tracks, space for any work
and potential removal of architectural facing/façade)

•

Design intent, anchor design details and design loading requirements

•

Predicted and/ or designed for changes or deformations over time

•

Installation records (including load testing) and WAE drawings

•

Records of other installed monitoring equipment in the slope or structure (if applicable)

•

Planned monitoring and maintenance schedule for the life of the slope or structure

•

Inspection and maintenance records including condition report of anchor, anchor head, bearing plate
and overall slope or structure and any actions taken over time

•

Plan for ongoing monitoring and analysis of monitoring results, if deemed a necessary outcome of the
ground anchor inspection

•

Any other pertinent events, notes or details including possible defects identified previously

•

Decommission details if being carried out.

Evidently, these details cannot all be completed at design stage which is why the AMP needs to be a live
document which requires revision throughout construction and maintenance stages and would evolve as
changes are identified and implemented. Sufficient consideration should be given to future requirements in
the initial AMP development and sections included in the plan for the inclusion of future information (to
serve as a prompt). Post anchor installation, data collation of outstanding items in the AMP should be
undertaken and finalisation of the AMP can occur, as outlined in Stage 2 (Section 5.4).

5.3 Stage 1b – Ground anchor identification (existing), routine slope risk
assessment
Notwithstanding the challenges with anchor identification, data storage and use of the RSMS as a
management tool, where a routine SRA is undertaken, anchored slopes should theoretically be identified,
as prompted in Part J. As outlined in Section 4, Roads and Maritime has developed and maintains a
RSMS database. Most slopes have been risk rated and assigned an ARL under theSRAP. The current
SRAP should detail the conditions of the anchor as a first pass assessment. As identified in Section 4,
anchored slopes are often misdiagnosed as bolted/ soil nailed slopes (therefore using passive
reinforcement), or not noted as part of the SRA at all. It is suggested that the importance and identification
of ground anchors is included as part of the SRAP training.
Once identified, the anchored slope or structure needs to be included in a database and a desktop study
undertaken for available data to inform development of an AMP (assuming one is not already in place – see
Stage 2). Any observations on signs of deformation and failures of anchors (and preliminary inferred
causes) should be recorded as part of the SRA. Recommendation of whether further detailed anchor
inspection is required can also be noted in the assessment report, such that further investigation could be
carried out for a particular anchor site.
Establishment of a database to collate this ground anchor information in an easily retrievable manner is
critical for the ongoing management of ground anchors in TfNSW assets.
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5.4 Stage 2 – Desktop study and data consolidation
The purpose of the desktop study is to collect necessary data and information to better understand the
nature of the ground anchors prior to inspection. This includes original design details, WAE drawings,
sketches, slope risk ratings, anchor records, specifications, maintenance records, records of other available
monitoring equipment within the slope, geotechnical investigation reports and references on the peripheral
geology/ topography. Identification and collation of other available slope data can provide a valuable
insight into anchor performance. Available data from monitoring equipment such as survey markers,
piezometers, inclinometers and previous slope inspection records (not necessarily considering the ground
anchors directly) should be considered and/ or re-read as part of the history of the slope or structure.
A detailed desktop study and consolidation of data of this nature should be only required once per slope, at
the outset of regular monitoring or from the initial slope inspection post construction. The anchored slope
should then be included in a consolidated database of all anchored slopes and structures for future
reference. All information should be stored in an easily retrievable manner (consolidated within the AMP
documentation) for future reference. In the event that an AMP does not exist for the identified slope, the
desk study should then form the basis for development of an AMP for ongoing monitoring for the life of the
ground anchors. Key components of an AMP were outlined in Section 5.2.
In the event that this desktop study reveals “old-type anchors” (i.e. anchors installed prior to the mid-1980),
specific advice should be sought from experienced specialists due to the increased risk of corrosion and
consequent deterioration of the anchor system.

5.5 Stage 3 – Site surface detailed inspection
Stage 3 site surface detailed inspection will be initiated subject to the recommendation of Stage 1 and
Stage 2 assessments and specific site AMP. The site surface detailed inspection of anchors includes an
external inspection of the anchored structure, followed by removal of the protective cap and inspection of
the anchor head itself. It is acknowledged that physical inspection of the anchor head with removal of
protective cap is not always practical for routine inspections (Stage 2). The level of details at each
inspection can be selected to suit the prevailing circumstances. Site inspection of the condition and
recorded data from other available slope instrumentation and/ or slope inspections can be used to augment
observations and test data from the anchors themselves. Stage 3 site surface detailed inspection should
be conducted by specialist geotechnical personnel with at least 5-years relevant experience.
Retrofitting of appropriate safe access for detailed inspections may be required. Where possible, this
retrofitting should take into consideration enabling of future access. This can then be incorporated into the
inspection and maintenance plan AMP.
External inspection
Due to the active nature of the anchors, significant strain energy is stored in these elements, for this reason
appropriate safety procedures must be followed to avoid injury to any personnel undertaking this
inspection. The inspection procedures of all visual external elements should be set up in SWMS and
conducted accordingly.
The essential elements relating to the external inspection include:
•

A visual survey of the physical condition of the anchored structure. This may involve removal of
vegetation on the slope to check outside appearance, integrity of load bearing plate and water seepage
status.

•

Visual survey of the physical condition of all protected anchorages. The visual inspection will consider
variations in the concrete cover (i.e. lifting damage, dropping-off, and deterioration), variation in the
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anchor cap (i.e. damage, deformation, and deterioration), condition and adequacy of corrosion
protection grease, and presence/source of groundwater.
•

The casting position of the anchors should be confirmed by inspecting the appearance of the anchored
slopes and anchored structures and comparing available drawings with the situation on site.

Anchor head assembly inspection
The anchor head assembly as shown in Figure 1 includes the locking mechanism (wedges and screw
head), load bearing plate and angle plate. It is recommended at least 1% of the total anchors or minimum
of three whichever is greater within a site be selected for representative anchor head assembly inspection.
After the removal of anchor protective cap of the representative anchors, following items need to be visually
inspected and site observations be cross-checked with WAE drawings, and recorded:
•

the corrosive state of the anchor heads and tendons,

•

any water seepage,

•

wedge or nut conditions,

•

load bearing plate dimension and conditions,

•

angle plate dimension,

•

load bearing plate angle,

•

anchor head dimension,

•

steel tendon construction and conditions,

•

protruded tendon length above stress block data (for steel tendon interior shortening).

Stage 3 nominated inspection frequency
The frequency, scope and procedures for Stage 3 inspections are determined based on the anchor design
intent, results of previous inspections and the importance of the anchored structures or slopes. When
determining the importance of anchored structures or slopes the consequence of movement or failure
should be considered. Typical site surface inspection frequencies for new anchors are expected to be in
the order of every 5-10 years. Anchors with very high consequence associated with failure might be
scheduled for inspection more frequently, as might old-type anchors.
Each site is unique and must be assessed individually as the frequency requirement for inspections will
vary depending on individual site considerations. These considerations include but are not limited to:
•

Aggressivity of the anchor environment.

•

Consistency of anchor environment – whether the site is in an active seismic area, for example, or other
dynamic environment subject to vibratory movement (such as adjacent to a working mine or supporting
a heavy rail line), or subject to significant wind, water or impact loading.

•

The size of the load being taken within the anchor.

•

Availability of historical anchor information.

•

Availability of other monitoring data – such as piezometers, inclinometers, survey markers etc.

•

Site importance - consequence of failure (risk to life, significant damage or disruption).
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•

Current condition of anchors (inspection programme is dynamic and should be updated based on the
outcomes of inspections throughout the life of the anchored slope or structure), and projected future
condition based on level of deterioration or damage where identified.

Emergency inspections separate to the regular, routine inspections in response to an event or observation
may also be required on an ad hoc basis.
Inspection records
The results of all inspections are important tools for asset management and should be recorded and kept
as inspection records. These results are critical for reference during future inspections, maintenance and
management, and could also be used to diagnose the cause of changes in appearance in the future.
As far as possible, inspection records shall be maintained as electronic data and updated and stored in the
AMP with an easily searchable and retrievable capability.
Judging the need for an integrity investigation
After a site surface detailed inspection, the inspection results shall lead to assess the need of a detailed
integrity investigation.
Key considerations within the assessment are:
•

The condition of the anchor (level of deterioration).

•

Type of anchor – i.e. old or modern.

•

How critical the anchor is to maintaining the stability of the slope or structure.

•

Level of risk to asset user or infrastructure associated with failure of the slope or structure.

The assessment will be site specific and is dependent on the context of the anchor.

5.6 Stage 4 – Integrity investigation (if required)
During an integrity investigation, the condition of anchors is confirmed in details and anchor integrity is
evaluated. For high risk ground anchored slope sites (i.e. for a structure where anchor failure would risk
life, significant damage or disruption or in a particularly corrosive environment) where visual inspections
have not substantively proven the cause and effect of any observed deformities, ground anchor monitoring
and an integrity investigation may be prescribed by an industry specialist to verify the insitu anchorage
conditions beyond the exterior face and anchor head assembly.
Integrity inspections can be required as programmed or in response to outcomes of the Stage 3 inspection.
At least one integrity investigation to ensure intended operation of anchors is being achieved should be
scheduled in the life of each anchored slope or structure. This would typically be programmed within 5 to
10 years of anchor installation, and should be scheduled as part of the AMP (see suggested frequencies in
Section 5.1, Table 2).
Integrity inspections should be undertaken by a specialist contractor. A basic outline of the process is
summarised below:
1.

Provision of data from previous inspection stages, which will be used to formulate an integrity
investigation plan. Planning should include a detailed step-by-step approach to the method and
management of the integrity investigation with consideration given the overall security of the site and
conservation of the surrounding area and environment.
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2.

Selection of suitable method of integrity investigation considering the situation of the targeted anchors,
information required and condition of the site (types of integrity investigation are listed below). Test
selection will depend on anchor head design and intent of the investigation and a given type of integrity
test may not be applicable for all circumstances.

Types of testing include but are not limited to:
•

endoscopy inspection

•

lift-off test,

•

investigation below the anchor head,

•

anchor performance confirmation test,

•

test of corrosion inhibiting compound,

•

monitoring of residual tensile load and

•

ultrasonic detection test.

The Inspection and Maintenance Manual for Ground Anchors (Japan Anchor Association) and model
Specification for Prestressed Ground Anchors (Geospec 1, Geotechnical Control Office HK) provides good
details on the above types of testing.
3.

The integrity test be supervised and reported by a specialist contractor personnel with at least 10 years
of experience in this field.

4.

Reinstatement of the anchor head for continued anchor protection, and storage of integrity
investigation results in AMP for future reference.

5.

Evaluation of the integrity of anchored structures or slopes based on the results of the integrity
investigation of tested anchors. Should the need for maintenance or repair be identified, this should be
scheduled as early as possible.

5.7 Stage 5 – Maintenance and repair (if required)
Preservation of anchor function should be achieved by conducting appropriate maintenance, where
required, in order to prevent failure of anchored structures or slopes with consequential damages to third
parties. Maintenance and repair of ground anchors is to be carried out as early as possible where
deformities, damage and deterioration are detected and its causes and effects clearly understood as a
result of the detailed inspections (as undertaken in Stages 3 and 4 of this framework).
Where permanent repairs cannot be performed in a timely manner, temporary countermeasures can be
provided to prevent immediate deterioration of performance until such time that permanent maintenance
can be conducted more economically or conveniently. If anchors have suffered severe damage and there
is concern over safety or third party damage, emergency countermeasures (temporary or permanent)
should be implemented as a matter of high priority.
Evidence of problems related to durability and function, such as deformation and damage, may be seen in
anchors that have been in service for a long period, particularly in the old type anchors.
Some observed problems which may warrant the need for maintenance include:
•

Deformation of anchor heads - Significant movement of an anchor head can indicate that the tendon
has fractured, in which case the anchor may have partially pulled out, subsidence of the supporting
structure may have occurred and the anchor head itself may have lifted by a few centimetres or pulled
out by as much as a few metres.
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•

Damage to concrete cover - Where a concrete cover has been installed, deterioration such as cracking,
spalling and breaking of the concrete cover can occur leading to third party damage. The concrete
cover damages may also indicate rusting of elements beneath the cover that warrant further
investigation.

•

Deformation around anchor head - Indication of movement or deformation of anchors may be observed
around the anchor head. For example, if rain or ground water has permeated into the anchor, traces of
isolated lime or an abundance of plant growth may be observed around the anchor head. Also, leakage
of corrosion inhibiting compound from the anchor head can indicate movement or deformation.

•

Deterioration and deformation of anchor supported structure - Deformation can occur in anchored
slopes as a result of deterioration of anchor supported structures such as steel or concrete beams.
Such deformations of slopes can occur without any corresponding deformation of the anchor.

At the time of deciding the maintenance or repair required, it is not only the deterioration of each anchor
that should be considered, but also of the anchored structure or slope as a whole. In addition to
implementing countermeasures to anchors that require them, durability enhancements can be applied to
anchors that do not show existing problems in order to extend the service life of the anchored structure or
slope.
Maintenance and enhancement of corrosion protection can prevent further deterioration of anchors. This
can include corrosion protection of the anchor head and other anchor components such as the tendon,
locking unit, bearing plate and below the anchor head.
The maintenance scope for the observed problems on site will be undertaken by experienced specialist
contractors with guidance from the TfNSW Geotechnical Engineering Section. The contractor would be
responsible for identifying the causes and effect of each anchor abnormality to be repaired along with a
rehabilitation program in accordance with relevant industry specifications and approved quality systems.

5.8 Stage 6 – Inspection completion and future monitoring
Inspection Records
Development, review or update of the applicable AMP should occur at the completion of each inspection,
based on the updated information from that inspection. Critical tasks at this stage of the AMP review are:
•

To develop an AMP in the absence of any existing plan as mentioned in Section 5.4 (Stage 2).

•

If an AMP is in place for the slope or structure, to ensure it is still applicable (i.e. update the AMP based
on inspection findings and work done, including reviewing the nominated inspection frequency).

•

To ensure anchor inspection records are appropriately filed and stored in data base for ease of future
reference.

Future Monitoring
Ongoing ground anchor monitoring, such as load cell or movement gauges can be a means for risk and
safety control whereby early detection of and appropriate implementation of countermeasures to issues are
possible. Continued monitoring even real time instrumentation for high risk structures may need to be
considered when the anchored structure recorded adverse trends in overall movements or excessive local
deformations (i.e. early detection of failure due to corrosion), and whether or not individual anchorages
have maintained their design load in compliance with acceptance criteria. The information obtained from
monitoring should be plotted and analysed on each occasion so that cumulative plots with time are
produced and the results compared, in order to highlight trends and patterns.
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Permissible limits for total movement and local deformation should be established. These may be related
to the original design assumptions. A predetermination should be made of numerical values that indicate
the need for decisive mitigation measures (i.e. trigger levels and actions). Long-term monitoring of
anchorage systems should involve not only anchor forces, displacements of the anchorages and structure
of the slope, and overall system performance, but also anchor head control, especially regarding corrosion
protection- inside and outside.
Any requirements for long term monitoring should also be collated within the updated AMP at the
completion of the inspection regime.

6

Recommendations

The inspection and maintenance framework for ground anchor supported slopes and structures presented
in this document has been developed by the geotechnical engineering team at TfNSW. Implementation of
this framework for the management of ground anchors within TfNSW road network is strongly
recommended. In conjunction with development of the framework, other recommendations have been
made relating to ground anchor design, installation, monitoring, maintenance, and data management.
These recommendations are summarised below.
Design and Installation
•

Ground anchors are active elements installed into a ground medium involving conditions which could be
beyond the control of designers and constructors. For this reason they require ongoing maintenance
(with associated ongoing cost and time implications) to ensure long term performance.

•

Adoption of ground anchors in design and construction needs to exhaust other feasible ground support
options because their on-going maintenance to ensure adequate performance could add significant cost
to the whole of life cost.

•

The requirement for an anchor inspection and maintenance plan (AMP) which stipulates provision of
design and work as executed documentation should be mandated where ground anchors are to be
used in any TfNSW slope or structure.

•

Consideration of ease and cost of maintenance for anchors must be made at design stage.

•

Provision for basic access for routine inspections, for re-/de-stressing of cables and other foreseeable
restorative work need to be included as a critical design consideration, which is often overlooked.

•

Mandate the submission of the ground anchor installation records outlined in TfNSW QA Specification
R56 Annexure R56/C2 as part of the as-built information through a review of the contract
documentation. This information will form an essential part of the AMP.

•

Data collected at the time of tensioning/testing anchors need to be retained on the RSMS data base as
important information for evaluating the integrity of anchors, movement of slopes or structures.

Monitoring and Maintenance
•

Ground anchor inspections should be carried out at intervals nominated in a site-specific inspection and
maintenance plan (AMP).

•

Regular maintenance of all in-service ground anchors is necessary in order to ensure adequacy of
performance and also to improve durability and extension of service life of ground anchors.

•

Where anchors comprise a component of the stabilising design of a slope, inspection and maintenance
will need to be carried out by a geotechnical personnel with appropriate equipment and engineering
skills.

•

Training and certification for TfNSW Slope Risk Analysis inspections to include ground anchors.
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•

Development of suppliers to provide spare parts and devices to enable easier maintenance of anchors
will decrease maintenance time and costs.

•

Encourage the development of maintenance technology such as long-service-life load cells.

•

Support for research and development into long term maintenance of anchors.

Data Management
•

AMP containing the design, installation and maintenance information should be developed for each
anchor group. AMP must include (but not limited to) anchor history such as WAE drawings, design
intent and management plan and inspection records.

•

All AMP should be stored in RSMS database under sub-folder within SRA records in pdf format. Each
anchor record should be grouped under the relevant slope identification number to enable ease of
retrieval and actioning of any other requirements such as further inspections, risk re-ratings and
scheduling of maintenance.

•

The management of ground anchored slopes and structures is at present incumbent on individual area
Asset Managers to identify and manage the risk of anchored slopes in an ad hoc manner. Modification
to RSMS as suggested above would be needed if it were used to track and trigger ground anchor
inspections, monitoring and maintenance.

7

Glossary of Terms and Abbreviations

The terms and abbreviations referred to in the document are defined as below:
Definitions
Anchor: A system that transmits tensile load to the ground. An anchor consists of a fixed length, a free
length and an anchor head.
Anchor below the bearing plate (or the anchor head): The part of the anchor immediately beneath the
bearing plate.
Anchor cap: A cover providing mechanical and corrosion protection to the anchor locking unit and
protruding tendon. The anchor cap is filled with a corrosion-inhibiting compound and can be removed
during maintenance.
Anchor head: The assembly that transmits the load from the supported structure or slope to the tendon
and comprising bearing plate, locking unit and anchor cap.
Anchor performance confirmation test: A test of the anchor to confirm that the strength of the tendon,
the pull-out load of the anchor and the restraining force provided by the anchor are all above the design
criteria.
Bearing plate: The component for transmitting the tensile load from the locking unit to the anchored
structure or slope.
Concrete cover: Concrete or mortar covering the locking unit to provide mechanical and corrosion
protection.
Corrosion inhibiting compound (CIC): Corrosion protection compound such as grease or petrolatum.
Corrosion protection materials: Materials that protect the steel tendon against corrosion.
Countermeasure: Remedial work undertaken to enhance durability or performance, extend service life,
repair or replace an anchor, including remedial work undertaken in an emergency.
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Double corrosion protection: A double barrier of protection to provide improved corrosion resistance.
Fixed anchor length: Resistant component of the anchor formed by grouting the tendon to transmit the
tensile load to the ground by shear or bearing resistance.
Free anchor length: The length of tendon that transmits the tensile load from the anchor head to the fixed
length.
Free anchor length sheath: The flexible plastic tube surrounding the tendon free length to prevent contact
with the ground and provide corrosion protection.
Grout: Setting material that transmits load from the tendon to the ground over the anchor fixed length. The
grout sometimes fills the anchor hole completely to provide additional corrosion protection. There are
cement type and synthetic resin type grouts.
Inspection: An in situ physical or visual investigation to check the condition of an anchor.
Integrity investigation: When an abnormality is identified the anchor condition is confirmed in detail and
its integrity is evaluated.
Lift-off test: A procedure to measure the residual load of an anchor. A jack is attached the locking unit and
to the protruding length of the tendon and the tensile load / displacement properties are used to investigate
residual load by lifting the anchor head off the bearing plate.
Locking unit: The component for locking the tendon to the anchor head.
Monitoring: Continuous or high frequency inspection of an anchor during its service life. Generally, the
residual tensile load is monitored by load cell.
Old type anchor: An anchor designed and installed prior to the establishment of the “Ground Anchor
Design and Construction Standard”, designated by the Japan Geotechnical Society in the mid 1980’s.
Protruding length for re-stressing: The excess length of tendon protruding at the anchor head that is
required to enable re-stressing of the anchor.
Renewal: If the performance of the anchor cannot be improved to meet the service requirements through
repair or reinforcement, or it is not economic to do so, an anchor is renewed.
Repair and reinforcement: If, after an integrity investigation, the performance of an anchor is less than the
level required for service, countermeasures are taken in order to improve performance to meet or exceed
service requirements.
Slope Risk Analysis The use of available information to estimate the risk to individuals or populations,
property or the environment, from hazards.
Structure and/or slope: Objective stabilised by anchors.
Supporting structure: Plinth and/or other structure for effectively distributing the tensile load from the
anchor head to the structure or slope.
Temporary anchor: An anchor installed for temporary support or stabilization during a construction project.
Temporary anchors are sometimes installed without, or with minimal, corrosion protection.
Tendon: The part of the anchor that transmits the tensile load from the anchor head to the grouted fixed
anchor.
Ultrasonic inspection: An inspection technique using ultrasound to detect damage to the tendon and used
as a preliminary investigation to assess safety.
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Abbreviations
AGS: Australia Geomechanics Society
AMP: Anchor Management Plan
ARL: Assessed Risk Level, the rating which expresses the level of risk associated with a site in accordance
with TfNSW Guide to Slope Risk Analysis
RSMS: Transport for NSW Road Slope Management System
SRA: Slope risk analysis
SRAP: Slope Risk Assessment Programme
SWMS: Safe Work Method Statement
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Appendices
Appendix A – Causes of Anchor Failure
This appendix provides high level descriptive information regarding a range of causes of failure in ground
anchors, and is intended to assist readers in considering the likelihood of the presence of any of these
failure mechanisms in the asset being evaluated. Each failure mechanism will have variable influence on
the load carrying capacity of the affected anchor. It must also be considered that although abnormalities or
deformations may not be observed during inspection, the interactive relationship between various levels of
causes noted on site will provide a better prediction to the final potential outcome of the deformation. This
will help to determine an effective repair or maintenance regime for the anchor site.
Ground anchor failure mechanisms include failure of the steel tendon, ground mass, ground-grout bonded
zone, grout-tendon zone, or anchor head. These may be grouped broadly as:
•

Structural failures – these include failure of the steel tendon or its component parts by rupture (often as
a result of corrosion), crushing or bursting of the grout column surrounding the tendon.

•

Geotechnical failures – these include bond failure (slippage) at the ground-grout-tendon interfaces and
ground material failure within the soil or rock supporting the anchorages.

•

Excessive movement due to displacement of the anchor head or the bonded anchorage at the distal
end. These could be associated with long-term deterioration of the system rendering it inoperative.

Possible failure modes and causes of failure are summarised in sections A1- A11, herein.

A1 Increases in loading
Excessive increases in loading may cause some of the above failure mechanisms and these should be
considered in advance of any efforts to investigate that integrity of the anchors themselves. These
excessive loads can be related to:
1.

over excavation beyond what the anchors were designed for;

2.

surcharge by placement of construction materials or equipment on or at the top of anchored slopes;

3.

construction of adjacent structures that transfer unanticipated load;

4.

change in loading due to environmental conditions such as ground water table; or

5.

a combination of these factors.

A2 Corrosion
Corrosion in steel initiates from in-homogeneities or impurities in the steel, or salts such as chlorides within
the ground or grout mix grout. (Littlejohn and Bruce, 1977).
Steel tendon corrosion can occur anywhere a protection layer is compromised (or absent, in the case of pre
1980s installations) and exposure to oxidising agents occurs. Examples of protection layer compromise
include cracking in the grout surrounding a tendon, damage to the corrosion protective sheaths, or poor
performance of anchor head corrosion protection layers (Weerasinghe and Adams, 1997). Grout cracks
occur due to either shrinkage strains during curing or tensile loading of the anchor.
These processes can lead to catastrophic failure of an anchored structure by rupture or slippage of the
anchor elements. This type of failure can be difficult to predict due to poor inspection access. Corroded
ground anchor elements are presented in the below table.
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Table A1: Examples of corroded ground anchor elements

Corroded barrels and wedges, strand slippage – 30 years

Corrosion induced fractured barrel and wedges and
strand slippage after 11 years in service (Mothersille,
2011)

Absence of protective sheathing immediately below
stressing head allowing corrosion

Serrations of wedges infilled with corrosion products
that inhibit gripping efficiency (Hassell et al, 2011)

Severe corrosion recorded on protective steel cap
(Mothersille, 2011)

A3 Grout – ground bond failure
Ground anchors mobilise capacity through the anchor bond zone. The bond zone capacity depends on the
ground stresses, and the adhesion and / or frictional properties of the ground/grout interface.
The ground-grout bond is mobilised progressively as the tension in the anchor increases and the load is
transferred to the ground through the bond length. If the load exceeds the bond capacity, the anchor will
continue to elongate to mobilise deeper bond zones. Anchor failure by pullout occurs when the ultimate
ground-grout strength is exceeded over the entire bond zone.
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A4 Grout – tendon bond failure
Failure of the grout- tendon bond is governed by the bond strength between the grout and the steel tendon.
Due to the ribbed profile of a steel tendon, the capacity of the grout tendon interface is reached when the
grout fails in shear.

A5 Anchor head failure
If the anchor head is not designed, constructed or maintained adequately, slippage or rupture could occur
at the head area (i.e. due to severe corrosion of the serrated face of wedges and nuts) leading to excessive
movements on the restrained structure.
On the other hand when the bearing capacity of the ground/structure at the anchor head reduces strength
over time, due either to weathering or corrosion the anchor head could be “pulled-in” and in the ultimate
case result in a punching failure.

A6 Ground mass failure
This failure mechanism is characterised by the instability of a mass of soil in front of the bond area followed
by pull-out of this zone. The anchors should be extended far enough beyond the potential failure plane to
prevent failure of the ground mass in which they are embedded.

A7 Loss of prestress load over time
Ground anchors show gradual drops in prestressing load with time, which lead to progressive ground
movements. This failure mechanism generally occurs slowly. Common causes are related to relaxation of
the anchor steel, and creep of the ground materials. Relaxation is defined as a drop in the prestressing
load without apparent tendon deformation, while creep is the deformation of materials under constant load.
The causes of prestress load loss are discussed in the sections below.

A8 Creeping of the ground
Creep of the ground arises from plastic compression, or can be brought about by failure of the rock or soil
in the zone affected by the anchor load. In the case of prestressed ground anchors, creep occurs primarily
in places of concentrated stress – near the bonded length and below the anchor head at the surface of the
anchored structure.
In dense competent rock, in which the anchor load is accommodated, some additional compression of the
natural planes of separation (joints, cracks) takes place. The fall in anchor prestressing rapidly diminishes
with time, until an equilibrium state is reached. Creep in strong, hard rock is very small, even under high
and prolonged loading.
In weaker rocks and soils deformation arising from ground compression is considerable, and the
attenuation of this deformation is relatively slow. Marked and long lasting deformations have been
observed in cohesive soils, in fine uniformly grained sands and in weak rock. Large plastic flow around the
bonded length takes place at the ultimate load. As the tension load no longer able to restrain the disturbing
forces, displacement of the anchor root continues to increase with time. This ultimately leads to an anchor
pullout failure.
It is important to know how creep deformation develops with time, especially where anchors are to be
installed in the more compressible types of ground.
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A9 Shocks occurring in the anchoring medium
Highest intensity shocks recorded in anchor-holding rocks are most often the result of blasting. Shocks can
also be caused by heavy machinery or by earthquakes in seismically active regions. They are the more
significant cause of prestressing losses in anchors than those caused by static loading. In extreme cases
shocks may lead not only to prestressing loss, but also to a substantial reduction of the load carrying
capacity of the anchor.

A10 Changes in temperature
Changes in temperature bring about expansion or contraction of the anchor tendons and anchorage head.
It can result in a decrease or an increase in the anchor stress. Unless this is foreseen in the anchor design,
these effects present a real danger to the anchor and can eventually be the cause of failure.
Ground anchors in slopes are essentially below ground, therefore the temperature variation over the tendon
lengths is small, and any temperature effect on the anchor head is localised and generally does not have
significant effect on the anchor load. Anchored structures, on the other hand, with large areas exposed to
the atmosphere and direct radiation from the sun, can expand or contract and thus affect the prestressing
of the anchor to some extent.

A11 State of stress
Changes in the state of stress of the anchored structure can have significant effects on the anchor
prestressing load. This situation is often prevalent in environments such as underground excavations in the
vicinity of anchors. The ground stress state in conjunction with the geological structures can influence the
prestressing loads on the anchors causing them to either increase or decrease, both of which are
undesirable if not planned for. A very dangerous phenomenon is the increasing tension that occurs in
supporting anchors particularly where excavations are occurring nearby give rise to a load exceeding the
tensile strength of the anchor.
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Appendix B – Proforma for Anchor Management Plan
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Proforma for Anchor Management Plan
Project: ________________________________________________________________________________________
Project location Ref.: E _______________________________
Region: ________________________________

N________________________________________

Road Ref.: __________________________________________

Anchor Basic Information
Anchor supporting structures:
Cut Slope/ Retaining Wall

Total No. of anchors:

Anchor type:

Design or as-built Drawing Nos:

Is the anchor head hidden by:
Panel wall:
Shotcrete:
Others:

Typical anchor length (range):

Typical Free length

Typical Bond length

(range):

(range):

Design load range:

Lock-off load range:

Design bond stress and bond
materials

Typical Bar or strands details

Predicted and/ or designed for changes or deformations
over time:

Type of anchor head:

Planned monitoring and maintenance schedule for
the life of the slope or structure:

Groundwater condition:
Available documentation:
Design Documents

Yes

No

Design Drawings

Yes

No

Cross Section
Drawings

Yes

No

Pull-Out Test Data

Yes

No

Long Term Test
Data

Yes

No

Suitability Test
Data

Yes

No

Load Cell Data

Yes

No

Anchors Nos.
with Load Cells
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Anchor supporting structures:
Cut Slope/ Retaining Wall

Total No. of anchors:

Site location diagram

Anchor type:
Inspection location and access diagram/photos

Construction Records
Description of Record
Third-party certified quality management system to
AS/NZS ISO 9001 for prestressing components and tendons
Documentation with Lot numbers for each tendon coil or bar,
and NATA accredited certification of conformity with supply
standards
Certification and evidence of conformity with the nominated
TfNSW approved ground anchor system and supply standards
for all anchorage components
Certification and evidence of conformity of grout
Certification and evidence of conformity of tendon sheaths
and anchor ducts
NATA test report certifying conformity of corrosion inhibiting
compound
Working drawings and Engineer’s certification of necessary
modifications to accommodate the approved ground anchor
system
Certification from Anchor Supervisor that work conforms to
the Specification
Results of testing of Proof and Suitability anchors
Detailed drawings showing anchor system, including
provisions for monitoring, and completed assembly schedule
Conformity records for each assembled anchor and assembly
schedule
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Attached
Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No
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Description of Record
Conformity records for drilling, cleaning and testing of each
borehole
Anchor insertion and water testing records
Records of grouting of each anchor
Load testing calculations and records
Anchor assessment records
Set of completed stressing forms for each anchor
Drawings and cross-sections for monitorable anchors, with
details of bearing plate or anchorage casting, prestressing
head, protective cap, provisions for corrosion protection and
provisions for carrying out Lift-off Tests
Monitoring records for each monitorable anchor

Information
Attached
Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

References/ Comments

Additional Comments:
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Staging for inspection and management of ground anchors
Stage 1a: Ground Anchor Identification – Design Stage
Purpose of ground anchors:

Method of long term maintenance and cost:

An ongoing anchor management plan has been prepared for future maintenance records:

Yes

No

Comments:

Stage 1a: Anchor Identification/Design Report Ref.

Objective link for Stage 1a: Anchor Identification/Design Report

Other observations and follow–up recommendations:

Recommended by:

Date :

Position in TfNSW:
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Stage 1b: Ground Anchor Identification (existing Anchor)
SRA carried out on existing anchored slope:

Yes

No

SRA attached:

Yes

No

Assigned ARL:
Anchor type:

No. of anchors:

Date constructed:

Condition of existing anchors:
Date:
Anchor No.

Conditions ( seepage, cover, signs of corrosion, damages)

Stage 1b: Existing Anchor Identification Report Ref.
Objective link for Stage 1b: Existing Anchor Identification Report
Other observations and follow–up recommendations:

Recommended by:

Date :

Position in TfNSW:
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Stage 2: Desktop Study and Data Consolidation
Document/Information

Availability

Original design information

Yes

No

WAE drawings

Yes

No

Anchor sketches

Yes

No

Slope risk ratings

Yes

No

Anchor records

Yes

No

Anchor specifications

Yes

No

Anchor maintenance records

Yes

No

Other monitoring equipment
records (e.g. Piezometers,
inclinometers etc.)

Yes

No

Geotechnical investigation
reports

Yes

No

Peripheral geological
information

Yes

No

Previous anchor inspections

Yes

No

Previous problems encountered
(if any)

Yes

No

Remedial actions taken and
their timeframe (if any)

Yes

No

Comments/Recommendations

Stage 2: Anchor Desktop Study Report Ref.
Objective link for Stage 2: Anchor Desktop Study Report

Other observations and follow–up recommendations:
Recommended by:

Date :

Position in TfNSW:
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Stage 3: Site Surface Detailed Inspection
Anchor Nos. inspected:
Access routine for inspection:
Scope of inspection:
General observations from visual survey on the physical condition of anchored structure:

General observations from visual inspection of the physical condition of anchors:

Does the casting position of the anchors match with the drawings?
Anchor head protection:

Steel Cap

Yes

No

Concrete Cap

Corrosive state of the anchor head and tendons:

Water seepage conditions:

Condition of the wedge or nut:

Load bearing plate dimension and condition:

Angle plate dimension:
Load bearing plate angle:
Anchor head dimension:
Steel tendon construction and condition:
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Stage 3: Site Surface Detailed Inspection
Protruded tendon length above stress block:
Nominated frequency of inspections based on Cl 5.5 of ground anchor specification R56:

Is an integrity investigation required?

Yes

No

Stage 3: Site Surface Detailed Inspection Report Ref.
Objective link for Stage 3: Site Surface Detailed Inspection Report

Other observations and follow–up recommendations:

Recommended by:

Date :

Position in TfNSW:
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Stage 4: Integrity Investigation (if required)
Integrity investigation plan prepared:

Yes

No

Comments:

Type of integrity test(s) adopted:

Anchor head protection reinstated after completing the test(s):
Integrity test results compiled and stored for future reference:

Yes
Yes

No
No

Findings from the integrity testing:

Other observations (eg. Deformation of anchor head, damages to cover, deformation around anchor
head, deterioration of anchor supporting structure etc.):

21.008 | Issue No.1.0
29 January 2021
Transport for NSW

UNCONTROLLED WHEN PRINTED

45

Technical Guide – Inspection and maintenance framework for ground anchor supported slopes and structures

Stage 4: Integrity Investigation (if required)
Maintenance or repair required:

Yes

No

Proposed timeframe and date:

Stage 4: Integrity Investigation Report Ref.
Objective link for Stage 4: Integrity Investigation Report

Other observations and follow–up recommendations:

Recommended by:

Date :

Position in TfNSW:
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Stage 5: Maintenance and Repair (if required)
Details of previous repairs (if any):

Details of current repairs:

Stage 5: Maintenance and Repair report Ref.
Objective link for Stage 5: Maintenance and Repair Report

Other observations and follow–up recommendations:

Recommended by:

Date :

Position in TfNSW:
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Stage 6: Inspection Completion and Future Monitoring
AMP review

Need to develop a new AMP
Current AMP needs updating
Current AMP is still applicable

All inspection records are appropriately filed and stored for future reference:

Yes

No

Stage 6: Inspection Completion and Future Monitoring Report Ref.
Objective link for Stage 6: Inspection Completion and Future Monitoring Report

Other observations and follow–up recommendations:

Recommended by:

Date :

Position in TfNSW:
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Appendix C – Schematic Details of Ground and Rock Support

Rock Bolt

Figure 5 - Typical rock bolt details (Federal Highway Administration (FHWA))
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Rock Dowel

Figure 6 - Typical rock dowel details (FHWA)
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Soil Nail

Figure 7 - Typical encapsulated soil nail detail (TfNSW QA specification R64)
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