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Abstract: In today’s rapidly evolving construction
landscape, where productivity, safety, sustainability,
and alignment with international best practices are
paramount, one critical area that warrants greater
attention is the design and installation of fastenings
in concrete structures. Fasteners play a vital role in
retrofitting, structural strengthening, and new
construction,  especially where cast-in-place
reinforcement is impractical or insufficient. EN1992-4
(EC2-4), the Eurocode standard for the design of
fastenings in concrete, offers a rigorous and
comprehensive framework that addresses both
safety and long-term durability. It provides
standardized methodologies for various fastening
types and loading conditions, ensuring the consistent
and reliable performance over a structure’s intended
service life. Though EC2-4 is firmly established in
Europe and other mature engineering markets, its
adoption across Southeast Asia is still at varying
stages of maturity. In Singapore, EC2-4 has been
officially adopted and applied to all projects. Malaysia
has recently begun adoption, calling for greater
awareness and technical integration among
designers and contractors. Vietham is in transition
toward Eurocode alignment. This regional
divergence presents both challenges and
opportunities to standardize anchorage design
practices, enhance construction safety, and future-
proof performance across the region. This article
aims to explain EC2-4 adoption by exploring its
design philosophy, methodology, and calculation
procedures. It also highlights essential topics such as
design life considerations, EOTA-qualified products,
and testing standards. Recognizing the potential for
site-level execution issues, the article also discusses
common installation mistakes and provides practical
recommendations.
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Toém tét: Trong bbi canh nganh Xay dung phét
trién nhanh véi yéu cau cao vé ndng suét, an toan,
tinh bén vitng va sw phu hop véi théng 1é quéc té,
viéc thiét ké va thi cong céc lién két neo trong két cau
bé tbéng ngay cang quan trong do ching déng vai tro
thiét yéu trong cong tac cai tao, gia cuong két cau va
x4y dung maéi, dac biét khi viéc bo tri cot thép dat sén
trong bé téng khéng kha thi hodc khéng dép tng day
dud yéu cau. Tiéu chuédn EN 1992-4 (EC2-4) cung cép
mot hé théng quy dinh chét ché va toan dién vé thiét
ké cho nhiéu loai lién két neo st dung trong bé téng
nham bdo dam kha néng lam viéc 6n dinh va tin cay
trong sudt tudi tho thiét ké cua két cau. Tuy nhién,
murc do &p dung EC2-4 tai khu virc Dong Nam A hién
van chwa déng déu. Trong khi da duoc chinh thic 4p
dung cho céac dw &n xay dwng tai Singapore, EC2-4
bt ddu dwoc dat ra yéu cdu néng cao nhéan thirc
clng nhw tdng cwong tich hop cac quy dinh Ky thuéat
cla tiéu chuén dé &p dung trong céng tac thiét ké va
thi céng tai Malaysia. Viét Nam hién van dang trong
qué trinh chuyén déi theo huéng hai hoa véi hé théng
Eurocode. Thuc té nay vira dat ra thach thiece, vira
mé ra co hoi dé théng nhat héa cac phuwong phép
thiét ké lién két neo, nang cao an toan thi cong va
bdo dadm kha ndng dap (rng cac yéu céu ky thuét
trong dai han trén pham vi toan khu viee. Bai bao nay
trinh bay va lam ré viéc ap dung EC2-4 théng qua
viéc phan tich triét ly thiét ké, phuong phéap thiét ké
va cac quy trinh tinh toan cua tiéu chuén. Béng thoi,
nhitng ndi dung quan trong nhw yéu céu vé tudi tho
thiét ké, cac sén phdm duwoc danh gié/chirng nhén
theo hé théng EOTA va céc tiéu chuén thi nghiém
ciing duoc dé cap. Véi nhan thirc vé céc van dé cod
thé phét sinh trong qué trinh thi cong trén céng
trvong, nhing sai sét thuong gép khi 18p dat hé
théng neo ciing duwoc phén tich, tr d6 duwa ra cac
khuyén nghi phu hop trong thuec tién.

T khoa: neo, bé téng, két cdu, lién két, tiéu
chuén chau Au
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1. Introduction
1.1 The hidden risk in concrete connections

In structural design, engineers or designers tend
to focus on the primary load-bearing elements such
as beams, columns, and slabs. These components
are typically designed in compliance with local or
international codes. However, in both buildings and
civil infrastructure, there are many other structural
and non-structural members remain important as
illustrated in Figure 1. The design for connections,

especially for those between concrete and steel
members, has yet to receive the same level of
attention. In many cases, this important work is
sometimes left to the contractor or installer, or
handled using basic experience, generic detailing, or
rule-of-thumb methods. In some cases, designers
may assume that a single-anchor capacity can
represent an entire anchor group, without proper
consideration for edge distance, spacing, or load
interaction effects.

Type of
Connections

Structural

Non-Structural

Primary Secondary Temporary

Non-engineered Engineered Temporary

Figure 1. Different types of connections

Itis also quite frequent to see anchor performance
being validated only through pull-out tests, without any
consideration of long-term factors such as creep,
fatigue, corrosion, and design life. This oversimplified
approach neglects the fact that fasteners are often the
final link in the structural load path, transferring loads
from elements or secondary
components back to the main structure. In many
cases, the entire performance of a structural system
depends on just a few anchors or fasteners. If these
are not properly designed, installed, or verified, they
can become the weakest point, leading to serious
failures, damage, or life-safety
hazards.

non-structural

structural even

In many projects, fastenings are still treated as
minor components by being often left to the discretion
of suppliers or installers. This disconnect between
structural intent and connection execution is not only a
gap in safety, but also a missed opportunity to raise
engineering standards and achieve consistent
compliance with global best practices.

That is why fastening systems are not just a fixing,
they are structural components that require proper
engineering design, product qualification, and
installation control. As a result, there are a number of
well-known provisions for design of this type of

4

structures in the world [1-5], among which the
Eurocode EC2-4 [2] is considered relatively advancing
by using engineered anchoring solutions, with clear
design methodology, ETA-approved anchors, and
verified installation methods, ensures load path
integrity, durability, and safety under demanding
conditions such as cracked concrete, seismic actions,
and long-term service.

Figure 1 presents a classification of connections
along the structural-non-structural and primary-
secondary axes for concrete-to-steel interfaces. The
EC2-4 design principles, edge distance, spacing, load
interaction, and long-term performance are required to
be applied to the fastening connection to guarantee
reliable load transfer.

This article aims to share the hidden risks posed
by inadequate fastening design and explain EC2-4 as
the technical foundation for post-installed fastening
applications in the region. It will also cover the
standard’s design philosophy, methodology, and
qualification requirements, and provide practical
guidance to improve design reliability, construction
quality, and long-term structural performance across
Southeast Asia.

1.2 The role of fastenings in modern structural
design

As buildings grow taller and infrastructure
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becomes more complex, fastening systems in
concrete play an increasingly critical structural role.
These systems are no longer used solely for
attaching simple or lightweight elements. Instead,
they are responsible for transferring structural loads.
With the increasing complexity and challenges of
modern building design and infrastructure, fastening
systems have become more integrated, and their
performance requirements continue to rise. Post-
installed fastening and cast-in fastening (e.g. headed
studs and cast-in channel) systems must now meet
the same expectations for productivity, safety, and
reliability as any primary structural component. They
are also expected to contribute to overall
sustainability goals.

Post-installed fastenings, such as mechanical
anchors or chemical anchors, are widely used in
various applications throughout buildings and civil
infrastructure. These include structural connections
whether  primary or  secondary, structural
strengthening or retrofitting, support for building
envelope or facade systems, anchoring of

mechanical, electrical, and plumbing (MEP) systems,
and in situations where elements were not planned
during the original construction phase, as illustrated
in Figures 2, 3 and 4. In such cases, where cast-in
solutions are not practical, drilling and anchoring
become the only viable option.

Although post-installed fastenings and cast-in
channels are commonly used in construction, the risks
of failure due to poor design or installation are often
underestimated. Improper design, incorrect product
selection, or faulty installation can lead to various
types of failures, such as localized concrete breakout,
equipment or asset collapse, failure of MEP supports,
and service disruptions. In more severe cases, such
failures may even result in structural damage and pose
significant safety hazards to the public. While the cost
of fastening systems represents a relatively small
portion of the overall construction budget, the
consequences of failure can be substantial. Such
incidents may lead to project delays, legal liabilities,
reputational damage, and significant financial losses.

Figure 2. Typical fastening application for buildings

Parapet/railing posts
Crash barrier posts W

Bridge parapjet |
. anchorage "
s 1

Expansion joint
device anchorage

Litengar/
Bridge deck signa%es

strengthening

Inspection
platform
brackets

Drainage/scuppers
& pipe supports

Inspection platform

Drainage
scuppers & pipe
ancnorge

Figure 3. Typical fastening application for bridges
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Suspended MEP Support

Temporary
Fixing

sl
A

Pipe and Conduit
Fastenings

Suspended Ceiling

Lighting and Signal
System Anchoring

Permanence Fixing

Emergency Walkway

Figure 4. Typical fastening application for tunnel structures

With increasing demands such as higher loading,
thinner slabs, smaller edge distances, and more
aggressive environmental conditions, the importance
of proper design for post-installed anchors has
become more critical than Traditional
approaches such as rule-of-thumb methods, single-
anchor design assumptions, or reliance on generic
load tables are no longer considered reliable.

ever.

Modern safety expectations require that all
structural elements, including anchors, be properly
designed, thoroughly documented, and independently
verified. National building authorities, engineering
consultants, and insurance providers are increasingly
expecting designers to adhere to established
standards such as EC2-4 [2] and to specify qualified
products, such as those with European Technical
Assessment [6-9]. This approach helps eliminate
ambiguity and ensures design accountability.

Consequently, fastening systems should no longer
be regarded as minor or secondary components.
Instead, they must be treated as integrated parts of the
load-bearing structure, requiring rigorous structural
design and full documentation as shown in [10-18],
based on which practical tools like Hilti PROFIS
Engineering are developed to support engineers in
achieving accurate design by considering all different
elements during design (as shown in Figure 5) and

ensuring compliance with the code [19-22].

Anchor /

Metal / Steel Fasteners

profile

Stand-off
Baseplate

Base material /

Base Structural

Figure 5. Elements to be considered for fastening
connections design

2. The rational philosophy of EC2-4 fastenings in
concrete

2.1 Engineering resilience: Safety, durability and
service life in EC2-4

EC2-4 is dedicated to the design of fastenings in
concrete, covering both cast-in channels, headed
studs and post-installed fastenings. One of its core
principles is a strong focus on long-term performance,
ensuring that fastenings are not just strong at
installation, but continue to provide reliable, safe, and
code-compliant  performance  throughout the
structure’s full-service life. Fastenings in concrete can
be designed following the provision of EC2-4 (as
shown in Figure 6) and should be treated as critical
load-transfer elements, not just fixings, but engineered
anchoring solutions.
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Steel Structure

EN1203 (EC9) Post-installed

Fastening (EC2-4)

Concrete Structure
EN1992 (EC2)

EN 1990
Basis of Structural Design
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EN 1991

Actions on Structures
___________________________ | ————
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Structural Safety, Serviceability and Durability
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Geotechnical Design Seismic Design

I

Figure 6. Links between the Eurocodes and the focus on EC2-4 for post-installed anchors

EC2-4 adopts the design working life principles
established in EN 1990 and EN 1992-1-1, with typical
expectations of 50 years. This long-term perspective
reinforces the concept of engineering resilience,
where fastenings contribute directly to load path
integrity and help the structure maintain safety,
function, and durability under evolving loads and
environmental conditions.

Beyond strength checks, EC2-4 ensures that
anchor design is fully integrated into the structural
design process, supporting consistency in load
assumptions, material selection, and safety factors.
This promotes design-to-installation accountability,
helping to close the gap between engineering intent and
real-world construction practices.

To ensure reliable performance over decades,
EC2-4 requires that fastening systems be assessed
for a range of real-world durability factors, including: (i)
Corrosion: Particularly in humid, marine, or chemically
aggressive environments. Anchors must comply with
exposure-specific  durability classes to resist
degradation over time; (ii) Creep: Time-dependent
deformation under sustained loading, especially
relevant for bonded (chemical) anchors. EAD 330499
[3] mandates creep testing and limits allowable
displacements to prevent long-term performance loss;
(iiiy Fatigue: For applications with repeated or cyclic
loading; and (iv) Installation accuracy: Even ETA-
certified anchors can underperform if installed
incorrectly. Sensitivity to the installation of fasteners is
assessed in qualification procedure. The result is
shown as a product-dependent installation safety
factor in ETA.

In practice, many projects still rely on pull-out tests,
simplified datasheets, or basic loading tables without
fully considering key design parameters such as: (i)
Base material condition (e.g., cracked vs. uncracked
concrete); (ii) Edge distances and anchor spacing; (iii)
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Group interaction effects; (iv) Creep and fatigue
performance; and (v) Sensitivity to poor or inconsistent
installation.

Anchors that are not ETA-certified, or lack
validated long-term performance data, have not
undergone the full suite of qualification tests under
combined and sustained loading conditions. As a
result, they may perform adequately in the short term
but suffer premature failure, loss of capacity, or require
costly maintenance and retrofitting down the line-
introducing avoidable risks to safety, schedule, and
budget.

Depending on the application conditions the design
according to EC2-4 requires fasteners that are qualified
for: (i) Cracked and uncracked concrete conditions; (ii)
Seismic and fire conditions when applicable; and (iii)
Sustained, cyclic, and dynamic loads.

By addressing these factors, EC2-4 supports a
holistic approach to fastening design, ensuring
anchors are not only strong on paper but also durable,
resilient, and dependable throughout the structure’s
design life.

2.2 EC2-4 design philosophy, methodology and
gualifications

EC2-4 provides engineers with a clear, consistent,
and performance-based methodology for the design of
fastenings in concrete. It supports engineering
resilience by ensuring safety, durability, productivity,
and sustainability throughout a structure’s service life.

Aligned with the core principles of EN 1990 (Basis
of structural design) [23] and EN 1992-1-1 (Design of
concrete  structures)] [24], EC2-4 employs
characteristic values, partial safety factors, and limit
state verifications. This ensures reliable anchor
performance under diverse conditions and allows for
seamless integration of fastening design into the
overall structural system.
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To accurately reflect real-world site conditions,
EC2-4 classifies loads into specific categories. This
classification guides engineers in selecting the
appropriate anchor system based on application
requirements, ensuring qualified and verified
performance: (i) Static loads: Constant or slowly
applied loads like dead loads or suspended services;
(il) Quasi-static loads: Gradually changing forces from
wind, traffic, or people movement; (iii) Seismic loads:
Dynamic forces from earthquake. EC2-4 aligns with
EC8 (Design of structures for earthquake resistance)
[25], providing requirements for anchors in seismic
zones, including ductility and displacement checks;
(iv) Fatigue loads: Cyclic loading from machines,
moving vehicles, or vibration; and (v) Fire loads: For
fire events, the load combinations and partial safety
factors specified in EN 1992-1-2 (Design of concrete
structures for fire) [26] must be applied.

A proper anchor design must reflect the actual
application conditions, not just catalogue values,
loading tables or assumptions. Important design inputs
as shown in Figure 7: (i) Concrete condition: Cracked
or uncracked (this affects anchor capacity); (ii)
Concrete strength: For example, C30/37 or C40/50;
(iii) Concrete member thickness: Need to allow the
required anchor embedment; (iv) Anchor geometry:
Diameter, embedment depth, edge distance, and
spacing; (v) Loading condition: Tension (N), shear (V),
and any combined or eccentric loading; and (vi)

Pry-out

Installation method: For example, diamond coring or
hammer drill.

Fastener =,
spacing _ Type & diameter of anchor
o, s, Y
Edge distance “ @ % .3

w -6 Installation method
D>

¥ =\ Concrete member
N C)’” thickness

O D
Concrete strength

&

Loading condition

Concrete condition: crack/non-crack?

Figure 7. Elements to be considered in fastening
connection design

EC2-4 mandates that engineers verify all potential
failure modes to ensure safe and consistent anchor
performance. As illustrated in Figure 8, these failure
modes encompass the entire system from the anchor
itself to the surrounding concrete structure and include:
(i) Steel failure: Tensile rupture or shear failure of the
anchor bolt or rod; (ii) Concrete cone failure: A breakout
of a cone-shaped volume of concrete under tensile
loading; (iii) Pull-out failure: Loss of bond between the
anchor and the concrete, particularly critical for bonded
(chemical) anchors; (iv) Pry-out failure: A lever-action
concrete breakout at the embedded end of an anchor
loaded in shear; and (v) Splitting failure: Cracking of the
concrete member due to anchor installation or loading,
often caused by insufficient edge distance, spacing, or
embedment depth.

e Rt G ST
ol Sl RN
Splitting

e Rl

Edge Breakout

Combined »

Figure 8. Failure modes

Each failure mode is governed by a distinct
resistance model. The design calculations for these
models must be performed using the characteristic
resistance values and specific conditions outlined in
the anchor's European Technical Assessment (ETA)
report. These ETAs are based on rigorous European

Assessment Documents (EADs) [2-3], specifically
design to EC2-4 and other relevant EOTA TRs [4-5].

EC2-4 uses a semi-probabilistic safety approach.
The design is accepted when Re=Eq (Figure 9). This
relationship establishes a design principle in which the
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resistances exceed the effects of action, providing a
built-in safety margin that accounts for variability in

Mean ultimate
Resistance

EAD assessment —~ ETA
(installation, loading,
environmental conditions)

i

Ry = Rk/YM__

material properties, installation tolerances, and

construction practices.

Characteristic
action

Figure 9. EC2-4 design philosophy

EC2-4 requires all anchors to be ETA-certified
(European Technical Assessment). An ETA-certified
anchor enhances the design effect by ensuring the
product has been tested and approved under
standardized qualification protocols through EOTA.
ETA qualification covers: (i) Tensile and shear
resistance in cracked and uncracked concrete; (ii)
Edge distance and spacing limitations; (iii) Creep
behaviour under sustained loading (for bonded
anchors only); (iv) Fire resistance for anchors used in
safety-critical applications (optional test); (v) Service
temperature ranges (for bonded anchors only); (vi)
Displacement limits under load (for crack concrete
and seismic); and (vii) Sensitivity to installation, and
more.

An ETA-validated anchor has passed a full suite
of durability and performance tests, giving engineers
confidence that the anchor will perform safely and
reliably in real jobsite conditions. EC2-4 supports a
structured and practical design workflow. To improve
efficiency and consistency, design software helps
automate the process: (i) Define application
conditions — cracked or uncracked concrete; (ii)
Select an ETA-approved anchor - cast-in,
mechanical, or chemical type; (iii) Input jobsite
conditions - concrete class, thickness, spacing and
edge distance; (iv) Apply loading conditions - tension
(N), shear (V), or combined loads, static, fatigue,

Steel Failure

Concrete
Failure

seismic and fire; (v) Check all failure modes — steel,
pull-out, pry-out, edge breakout, splitting; (vi) Apply
safety factors — based on failure mode; (vii) Verify
safety - ensure that design resistances meet or
exceed design effects of action; and (viii) Document
results - include anchor specifications, ETA
references, layout drawings, and installation notes.

Anchors can fail in different ways when the
applied load exceeds their design resistance. These
failure modes depend on the loading direction
(tension or shear). Each type of loading can lead to
different failure mechanisms, generally classified into
two categories: (i) Steel failure — when the anchor
itself ruptures or yields; and (ii) Concrete failure —
when the surrounding concrete breaks or fails.

Under tension loading (refer to Figure 10), anchor
failure can occur in the following modes: (i) Steel
failure — anchor rod or head breaks or yields; (ii)
Concrete cone failure — a cone-shaped section of
concrete breaks out around the anchor head; (iii)
Pull-out failure — bond failure, most common in
chemical anchors; (iv) Combined pull-out and
concrete failure — simultaneous failure of both bond
and concrete; (v) Concrete splitting failure — cracking
cause by insufficient spacing or edge distance; and
(vi) Concrete blow-out failure — sudden failure at the
bottom surface of concrete, often in thin slabs.

_1
_(

Concrete Cone Failure ‘

Pull-out Failure ‘

Combined Pull-out and

Concrete Failure

_{
_‘

Concrete Splitting Failure ‘

Concrete Blow-out Failure ‘

Figure 10. Different types of failures due to tension loading
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Under shear loading (refer to Figure 11), possible
failure modes include: (i) Steel failure — the anchor
fails due to shear force; (ii) Shear without lever arm —
shear failure at the anchor shaft level; (iii) Shear with
lever arm — bending and shear combined due to

Steel Failure

L

Concrete
Failure

sl

eccentric loading; (iv) Concrete pry-out failure —
concrete breakout caused by lever action of the
anchor; and (v) Concrete edge failure — cracking or
breakout at the concrete edge when anchor is too
close to the edge.

_I

Shear without Lever Arm I

Shear with Lever Arm |

Concrete Pry Out Failure |

_|

Concrete Edge Failure ‘

Figure 11. Different types of failures due to shear loading

Besides provisions based on the individual failure
modes due to tension and shear forces, the
calculation of fastening under combined tension and
shear forces is also specified in EC2-4.

This step-by-step approach ensures design-to-
installation alignment, improves on-site. EC2-4 helps
engineers move beyond simplified, assumption-
based anchor selection. When used together with: (i)
ETA-certified anchors; (i) Design software, for
example Hilti PROFIS Engineering or others, and (iii)
Certified installation practices.

3. Discussions on on-site works conforming to
the Eurocodes

3.1 On-site testing — A tool for installation quality,
not design strength

On-site pull-out testing when used for the purpose
of proof load test is a widely used method on

IN

m

C— axr

construction sites to verify that the post-installed
fastening has been installed correctly. However, it is
important to understand that pull-out testing is not a
substitute for proper fastening design. Misinterpreting
the intent of these tests can lead to unsafe practices,
including over-reliance on unqualified products or false
confidence in poor installations.

Pull-out testing is a quality assurance procedure
that helps identify improper installation e.g., insufficient
hole cleaning, incorrect embedment, poor torque
application. These tests help identify issues such as
poor drilling techniques, inadequate hole cleaning,
improper torque application, or problems with bonding
materials in chemical anchors. Figure 12 shows some
examples of pullout failures that may occur when
fastenings are not installed properly.

Figure 12. Example of anchor pull-out failure due to improper installation

However, the test results do not account for long-
term performance factors like: (i) Creep under
sustained load; (ii) Crack movement or opening in
concrete; (i) Seismic or fatigue effects; or (iv)
Reduction in capacity over time.

Pull-out testing is typically performed in the
following scenarios: (i) Critical applications, such as

10

life-safety systems (e.g., suspended ceilings,
mechanical supports, facade panels); (i) Sampling
plans on large projects to verify a subset of anchors;
(iii) Suspicion of poor installation, including visible
errors or surface contamination; or (iv) New
contractor or unfamiliar product to verify installation
proficiency.
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A common mistake is assuming that an anchor
that passes a pull-out test is “safe” for all loading
conditions. This is not true, since: (i) A successful test
only confirms short-term holding capacity at one point
in time; (ii) It does not verify the anchor's design
resistance under certain load cases (and combination
of those), e.g. crack concrete, seismic, fatigue or
sustained loads; and (iii) On-site testing can not
replace proper design according to EC2-4 [1], even if
the anchor is installed properly.

Pull-out testing is a valuable field verification tool,
but it must not be misused as a substitute for proper
anchor design. When used in the right context, to
confirm correct installation. It increases confidence,
supports quality control, and reduces the risk of future
failures. For reliable, safe, and compliant fastening
solutions, always combine robust design, qualified
products, and verified installation practices.

3.2 Common on-site mistakes that compromise
fastener performance and safety

As highlighted throughout this article, a well-
engineered fastening system is fundamental to
structural performance. However, the theoretical
safety afforded by design and certified products can
only be realized with quality installation. EC2-4
underscores this by explicitly recommending that all
anchors be installed in strict accordance with the
manufacturer's approved instructions and their
product qualification according to European Technical
Assessment (ETA).

Despite these clear guidelines, the reality of
construction sites introduces a critical variable, human
error. This is especially true for post-installed
fastening, where even minor deviations during
installation can significantly compromise load transfer
mechanisms, overall safety, and long-term durability.

Consequently, understanding the common pitfalls
that occur on-site becomes crucial for ensuring a
structure is safe, durable, and compliant. Several
recurrent issues pose the greatest risk:

- Inadequate hole cleaning: Particularly for
chemical anchors, omitting or rushing the cleaning
step is a frequent cause of major bond strength
reduction. Residual dust, debris, or moisture inside the
borehole creates a barrier that prevents the adhesive
from achieving a proper bond with the concrete;

- Incorrect torque or embedment. The
performance of mechanical anchors is highly sensitive
to precise installation. Over-torquing can cause
splitting or edge-related failures, especially when
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installed near edges or in small anchors, while under-
torquing may leave the anchor susceptible to slippage
or pull-out under load;

- Wrong anchor selection: A significant risk arises
when anchors are used outside their qualified scope.
Selecting products not designed for cracked concrete,
seismic activity, or sustained overhead loading can
inadvertently undermine the entire structural system's
safety;

- Untrained installers or poor supervision: While
the physical act of installing an anchor may seem
straightforward, the potential for error is high. Mistakes
like incomplete hole cleaning, incorrect depth, or
omitted components often stem from a lack of
specialized training or external pressures to accelerate
the work pace;

- Weak specification in design phase:
Specifications of product, including installation
conditions (drilling and cleaning method, embedment
depth, etc.) are not transferred to drawings and are
therefore not executed as intended.

Correct installation is not merely a follow-up task
but a critical component of structural integrity. It forms
an indispensable partnership with design, where a
single small error in the field can introduce
disproportionate risk to the installer and to the entire
structure and its occupants.

4. Appropriate practice for reliable fastening
connections

Achieving a safe, durable, and code-compliant
fastening system requires a holistic approach that
extends beyond theoretical calculations. True
reliability is built on four interdependent pillars: certified
product selection, rigorous design, correct installation,
and thorough verification. The following principles are
widely recognized as foundational
anchoring practice.

to modern

4.1 The critical role of ETA-Certified anchors

EC2-4 [2] establishes that anchor design is valid
only when using products qualified with a European
Technical Assessment (ETA) to the relevant European
Assessment Document (EAD) [6-7]. ETA certification
signifies that an anchor has undergone a
comprehensive suite of standardized tests to verify its
performance under a range of demanding conditions,
including: (i) Behaviour in cracked and uncracked
concrete; (i) Resistance to fire and elevated
temperatures; (iii) Long-term performance under
sustained load (creep); (iv) Resilience to seismic

11
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activity and environmental exposure; and (v)
Compatibility with specific installation methods.

Relying on ETA-certified anchors provides
engineers with a critical layer of assurance, as these
products have been validated for performance in real-
world scenarios. For optimal decision-making, it is
essential to consult the full ETA report rather than
simplified catalogue data. These documents contain
vital technical specifications such as: (i) Characteristic
resistance values for different failure modes; (ii)
Minimum permissible spacing and edge distances; (iii)
Compatible concrete strength classes; (iv) Approved
service temperature ranges and environmental
exposure categories; and (v) Detailed conditions for
approved installation.

It is important to recognize that a fastener's
performance is not guaranteed by certification alone, it
is fully realized only when installed within the precise
parameters outlined in its qualification.

4.2 The risk of simplified design approach

While tempting for their speed, design shortcuts
- such as relying on rule-of-thumb methods,
simplified tables, or assumed loads carry significant
risk. These approaches often lead to one of two
outcomes: (i) Overdesigned, which is materially
inefficient and costly, or (i) Underdesigned, which
compromises safety and compliance. This is
particularly critical in applications like seismic
bracing, facade supports, and primary structural
connections.

The engineering community advocates for
robust design processes that utilize dedicated
calculation tools and verify all potential failure
modes as prescribed by EC2-4. Consulting with
technical support engineers from manufacturers can
provide valuable insights for complex projects.
Ultimately, eschewing shortcuts is a fundamental
aspect of professional accountability in structural
engineering.

4.3 The value of on-site testing
assurance

in quality

Proof load tests conducted on-site serve a
distinct purpose: they are a quality control measure
to verify installation integrity, not a substitute for
proper structural design. While not a design tool per
EC2-4, these tests are highly valuable for confirming
workmanship, especially for critical applications
such as: (i) Facade and curtain wall anchors; (i)

Seismic  restraint  systems; (i) Overhead
mechanical, electrical, and plumbing (MEP)
12

supports; and (iv) Structural strengthening and
retrofitting projects.

This on-site validation should always be the final
step in a process that begins with a fully compliant
design using ETA-qualified products.

4.4 Investing in installer training and certification

The theoretical safety of a designed system is
entirely dependent on its physical realization on-
site. Even a superior anchor can fail if installed
incorrectly. Consequently, investing in
comprehensive training for installation crews is
recognized as a critical risk-mitigation strategy.
Effective training ensures that crews are proficient
in: (i) Proper hole cleaning techniques, which are
vital for bonded anchors; (ii) The use of calibrated
tools (e.g., torque wrenches, embedment depth
gauges)l; (iii) Adherence to all installation steps
detailed in the ETA document or manufacturer’s
guide; and (iv) Basic on-site compliance checking.

Formal certification programs for installers are
increasingly seen as a best practice, helping to
standardize quality and reduce errors before critical
work begins.

4.5 Comprehensive documentation for
traceability and accountability

As integral components of the structural system,
anchors require full traceability. Meticulous
documentation  supports  quality
simplifies future inspections, and facilitates any
necessary maintenance or maodifications. A
complete QA/QC file typically includes: (i) The
anchor design calculation report; (ii) The ETA
reference number and product data; (iii) Layout
plans detailing spacing, edge distances, and zones;
(iv) Reports from any proof load tests conducted;
and (v) Photographic records and logs of the
installation process.

assurance,

This documented workflow, from design based
on EC2-4 and ETA-certified products through to
verified installation, creates a transparent and
accountable chain of custody for the fastening
system.

5. Conclusion - Engineering resilience through
rational standards

In today’s construction environment, anchors and
post-installed rebar are no longer just fixings, they are
critical load-transferring components that ensure the
integrity of the structural system. If not properly
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designed and installed, they often become the
weakest link.

EC2-4 provides a clear, consistent, and safety-
focused framework that covers: (i) Anchor design and
failure modes; (ii) Durability and service life; (iii)
Seismic and fatigue resistance; and (iv) Installation
method and quality control;

When used together with ETA-certified anchors,
reliable design software, and proper installation
training, EC2-4 is more than just a code, it becomes a
tool for engineering resilience.
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