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Implementation

This TG includes guidance for
everyone involved in scaffolding
from managers and designers to
scaffolders and supervisors. Its
implementation will require
companies to set out and make
clear to all staff their policy
regarding the anchors they use,
who is responsible for testing
anchors on site, who should be
referred to in case of problems with
anchor capacity and how
information on working loads for
each anchor type in each project is
communicated to scaffolders etc. It
will require training of key staff in
testing of anchors and of all
scaffolders in the correct selection
and installation of the anchors to be
used. It will require method
statements on installation and
testing to be established and made
available to those who need them.




1. INTRODUCTION

This Guidance Note covers the use of drilled in anchors used to tie scaffolding to a building structure. It takes
account of requirements of the NASC document TG20:13 Guide to Good Practice for Scaffolding with Tubes
and Fittings!.

The stability of a scaffold structure is dependent, among other things, on the security of the anchors used to
tie it back. That security depends on anchors being correctly selected and installed and, where necessary,
tested. This Guidance Note sets out the factors to be considered to achieve this. Guidance is given primarily
for designers of scaffold structures in order that they can specify anchors and testing regimes correctly.
Recomm[e]ndations for correct installation are also made and are included in summary sheets for the use of
installerst!,

This guidance is given in good faith but where particular anchor types are discussed the guidance
from the manufacturer concerned must take precedence. No liability can be taken by the NASC for any
adverse consequences arising from this guidance being followed.

1.0 Background

This edition is revised from the version published in 2011 (TG4:11) which is withdrawn. The main changes in
this edition are:

¢ Advice on the use of Nylon PA6 and PA66 plugs and screw in eyebolts — see section 4.3.
¢ Warnings regarding the use of plastic plugs — see sections 4.3 and 6.1 .

e Explanation of safety factors required for Preliminary Testing of Nylon PA6 and PA66 anchors — see
section 6.1.

¢ The potential for corrosion

1.1 Terminology

In this Guidance Note the terms listed are taken to have the following meanings:

Allowable Load
The load which may be applied to the anchor as determined from “Preliminary” tests on site when there is
no manufacturer’s Recommended Load data available for the base material concerned..

Anchor
A component installed in the building structure to transfer the necessary forces between the tie and the
building structure, it may be temporarily or permanently fixed into the structure.

Anchorage
The combination of anchor, a fixture e.g. a bracket, and the immediately surrounding base material on which
the anchor depends in order to transfer the relevant forces.

Masonry
Brickwork, stonework and concrete blockwork

Masonry unit
Individual brick, block or stone within a masonry wall.

Recommended Load
The actual load which may be safely applied to the anchor as quoted by the manufacturer for a specific
base material.

Tie
A component used to connect the scaffold structure with the building structure via an anchor
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Tie assembly
The combination of tie and anchor

Working Load
The load to be applied to the anchor according to the design, also known as Applied Load. It may be taken
from tables in the NASC document TG20 — Guide to Good Practice for Scaffolding with Tube and Fittings
or calculated from first principles. In designs to Eurocode 2 the equivalent term is “Characteristic action” ..

1.2 Approach
APPROACH TO ENSURE SAFE FIXINGS

Check structure will support required loads

Choose an anchor suitable for the base material

I
Know the working load

Concrete Masonry
| |
Check working load is lower Do preliminary tests as
than recommended load required in section 6.1
L I

Chosen anchor to be installed by Competent Fixings Installer

Sample of anchors on every job to be proof tested by
Competent Fixings Tester as section 6.2

2. SELECTING ANCHORS FOR TYING SCAFFOLD STRUCTURES

2.1 General
Aspects which need to be considered in selecting anchors for tieing scaffold structures are:

The type of linkage to the scaffold structure

The base material and suitability of the structure

Working load compared to recommended or allowable load

The way loads are transferred through the ties and the direction they are applied — tension, shear,
bending or a combination.

e The need for testing

¢ The potential for corrosion

2.2 Linkage to the scaffold

Restrictions on the use of “Drop-in” type expansion anchors in brickwork together with developments in new
fixing methods means that the traditional scaffold ringbolt with a large eye and long shank threaded M16,
as illustrated below, is used much less than before. A wider range of methods of linking scaffolds to
buildings is now available, some are described below others in sections 3.3.2 and 4.

Proprietary ties should be fixed with anchors approved by the tie manufacturer whose loading data should be
taken into account.

Most system scaffolding will deploy traditional tie equipment in the same way as tube and fittings; also used

are special link tubes with hooks. These will attach to eye type fixings with internal eye diameters typically of
20 — 24mm.
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3 of 24



Restraint with wire or band through rings or eyes will transfer only tensile loads so compression loads should
be catered for with suitable supports e.g. butting transoms.

Examples of ties

Ringbolt in internally Proprietary tie in Band and plate coupler Special hook in Nylon
threaded socket socket anchor in socket anchor plug and screw in eye
anchor

M16 threaded rod set in socket Threaded coupler on Threaded coupler
anchor and sheathed by tube under stud projecting anchor welded to base plate
compression to avoid buckling
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2.3 Suitability of base material

Not all anchors are suitable for use in all materials. A guide is given in section 4 but manufacturer’s guidance
should be checked and will take precedence over the guidance given here.

Base material Suitable anchor types See section
Concrete Drop-in expansion anchor 4.1
Self-tapping screws 4.2
Nylon anchors with screw-in eyes 4.3
Resin anchors 4.4
Brickwork and Self-tapping screws 421
stonework Self-tapping screws with resin 422
Nylon anchors with screw-in eyes 4.3
Resin anchors 4.4
Concrete blockwork Self-tapping screws 4.2
Nylon anchors 4.3
Resin anchors 4.4

Lightweight blockwork | Check strength and refer to

manufacturer
Timber Screw-in eyes 4.6
Self-tapping screws 4.6
Steelwork Self-drilling & tapping screws 4.5.1
Bolts for hollow sections 45.2
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2.4 Suitability of the structure

The suitability of the building structure to sustain the loads transferred from the scaffold must be checked by
a competent person. In general, concrete elements which are part of the load bearing structure will be suitable
once they have cured sufficiently to sustain the loads. Masonry structures may be suitable if they are load
bearing and of solid, rather than cavity, construction and composed of strong masonry units with sound mortar
joints. Cavity brickwork constructions and cladding panels may not be capable of transferring the tensile and
compressive loads involved. Scaffold structures should not be tied to newly built masonry structures until the
mortar joints have cured sufficiently to withstand the loads and structures have adequate stability. Masonry
structures in the early stages of construction, e.g. domestic dwellings, without the stability gained from floor
joists, internal walls and roof structures need special care. An engineer’s advice should be sought before fixing
into these structures and others which may not be load bearing e.g. areas under windows, parapet walls, etc.

3. TIE LOADS

3.1 General

The following guidance relates to predictable loads arising from normal use of scaffold structures, e.g. wind
loads, as per TG20. Additional, accidental, loads are not covered. Loads arising from fall arrest events should
be considered by the scaffold designer for which useful references include SG4®! and BS EN 795! and BS
788307,

Points to take into account are:

e Working load compared with Recommended or Allowable load.
The working load must be less than or equal to the recommended load (or allowable load) of the
chosen fixing.
If not, the number of fixings must be increased pro rata. This may, or may not, mean increasing the
number of ties.

¢ Loading direction
The way loads are transferred through the tie affects the loading on the anchor.
Tie and anchor capacities vary depending on the direction of the load and design of the tie or anchor.

3.2 Working loads, recommended loads and designh approach

The NASC TG20 Guide to Good Practice for Scaffolding with Tube and Fittings proposes tie patterns for three
classes of tie based on working loads in pure tension as a) light duty ties (3.5kN), b) standard duty ties (6.1kN)
or ¢) heavy duty ties (12.2kN). Where heavy duty ties are not adequate additional ties will be needed. Anchors
should be selected with a recommended or allowable load for the base material concerned which is at least
equal to the working load. It is important to ensure that there exists an adequate margin of safety with respect
to the working tie load. The approaches outlined below and in section 6.1 are intended to achieve this.

Most anchor manufacturers quote Recommended (Safe Working) Loads for concrete and some for other base
materials; these loads may be used for the selection of anchors against the working load as long as the base
material of the structure concerned is known to be at least as strong as that quoted.

Manufacturers’ recommended loads quoted for concrete should not be used for masonry. If no load data exists

or the strength of the base material is in doubt, e.g. masonry or old concrete, then preliminary tests should be
carried out to check suitability and determine the allowable load for the particular structure, see section 6.1.
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Many anchors are available with European Technical Approvals!® (ETAs) and CE marking. This means
anchors have been thoroughly proven against the most rigorous testing regime. Load capacities quoted in
ETAs are based on ultimate limit state approach with partial safety factors quoted in the ETA; this involves a
partial safety factor being applied to the working load. Care must be taken in using quoted load values or
entering data into software to make sure that the values used are compatible with the working loads of the
scaffold design. For instance where, in the traditional anchor design approach, the “Working, or applied
(unfactored) load” must be less than the “Recommended Load”; in the new approach the “Design Action” must
be less than the “Design Resistance”. Bearing in mind that the design action is larger than the working load
by a partial safety factor of around 1.4 and the design resistance is larger than the recommended load, usually
by a similar factor, see 81 1f in doubt refer to the anchor manufacturer.

3.3 Loading direction

NG e B
Loads may be applied to anchors in a variety of ways — tension, ﬁ;‘;'ﬁéﬁ-ﬁ%sion
compression, shear, bending or a combination. Their capacity in these ﬂj:ﬁ.;g:&?@-; SR
directions vary significantly. ‘-*é‘]""::?.:“f

Pl 2 G
It is therefore important to understand where these loads come from %f?&m
and the limitations of anchors and ties in coping with them. s R

Bending

3.3.1 Loads through the structure

Loads may be directed from the scaffold structure through the ties either horizontally or vertically.

VERTICAL LOADS

HORIZONTAL LOADS IN A LATERAL DIRECTION
from wind loads acting on the end of the scaffold structure
or along the sheeted face of this elevation

HORIZONTAL LOADS IN AN AXIAL DIRECTION
are due to wind normal to the face of the structure

3.3.1.1 Horizontal loads

Horizontal loads in the axial direction

This is the major loading the tie assembly must cope with. It derives
from wind loads normal to the structure so the load experienced by the i
anchor may be either tension or compression. Compressive loads are et
frequently taken into the structure by separate props such as extended g

Horizontal loads in the AXIAL direction

"% are transferred to
=+ anchors as either
&

transoms and the assumption sometimes made that the anchor will 53‘:’.,.

therefore see no compressive load. If compressive loads must be "",&..." = By

taken through the ties into the anchors, e.g. when props are removed 5%_ et &;’,w,‘ 7, Compression or
for access of other trades, the manufacturer should be asked to | Gy iae s, Tension loads

confirm if the proposed anchor will support compressive loads and, if
s0, what thickness of structure is needed behind the anchor to support
them. If structural fittings are used the capacity may be limited to the safe working load of the fitting.
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Horizontal loads in the lateral direction

NASC TG20:13 Guide to Good Practice for Scaffolding with Tube and Fittings recommends that account is
taken of the need for certain tie assemblies to transmit horizontal forces, see TG20:13 section 2.1.9. Normally
these loads are catered for by bracing arrangements against structural features of the building; e.g. extended
transoms to each side of a window reveal, butting tubes into returns or recessed areas or plan bracing against
columns. However, if such lateral loads do need to be taken into the structure via ties then it should be
arranged such that loads are transferred through the fixings as shear loads rather than bending loads as most
anchors have poor capacity in bending.

3.3.1.2 Vertical loads

On conventional, independent, scaffolds the weight
of the scaffold itself and any materials carried on it
are taken through the standards directly to the
ground so no vertical load should be transferred
through the ties to the anchors.

Vertical loads

‘ are transferred to anchors as pure
shear or as lateral (bending) loads

Bending capacity of
anchors is very low —
lateral loads should be
transferred in pure shear
wherever possible.

However, in the case of a scaffold supported by the
building structure e.g. on a chimney, or where the
scaffold structure is used to support a temporary roof
and must sustain loads from wind uplift, vertical
loads may arise. These loads should be transferred
to the anchors as shear loads, see 3.3.2.

Bending

3.3.2 Loads through tie assemblies

This section discusses the effect different ties have on load transfer to the anchor.
In this section only, loads applied from the scaffold structure are shown as =————f-
while resulting loads experienced by the anchor are shown as == == == =g

Large diameter ringbolts intended to receive scaffold tubes have only a limited capacity to resist shear force
parallel to the facade because of the distance between the tube and the effective anchorage in the structure
causing bending of the bolt. Ring bolts should preferably be aligned in the horizontal plane to ensure that any
settlement does not apply a vertical bending load into the ringbolt. Significant lateral loads should be taken
through brackets designed to transfer the forces to the anchors as tension or shear loads (see TG20.13)

-

Ringbolts set horizontally with short vertical butt tube fixed to underslung
frame transom with a right angled coupler. Ringbolts set horizontally to
ensure any settlement does not apply a bending load to the ringbolt.
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Pin-jointed bracket Conventional bracket

In both these examples the vertical load
causes rotation about the bottom edge of the
bracket so the top anchor sees a tensile load
and the bottom anchor a shear load and a
very small tensile load.

When used in brickwork hole centre
spacings should ensure fixings locate on
brick centrelines with at least one clear brick
course between.

S

Q370

Band and plate coupler

These couplers are capable of
taking tensile loads or shear loads
(as shown below) and may be
fixed with one or two fixings,
depending on type, the latter will
share the shear load between the
two fixings but centre spacings
will not allow a full brick course
between anchors, which is
recommended.

They should be fixed using a suitable anchor through a chair or saddle which spreads the load and allows the
bolt head of the anchor(s) to bear properly against the saddle without bending. If these accessories are not
used damage to the bolt head is possible.
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3.3.3 Loads on anchors

Tension

The tensile capacity of the anchor is checked by reference to the manufacturer’s quoted performance or by
tests, see sections 3.2 and 6.1.

Shear

In calculating the applied shear load the possibility of shear loads from two sources must be considered i.e.
horizontal loads in the lateral direction and vertical loads. Where this is the case they should be combined to
give one resultant shear load and this used in the selection process.

Recommended shear loads are published by the manufacturers for most anchors in concrete but few quote
values in other materials. Shear testing on site is possible but generally impractical. For significant shear loads
into materials other than concrete refer to the manufacturer.

Bending

Most anchors have very poor bending capacity so vertical loads should always be transferred to anchors as
pure shear. If small bending loads are unavoidable some manufacturers can quote allowable bending
moments for anchors and proprietary ties.

Combined tensile and shear loads

When anchors are subjected to a combination of tensile and shear loads ;‘?f;*", ‘%hy'w ~9 Tensile
it is not enough simply to compare working and recommended tensile and ?'-;‘.‘;3_{
shear loads independently (as in equations 1 and 2 below). A special "'r,:';ﬁ'
check of the overall capacity must be carried out to ensure the fixing will 54,‘9%
not be overloaded, one approach is shown below (Equation 3); refer to A

the specific manufacturer for theirs.

Vo 1o Check that the following conditions are met:
+ a
Shear V,:: Napp < Niec Equation 1
load .

Vap £ Vi Equation 2

Ngp + Vap < 1.2 Equation 3

Nrec Vrec

Where  Nup, (Vapp) = Working tensile (shear) load
Tensile load _— and Niec (Viee) = Recommended tensile (shear) load

4. ANCHOR TYPES |

The anchors discussed here are those currently used within the industry and considered suitable with the
qualifications outlined. Other types may be equally suitable.

When choosing anchors preference should be given, where possible, to anchors which have been awarded

an ETA®! as these will have been exhaustively tested to prove their functioning in a wide range of site
conditions and will have reliable and comparable load data.
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4.1 “Drop-in” expanding socket anchors

0009 The traditional drilled in scaffold tie anchor. The M16 size is
6’%&% “Drop-in” internally threaded, used with M16 scaffold ringbolts. Drop-in anchors are
0 hammer set expansion socket designed for use in concrete. Recommended loads of M16
U::m anchor — fully set. drop-in anchors vary from 9.0 kN to 12.6 kN — check with the
;‘;}ngfﬁiggg‘m brickwork manufacturer, especially if being considered for anchoring a

0,30 or other forms of masontry. heavy duty tie. They must not be set too close to an edge or
%%%C%% the shock loads induced by the hammering action during

setting may induce cracks. Typical minimum edge distances
recommended by manufacturers for M16 drop-in anchors in concrete are 220 — 230mm. Care should be taken
when installing into columns or the edges of floor slabs to ensure fixings are installed according to the
designed edge distances.

Drop-in anchors may not be used in brickwork as correct expansion will lead to cracking of bricks and anything
less than correct expansion will result in reduced load capacity and safety margins.

Drop-in anchors cannot be removed so, if not specified in stainless steel, they should be capped to prevent
rusting.

Installation points to watch:

¢ These are expanded by hammering a pre-assembled expander plug to the base
of the anchor using a special setting punch. Some types show a witness mark
on the shell when fully expanded.

e Only when the shoulder of the punch meets the shell of the anchor is it fully expanded. Drop-in anchors
must not be set by screwing in a ringbolt or other bolt, the anchor is not threaded far enough for this
method to expand the anchor. If a bolt or ringbolt is tightened against the thread run-out the shell may be
weakened and shear off. Once ringbolts are fully inserted they should be turned back to align them with
the tube.

Expander plug
Anchor pushed hammered fully
™ to base of hole home using
special punch

4.2 Self-tapping screws

Frequently called “Concrete screws” but capable of working well in hard masonry such as brickwork,
stonework and concrete blockwork but not light weight, thermal or hollow blockwork. They may also be used
in timber if that usage is approved by the manufacturer.

Self-tapping screws are easy to
install as they cut their own thread in
a pre-drilled hole. They may be

o8 0
ggggg removed. Hex bolt versions as
SUO0 shown are available up to 20mm
(TSNS diameter and are suitable for use [ wn v - O

with scaffold brackets, e.g. band and

9000 late. Eye type versions are
%{%8% plate. Eye typ
Qb

Bolt type, for use with brackets Eye type, for use with hooks

available with a shank diameter up
to 12mm and internal eye diameter
of 22mm and may be used with special hooks to link to the scaffold. 12mm diameter screws may have
recommended loads in concrete in excess of 6.1kN but may not do so in brickwork. Using a larger diameter
— up to 16mm — or a deeper embedment, i.e. a longer screw, may increase capacity sufficiently.

NAsc I
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Some self-tapping screws have been known to shear below the head especially if re-used and inserted in
particularly strong concrete using worn drill bits. Anchors carrying European Technical Approvals (ETA®) will
have been comprehensively tested to ensure that this sort of failure cannot happen but drill bits should in any
case be discarded if worn significantly ,e.g. when drilling becomes noticeably slower or the bit binds in the
hole.

4.2.1 Anchoring ring bolts to masonry using self-tapping screws:

The following techniques may be considered for anchoring ring bolts to masonry (and where necessary to
concrete) but, in view of the risk of bending, be it the bending of anchors themselves, couplers or brackets or
the effect on welds, care should be taken to avoid anything other than axial loading.

A threaded stud version may be used with an internally threaded connector as shown below.

Care must be taken to ensure there is adequate thread engagement of each component within the connector.

Although M16 threaded self-tapping screws are available they are not yet common, M10 and M12 being more
readily available.

To use these a connector with two internal thread diameters as appropriate will be needed, these items should
be acquired as parts of a matched system intended for this use.

The load capacity of the thread, as recommended by the manufacturer, may be the limiting factor and must
be checked even before Preliminary Load Tests are carried out.

Connectors welded to plates

| Brackets with welded connectors should

i be manufactured under a recognised
Butting 9
factory production control system (e.g.
. fransom ISO 9001) in which 100% checks on the

quality of the welding of the connector to
the plate are carried out.
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A bracket using a single fixing, as shown above, may be considered but may be prone to bending of the base
plate or fracturing of the weld due to the offset nature of the loading. This risk can be minimised by a)
positioning a butting transom level with the fixing, as this will reduce rotation and hence bending and b) using
a thick plate, ¢) increasing dimension ‘B’.

In calculating the working load on the fixing note that
this will be larger than the working load through the tie
by the ratio A/B. This could mean that a standard duty
working load of 6.1kN could impose a load in the order
of 15 — 20kN on the fixing, which it is unlikely to hold.

Where Preliminary load tests suggest that a single
fixing does not have the required capacity then a plate
fixed using two hex headed screws may be a suitable
answer without increasing the number of actual ties.
When used in brickwork hole centre spacings should
ensure fixings locate on brick centrelines with at least \‘ B
one clear brick course between, i.e. 150mm vertical |\|
spacing.

Axial or “Push-pull”
loading only

Installation points to watch

e The steep self-tapping thread may easily strip the thread cut in weak or soft base materials if over
tightened. Once the head of the bolt type anchor is flush with the fixture it should not be tightened by
more than a fraction of a turn to avoid stripping the thread. (Not an issue with eye type and some stud
projecting versions.)

e Tightening torques — if quoted by the manufacturer — are a guide to the torque setting of impact wrenches
for installation into concrete. They are not a torque which should be achieved but a torque which should
not be exceeded. When installing self-tapping screws manually the screw should be turned just until
seated against the fixture and then no more than % turn applied. (One full turn from finger tight will strip
the thread completely.) If impact wrenches are used the torque setting of the wrench must be checked
not to exceed that recommended by the manufacturer of the self-tapping screw. Impact wrenches should
not be used when installing in brickwork or stonework.

e Self-tapping screws, when used in concrete, occasionally appear to bind during insertion, this may be
due to the cutting surface meeting a hard aggregate. Simply unscrewing by 2 turns and re-tightening
usually overcomes this.

4.2.2 Self-tapping screws installed with resin

When masonry is weak or soft the performance of self tapping screws is reduced, as is the performance of
any anchor suitable for use in masonry. There is also the increased risk of stripping the thread cut in the base
material if over tightened. One solution, currently being proposed by some suppliers of self-tapping screws, is
the additional use of an injection resin which stabilises and strengthens the interface between the screw and
the masonry. While this can be shown to yield significantly increased performance and may overcome
problems of thread stripping on tightening.

4.3 Nylon plug anchors with screw-in eyes

These anchors are suitable for tying scaffold systems via links with hooks.

— They work in concrete, brickwork and stonework. (If allowed by the

— D | manufacturer the screws may also be used in timber.) The plastic plug,

. usually Nylon, exerts a lower stress on masonry than a metal expansion

anchor and so is less likely to crack weak bricks. The eye can be unscrewed

after dismantling of the scaffold leaving no components to corrode. Eye diameter is typically 22- 24mm which
will accept hooks.

s

mT
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Although the term “Nylon” is being used here this is simply one form of “Plastic” but research and experience
over several decades have shown that Nylon, and in particular the type of Nylon known as “PA6” or “PA66”,
is proven to be the best material for fixings in this category because the European climate affords sufficient
moisture content for the efficient use of Nylon. It is therefore the recommended material to use.

It is very important that before other types of plastic plug are used their characteristics should be checked.
Because plastic plugs suffer to a greater extent from a phenomenon known as “Creep” there may be a need
to use a higher safety factor applied to the ultimate loads to determine the Recommended Loads. Reputable
manufacturers should have taken this into account in their published load data, and many manufacturers of
PA6 or PA66 Nylon plugs have stated that creep is not sufficiently significant (i.e. less than 0.35mm over 12
months or not greater than 0.8mm in 10 years, when considering the European climate). This amount of creep
is considerably less movement than is likely to be experienced by a scaffold over a twenty four hour period on
hot, sunny days without any adverse effect.

It should be noted that some anchors are unlikely to be capable of providing the load capacity for standard
duty ties (6.1kN). When determining “Allowable Loads” in base materials for which there is no manufacturer’s
recommended load data, higher factors need to be used in the Preliminary Load testing process, see 6.1.1.

Nylon plugs can only be removed with difficulty and are likely to be damaged in the process and are not
considered re-usable in that way. If left in the structure they may be capped, but the recommendation remains
that the plug should not be reused as it is difficult to determine the amount of damage that may have occurred
during the first insertion of the eyebolt.

Installation points to watch

e Take care not to over tighten the eye into the anchor as this may strip the thread formed in the plug.

4.4 Resin anchors

Resin stud anchor for
bracket attachment.

Resin socket for ringbolts
or hex headed bolts.

Resin anchors are suitable for use in concrete and hard masonry including brickwork, stonework and concrete
blockwork. They are worth considering when expansion anchors are unsuitable e.g. close to edges in concrete
or in solid brickwork or stonework, as they do not stress the base material but are traditionally rarely used
because of the extra care need for installation and the need to allow the resin to cure before being tightened
or loaded. New formulations with shorter curing times are becoming available and may change this. Curing
times for all resin systems are set by the manufacturer to give a strength suitable for loading and tightening
but they do not imply full curing. Tightening or loading before the full curing time has elapsed may damage the
resin bond and reduce safety margins, so the full curing time — relative to the temperature of the substrate —
must be allowed.

Internally threaded M16 socket anchors are available for the attachment of traditional M16 scaffold ringbolts,
125mm long versions are suitable for concrete while 170mm long versions will reach into the remote leaf of
solid brickwork for greatest strength but care is needed in drilling to avoid spalling out the back of the brick
(they are not suitable for use in cavity constructions).

Stud type resin anchors are suitable for direct attachment of brackets.

Anchors set in concrete should ideally be set using spin-in resin capsules and while injection systems can be
used in concrete they require more care.
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Resin injection systems are ideal for use in masonry.
Special mesh sleeve systems are available for use in
perforated” or frogged bricks. See comments in section
4.2.2 regarding the use of resins with self-tapping concrete
screws. The manufacturer’s advice should be followed at all
stages.

Resin stud anchors
set in perforated brick
using mesh sleeve to
control the resin.

*The use of perforated bricks implies cavity construction. The suitability of such structures to support the
working load should be determined beforehand by a competent person.

Resin materials should always be stored in temperatures within those recommended by the manufacturer for
storage. If allowed to become too hot they will cure prematurely — if too cold they will take longer to cure.
Resins should not be heated artificially to speed up curing.

Installation points to watch

e Hole cleaning is vital for all resin anchors especially injection systems. BRUSH the hole using a round
brush, as well as blowing.

e With injection systems pump some resin to waste to ensure proper mixing before injecting into the hole.

e With all resin anchors allow the full curing time before loading or tightening, this varies with base material
temperature and is usually longer for injection systems.

e Do not over tighten! Always use a calibrated torque wrench set to the manufacturer’s recommended
installation torque which should be reached in approximately half a turn from finger tight. Torque values
for concrete should be reduced in weaker materials such as brick or stone — refer to the manufacturer.

4.5 Fixings to steel structures

Refer to the manufacturer for selection criteria, loading data and installation instructions. Other systems may
be suitable.

4.5.1 Self-tapping screws and Self-drilling & tapping screws

One technique for linking the scaffold to a steel structure is to use a T shaped bracket n
as shown fixed with 2 self-tapping or self-drilling & tapping screws. A tube hook
adaptor will transfer loads from the scaffold. Self-drilling & tapping screws typically
work in steel thicknesses up to 12.5mm while self-tapping screws will work in
structures over 12mm thick.

4.5.2 Bolts for hollow steel structures.

For hollow sections special fittings with toggling action can be used to link to

- _I@ ringbolts via threaded couplers.

4.6 Fixings to timber structures

4.6.1 Screw-in eyes and Self-tapping concrete screws

The fixing types discussed below are regularly used by NASC Member Companies. Refer to the manufacturer
for selection criteria, loading data and installation instructions. Other systems may be suitable e.g. through
bolting.
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Some manufacturers allow the use of these products in timber structures e.g. timber framed buildings.

They should only be used if allowed by the manufacturer and all recommendations made by the manufacturer
are followed.

Preliminary tests should be carried out to determine allowable loads.
Installation into timber sections should be carried out to manufacturer’s installation instructions with special

care needed regarding the distance to the edge of the timber. The possible influence on performance of
deterioration in the timber should be taken into account.

5. INSTALLING ANCHORS

5.1 General

It is necessary for the contractor to be able to demonstrate that all anchors have been correctly installed. This
means that anchors should be installed only by competent installers — using the correct tools and strictly in
accordance with the anchor manufacturer’s instructions. Anchors should not be installed into concrete or
masonry structures before they have cured sufficiently to withstand the applied loads. See also 2.4.

Proof tests, as described in section 6.2, should be carried out on every project.

Key aspects are:
¢ Drill holes to correct diameter and depth

¢ Clean holes thoroughly — important for most anchors but particularly for resin anchors — for which holes
should be cleaned by both brushing, with a round stiff brush the diameter of the hole, and blowing, using
a large volume pump.

e Set in accordance with the manufacturer’s setting instructions using the correct tools
¢ Allow resin anchors to cure for the curing time recommended for the temperature of the base material.

¢ Tighten to the recommended installation torque using a calibrated torque wrench.

Hole dimensions can be critical

Hole diameter must be right to ensure the anchor works and gives the expected performance.

Hole depths in particular must be specified carefully on drawings or in method statements as this affects not
only the capacity of the anchor but the ability of ties using bolts to engage properly. For many anchor types
hole depth is important. With drop-in anchors for instance the anchor must be set at the right depth. Too
shallow and the tie will not seat against the structure, too deep and the bolt will not engage sufficiently. Follow
the manufacturer’s instructions. For many anchors the hole depth is governed by the required embedment
depth, see below — 5.2.

Inserting bolts or ringbolts into sockets

Full anchor strength will only be transferred if the bolt is engaged sufficiently. At least six full turns should be
engaged without excessive force. Once the ringbolt is fully engaged turn back to align with the tube otherwise
if the ringbolt is tightened hard against the thread of the socket the shell may shear off.
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5.2 Embedment depths

The diagram on the right illustrates the difference between embedment depth,
h.om, the deepest point the anchor reaches; effective embedment depth, hy , the
depth of the deepest point engaging with the substrate, and hole depth, h,. (This
nomenclature is common to most manufacturers.) Specifiers and users should
ensure they are familiar with the meanings of terms they use and those used
by others. Anchor performance is usually dependent on effective embedment
depth hg;.

Embedment depths for anchors in concrete

Embedment depths in concrete are straightforward and should follow the manufacturer’'s recommendations.

Embedment depths for anchors in solid brickwork

To gain maximum strength from anchors set into 9” solid brickwork it is important to achieve optimum
embedment into the rearmost leaf which then benefits from load transfer via the front leaf, see (A) below.
Maximum hole depth for anchoring into the rear brick of 9” structures is 170mm. Any deeper risks breaking
the back of the brick out under the drilling action. Only where loads are small should anchors be set into the
front leaf (B) and when this is done the embedment depth should be chosen to optimise the strength in the
brick, maximum depth to avoid spalling the back of the front brick is 75mm. Hole depths vary with anchor type.
Avoid setting the anchor with its effective embedment in the joint between leaves — particularly resin anchors.

Plan view of “9 inch” thick solid wall

Joint between leaves H H H ¥

may be poorly filled, ~—~| 1 A
avoid using this area for
holding power. 7
Up to 75mm / 2 / \ Up to170mm
__2 H o H H
; A c
Anchorage in the front leaf for ‘| Anchorage in the rearmost leaf

Anchorage into headers may be made if
loading is in shear and mortar joints are
sound. Tests are advised.

benefits from interlock with the front.

low loads only.

Fixings may be made into header bricks (C) especially if the remote leaf of stretcher courses appears weak
during drilling, when brick structures are thicker than 9" and have weak infill material between the leaves or
when loads are predominantly shear.

Care must be taken to check that no damage is done to the brick or surrounding mortar joint by drilling or
anchor setting. Look for cracks across bricks and around mortar joints. The rate of proof testing anchors set
in header bricks (which may be loosened during drilling) should be doubled to make sure that the whole
installation (including the brick and surrounding mortar joints) can take any tensile loads involved. If structures
are rendered ensure the required embedment depth exists below the render.

5.3 Anchor positioning

The recommendations of the anchor manufacturer should be followed regarding close edge distances and
spacings between anchors used in pairs or groups. All reputable manufacturers make detailed
recommendations for edge and spacing criteria for anchors used in concrete.

Anchor positioning in brickwork

Some manufacturers fail to make recommendations for these criteria in masonry. In the absence of such
guidance the following should be observed:

¢ Fixings which are used to support tensile loads should be located at least one full masonry unit from a
vertical edge, in brickwork this means at least 280mm.
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e This distance may need to be increase substantially for lateral or shear loads the distance may depend
on the magnitude of the load and condition of the masonry.

* A minimum edge distance of at least 2m should be allowed from a horizontal edge in brickwork for loads
in any direction.

Centre spacings between anchors should be chosen to avoid setting two anchors in the same, or even
adjacent, bricks.

Anchor positioning guidelines for brickwork

Distance to top of unrestrained wall to be carefully considéred and in any case no less than 2m

Install in meat of brick — on centerline 2
and 35 - 55mm from brick end. Lokl B
I
(0]
’ |
2
I
(o] q (o)
X =
A}
Anchors for significant loads: Avoid setting anchors in adjacent bricks. < 28.0mtm >
Minimum Horizontal spacing, if joints are visible, is at least 350mm, if m'g' 0
brickwork is rendered this must be increased to 500mm. edge

Minimum Vertical spacing, if joints are visible, is 150mm
if brickwork is rendered this must be increased to 190mm

When drilling into brickwork the anchor should ideally be located in the solid portion of the brick rather than
into the mortar joint. If the brickwork has been rendered the location of the centres of the courses of bricks
should be identified by removing the render or by test drillings. If however anchors may not be fixed into the
bricks themselves e.g. as a result of a conservation order, then the following approach may be sanctioned by
the responsible engineer if approved by the manufacturer: (resin anchors may provide a good solution for
fixings into joints)

e Choose an anchor with a diameter significantly larger than the width of the mortar joints, e.g. 14mm in a
10mm joint.

e Fix into the base of the junction between bed and
perpendicular joints

e PRELIMINARY tests must be carried out as in section
6.1 and PROOF tests as in sections 6.2 but with an increased rate of 1 in 10 of the whole job.
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6. TESTING ANCHORS

Site tests are needed for two purposes:
“Preliminary” tests are used to check suitability of a particular fixing in the base material and to determine
allowable loads.

“Proof” tests are needed to check the quality of installation of the chosen anchors.

Tests should be carried out by competent testers i.e. ideally staff with knowledge of how fixings work and
trained in the use of test equipment and in these procedures.

Note — all tests described here are tensile tests relating to tensile anchor loads. Shear tests may be required
if significant shear loads are involved and recommended shear loads are unavailable in the base material
concerned. The approach described here may be applied. Refer to the manufacturer of the anchor for advice
regarding shear test procedures.

6.1 Preliminary tests

These are to be carried out wherever there is any doubt about the suitability or recommended load capacity
of proposed anchors for a particular base material, e.qg. if there is no manufacturer’s recommended load data
for the base material which is often the case with brickwork, stonework and timber. The approach is to test a
series of 5 sample anchors to a load which demonstrates a satisfactory safety margin and thereby, if possible,
avoid testing fixings to failure. If any of these anchors fails to support the test load then, the results should be
referred to the responsible designer who should consider the options outlined below.

Procedure

5 tests should be carried out in each different base material of the project. They should be carried out on
sample anchors in the same base material but away from areas which will be used and must not be used in
the job.

Test load:

All anchor types shall be loaded in tension to a load of 2 x the working load as applied to the anchor. This
tensile test load may also be applied to those Nylon anchors PA6 and PA66 (where the manufacturer has
stated that creep is not sufficiently significant.) Refer to 4.3.

All other plastic plugs and screw in eyebolt anchors should be tested to 3 x working load.

If all test anchors take the test load without slip then the anchor may be used in that base material for the
proposed working load.

Should any anchor fail to meet the required test load then that fact should be referred back to the person
responsible for the anchorage design of the project.
Possible courses of action to consider:

(a) use an anchor of the same type but with a deeper embedment depth*

(b) use an anchor of the same type but with a larger diameter*

(c) use a different type of anchor*

(d) redesign the scaffold to reduce the loadings while remaining within the criteria of TG20.

(e) use the original anchor specification but with an allowable load derived from further tests as below:

*For any solution (a)—(c) a new series of preliminary tests must be carried out.

mT =
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Procedure for option (e) using the same anchor with reduced loads:
e For each anchor in the original series of tests which held the test load take each carefully to failure.
¢ Determine the allowable load from the lowest of the following values:

For all anchors including Nylon PA 6 and PA 66 plug and screw in eyebolts where the manufacturer has stated
that creep is not sufficiently significant. Refer to 4.3

e the average failure load* + 3
or All Factors quoted here, including those
_ » used to determine the test loads, are
* the lowest failure load™ +2 specific to short term or temporary uses
including scaffolding and should not be
For all other plastic and nylon plugs with screw in eyebolts used for other long term applications for
« the average failure load** + 5 which higher factors are needed.
or

¢ the lowest failure load*™ =+ 3

** Calculations are based on all 5 failure loads. The resulting allowable load may not be higher than the
manufacturer’s recommended load in similar or stronger base materials.

The failure load is taken as the maximum load reached during the test or the load at approximately Tmm
movement in the case where an anchor pulls out of the base material.

Note: Allowable loads determined from tests on one job should never be considered suitable for the design of
another job unless the base material is known to be identical.

The new “Allowable load” must then be made known to the designer who should decide on the best course of
action.

Depending on the proposed anchor type it may be possible to retain the same number of ties while doubling
the fixings per tie by, e.g. changing from a tie using one fixing to a tie that uses two — in this case the
manufacturer’s recommendations regarding anchor centre spacings should be followed. Or the scaffold may
be redesigned for a reduced working load (no greater than the Allowable Load just determined) being
transferred through the same number of ties while remaining within the criteria of TG20.

When brickwork or stonework is weak then a secondary means of restraint should be considered.

6.2 Proof tests

These are needed to check that anchors to be used in the job have been installed correctly.

They should be carried out on all projects.

This guidance applies to all new jobs and to structures with previously installed anchors.

A sample of anchors to be used shall be tested to a load of 1.25 times the working load; in the case of ties
with a working tensile load of 6.1 kN this means a test load of 7.6kN and where a tie load of 12.2 kN is required
the proof load is 15.3kN. The pass criterion is that no significant movement of the anchor is apparent; a visual

check only is sufficient.

A minimum of 3 anchors shall be tested and at least 5% (1 in 20) chosen at random and spread evenly
throughout the whole job.

NAsc I
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The minimum number (3) applies to every discreet area where:
(a) different fixings may have been used,
(b) the base material is different

(c) the condition of the base material has been affected by different weather conditions on a different
elevation or

(d) a different team of installers have worked.

All anchors that have been proof loaded should be clearly identified with a tag showing the date of test and
the test load, any anchors failing the test should be tagged as such.

The failure of an anchor in proof testing is a serious issue and requires the investigation of the cause(s) of
failure and an increase in testing rate as follows:

One failure — double the test rate to 1 in 10 and at least 6.
Two failures — double again to 1 in 5 and at least 12

More than 2 failures — test 100% of the job, review the fixing specification and installation method.

6.3 Regular examination

In view of the variations in loading which normally affect scaffold structures the anchors used to tie them to
buildings should be re examined at periods not exceeding two years for most fixings but one year for self-
tapping concrete screws or immediately following severe weather conditions or any undermining of the
scaffold structure. The examination should include a visual inspection of the anchor and surrounding structure
for any deformation, damage, rust seeping from the junction between fixture and substrate, cracks in substrate
or mortar joints and a tensile test as per section 6.2. The anchors tested in each of these examinations should
be on anchors not previously tested. Anchors subject to re-test should be clearly identified with a tag showing
the date of test and the test load, any anchors failing the test should be tagged as such.

6.4 Test Procedures

Site tests should be carried out by suitably competent personnel (other than the actual installer of the fixings
tested) using a test meter with a gauge calibrated within the last twelve months to an accuracy of < 5%. Test
equipment should apply the load to the anchor and not through the tie through suitable couplers and be
arranged such that the reaction loads are taken sufficiently far from the anchor so as not to influence the result,
typically this means ensuring the feet of the bridge do not rest on the masonry unit being tested.

"\ Table of proof test sample
Typical test rig arrangement. Total ties Number of
on the job proof tests
Self tapping screw tested in situ. 0— 60 3
Adaptors are available to enable 61-100 5
any anchor for scaffold ties to be
tested. 101 -120 6
LAl 121 - 140 7
When testing in brickwork the —
feet of the bridge should be 141~ 160 8
spaced far enough apart to span 161 -180 9
bricks. The bridge may need to 181 - 200 10
be oriented vertically to do this. 200 — 220 1
L~ 221 - 240 12

Test anchors should be installed strictly in accordance with the manufacturer’s recommendations. Test results
should be formally recorded and retained with documentation relating to the project.
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7. REMOVABLE AND RE-USABLE FIXINGS

Some anchor types are removable which avoids problems with long term corrosion.

Being removable does not make anchors re-usable. The re-usability of particular anchors is referred to in the
relevant part of section 4 Anchor types. Anchors should only ever be re-used if the manufacturer specifically
allows this and if a control system is in place to ensure they are not re-used more times than the manufacturer
allows. They should be subject to 100% inspection and if there is any rust, damage (especially bending) or
any doubt about their suitability for re-use then anchors should be discarded. If anchors or ties are found to
be bent then the reasons for this should be investigated to ensure it cannot happen again.

References:
[1] NASC (National Access and Scaffolding [5] ETAs are issued in accordance with the appropriate
Confederation Ltd.) ETAG (European Technical Approval Guideline).

ETAG 001 Metal anchors for use in Concrete.

Email: enquiries@nasc.org.uk
Downloadable from www.eota.de.

Website: www.nasc.org.uk

[2] TG20:13 Guide to Good Practice for Scaffolding [6] BS EN 12811 — 1 Temporary works equipment
with Tube and Fittings. NASC. Part 1: Scaffolds — Performance requirements and

general design. BSI.
[38] Guidance Note SG4:15 Preventing falls in
scaffolding. NASC

[4] BS EN 795:2012 Personal fall protection equipment.
Anchor devices.

BS 7883: 2005, Amended 2007, Code of practice
for the design, selection, installation, use and
maintenance of anchor devices conforming to BS
EN 795. BSI
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Whilst every effort has been made to provide reliable and accurate information, we would welcome any corrections to information provided by the Writer which
may not be entirely accurate, therefore and for this reason, the NASC or indeed the Writer, cannot accept responsibility for any misinformation posted.

NASC, 41H FLooR, 12 BRIDEWELL PLACE, LonDON EC4V 6AP
TeL: 020 7822 7400 Fax: 020 7822 7401
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