Common errors in installation of post-installed fasteners
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Abstract: Post-installed fasteners offer flexibility in layout for connecting structural and non-structural
components to existing concrete. They are widely used as means of connections in buildings and
infrastructures.

The best fastening product is only as good as its installation. Poor installation practices are one of the major
contributing factors for failures of post-installed fasteners around the world.

This paper discusses common errors in the installation of post-installed fasteners, critical items for
supervision of installation and common misconceptions of site testing of fastenings.

Keywords: post-installed, fasteners, installation, supervision, site testing, errors,

1. Introduction

Post installed fasteners such as mechanical and chemical fasteners are widely used to connect structural
and non-structural components to existing structure. The main advantage offered by post-installed fasteners
compared to cast-in fasteners is the flexibility for layout of fixings and ability to attach fixtures to existing
structures. Cast-in fasteners require proper setting in correct location and depth along with proper
compaction of concrete around the fastener during casting to ensure its performance.

On the other hand, there are more steps involved in the installation of post-installed fasteners especially
chemical fasteners, hence they are more prone to errors. It is imperative that installers of post-installed
fasteners for safety-critical applications have the necessary competencies and experience to install
fasteners as per manufacturer’s installation instructions.

Road authorities’ specifications such as VicRoads Section 680, Transport and Main Roads (TMR) MRTS86,
Australian Standards such as AS 5216 for design of post-installed and cast-in fasteners in concrete and AS
5100.1 for bridge design, require demonstration of installers’ competencies to the relevant authority via the
AEFAC Installer Certification Program (www.aefac.org.au/certification.php) and/or product specific
supplier’s training. The AEFAC Installer Certification program has been developed to promote best practice
for installation and to safeguard human life. An AEFAC Certified Installer has demonstrated the ability to
understand and execute Manufacturer’s Installation Instructions (MIl) on how to properly install fasteners
through written and practical examinations. The certified installer must be capable of assessing ambient
conditions, concrete condition, materials, equipment, and tools for installing mechanical and chemical
fasteners. The certified installer must also demonstrate when it is necessary to consult a supervisor or
project engineer during installation.

Internationally, mandatory training and design standards for fasteners were put in place following
catastrophic fastener failures. In Australia, the Australian Engineered Fasteners and Anchors Council
(AEFAC) was founded in 2012 by Swinburne University and major fastener manufacturers/suppliers in the
industry to introduce governance and elevate safety in the industry.

The following section reviews the critical steps in the installation of post-installed fasteners with the focus
on chemical fasteners as there are additional parameters such as temperature and moisture affecting
chemical fasteners’ performance as compared to mechanical fasteners.


http://www.aefac.org.au/certification.php

2. Important requirements for installation of post-installed fasteners

An installer should be capable of reading, understanding and executing instructions found in:
e appropriately detailed specifications,

e manufacturer’s installation instructions (Mll),
e material safety data sheet (MSDS) and
e prequalification documents (such as an ETA) for a given product.

In the AEFAC Installer Certification Program, an installer is given an engineering specification for an
fastener product to be installed. The installer will need to select the correct installation instructions
corresponding to the specified fastener, equipment and tools for the required installation. It has been
observed that some participants of the certification program may face challenges in fully comprehending
and carrying out the installation instructions..

The installer should ensure the correct drilling and setting tools are adopted for the installation of an
fastener. Appropriate personal protective equipment such as eye protection, dust mask, hearing
protection and gloves must be worn when carrying out installation work. It should be noted that the
manufacturer’s installation instructions / ETA of a product does not provide advice on dust management
control. Additional measures may be necessary to control the risks associated with exposure to silica dust
from drilling into concrete/masonry and also cleaning of drilled holes.

2.1 Drilling
Drilling is the first step of installation. Concrete surface should be clear of debris and water as this will
reduce the potential of introducing contaminants into the hole during drilling.

Drilling a straight hole perpendicular to the concrete surface can be challenging if the installer does not
check both planes for perpendicularity (look forward and sideways, refer Figure 1a) while drilling. The
AEFAC Installer Certification Program allows no more than 5° deviation for fastener perpendicularity (refer
Figure 1b) in the practical exam for installers (AEFAC, 2019).
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a) check both planes while drilling b) check fastener perpendicularity
Figure 1: Ensuring fastener perpendicularity during drilling, fastener alignment should be *+5° from
perpendicular.

2.1.1 Drilling method

The default drilling method for all post-installed fasteners is the rotary hammer drill. The type of drill
employed has an influence on the functioning and fastener’s capacity. For chemical fasteners which
relies on bond with concrete interface, the rougher sides of a drilled hole give a higher bond
capacity. The wall of a hole drilled by a rock drill is rougher than that of a rotary hammer, while the
diamond core drill tends to produce a smoother hole. Hence rock drilling generally increases the



bond capacity while diamond core drilling generally reduces the capacity. It should be noted that not
all chemicals are compatible with diamond core drill. Polyester type chemical tends to have more
shrinkage compared to epoxy type chemical; hence they are usually not compatible with diamond
core drill. Always refer to manufacturer’s installation instructions for the acceptable types of drilling
methods, by default the rotary hammer drill should be used.

2.1.2 Size of drill bits

Whilst it may seem straightforward that the correct size drill bit is used for the fastener size installed,
errors are still observed in industry with using the wrong size drill bit. A M16 chemical fastener will
typically require a 18mm size hole while a M16 screw fastener will require a 16mm hole. Common
errors observed are (i) the same size hole was drilled as the diameter of chemical fastener or (ii)
assuming that size of hole to be drilled for chemical fastener is the same across different products.
This assumption is incorrect. For M20 chemical fasteners, some products may require 24mm
diameter hole while others may require a 22mm hole diameter.

The performance of mechanical fasteners such as concrete screws and torque-controlled
expansion fasteners is very sensitive to tolerance of drilled hole. Using a large size drill bit will result
in the mechanical fastener not engaging with the concrete. Using a worn-out drill bit also poses a
problem with very tight tolerance which may result in premature damage of concrete or the fastener.

2.1.3 Hitting reinforcement

It is common on site when drilling into concrete to hit obstructions such as reinforcement bars or
services that may be embedded in the concrete, A common and major installation error is stopping
the fastener short when hitting reinforcement. This has detrimental effects on the performance of
fastener as the fastener’s capacity is tied to its embedment depth. Stopping an fastener 50% short
of its embedment depth, would result in reduction of over 60% of its capacity (Note: concrete cone
capacity for fasteners is proportional to its effective embedment depth, he"1.5). An installer needs
to notify the supervisor immediately if obstruction is encountered to seek advice from the design
engineer. Drilling through reinforcement without the engineer’s approval should not happen as
integrity of the structure may be compromised. If tendon is present, this could be highly dangerous
as drilling through tendon may have explosive results, risking lives.

a) fastener with incorrect protruding length b) mark on fastener rod
Figure 2: Fastener stopped short of required embedment depth, mark on fastener rod not level
with concrete surface.



2.2 Cleaning

The correct sequence for cleaning dust from drilled holes is “blow — brush — blow”. Number of repeats for
the blow-brush-blow sequence will differ from product to product; in general, this can vary from 2 to 4
times. Cleaning the holes for mechanical fasteners may only require blowing (no brushing required) but
that is not always the case. It has been noted that some installers have made incorrect assumptions
regarding the proper installation of mechanical fasteners, assuming that blowing alone is sufficient in all
cases.. Installers must refer to product specific cleaning instructions.

Blowing can be achieved with hand pump or air compressor. It is important to note that, in general, air
compressor is required for holes with larger diameter (typically more than 20mm) / deeper embedment.
Also, if a fastener is designed for cracked concrete application, an air compressor must be used instead of
the hand pump. The installation instructions in a product prequalification document (such as an European
Technical Assessment, ETA) will clearly mention this requirement.

It is also very important that the tip of the air compressor / blow pump can reach the end of the drilled
holes to effectively blow out dust. Common error observed on site includes: installers blowing from the top
of the hole due to inadequate length of nozzle rather than from the end of the hole.

Blow-out pump
Clean, oil free air
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Figure 3: Blowing equipment: Hand pump (top), air compressor (bottom). Air compressor is
generally required for larger size diameter holes and deeper holes

2.3  Injecting chemical

Figure 4 shows the typical equipment to inject chemical. It is important to use the correct dispenser for the
cartridge and to seat the chemical tube/ cartridge properly. Using an incorrect dispenser or improper
positioning of the cartridge may result in incorrect pressure applied to the cartridge or damage to the
cartridge resulting in poor mixing of chemical components. Each chemical tube comes with its own
designated dispenser and mixing nozzle for proper mixing of chemical components. There should be no
mix and match of dispenser and mixing nozzle. If a mixing nozzle can fit to the chemical tube — it does not
indicate that it is the correct mixing nozzle. Improper use of the mixing nozzle may impair the performance
of the chemical.

Examples of gross and dangerous error encountered on site include removing of static mixing element
from the mixing nozzle or cutting the mixing nozzle short for faster injection which render the mixing
nozzle incapable for mixing the chemical components. Hence proper training for installers is crucial to
facilitate understanding of function and boundaries of use for each installation component.
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Figure 4: Equipment for injecting chemical (AEFAC, 2019).

Discarding initial chemical mix until uniform colour is achieved (refer Figure 5) every time a new cartridge
and mixing nozzle are used, is crucial. It is worth noting that once the gel time/working time is passed, a
new mixing nozzle needs to be used. Gel/working time is the time taken for a chemical to become a non-
flowing material from the time at first mixing.

If the initial mix is not discarded, the quality of bonding achieved can be very poor which will contribute to
failure like the canopy collapse in Figure 6. The canopy collapsed in Georgia, Atlanta seven years after
installation and the chemical in the holes was found to be still mushy after failure happened.

Figure 5:
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a) canopy collapsed b) improperly mixed chemical in holes
Figure 6: 17th Street Bridge Canopy Failure (WJE Associates Inc., 2011).

2.4 Torque

The common practice in Australia is to tighten fasteners using a rattle gun. This is a gross error as the
rattle gun could easily over-tightened the fastener causing damage to concrete and/or fastener. There is
no means to accurately measure the torque on a rattle gun. Under-tightening a torque-controlled fastener
would result in excessive displacement of fastener when loaded. A calibrated torque wrench should



always be used for installation of torque-controlled expansion fasteners which require the exact amount of
torque to ensure proper engagement to concrete. A screw fastener typically does not require an
installation torque. Best practice for installation of screw fastener is using a rattle gun to drive the screw
fastener until the fastener head is close to concrete surface. Then using a torque wrench to complete the
installation and ensuring that the torque applied does not exceed the prescribed installation torque.

2.5 Other factors — temperature, moisture

There are other factors affecting performance of chemical fasteners as compared to mechanical
fasteners. Temperature plays an important role in chemical reactions. The rate of the chemical hardening
(curing) process is dependent on the temperature of the base material. The higher the temperature the
faster the hardening process will occur. When the temperature gets too low, the chemical reaction may
stop all together which compromises the bond of the chemical. As a rule of thumb, a 10°C increase in
temperature approximately doubles the reaction rate. It is always required to refer to manufacturer
installation instructions for the allowable temperature range for installation and also for storage purposes.

Moisture content in the hole may have a significant impact on bonding performance. Unless the particular
chemical product allows for wet or submerged application, the concrete should always be dry prior to
injecting chemical. Unless stated otherwise, moisture in the hole will have a cooling effect on the
chemical; hence the curing time is typically doubled for wet conditions. It is worth noting that there is a
general decrease of 25-30% in bond strength when a hole is flooded with water.

It is recommended to wait 28 days after concrete is first poured for installation of chemical fasteners to
allow concrete to achieve full strength and to dry up or complete curing. This reduces excess moisture
content in the concrete as many chemicals do not bond well to wet concrete. Chemical fasteners may be
allowed to be installed earlier once the concrete achieves the design strength specified by the design
engineer, provided the installation instructions does not state otherwise.

3. Supervision

Supervision of installation of post installed fasteners should only be conducted by supervisors who are
experienced and suitably competent in the installation process of the specific fastener product to be
installed on the project. Supervision is required to check critical steps in installation are adhered to. For
chemical injection, it is imperative to check that installers discard initial mix of chemical every time a new
mixing nozzle is used and the gel and curing times are observed to avoid premature failure. For chemical
products (polyester type) that have a very short gel time (i.e. time available to complete installation before
chemical starts to harden). The supervisor in charge will need to oversee the workflow accordingly to
ensure installation is completed within the short time span usually around 5 minutes for polyester at room
temperature of 20°C (product dependent). As discussed earlier, different fastener products may have
different installation requirements — drilling, hole preparation, gel and curing times which requires a
suitably competent installer and supervisor to assess adequacy of installation. Supervisors will need to
contact design engineer for instruction if issues such as hitting reinforcement, existing crack in concrete,
potential conflicting installation instructions with engineering specifications (for e.g., edge distance
specified in engineering drawing is closer than minimum allowed for specified product) are encountered.

4. Site testing

Site testing of fasteners may be conducted to check for installation (proof test) or to check for capacity of
an fastener in a substrate (ultimate test). Ultimate test is usually conducted in masonry or other forms of
substrates / conditions (small edge distance) where performance of fasteners is not known.

Proof test is typically conducted to check installation of chemical fastener. A confined test is normally
conducted as shown in Figure 7. The proof load applied should not exceed the minimum of (i) 70% of the
yield strength of fastener to prevent premature damage to the fastener rod and (ii) ultimate limit state design



capacity. It should be noted confined proof load test may not be able to detect inadequate embedment depth
which would result in premature concrete cone failure if bond strength of chemical is very high.
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Figure 7: Confined Test Setup (AEFAC Technical Note 05).

5. Conclusions

Post-installed fasteners play an important role in connecting structural and non-structural elements to
base material. Many fastener failures that have occurred were largely due to poor installation practices.
Whilst proof testing of fasteners on site may detect poor installation, it does not safeguard/check against
all installation errors. Further it is important not to damage the fastener during proof testing which may
happened due to excessive proof load specified. The key to ensuring a post-installed fastener achieved its
intended design strength is to install the fastener according to its manufacturer’s installation instructions
with the correct embedment depth. Training and certification to check for installers’ competencies is
prudent for safety-critical applications.
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