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Abstract: Installation quality of chemical anchors in concrete varies greatly between installers. Proof
testing of post-installed anchors is a proven method for assessing installation quality and a data-driven
strategy to reduce risk on all parties involved in the construction process whilst improving safety in
Australia’s built environment.

Proof testing of anchors can be specified by engineers, builders, contractors and asset owners. All
parties should be aware of the risks associated with anchors and the purpose for testing. This will
inform which anchors to test, the quantity of tests required, the specified test load, the test device
configuration and the methodology followed by the qualified tester.

For proof testing of anchors to perform effectively as a quality assurance (QA) process, the test data
collected must be reliable and assessable under a pass-fail criterion. Anchor failures are not always
obvious. Engaging independent organisations with experience in testing anchors and developing a
failure criterion can eliminate any guesswork which may be involved in the process.

In the absence of an Australian Standard for testing post-installed anchors, Australia’s construction
industry has a duty of care to the public to implement systems which ensure anchors are correctly
installed. Industry education about how anchors fail in tandem with the inclusion of anchor testing in all
project QA policies can fulfil this duty.

Keywords: Anchor, fastener, testing, investigation, failure

1. Introduction
1.1 What Is Anchor Proof Load Testing?

Proof load testing is the process of applying a tensile or shear force to an anchor/fastener/fixing with
the intent to investigate installation quality or assess design assumptions against as-built performance.

Proof tests on chemical anchors primarily serves to assess installation quality by demonstrating the
anchor can withstand the proof load determined by the responsible engineer. The proof load is
generally based on the ultimate design load for the application but can vary depending on the
engineer’s requirements and yield load of the connection. Testing is typically performed on a sample
of anchors representative of the anchor population. It is imperative the proof load test does not
damage the fastener as a result of the test, however at times, this can be unavoidable when failures
occur.

1.2 Risks of Post-Installed Anchors

“If anchors are not selected and installed correctly, they might not have the capability to resist loads as
intended. The security of the fixture and, in some cases, the structure might then be compromised,
leading to failure with consequential economic loss, injury, or even death." British Standards
Institution, 2021 (1)

“Incorrect or incomplete site testing practice may result in a failure to diagnose deficient installation or
the correct performance of a fastener, leading to catastrophic outcomes.” Australian Engineered
Fasteners and Anchor Council, 2020 (2)

All stakeholders involved in a construction project have a duty of care to ensure the safety of the
structure and its occupants. To achieve this requirement, structural elements are typically inspected by
engineers or other responsible persons. However, it is impractical to inspect cleaning of drill holes,
monitor application of chemical adhesive and oversee installation of anchors for all applications across
a job site. In the Australian construction industry, it is common knowledge that installation quality of
post-installed anchors varies greatly between installers. Specification of routine anchor testing is a
simple strategy to reduce risk and adhere to safety obligations. Anchor testing is common practice in



the United Kingdom (UK) and Europe, however Australia is yet to establish a coordinated, codified
testing framework. Notwithstanding this, there are isolated segments of progress in the local
construction market, with the Victorian Department of Transport (VicRoads), being the first industry
body to codify testing, with the inclusion of an anchor testing section in Standard Specification Section
680 most recently revised in September 2022.

1.3 When To Perform Proof Testing

Testing can identify grossly mis-installed anchors before they are loaded during service and become a
risk. British Standards (BS) and Australian Engineered Fasteners & Anchors Council (AEFAC)
recommend that a sample of all project anchors used in ‘safety critical’ applications be subject to
anchor testing.

As per AS 5216 and BS 8539, ‘safety critical’ anchors are defined as those which under failure may
cause the following as deemed by the responsible engineer:

. Human injury or death
. Partial or full structural collapse
. Significant economic loss

Standards Australia, 2018 (3)
‘Safety critical’ applications may include fastening of structural and non-structural elements.

In Section 680, VicRoads apply a wider brush and suggest a representative sample of all anchors
exposed to either tensile loads, a combination of shear and tensile loads or fatigue loads in service
should be subject to anchor testing. VicRoads, 2022 (4)

2. Test Configurations

Anchors can be tested in any orientation including horizontal and overhead noting that there must be
sufficient clearance around the anchor to install the testing machine (test rig), and a mechanism
(thread rod, bolt head, eye bolt, etc.) to connect the test rig to the anchor.

2.1 Unconfined Configuration

An unconfined test allows all possible anchor failure modes to occur and is therefore most applicable
when assessing anchor performance against design assumptions or where base material performance
is questionable.

To assess concrete cone failure (also known as concrete breakout), supports of the test rig must be
located outside the perimeter of the cone’s circular face as shown in Figure 1. Supports that lie within
the extent of the cone will apply compression to the base material during testing which can limit
breakout failure. To offset compression loads and achieve an unconfined test, a load spreader bridge
is often required.

Figure 1: Unconfined Test Setup Figure 2: Photograph of Unconfined Test

Source: Australian Engineered Setup Using Load Spreader Bridge
Fasteners and Anchor Council, 2020 (2)

The embedment depth and restraining mechanism of the anchor determines the minimum spacing
required between test rig supports and the anchor to achieve an unconfined test configuration.



As embedment is increased, the size of the cone increases which consequently enlarges the diameter
of the circular face of the cone. A deeper embedment requires wider spacing of supports.

For chemical anchors, the critical edge distance and radius of the cone is calculated in AS 5216:2018
by multiplying the effective embedment depth by 1.5. Standards Australia, 2018 (3)

2.2 Confined Configuration

A confined anchor test is one where the base material surrounding the anchor is confined or restricted
from breaking out. When investigating installation quality, it is generally the interface between the
anchor’s restraining mechanism and the base material, which is under scrutiny. For chemical anchors
this interface describes the bond between chemical and concrete. A confined test configuration is
often suitable for assessing bond condition however, certain installation errors such as incorrect
embedment depth may be easier to detect with an unconfined setup.

In a confined configuration, the test rig supports sit close to the anchor. When tension is applied to the
anchor, the test rig applies a reactive compressive force on the surrounding base material, limiting
tensile forces experienced by the base material.

For fully developed reinforcing bar connections within a reinforced concrete element, confined testing
is generally sufficient as cone breakout should be inhibited during service via tension transfer to
internal lapping reinforcement or equilibrium with local or global concrete struts.

Figure 5: Confined Test Setup Figure 6: Photo of Confined Test Setup Using
Source: Australian Engineered Fasteners and SHS

Anchor Council, 2020 (2)

2.3 Testing in Shear

Proof testing of anchors in shear is rarely required in concrete as shear performance is not
significantly affected by installation quality. In contrast, tensile anchor performance depends heavily on
installation quality and is often considered the more appropriate parameter for proof testing. Tensile
testing is appropriate even when the primary loading conditions of the anchor are in shear.

3. Deriving Test Loads

Proof test loads are derived from the design loads for a particular anchor or group of anchors installed
on site and are therefore application specific. Given derivation of proof loads are founded in the design
of the anchor, proof loads should only be provided by the responsible design engineer. The following
excerpts are recommendations provided by VicRoads, AEFAC and BS 8539 on how to derive test
load values for proof tests.

VicRoads:

. "Bonded anchors shall be proof load tested to 1.5 x the maximum serviceability design
load certified by the design engineer for the bonded anchor used in accordance with the
requirements of either ASTM E 488 and ASTM E 1512 or EOTA TR 048, based on the
confined test method.”



. “Bonded anchors in cracked concrete shall be proof load tested to 2 x the maximum
serviceability design load certified by the design engineer for the bonded anchor used in
accordance with the requirements of either ASTM E 488 and ASTM E 1512 or EOTA TR
048, based on the confined test method." VicRoads, 2022 (4)

AEFAC:

. “For fasteners with ultimate limit state capacities, proof test load (N,) should not exceed
the lesser of the ultimate limit state design capacity of the fastener OR 0.7x yield capacity
of the fastener to prevent damage to the fastener...”

. “For fasteners with allowable working load capacities, proof test load (Np) should not
exceed 1.5 x allowable working load of the fastener OR 0.7x yield capacity of the
fastener...” Australian Engineered Fasteners and Anchor Council, 2020 (5)

BS 8539:

. “The proof test load, N, should normally be the characteristic action, Ng, multiplied by

VP,test- .

Where vp et is 1.5 when 2.5% of anchors are tested and 1.25 when 5% are tested. The
proof test load factor, vp s, Should never exceed 1.5.” British Standards Institution, 2021

(1)

4. Quantity of Proof Tests

The quantity of anchors to be included in a proof test sample is outlined by VicRoads and AEFAC. It is
important to consider not only the guidance on test sample size but also the number of test samples
per project. Test samples referred to as ‘lots’ by VicRoads should be confined to a discrete area where
the base material, anchor type, installation method and installer are all the same. Where one of these
conditions change, the area should be considered as a different test sample or lot.

Table 1 provides two streams to determine the total number of chemical anchor tests required on a
particular site based on the guidance from VicRoads and AEFAC.

Table 1: Process for Determining Quantity of Anchor Proof Tests

Step VicRoads | AEFAC
1 Identify quantity of post-installed anchors on site
Determine the proportion of post-installed Determine the proportion of post-installed
anchors subject to either tensile loads, a anchors used in safety critical applications

combination of tensile and shear loads or

2 fatigue loads and categorise these as Group
1.

Categorise all other anchors including those
subject to shear loads as Group 2.
Calculate number of test samples (lots) Calculate number of test samples
3 | within Group 1 and Group 2

Refer to Table 2 for quantity of tests Test 2.5% or a minimum of 3 anchors per
required per test sample (lot). test sample, whichever is greater. If one
failure is detected, increase testing rate to
5% or a minimum of 6 anchors whichever is
greater. If multiple failures are detected test
100% of anchors in test sample.

VicRoads, 2022 (4); Australian Engineered Fasteners and Anchor Council, 2020 (5)



Table 2: Quantity of Anchor Tests as Recommended by VicRoads (Recreation of Table 680.091)

Lot Size Percentage of anchors subject to tensile loads, Percentage of all other types of
(Number of | combination of tensile and shear loads or fatigue bonded anchors to be tested
anchors) loads to be tested (%) (min) (%) (min)
1-50 100
51-150 50
151 -300 25 o
301 - 500 20 5%
501 - 1000 15
> 1000 10

VicRoads, 2022 (4)

A risk-based approach to the provided guidance considering installation risk, consequence of failure
and overall system redundancy should guide the extensiveness of an anchor testing regime on any
given application. The guidance above describes minimum requirements, specific applications such as
fall arrest points may demand a higher percentage of anchors are tested.

5. Displacement Measurements

Displacement of an anchor during testing is not always easy to detect visually as chemical anchors
experiencing bond failure can maintain significant capacity as they displace. Without obvious signs of
failure such as a rapid drop in measured load or noticeable damage to the surrounding surface of the
concrete, failures can be missed.

Measuring displacement whilst testing anchors can eliminate human deduction by objectively
capturing data on anchor movement as tension is applied. Displacement monitoring can be particularly
useful in the following situations:

. Testing environments or configurations where displacement is difficult to detect visually
due to poor lighting or obstructions

. To provide confirmation after visual detection of displacement has been previously
reported on site

. Testing is being performed by inexperienced personnel

VicRoads outline requirements for displacement equipment in the following passage.

“The measuring equipment shall be capable of measuring the applied force to an accuracy of £ 2%. If
measurement of displacement is required, the measuring equipment shall comply with AS 1391 and
shall be capable of measuring elongation with an accuracy of + 0.02 mm, with measurements made
directly on the head of the anchor.” VicRoads, 2022 (4)

6. Failure Criteria

A predetermined failure criteria is essential in any pass/fail test regime. When displacement is not
measured, a failure criterion can limit subjective deduction and standardise the assessment of anchor
performance during a proof test. The following failure criteria has been developed by the author based
on field experience and guidance from AEFAC, VicRoads and BS 8539.

. Visible base material failure

. Visible steel failure/yielding

. Visible bond failure

. Significant displacement of anchor

o In the case of minor displacement, observations should be consulted with the
responsible engineer on how to assess anchors
. Repeated measured load drop of greater than 10% occurring within 30 seconds of
reaching proof load
o Tests exhibiting significant load drop should be repeated to identify displacement and
confirm failure




. Significant load slip
o Occurs when torquing of the test rig piston does not result in an increase in tension
applied to the anchor. This will typically indicate displacement of the anchor is
occurring.

6.1 Installation Errors On-site

In the event of an anchor failure during testing, it is important to determine the installation error which
caused the failure. Following a failure, the installation process must be investigated to ensure the error
is not repeated on the project. An experienced anchor testing organisation should be able to describe
the cause of failure based on observations and data from the test. The author has observed the most
common installation errors leading to failure of chemical anchors from field experience.

. Insufficient embedment
. Anchor installed too close to edge
. Insufficient chemical in hole
o Can be caused by:
o Not measuring chemical quantity per hole
o Hand fatigue if using manual dispenser
o Air voids - piston plugs should be used for overhead, horizontal or deep
hole installation
. Chemical anchor disturbed or loaded prior to completion of curing

o Curing times are product dependent and typically increase in cold or wet
environments
. Chemical anchor not mixed correctly before injecting into hole
o Often caused by not replacing the nozzle when inserting a fresh chemical cartridge. 2-
3 trigger pulls should be wasted from every new cartridge to ensure two-part
chemicals have sufficiently mixed

. Holes for chemical anchors drilled with a diamond coring machine instead of a hammer
drill when not specified
. Drill hole not cleaned properly

o Cleaning procedure is specific to anchor type and installation method, always refer to
manufacturer’s instructions. As a general rule, drill holes should be blown out,
brushed and then blown out again. Brushing should be performed along the full length
of the drill hole with a steel wire brush with diameter larger than the hole size

. Straightening anchors installed on an angle with high impact force such as hammering

7. Interpreting Proof Test Data

Proof test reports may not explicitly state whether an anchor has failed as failure criteria can often be
dependent on the engineer’s requirements for the specific application. For this reason, it is important
to have considered a failure criterion when specifying anchor proof testing on a project and discuss it
with the testing organisation before test works commence. In Australia, AEFAC TNO5 Vol 2 Guidelines
advise the measured load applied to an anchor should not drop more than 10% within 30 seconds of
achieving the peak load. Australian Engineered Fasteners and Anchor Council, 2020 (5). The Author
describes the measured load 30 seconds after achieving peak load as the 'sustained load', other
testing organisations may title this differently.

As a minimum, the results section of a typical anchor proof test report should show the proof load,
peak load and sustained load for each test performed along with any observations of note. Peak loads
should be very close to proof loads, large discrepancies indicate the anchor has been over or under
loaded. Both cases will affect the quality of the test data with overloading potentially causing damage
to the anchor.

Sustained loads reading close to the 10% mark after 30 seconds are not necessarily cause for
concern providing there is justification by the Testing Organisation. Sustained loads can vary
depending on installation conditions and load relaxation which are product and base material
dependent characteristics. Sustained loads may appear lower than 10% after 30 seconds from
achieving the peak load due to non-failure related effects such as movement of the test rig, local



crushing of base material underneath test rig supports or slippage of the jaw set (reinforcing bar only).
A testing organisation with experience in site testing anchors should be able to identify if a low
sustained load is due to anchor displacement or external factors. In any case, tests with low or
significantly inconsistent sustained loads should be repeated to confirm initial interpretations.

8. Where Does Proof Testing Fit into the Project Schedule?

The best time to perform proof testing on new anchors is immediately after the chemical has cured or
anytime when there is clear access and visibility of anchors and surrounding base material. For
mechanical anchors, testing can be performed instantly. Tests can be performed quicker if there are
fewer obstructions. Avoidable obstructions can make testing a costly exercise or not possible at all.
Where fixtures are installed over an anchor prior to testing, test data and observations can be affected
or inhibited.

Where the test rig configuration applies a compression load to an installed fixture during testing, there
is a risk that part or all the chemical surrounding the anchor can become confined (not just the base
material). Many installation errors affect the chemical to concrete interface (dust, cored hole etc.).
Confining the surrounding chemical limits the tensile forces applied at this critical interface potentially
affecting test results by restricting the possibility of failure. Installed fixtures may also obstruct visible
signs of failure which can form during testing such as cracks, spalling or displacement.

Existing anchors should be unloaded prior to performing testing in the event of a failure. Where
possible, elements fixed to and surrounding existing anchors should be removed. The feasibility of
removing structural elements should be considered when requesting testing on existing connections.
Where a fixture overlays the chemical and cannot be removed, packing between the fixture and the
surrounding base material may be required to offset the fixture from the chemical surface as shown in
Figure 7 and Figure 8.

Figure 7: Photo of Packers Between Figure 8: Photo of Test Rig Installed Over
Baseplate and Concrete Offset Baseplate

9. Identifying Suitable Anchor Testing Organisations

To successfully identify installation errors and perform effective quality assurance, the proof test data
collected from site must be reliable. Engaging a testing company with experience in anchor testing
and knowledge on how anchors are installed and how they fail is paramount to ensuring test data is
accurately captured and reported.

Testing organisations with expertise in anchor testing should be able to comply with the following
requirements adapted by the author from guidance provided by VicRoads and British Standards.

. The ‘Testing Organisation’ must have their equipment regularly calibrated (minimum
annually) and be able to provide a calibration certificate upon request.

. Test personnel must have at least 5 years experience in the testing of anchors and be
able to provide a detailed methodology and develop a failure criteria upon request.

. Test personnel must have in-depth knowledge about how anchors work, how they are

installed and how they fail.



. To avoid a conflict of interest, the ‘Testing Organisation’ should be an independent entity
to the builder and installer.

. The ‘Testing Organisation’ should be able to provide all test findings in a comprehensive
technical report, preferably certified by a licenced engineer.

10. Conclusion

Anchor testing as a site-based investigation tool can provide rapid feedback on the performance of
post-installed anchors and can be easily deployed on any project, application and substrate. In safety
critical applications anchor testing can deliver real data on installation quality, reducing risk on all
project stakeholders by identifying mis-installed specimens before they become dangerous. Technical
guidance is offered by British Standards, AEFAC, and VicRoads including methods for the derivation
of test loads and test quantities. Test specifics such as test load and quantities should be determined
through a risk-based approach to the provided guidance considering installation risk, consequence of
failure and overall system redundancy. This approach is optimised for safety and effectiveness by
developing application-specific values rather than applying generic values to all applications.

The lack of certifying requirements for anchor testing organisations in Australia, exposes the industry
to the risk of poor-quality data captured from sites. Vigilance is required in the selection of testing
personnel to ensure a conflict of interest is avoided and tests are performed correctly, and findings are
reported accurately. Testing organisations should be independent and must possess strong
knowledge of the workings of anchoring system with at least 5 years experience in testing anchors. A
predetermined failure criteria based on visual signs, anchor displacement and load feedback can offer
objectiveness in a pass-fail test regime. Displacement monitoring can further reduce human-based
deduction by measuring movement of the anchor during a test and assessing against predetermined
displacement thresholds.

The author’s site-based anchor testing experience has found that anchor mechanics and installation
risk is poorly understood by installers. It is the author’s opinion that insufficient knowledge combined
with time-pressure working environments underpins the large variance in installation quality across
industry. All project stakeholders can directly reduce installation risk and educate installers through
regular specification of anchor testing across all types of projects.
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